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In one aspect, the invention relates to an immunogenic 
composition that includes a mutant Clostridium difficile 
toxin A and/or a mutant Clostridium difficile toxin B. Each 
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PYLOVGFMPEARSTISLSGPGAYASAYYDFINLOENTIEKTLKASDLIEF 500 

KFPENNLSOLTEQEINSLWSFDOASAKYOFEKYVRDYTGGSLSEDNGVDF 550 
KFPENNLSOLTEOEINSLWSFDOASAKYOFEKYVRDYTGGSLSEDNGVDF 550 
KFPENNTSOLTEQETNST, WSFDOASAKYOFEKYVRDYTGGST, SEDNGVDF 550 
KFPENNLSQLTEQEINSLWSFDOASAKYQFEKYVRDYTGGSLSEDNGVDF 550 
KFPENNLSOLTEOEINSLWSFDOASAKYOFEKYVRDYTGGSLSEDNGVDF 550 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

NKNTALDKNYLLNNKIPSNNVEEAGSKNYWHYIIOLOGDDISYEATCNLF 600 
NKNTALDKNYLLNNKIPSNNVEEAGSKNYWHYIIOLOGDDISYEATCNLF 600 
NKNTALDKNYLLNNKIPSNNVEEAGSKNYWHYIIQLQGDDISYEATCNLF 600 
NKNTALDKNYLLNNKIPSNNVEEAGSKNYWHYIIOLOGDDISYEATCNLF 600 
NKNTALDKNYLLNNKIPSNNVEEAGSKNYWHYIIOLOGDDISYEATCNLF 6 OO 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

SKNPKNSIIIORNMNESAKSYFLSDDGESILELNKYRIPERLKNKEKVKV 650 
SKNPKNSII IORNMNESAKSYFLSDDGESILELNKYRIPERLKNKEKVKV 650 
SKNPKNSTITORNMNESAKSYFLSDDGESILELNKYRIPERT KINKEKVKW 650 
SKNPKNSIIIORNMNESAKSYFLSDDGESILELNKYRIPERLKNKEKVKV 650 
SKNPKNSIIIORNMNESAKSYFLSDDGESILELNKYRIPERLKNKEKVKV 650 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

TFIGHGKDEFNTSEFARLSWDSISNESSFLDTIKLDISPKNVEVNIIGC 700 
TFIGHGKDEFNTSEFARLSVDSLSNESSFLDTIKLDISPKNVEVNLLGA 700 
TEIGHGKDEFNTSEFARLSVDSLSNESSFLDTIKLDISPKNVEVNLLGC 7 OO 
TFIGHGKDEFNTSEFARLSWDSISNESSFLDTIKLDISPKNVEVNIIGC 700 
TEIGHGKDEFINSEEARTSVDSISNESSEDKIDSPKNVEVNIIGC 7 OO 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * seek k . . 
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FIG. 1C 

NMFSYDFNVEETYPGKLLL SIMDKITSTLPDVNKNSITIGANOYEVRINS 750 
NMFSYDFNVEETYPGKLLL SIMDKITSTLPDVNKNSITIGANOYEVRINS 750 
NMESYDFNVEETYPGKLLLSIMDKITSTLPDVNKNSITIGANOYEVRINS 750 
vil ap Lly W. L. V.v. adily. adul Wyad VA.N.T. W.V. Nad V 

NMFSYDFNVEETYPGKLLLSIMDKITSTLPDVNKDSITIGANOYEVRINS 750 
k k k + k k k is k k + k k + k + k + k + k + k + k k k + k k k k k k k + k k + k k k + k k k + x 

EGRKETTAHSGKWINKEEAMSDTSSKEYFFDSDNKKAKSKNIPGLA 8 OO 
EGRKEAHSGKWINKEEAMSDSSKEYEEDSDNKKAKSKNPGLA 8 OO 
EGRKETTAHSGKWINKEEAMSDTSSKEYFFDSDNKKAKSKNIPGTA 8 OO 
EGRKEAHSGKWINKEEAMSDISSKEYFFDSDNKKAKSKNIPGLA 8 OO 
EGRKELLAHSGKWINKEEAMSDLSSKEYIFFDSDNKLKAKSKNIPGLA 8 OO 

k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

SISEDIKTILLILDASVSPDTKFILNNLKLNIESSIGDYIYYEKLEPVKNII 850 
STSEDIKTTTTDASVSPDTKFTTNNTKTNTESSGDYYYEKTEPVKNTT 850 
SISEDIKTILLILDASVSPDT.KFILNNIKLNIESSIGDYIYYEKLEPVKNII 850 
SISEDIKTILIDASVSPDTKFINNIKINIESSIGDYYYEKTEPWKNII 85 O 
STSEDIKTTTTDASVSPDTKFTTNNTKTNTESSGDYYYEKTEPVKNTT 850 

k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

HNSDDIDEENTENVSDEYELKKNNDEKYISEEDISKNNSTYSW 9 OO 
HNSIDDLIDEFNLLENVSDELYELKKLNNLDEKYLISFEDISKNNSTYSV 900 
HNSIDDLIDEFINILLENVSDELYELKKLNNLDEKYLISFEDISKNNSTYSV 900 
HNS IDDIDEENTIENWSDEYEIKKINNIDEKYIISEEDISKINNSTYSW 9 OO 
HNSDDIDEENIENVSDEYEKKNNDEKYSEEDSKNNSYSV 9 OO 

sk. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

RFINKSNGESVYVETEKEIFSKYSEHTKEISTIKNSITDVNGNLLDN 950 
RFINKSNGESVYWETEKEIFSKYSE HITKEISTIKNSIITDVNGNLLDNI 950 
REINKSNGESVYWETEKEESKYSEHTKEISTIKNSIITDVNGNIIDNI 950 
REINKSNGESVYWEEKEESKYSEHKEISKNSIDVNGNIDNI 95 O 
RFINKSNGESWYWETEKEIFSKYSE HITKEISTIKNSTITDWNGNLIDNI 950 

OTDHTSOWNTT, NAAFFTQSLTDYSSNKDVLNDTSTSVKVOT,YAOLFSTGT, 1 OOO 
QLDHTSOWNTLNAAFFIQSLIDYSSNKDVLNDLSTSVKVOLYAOLFSTGL 1000 
OLDHTSOWNTLNAAFFIOSLIDYSSNKDVLNDLSTSVKVOLYAOLESTGL IOOO 
QLDHTSOVNTLNAAFFIQSLIDYSSNKDVLNDLSTSVKVOLYAOLFSTGL 1000 
QLDHTSOVNTLNAAFFIQSLIDYSSNKDVLNDLSTSVKVOLYAOLFSTGL 1000 

k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

NTIYDSIQLVNLISNAVNDTINVLPTITEGIPIVSTILDGINLGAAIKEL 1050 
NTIYDSIOLVNLISNAVNDTINVLPTITEGIPIVSTILDGINLGAAIKEL 1050 
NTIYDSIOLVNLISNAVNDTINVLPTITEGIPIVSTILDGINLGAAIKEL 1050 
NTIYDSIOLVNLISNAVNDTINVLPTITEGIPIVSTILDGINLGAAIKEL 1050 
NTIYDSIOLVNT.ISNAVNDTINVLPTITEGIPIVSTILDGINLGAAIKEL 1050 

k k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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F.G. 1D 

LDEHDPLLKKELEAKVGVLAINMSLSIAATVASIWGIGAEVTIFILLPIAG 11 OO 
TDEHDPTKKETEAKWGWTAINMSTSAATWASWGGAEVFTTP AG 11 OO 
LDEHDPLLKKELEAKVGVLAINMSLSIAATVASIWGIGAEVTIFLLPAG 11 OO 
LDEHDPLLKKELEAKVGVLAINMSLSIAATVASIWGIGAEVTIFLLPIAG 11 OO 
TDEHDPTKKETEAKWGWTAINMSTSAATWASWGGAEWFTTP AG 11 OO 

k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

ISAGPSTVNNETTHDKATSWVNYFNHISESKKYGPTKTEDDKWPID 1150 
SAGPSLVNNEHDKASWVNYENHLSESKKYGPKTEDDKWPID 115 O 
ISAGIPSLVNNELILHDKATSWVNYFNHLSESKKYGPLKTEDDKILVPID 1150 
SAGPSLVNNELLHDKASWVNYFNHLSESKEYGPLKEDDKILVPD 150 
SAGPSLVNNEHDKASWWNYENHLSESKEYGPLKEDDKWPID 115 O 

sk k k.k. k. k.k. k.k. k.k. k. k. k.k. k. k.k. k.k. k.k. k.k. k. k.k. k.k. k.k. k. k.k. k.k. k. k.k. k.k. k.k. k. k. k.k. k. k. 

DLVISEIDFNNNSIKL GTCNILAMEGGSGHTWTGNIDHFFSSPSSSHIP 1200 
DLVISEIDFNNNSIKLGTCNILAMEGGSGHTWTGNIDHFFSSPS ISSHIP 12 OO 
DIVISEDENNINSK GTCNIAMEGGSGHTWGNIDHEESSPSSSHIP 12 OO 
DIVISEDFNNNSK GTCNTAMEGGSGHTWGNTDHFFSSPYSSHIP 12 OO 
DVISEDENNNSKGCNLAMEGGSGHTWGNIDHEESSPYSSHIP 12 OO 

k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

SSYSAGE ENDFSKKMMTPNAPSRVFWWE GAVPGRSENDG 125 O 
SLSIYSAIGIETENLDFSKKIMMLPNAPSRVFWWETGAVPGLRSLENDGT 1250 
SISYSAGETENDESKKMMTPNAPSRVFWWETGAVIPGTRSTENDG 250 
SSWYSAGKTENDFSKKMMPNAPSRVFWWETGAWPGRSENNGT 1250 
SLSVYSAGIKTENLDFSKKIMMLPNAPSRVFWWETGAVPGLRSLENNGT 1250 
sk k k k + k k k k k l k k l k k k + k k k + k k k k + k k k l k k k k k k k k + k k k + k k sk 

RLLDSIRDLYPGKEYWRFYAFFDYAITTLKPWYEDTNKKLDKDTRNFL 13 OO 
RTLDSIRDLYPGEXEYWREYAEEDYAITLKPWYEDTNKIKDKDTRNF 13 OO 
RDSIRDIYPGKEYWRFYAFEDYAKPWYEDTNKKDKDTRNF 13 OO 
KTLDSIRDIYPGKFYWRFYAFFDYAITTLKPWYEDTNTKKIDKDTRNF 13 OO 
KLDSIRDLYPGEXEYWRFYAEEDYAITLKPWYEDTNTKKDKDTRNF 13 OO 

k. k. k. k. k. k. k. k. k. k. k. k.k. k. k. k.k. k. k. k. k. k. k. k. k.k. k. k. k.k. k. k. k.k. k. k. k.k. k. k. k. k. k. k. k. k. k. k. 

MPTTTNERNKSYSEDGAGGTYSIISSYPSTNINSKDDIWFNID 1350 
MPTITTINEIRNKLSYSEDGAGGTYSIISSYPSTN.INISKDDIWIENID 135 O 
MPTITTNEIRNKLSYSFDGAGGTYSTITSSYPSTNINTSKDDTWIFNID 1350 
MPTTTDEIRNKSYSEDGAGGTYSIISSYPSMNINSKDDIWFNID 1350 
MPTITTDEIRNKLSYSFDGAGGTYSLLLSSYPISMNINLSKDDILWIFNID 1350 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

NEVREISIENGTIKKGKLIKDVLSKIDINKNKLIIGNOTIDFSGDIDNKD 1400 
NEVREISIENGTIKKGKLIKDVLSKIDINKNKLIIGNOTIDFSGDIDNKD 1400 
NEVREISIENGTIKKGKLIKDVLSKIDINKNKLTIGNOTIDFSGDIDNKD 14 OO 
NEVREISIENGTIKKGNLIEDVLSKIDINKNKLIIGNOTIDFSGDIDNKD 14 OO 
NEVREISIENGTIKKGNLIEDVLSKIDINKNKLIIGNOTIDFSGDIDNKD 1400 
k k k x x k k k x x * x x k k k x k k xxx xxx k + k x k k k x x k kxx xxx xxx x * x k 
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FIG. 1E 
RYIFILTCELDDKISLIIEINLVAKSYSTILTSGDKNYLISNTSNIIEKINT 1450 
RYIFLTCELDDKISLIIEINLVAKSYSILLSGDKNYLISNLSNIIEKINT 1450 
RYIFTTCETDDKISLIENLVAKSYSTILTSGDKNYLISNTSNTIEKINT 1450 
RYFTTCETDDKISTENIVAKSYSTITSGDKNYISNTSNTEKINT 145 O 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

LGLDSKNIAYNYTDESNNKYFGAISKTSOKSIIHYKKDSKNILEFYNDST 1500 
LGLDSKNTAYNYTDESNNKYFGAISKTSQKSIIHYKKDSKNILEFYNDST 1500 
LGLDSKNTAYNYTDESNNKYFGAISKTSOKSTIHYKKDSKNILEFYNDST 15 OO 
LGLDSKNTAYNYTDESNNKYFGAISKTSOKSIIHYKKDSKNILEFYNGST 15 OO 
LGLDSKNIAYNYTDESNNKYFGAISKISOKSIIHYKKDSKNILEFYINGST 1500 
xx xxx xxx xxx xxx xxx xxx xxx x * x x * x * x x * x * x x * x x * x * x x * x * x 

LEFNSKDFIAEDINVFMKDDINTITGKYYVDNNTDKSIDFSISLVSKNOV 1550 
LEFNSKDFIAEDINVFMKDDINTITGKYYVDNNTDKSIDFSISLVSKNOV 1550 
T.EFNSKDFTAEDTNWFMKDDTNTTTGKYYVDNNTDKSTDFSTSTVSKNOV 1550 
LEFNSKDFIAEDINVEMKDDINTITGKYYVDNNTDKSIDFSISILVSKNOV 1550 
LEFNSKDFIAEDINVEMKDDINTITGKYYVDNNTDKSIDFSISLVSKNOV 1550 

see . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

KWNGTYLNESWYSSYTDFWKNSDGHHNTSNFMNTFL DNISFWKLFGFENT 16 OO 
KWNGLYLNESWYSSYLDFWKNSDGHHNTSNEMNLELDNISEWKLFGFENI 16 OO 
KWNGLYLNESVYSSYLDFWKNSDGHHNTSNEMNLELDNISEWKLFGFENI 16 OO 
KVNGLYLNESVYSSYLDFWKNSDGHHINTSNFMNLFLNNISFWKLFGFENI 16 OO 
KVNGLYLNESVYSSYLDFWKNSDGHHINTSNFMNIFLNNISFWKLFGFENI 1600 
kkk kk. k. k.k. k.k. k. k. k.k. k. k.k. k. k.k. k.k. k.k. k. k.k. k. k.k. k.k. k.k. k.k k k k - k k k k k kk. k.k. 

NFWIDKYFTLVGKTNIGYWEFICDNNKNIDIYFGEWKTSSSKSTTFSGNG 1650 
NEVIDKYFTLVGKTNLGY VEFLCDNNKNIDIYEGEWKTSSSKSTLE'SGNG 165 O 
NEWIDKYFTLVGKTNIGYWEFICDNNKNIDIYFGEWKTSSSKSTIESGNG 1650 
NEVIDKYFTLVGKTNIGYWEEICDNNKNIDIYFGEWKTSSSKSTIESGNG 1650 
NFWIDKYFTLVGKTNLGYWEFICDNNKNIDIYFGEWKTSSSKSTIESGNG 1650 

k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

RNVVVEPIYNPDTGE DISTSLDFSYEPLYGIDRYINKVILIAPDLY SILIN 7 OO 
RNVWWEPIYNPDTGE DISTSLDFSYEPLYGIDRYINKVLAPDLYTSLIN 17 OO 
RNVWWEPIYNPDTGE DISTSLDFSYEPTYGIDRYINKVILIAPDLYTSILIN 17 OO 
RNVWWEPIYNPDTGE DISTSLDFSYEPTYGIDRYINKVILIAPDLYTSLIN 17 OO 
RNVWWEPTYNPDTGE DISTSLDFSYEPTYGIDRYINKVLAPDLYTSIN 17 OO 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

INTNYYSNEYYPEIWLNPNTEHKKVNINLDSSSFEYKWSTEGSDFILWR 1750 
INTNYYSNEYYPEIVILNPNTFHKKVNINLDSSSFEYKWSTEGSDFILVR 1750 
INTNYYSNEYYPEIIWTNPNTEHKKWNINLDSSSFEYKWSTEGSDFILWR 1750 
INTNYYSNEYYPETWTNPNTFHKKWNINTDSSSFEYKWSTEGSDFILVR 1750 
INTNYYSNEYYPETWTNPNTFHKKWNINTDSSSFEYKWSTEGSDFILVR L / 5 O 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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FIG. 1 F 
YLEESNKKILOKIRIKGILSNTQSFNKMSIDFKDIKKLSLGYIMSNFKSF 1800 
YLEESNKKILOKIRIKGILSNTOSFNKMSIDFKDIKKLSLGYIMSNFKSF 1800 
YLEESNKKILOKIRIKGILSNTOSFNKMSIDFKDIKKLSLGYIMSNFKSF 18 OO 
YLEESNKKILOKIRIKGILSNTOSFNKMSIDFKDIKKLSLGYIMSNFKSF 1800 

k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

NSENEDRDHIGEKDNKYYYDEDSKWKGINNINSEYEDPEEN 1850 
NSENETDRDHTGFKTTDNKTYYYDEDSKTVKGTTNTNNSTEYEDPTEENT, 1850 
NSENEDRDHGKDNKYYYDEDSKWKGINNINSEYEDPEEN 1850 
NSENELDRDHIGFKIDNKTYYYDEDSKLWKGTININNSLFYFDPIESNL, 1850 
NSENEDRDHGFKDNKYYYDEDSKWKGINNINSEYFDPESN 1850 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

WTGWOTINGKKYYED INTGAALISYKIINGKHFYFNNDGVMQLGVFKGPD 1900 
WTGWOTINGKKYYEDINTGAALISYKIINGKHFYFNNDGVMOLGVFKGPD 1900 
WTGWOTINGKKYYEDINTGAALTSYKIINGKHFYFNNDGVMOLGVFKGPD 1900 
WTGWOTINGKKYYEDINTGAASTSYKIINGKHFYFNNNGVMOLGVFKGPD 1900 
WTGWOTINGKKYYEDINTGAASTSYKIINGKHFYFNNNGVMOLGVFKGPD 1900 

* k + k + k k . . k k + k k + k k + k k k k + k k 

GFEYFAPANTONNNIEGOAIWYOSKFLTLNGKKYYFDNDSKAVTGWRIIN 1950 
GFEYFAPANTONNNIEGOAIWYOSKFLTLNGKKYYFDNDSKAVTGWRIIN 1950 
GFEYFAPANTONNNIEGOAIWYOSKFLTLNGKKYYFDNNSKAVTGWRIIN 1950 
GFEYFAPANTONNNIEGOAIWYOSKFLTLNGKKYYFDNDSKAVTGWRIIN 1950 
GFEYFAPANTONNNIEGOAIWYOSKFLTLNGKKYYFDNDSKAVTGWRIIN 1950 
* * * * * * * * * + k k k k k k + k + k + k + k k + k k + k + k k k + k k k k + k + k + k + k k k 

NEKYYFNPNNAIAAVGLOVIDNNKYYFNPDTAIISKGWOTVNGSRYYFDT 2 OOO 
NEKYYFNPNNAIAAVGLOWIDNNKYYFNPDTAITSKGWOTVNGSRYYFDT 2 OOO 
NEKYYFNPNNAIAAVGLOVIDNNKYYFNPDTAITSKGWOTVNGSRYYFDT 2 OOO 
NEKYYFNPNNAIAAVGLOVIDNNKYYFNPDTAITSKGWOTVNGSRYYFDT 2 OOO 
NEKYYFNPN NATAAVGT, OVTDNNKYYFNPDTATTSKGWOTVNGSRYYFDT 2000 
k . . . . . . . . . . . . . . . . . . . . . . . . . see . . . . . . . . . . see see . . . . . . . . 

DAAFNGYKDGKHFYFDSDCVVKGVFSSNGFEYFAPANYNNNE 2 OO 
DAAFNGYKTDGKHEYEDSDCVVKGWESSNGEEYEAPANTYNNNE 2 O5 O 
DTAIAFNGYKTIDGKHFYFDSDCVVKIGWESTSNGFEYFAPANTYNNNIE 2050 
DAAFNGYKTDGKHEYEDSDCVWKGWESGSNGEFEYEAPANTYNNNE 2 OSO 
DAAFNGYKTIDGKHFYFDSDCVVKGVESGSNGFEYEAPANTYNNNIE 2 O50 

GOAIVYOSKFLTLNGKKYYFDNNSKAVTGWOTIDSKKYYFNTNTAEAATG 2100 
GOAIWYOSKFLTLNGKKYYFDNNSKAVTGWOTIDSKKYY FNTNTAEAATG 2100 
GOAIWYOSKFLTLNGKKYYFDNNSKAVTGLOTIDSKKYYFNTNTAEAATG 2100 
GOAIWYOSKFLTLNGKKYYFDNNSKAVTGWOTIDSKKYYFNTNTAEAATG 21 OO 
GOAIWYOSKFLTLNGKKYYFDNNSKAVTGWOTIDSKKYYFNTNTAEAATG 2100 

k . . . . . . . . . . k k . . . . . . . . . . . . . . . . . . . . . . k k . . . . . . . . 
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Fig 2F 
KYYFNPETKKACKGINLIDDIKYYFDEKGIMRTGLISFENNNYYFNENGEMOFGY INIED 2280 
KYYFNPETKKACKGINLIDDIKYYFDEKGIMRTGLISFENNNYYFNENGEMOFGY INIED 2280 
KYYFNPETKKACKGINLIDDIKYYFDEKGIMRTGLISFENNNYYE'NENGEMOFGY INIED 228O 
KYYFDPETKKAYKGINVIDDIKYYFDENGIMRTGLITEEDNHYYFNEDGIMOYGYLNIED 2280 
KYYFDPETKKAYKGINVIDDIKYYFDENGIMRTGLITEEDNHYYENEDGIMOYGYLNIED 2280 
k k k k k k k k k k k k k k k k k k k k k + k k k k k k k k k k k k k k k k + k k k k k k k k k k 

KMFYFGEDGVMOIGVFNTPDGFKYFAHONTLDENFEGESINYTGWLDLDEKRYYFTDEYI 2340 
KMFYFGEDGVMQIGVFNTPDGFKYFAHONTLDENFEGESINYTGWLDLDEKRYYFTDEYI 2340 
KMFYFGEDGWMOLGWFNTPDGFKYFAHONTLDENFEGESINYTGWLDLDEKRYYETDEYL 2 340 
KTFYFSEDGTMOTGVFNTPDGFKYFAHONTLDENFEGESTNYTGWLDT, DEKRYYFTDEYT 2340 
KTFYFSEDGIMOIGVFNTPDGFKYFAHONTLDENFEGESINYTGWLDLDEKRYYFTDEYI 2340 
k k k k . * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *k k + k + k * * * * * * * * * * * * * 

AATGSVIIDGEEYYFDPDTAQLVISE 2366 (SEQ ID NO : 2, 630) 
AATGSVIIDGEEYYFDPDTAQLVISE 2366 (SEQ ID NO 25, VPI 10463) 
AATGSVIIDGEEYYFDPDTAOLVISE 2366 (SEO ID NO: 6) 
AATGSVIIDGEEYYFDPDTAQLVISE 2366 (SEQ ID NO: 21, R2 0291) 
AATGS VIIDGEEYYFDPDTAOLVISE 2366 (SEQ ID NO: 23, CD196) 

k . . . . . . . . . . . . . . . . . . . . . . 
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1.5x106 
S Triple mutant A 

Toxin A wt 
Sas & D 1.Ox106 Cell only control 

n ext Toxin A control (4xECs) 

5.0x108 

O 
O.OOOOO1 0.0001 0.01 1 100 

Concentration (uglmL) 

1.5x1O6 

1.0.106 - if 
B Triple mutant B 
Y Toxin B Wt 

5.0x1O Cell only control 
Toxin control (4xECso) 

10-6 10-4 10-2 100 102 
Concentration (ug/mL) 
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FIG. 7 

2.0.1006 e Triple Mutant 
a Hepta Mutant 
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1OOOOOO 

5OOOOO 

Logo Concentration (ug/mL) 

Triole Mutant Hepta Mutant 
ECso O.O2O78 0.03590 

  



U.S. Patent Apr. 25, 2017 Sheet 20 of 46 US RE46,376 E 

F.G. 8 

Triple Mutant A 
2.010.06 

pAb anti B 1.100 s 

A TMA alone who pAb 
pAb anti A (1:10) 

W mAb (A3-25+A60-22) 1:50 
{0 mAb (A3-25+A60-22) 

11OO 
8 (Cell--Ab) only control 
as Toxin only control 

1.5.10.06 

1OOOOOO 
Y 

5OOOOO 

O.O1 O.1 1 10 100 

TM A Concentration (ug/mL) 

Triple Mutant B 
1.5x108 

pAb anti A 1:100 
TMB only w/o pab 
pAb anti B (1:10) 
Cell only control 
TOXin Control 

0.01 0.1 1 10 1OO 

TMB Concentration (ug/mL) 
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F.G. 17 

Wariable Light Chain (muk) 
MKLPVRLLVLM FWPGSSSDVVMTHTPLSLPWSLGDQASMSCRS 
SQSLIHSNGNTYLHWY QKPGCSPKSK VSNRFSGVPORFSG 
SGSGTDFTLKSRWEAEDGWYFC SQTTYFPYFGGGTREKRAD 
AAPTWSFPPSS (SEQ D NO. 36) 

Variabie Heavy Chain (migE) 

RFSROSKSAVSOM'N TEDGFYCWD YYGNPAF/YWG 

QGTLVTVSAAS RNPQYPLKPCKGTASMTLGCLVKDYFPGPvt. 
WTWYSDSNMSTVN (SEQ ID NO. 37) 
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COMPOSITIONS RELATING TO A MUTANT 
CLOSTRIDIUM DIFFICILE TOXIN AND 

METHODS THEREOF 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue; a claim printed with strikethrough 
indicates that the claim was canceled, disclaimed, or held 10 
invalid by a prior post-patent action or proceeding. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

15 

The present application is an application for reissue of 
U.S. Pat. No. 8,577,548, which issued from U.S. application 
Ser: No. 13/848,909, filed on Mar: 22, 2013, which is a 
continuation of and claims priority from U.S. patent appli 
cation Ser. No. 13/451,631, filed on Apr. 20, 2012, now U.S. 20 
Pat. No. 8,481,692, which claims the benefit of U.S. Pro 
visional Patent Application 61/478,474, filed on Apr. 22. 
2011, and U.S. Provisional Patent Application 61/478,899, 
filed Apr. 25, 2011. The entire contents of the aforemen 
tioned applications are herein incorporated by reference in 25 
their entireties. 

FIELD 

The present invention is directed to compositions con- 30 
cerning mutant Clostridium difficile toxins and methods 
thereof. 

BACKGROUND 
35 

Clostridium difficile (C. difficile) is a Gram-positive 
anaerobic bacterium that is associated with gastrointestinal 
disease in humans. Colonization of C. difficile usually 
occurs in the colon if the natural gut flora is diminished by 
treatment with antibiotics. An infection can lead to antibi- 40 
otic-associated diarrhea and sometimes pseudomembranous 
colitis through the secretion of the glucosylating toxins, 
toxin A and toxin B (308 and 270 kDa, respectively), which 
are the primary virulence factors of C. difficile. 

Toxin A and toxin B are encoded within the 19 kb 45 
pathogenicity locus (Palloc) by the genes tedA and tcdB. 
respectively. Nonpathogenic strains of C. difficile have this 
locus replaced by an alternative 115 base pair sequence. 

Both toxin A and toxin B are potent cytotoxins. These 
proteins are homologous glucosyltransferases that inactivate 50 
small GTPases of the Rho/Rac/Ras family. The resulting 
disruption in signaling causes a loss of cell-cell junctions, 
dysregulation of the actin cytoskeleton, and/or apoptosis, 
resulting in the profound secretory diarrhea that is associated 
with Clostridium difficile infections (CDI). 55 

In the last decade, the numbers and severity of C. difficile 
outbreaks in hospitals, nursing homes, and other long-term 
care facilities increased dramatically. Key factors in this 
escalation include emergence of hypervirulent pathogenic 
strains, increased use of antibiotics, improved detection 60 
methods, and increased exposure to airborne spores in health 
care facilities. 

Metronidazole and Vancomycin represent the currently 
accepted standard of care for the antibiotic treatment of C. 
difficile associated disease (CDAD). However, about 20% of 65 
patients receiving Such treatment experience a recurrence of 
infection after a first episode of CDI, and up to about 50% 

2 
of those patients suffer from additional recurrences. Treat 
ment of recurrences represents a very significant challenge, 
and the majority of recurrences usually occur within one 
month of the preceding episode. 

Accordingly, there is a need for immunogenic and/or 
therapeutic compositions and methods thereof directed to C. 
difficile. 

SUMMARY OF THE INVENTION 

These and other objectives are provided by the invention 
herein. 

In one aspect, the invention relates to an immunogenic 
composition that includes a mutant C. difficile toxin A. The 
mutant C. difficile toxin A includes a glucosyltransferase 
domain having at least one mutation and a cysteine protease 
domain having at least one mutation, relative to the corre 
sponding wild-type C. difficile toxin A. In one embodiment, 
at least one amino acid of the mutant C. difficile toxin A is 
chemically crosslinked. 

In one aspect, the invention relates to an isolated poly 
peptide including the amino acid sequence set forth in SEQ 
ID NO: 4, wherein the methionine residue at position 1 is 
optionally not present, and wherein the polypeptide includes 
at least one amino acid side chain chemically modified by 
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide) (EDC) 
and N-Hydroxysuccinimide (NHS). 

In one embodiment, at least one amino acid of the mutant 
C. difficile toxin is chemically crosslinked. 

In one embodiment, the at least one amino acid amino 
acid is chemically crosslinked by formaldehyde, 1-ethyl-3- 
(3-dimethylaminopropyl)carbodiimide (EDC), N-hydroxy 
succinate, or a combination of EDC and NHS. 

In one embodiment, the immunogenic composition is 
recognized by a respective anti-toxin neutralizing antibody 
or binding fragment thereof. 

In one embodiment, the immunogenic composition exhib 
its decreased cytotoxicity, relative to the corresponding 
wild-type C. difficile toxin. 

In another aspect, the invention relates to an immuno 
genic composition that includes a mutant C. difficile toxin A, 
which includes a glucosyltransferase domain having SEQID 
NO: 29, which has an amino acid substitution at positions 
285 and 287, and a cysteine protease domain having SEQID 
NO: 32, which has an amino acid substitution at position 
158, relative to the corresponding wild-type C. difficile toxin 
A, wherein at least one amino acid of the mutant C. difficile 
toxin A is chemically crosslinked. 

In a further aspect, the invention relates to an immuno 
genic composition that includes a mutant C. difficile toxin A, 
which includes SEQ ID NO: 4, wherein at least one amino 
acid of the mutant C. difficile toxin A is chemically cross 
linked. 

In yet another aspect, the invention relates to an immu 
nogenic composition that includes SEQ ID NO: 4, SEQ ID 
NO: 5, SEQ ID NO: 6, SEQID NO: 7, or SEQ ID NO: 8. 

In one aspect, the invention relates to an immunogenic 
composition that includes a mutant C. difficile toxin B. The 
mutant C. difficile toxin B includes a glucosyltransferase 
domain having at least one mutation and a cysteine protease 
domain having at least one mutation, relative to the corre 
sponding wild-type C. difficile toxin B. 

In another aspect, the invention relates to an isolated 
polypeptide including the amino acid sequence set forth in 
SEQ ID NO: 6, wherein the methionine residue at position 
1 is optionally not present, and wherein the polypeptide 
includes an amino acid side chain chemically modified by 
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1-ethyl-3-(3-dimethylaminopropyl)carbodiimide) 
and N-Hydroxysuccinimide (NHS). 

In another aspect, the invention relates to an immuno 
genic composition that includes a mutant C. difficile toxin B, 
which includes a glucosyltransferase domain having SEQID 
NO: 31, which has an amino acid substitution at positions 
286 and 288, and a cysteine protease domain having SEQID 
NO:33, which has an amino acid substitution at position 
155, relative to the corresponding wild-type C. difficile toxin 
B, wherein at least one amino acid of the mutant C. difficile 
toxin B is chemically crosslinked. 

In a further aspect, the invention relates to an immuno 
genic composition that includes a mutant C. difficile toxin B, 
which includes SEQ ID NO: 6, wherein at least one amino 
acid of the mutant C. difficile toxin B is chemically cross 
linked. 

In one aspect, the invention relates to an immunogenic 
composition that includes a mutant C. difficile toxin A, 
which includes SEQ ID NO: 4, and a mutant C. difficile 
toxin B, which includes SEQID NO: 6, wherein at least one 
amino acid of each of the mutant C. difficile toxins is 
chemically crosslinked. 

In further aspects, the invention relates to a recombinant 
cell or progeny thereof, that includes a polynucleotide 
encoding any of the foregoing mutant C. difficile toxins, 
wherein the cell lacks an endogenous polynucleotide encod 
ing a toxin. 

In another aspect, the invention relates to an antibody or 
antibody binding fragment thereof specific to an immuno 
genic composition that includes a mutant C. difficile toxin. 

In one aspect, the invention relates to a method of treating 
a C. difficile infection in a mammal. The method includes 
administering to the mammal an immunogenic composition 
that includes a mutant C. difficile toxin A, which includes 
SEQ ID NO: 4, and a mutant C. difficile toxin B, which 
includes SEQID NO: 6, wherein at least one amino acid of 
each of the mutant C. difficile toxins is crosslinked by 
formaldehyde. 

In another aspect, the method of treating a C. difficile 
infection in a mammal includes administering to the mam 
mal an immunogenic composition that includes a mutant C. 
difficile toxin A, which includes SEQ ID NO: 4, and a 
mutant C. difficile toxin B, which includes SEQ ID NO: 6, 
wherein at least one amino acid of each of the mutant C. 
difficile toxins is crosslinked by 1-ethyl-3-(3-dimethylam 
inopropyl)carbodiimide and/or N-Hydroxysuccinimide 
(NHS). 

In one aspect, the invention relates to a method of 
inducing an immune response to a C. difficile infection in a 
mammal. The method includes administering to the mam 
mal an immunogenic composition that includes a mutant C. 
difficile toxin A, which includes SEQ ID NO: 4, and a 
mutant C. difficile toxin B, which includes SEQ ID NO: 6, 
wherein at least one amino acid of each of the mutant C. 
difficile toxins is crosslinked by formaldehyde. 

In another aspect, the method of inducing an immune 
response to a C. difficile infection in a mammal includes 
administering to the mammal an immunogenic composition 
that includes a mutant C. difficile toxin A, which includes 
SEQ ID NO: 4, and a mutant C. difficile toxin B, which 
includes SEQID NO: 6, wherein at least one amino acid of 
each of the mutant C. difficile toxins is crosslinked by 
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide and/or 
N-Hydroxysuccinimide (NHS). 

In one embodiment, the methods of treating or the meth 
ods of inducing an immune response is in a mammal in need 
thereof. 
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In one embodiment, the methods of treating or the meth 

ods of inducing an immune response includes a mammal 
that has had a recurring C. difficile infection. 

In one embodiment, the methods of treating or the meth 
ods of inducing an immune response includes parenterally 
administering the composition. 

In one embodiment, the methods of treating or the meth 
ods of inducing an immune response includes an immuno 
genic composition that further includes an adjuvant. 

In one embodiment, the adjuvant includes aluminum 
hydroxide gel and a CpG oligonucleotide. In another 
embodiment, the adjuvant includes ISCOMATRIX. 

In one embodiment, the isolated polypeptide includes 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 chemically modified by gly 
cine. 

In one embodiment, the isolated polypeptide includes at 
least one crosslink between a side chain of an aspartic acid 
residue of the polypeptide and a side chain of a lysine 
residue of the polypeptide; and at least one crosslink 
between a side chain of a glutamic acid residue of the 
polypeptide and a side chain of a lysine residue of the 
polypeptide. 

In one embodiment, the isolated polypeptide includes a 
beta-alanine moiety linked to a side chain of at least one 
lysine residue of the polypeptide. 

In one embodiment, the isolated polypeptide includes a 
glycine moiety linked to a side chain of an aspartic acid 
residue of the polypeptide or to a side chain of a glutamic 
acid residue of the polypeptide. 

In one embodiment, the isolated polypeptide includes the 
amino acid sequence set forth in SEQID NO: 4, wherein the 
methionine residue at position 1 is optionally not present, 
and wherein a side chain of at least one lysine residue of the 
polypeptide is linked to a beta-alanine moiety. 

In one embodiment, the isolated polypeptide includes the 
amino acid sequence set forth in SEQID NO: 6, wherein the 
methionine residue at position 1 is optionally not present, 
and wherein a side chain of at least one lysine residue of the 
polypeptide is linked to a beta-alanine moiety. 

In one embodiment, the isolated polypeptide includes a 
side chain of a second lysine residue of the polypeptide is 
linked to a side chain of an aspartic acid residue or to a side 
chain of a glutamic acid residue. 

In one embodiment, the isolated polypeptide includes a 
side chain of an aspartic acid residue or a side chain of a 
glutamic acid residue of the polypeptide is linked to a 
glycine moiety. 

In one embodiment, the isolated polypeptide has an ECso 
of at least about 100 ug/ml. 

In one aspect, the immunogenic composition includes an 
isolated polypeptide having the amino acid sequence set 
forth in SEQ ID NO: 4, wherein the methionine residue at 
position 1 is optionally not present, and an isolated poly 
peptide having the amino acid sequence set forth in SEQID 
NO: 6, wherein the methionine residue at position 1 is 
optionally not present, and wherein the polypeptides have at 
least one amino acid side chain chemically modified by 
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide) (EDC) 
and N-Hydroxysuccinimide (NHS). 

In one embodiment, the polypeptide includes at least one 
of any of: a) 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. 

In one embodiment, the isolated polypeptide has an ECso 
of at least about 100 ug/ml. 

In one aspect, the immunogenic composition includes an 
isolated polypeptide having the amino acid sequence set 
forth in SEQ ID NO: 4, wherein the methionine residue at 
position 1 is optionally not present, and an isolated poly 
peptide having the amino acid sequence set forth in SEQID 
NO: 6, wherein the methionine residue at position 1 is 
optionally not present, and a) wherein a side chain of at least 
one lysine residue of SEQ ID NO. 4 is linked to a beta 
alanine moiety, and b) wherein a side chain of at least one 
lysine residue of SEQID NO: 6 is linked to a beta-alanine 
moiety. 

In one embodiment, the immunogenic composition 
includes 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 a glutamic acid residue, and wherein a 
second lysine residue of SEQ ID NO: 6 is linked to a side 
chain of an aspartic acid residue or to a side chain of a 
glutamic acid residue. 

In one embodiment, the immunogenic composition 
includes a side chain of an aspartic acid residue or a side 
chain of a glutamic acid residue of the polypeptide having 
the amino acid sequence set forth in SEQID NO: 4, wherein 
the methionine residue at position 1 is optionally not present, 
is linked to a glycine moiety. 

In one embodiment, the immunogenic composition 
includes a side chain of an aspartic acid residue or a side 
chain of a glutamic acid residue of the polypeptide having 
the amino acid sequence set forth in SEQID NO: 6, wherein 
the methionine residue at position 1 is optionally not present, 
is linked to a glycine moiety. 

In one embodiment, the isolated polypeptide has an ECso 
of at least about 100 ug/ml. 

In one aspect, the immunogenic composition includes an 
isolated polypeptide having the amino acid sequence set 
forth in SEQID NO: 84 and an isolated polypeptide having 
the amino acid sequence set forth in SEQ ID NO: 86. 
wherein each polypeptide includes a) at least one crosslink 
between a side chain of an aspartic acid residue of the 
polypeptide and a side chain of a lysine residue of the 
polypeptide; b) at least one crosslink between a side chain of 
a glutamic acid residue of the polypeptide and a side chain 
of a lysine residue of the polypeptide; c) a beta-alanine 
moiety linked to a side chain of at least one lysine residue 
of the polypeptide; and d) a glycine moiety linked to a side 
chain of at least one aspartic acid residue of the polypeptide 
or to a side chain of at least one glutamic acid residue of the 
polypeptide. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1A-H: Sequence alignment of wild-type C. difficile 
toxin A from strains 630, VPI 10463, R20291, CD196, and 
mutant toxin A having SEQ ID NO: 4, using CLUSTALW 
alignment, default parameters. 

FIG. 2A-F: Sequence alignment of wild-type C. difficile 
toxin B from strains 630, VPI 10463, R20291, CD196, and 
mutant toxin B having SEQ ID NO: 6, using CLUSTALW 
alignment, default parameters. 

FIG. 3: Graph showing identification of wild-type toxin 
negative C. difficile strains. Culture media of 13 C. difficile 
strains were tested by ELISA for toxin A. As illustrated, 
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6 
seven strains expressed toxin A and 6 strains did not (strains 
1351, 3232, 7322, 5036, 4811 and VPI 11186). 
FIGS. 4A and B: SDS-PAGE results illustrating that triple 

mutant A (SEQ ID NO: 4), double mutant B (SEQ ID NO: 
5), and triple mutant B (SEQ ID NO: 6) do not glucosylate 
Rac1 or RhoA GTPases in an in vitro glucosylation assays 
with UDP-C-glucose, whereas 10 ug to 1 ng of wild type 
toxin B does glucosylate Rac1. 

FIG. 5: Western blot indicating abrogation of cysteine 
protease activity in mutant toxins A and B (SEQID NOs: 4 
and 6, respectively), as compared to observation of cleaved 
fragments of wild-type toxins A and B (SEQ ID NOs: 1 and 
2, respectively). See Example 13. 

FIG. 6: Graphs showing that triple mutant toxins A and B 
(SEQ ID NOs: 4 and 6, respectively) exhibit residual cyto 
toxicity when tested at high concentrations (e.g., about 100 
ug/ml) by in vitro cytotoxicity assay in IMR-90 cells. 

FIG. 7: Graph showing that ECso values are similar for the 
triple mutant toxin B (SEQ ID NO: 6) and hepta mutant 
toxin B (SEQ ID NO: 8). 

FIG. 8: Graph representing results from in vitro cytotox 
icity tests in which the ATP levels (RLUs) are plotted against 
increasing concentrations of the triple mutant TcdA (SEQID 
NO: 4)(top panel) and triple mutant TcdB (SEQ ID NO: 
6)(bottom panel). Residual cytotoxicity of mutant toxin A 
and B can be completely abrogated with neutralizing anti 
bodies specific for mutant toxin A (top panel-pAbA and 
mAbs A3-25+A60-22) and mutant toxin B (bottom panel 
pAb B). 

FIG. 9: Images of IMR-90 cell morphology at 72 hours 
post treatment. Panel A shows mock treated control cells. 
Panel B shows cell morphology following treatment with 
formalin inactivated mutant TcdB (SEQ ID NO: 6). Panel C 
shows cell morphology following treatment with EDC inac 
tivated mutant TcdB (SEQ ID NO: 6). Panel D shows cell 
morphology following treatment with wild-type toxin B 
(SEQ ID NO: 2). Panel E shows cell morphology following 
treatment with triple mutant TcdB (SEQID NO: 6). Similar 
results were observed for TcdA treatments. 

FIG. 10: Graph showing neutralizing antibody titers as 
described in Example 25 (study muCdiff2010-06). 

FIG. 11A-B: Graph showing neutralizing antibody titers 
as described in Example 26 (study muCdiff2010-07). 

FIG. 12: Graph showing neutralizing antibody responses 
against toxins A and B in hamsters after four immunizations 
as described in Example 27 (study hamC. difficile2010-02) 

FIG. 13 A-B: Graph showing neutralizing antibody 
responses in hamsters after vaccination with chemically 
inactivated genetic mutant toxins and List Biological tox 
oids, as described in Example 27 (study hamC. dif 
ficile2010-02). 

FIG. 14: Survival curves for three immunized groups of 
hamsters as compared to the non-immunized controls, 
described in Example 28 (study hamC. difficile2010-02, 
continued). 

FIG. 15: Graph showing relative neutralizing antibody 
response against different formulations of C. difficile mutant 
toxins in hamsters (study hamC. difficile2010-03), as 
described in Example 29. 

FIG. 16A-B: Graphs showing strong relative neutralizing 
antibody response against chemically inactivated genetic 
mutant toxins A and B (SEQID NOs: 4 and 6, respectively) 
in cynomolgus macaques, as described in Example 30. 

FIG. 17: Amino acid sequences of variable regions of 
light (VL) and heavy (HL) chains of A3-25 mAb IgE. Signal 
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peptide highlighted; CDRs—italicized and underlined: 
Constant region bolded and underlined (complete 
sequence not shown). 

FIG. 18: Graph showing titration of individual toxin A 
monoclonal antibodies in the toxin neutralization assay 
using ATP levels (quantified by relative light units-RLU) as 
an indicator of cell viability. In comparison to the toxin 
(4xECs) control, mabs A80-29. A65-33, A60-22 and 
A3-25 had increasing neutralizing effects on toxin A with 
concentration but not to the level of the positive rabbit 
anti-toxin A control. mAbs A50-10, A56-33, and A58-46 did 
not neutralize toxin A. The cell only control was 1-1.5x10 
RLUS. 

FIG. 19: Mapping of 8 epitope groups of toxin B mAbs 
by BiaCore 

FIG. 20A-C: Synergistic neutralizing activities of com 
binations of toxin A mAbs: Adding different dilutions of 
neutralizing antibodies A60-22, A65-33, and A80-29 to 
increasing concentrations of A3-25 mAb Synergistically 
increased the neutralization of toxin A regardless of the 
dilution. The RLUs of the toxin A only (4xECs) control is 
illustrated (<0.3x10) and cell only controls were 2-2.5x10° 
RLUs as depicted in graphs shown in FIG. 20B and FIG. 
2OC. 

FIG. 21: Synergistic neutralizing activities of toxin B 
mAbs: Neutralization of toxin B by mAbs 8-26, B60-2 and 
B59-3 is illustrated in FIG. 21A. Neutralization of toxin B 
is synergistically increased after combining B8-26 with 
dilutions of B59-3 (FIG. 21B) 

FIG. 22: Western blot showing that Rac1 GTPase expres 
sion is reduced in genetic mutant toxin B (SEQ ID NO: 6) 
extracts from 24 to 96 hours, but not in wild-type toxin B 
(SEQ ID NO: 2) treated extracts. The blot also shows that 
Rac1 is glucosylated in toxin B-treated extracts, but not in 
genetic mutant toxin B treated extracts. 

FIG. 23A-K: Graph representing results from in vitro 
cytotoxicity tests in which the ATP levels (RLUs) are plotted 
against increasing concentrations of C. difficile culture 
media and the hamster serum pool (); crude toxin (culture 
harvest) from the respective strain and the hamster serum 
pool (O); purified toxin (commercial toxin obtained from 
List Biologicals) and the hamster serum pool (A); crude 
toxin (V), control; and purified toxin (0), control. The 
toxins from the respective strains were added to the cells at 
4xECso values. FIG. 23 shows that an immunogenic com 
position including mutant TcdA (SEQID NO: 4) and mutant 
TcdB (SEQ ID NO: 6), wherein the mutant toxins were 
inactivated with EDC, according to, for example, Example 
29, Table 15, described herein, induced neutralizing anti 
bodies that exhibited neutralizing activity against toxins 
from at least the following 16 different CDC strains of C. 
difficile, in comparison to the respective toxin only control: 
2007886 (FIG. 23A); 2006017 (FIG. 23B); 2007070 (FIG. 
23C); 2007302 (FIG. 23D); 2007838 (FIG. 23E); 2007886 
(FIG. 23F); 2009292 (FIG. 23G); 2004013 (FIG. 23H): 
2009141 (FIG. 23I); 2005022 (FIG. 23J); 2006376 (FIG. 
23K). 

FIG. 24A-C: Illustration of an exemplary EDC/NHS 
inactivation of mutant C. difficile toxins, resulting in at least 
three possible types of modifications: crosslinks, glycine 
adducts, and beta-alanine adducts. Panel A illustrates cross 
linking. Carboxylic residues of triple mutant toxins are 
activated by the addition of EDC and NHS. The activated 
esters react with primary amines to form stable amide bonds, 
resulting in intra- and intermolecular crosslinks. Panel B 
illustrates formation of glycine adducts. After inactivation, 
residual activated esters are quenched by the addition of 
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8 
glycine to form stable amide bonds. Panel C illustrates 
formation of beta-alanine adducts. Three moles of NHS can 
react with one mole of EDC to form activated beta-alanine. 
This then reacts with primary amines to form stable amide 
bonds. 

FIG. 25: Illustration of an exemplary EDC/NHS inacti 
Vation of mutant C. difficile toxins, resulting in at least one 
of the following types of modifications: (A) crosslinks, (B) 
glycine adducts, and (C) beta-alanine adducts. 

BRIEF DESCRIPTION OF SEQUENCES 

SEQ ID NO: 1 sets forth the amino acid sequence for 
wild-type C. difficile 630 toxin A (TcdA). 
SEQ ID NO: 2 sets forth the amino acid sequence for 
wild-type C. difficile 630 toxin B (TcdB). 
SEQ ID NO: 3 sets forth the amino acid sequence for a 
mutant TcdA having a mutation at positions 285 and 287, as 
compared to SEQ ID NO: 1. 
SEQ ID NO: 4 sets forth the amino acid sequence for a 
mutant TcdA having a mutation at positions 285. 287, and 
700, as compared to SEQ ID NO: 1. 
SEQ ID NO: 5 sets forth the amino acid sequence for a 
mutant TcdB having a mutation at positions 286 and 288, as 
compared to SEQ ID NO: 2. 
SEQ ID NO: 6 sets forth the amino acid sequence for a 
mutant TcdB having a mutation at positions 286, 288, and 
698, as compared to SEQ ID NO: 2. 
SEQ ID NO: 7 sets forth the amino acid sequence for a 
mutant TcdA having a mutation at positions 269, 272, 285, 
287, 460, 462, and 700, as compared to SEQID NO: 1 
SEQ ID NO: 8 sets forth the amino acid sequence for a 
mutant TcdB having a mutation at positions 270, 273, 286, 
288, 461, 463, and 698, as compared to SEQ ID NO: 2 
SEQ ID NO: 9 sets forth a DNA sequence encoding a 
wild-type C. difficile 630 toxin A (TcdA). 
SEQ ID NO: 10 sets forth a DNA sequence encoding a 
wild-type C. difficile 630 toxin B (TcdB). 
SEQ ID NO: 11 sets forth a DNA sequence encoding SEQ 
ID NO: 3 
SEQ ID NO: 12 sets forth a DNA sequence encoding SEQ 
ID NO: 4 
SEQ ID NO: 13 sets forth a DNA sequence encoding SEQ 
ID NO: 5 
SEQ ID NO: 14 sets forth a DNA sequence encoding SEQ 
ID NO: 6 
SEQ ID NO: 15 sets forth the amino acid sequence for 
wild-type C. difficile R20291 TcdA. 
SEQ ID NO: 16 sets forth a DNA sequence encoding SEQ 
ID NO: 15. 
SEQ ID NO: 17 sets forth the amino acid sequence for 
wild-type C. difficile CD196 TcdA. 
SEQ ID NO: 18 sets forth a DNA sequence encoding SEQ 
ID NO: 17. 
SEQ ID NO: 19 sets forth the amino acid sequence for 
wild-type C. difficile VPI 10463 TcdA. 
SEQ ID NO: 20 sets forth a DNA sequence encoding SEQ 
ID NO: 19. 
SEQ ID NO: 21 sets forth the amino acid sequence for 
wild-type C. difficile R20291 TcdB. 
SEQ ID NO: 22 sets forth a DNA sequence encoding SEQ 
ID NO: 21. 
SEQ ID NO: 23 sets forth the amino acid sequence for 
wild-type C. difficile CD196 TcdB. 
SEQ ID NO: 24 sets forth a DNA sequence encoding SEQ 
ID NO: 23. 
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SEQ ID NO: 25 sets forth the amino acid sequence for 
wild-type C. difficile VPI 10463 TcdB. 
SEQ ID NO: 26 sets forth a DNA sequence encoding SEQ 
ID NO: 25. 
SEQ ID NO: 27 sets forth a DNA sequence of a pathoge- 5 
nicity locus of wild-type C. difficile VPI 10463. 
SEQ ID NO: 28 sets forth the amino acid sequence for 
residues 101 to 293 of SEQ ID NO: 1. 
SEQ ID NO: 29 sets forth the amino acid sequence for 
residues 1 to 542 of SEQ ID NO: 1. 
SEQ ID NO: 30 sets forth the amino acid sequence for 
residues 101 to 293 of SEQ ID NO: 2. 
SEQ ID NO: 31 sets forth the amino acid sequence for 
residues 1 to 543 of SEQ ID NO: 2. 
SEQ ID NO: 32 sets forth the amino acid sequence for 
residues 543 to 809 of SEQ ID NO: 1. 
SEQ ID NO: 33 sets forth the amino acid sequence for 
residues 544 to 767 of SEQ ID NO: 2. 
SEQ ID NO. 34 sets forth the amino acid sequence for a 
mutant TcdA, wherein residues 101, 269, 272, 285, 287, 
460, 462, 541, 542, 543, 589, 655, and 700 may be any 
amino acid. 
SEQ ID NO: 35 sets forth the amino acid sequence for a 
mutant TcdB, wherein 102, 270, 273, 286, 288, 384, 461, 
463, 520, 543, 544, 587, 600, 653, 698, and 751 may be any 
amino acid. 
SEQ ID NO: 36 sets forth the amino acid sequence for the 
variable light chain of a neutralizing antibody of C. difficile 
TcdA (A3-25 mAb). 
SEQ ID NO: 37 sets forth the amino acid sequence for the 
variable heavy chain of a neutralizing antibody of C. difficile 
TcdA (A3-25 mAb). 
SEQ ID NO: 38 sets forth the amino acid sequence for 
CDR1 of the variable light chain of neutralizing antibody of 
C. difficile TcdA (A3-25 mAb). 
SEQ ID NO: 39 sets forth the amino acid sequence for 
CDR2 of the variable light chain of neutralizing antibody of 
C. difficile TcdA (A3-25 mAb). 
SEQ ID NO: 40 sets forth the amino acid sequence for 40 
CDR3 of the variable light chain of neutralizing antibody of 
C. difficile TcdA (A3-25 mAb). 
SEQ ID NO: 41 sets forth the amino acid sequence for 
CDR1 of the variable heavy chain of neutralizing antibody 
of C. difficile TcdA (A3-25 mAb). 
SEQ ID NO: 42 sets forth the amino acid sequence for 
CDR2 of the variable heavy chain of neutralizing antibody 
of C. difficile TcdA (A3-25 mAb). 
SEQ ID NO: 43 sets forth the amino acid sequence for 
CDR3 of the variable heavy chain of neutralizing antibody 
of C. difficile TcdA (A3-25 mAb). 
SEQ ID NO: 44 sets forth a DNA sequence encoding SEQ 
ID NO: 3. 
SEQ ID NO: 45 sets forth a DNA sequence encoding SEQ 
ID NO: 4. 
SEQ ID NO: 46 sets forth a DNA sequence encoding SEQ 
ID NO: 5. 
SEQ ID NO: 47 sets forth a DNA sequence encoding SEQ 
ID NO: 6. 
SEQ ID NO: 48 sets forth the nucleotide sequence of 60 
immunostimulatory oligonucleotide ODN CpG 24555. 
SEQ ID NO: 49 sets forth the amino acid sequence for the 
variable heavy chain of a C. difficile TcdB neutralizing 
antibody (B8-26 mAb). 
SEQ ID NO: 50 sets forth the amino acid sequence for the 
signal peptide of the variable heavy chain of a C. difficile 
TcdB neutralizing antibody (B8-26 mAb). 
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SEQ ID NO: 51 sets forth the amino acid sequence for 
CDR1 of the variable heavy chain of a C. difficile TcdB 
neutralizing antibody (B8-26 mAb). 
SEQ ID NO: 52 sets forth the amino acid sequence for 
CDR2 of the variable heavy chain of a C. difficile TcdB 
neutralizing antibody (B8-26 mAb). 
SEQ ID NO: 53 sets forth the amino acid sequence for 
CDR3 of the variable heavy chain of a C. difficile TcdB 
neutralizing antibody (B8-26 mAb). 
SEQ ID NO: 54 sets forth the amino acid sequence for the 
constant region of the variable heavy chain of a C. difficile 
TcdB neutralizing antibody (B8-26 mAb). 
SEQ ID NO: 55 sets forth the amino acid sequence for the 
variable light chain of a C. difficile TcdB neutralizing 
antibody (B8-26 mAb). 
SEQ ID NO: 56 sets forth the amino acid sequence for the 
signal peptide of the variable light chain of a C. difficile 
TcdB neutralizing antibody (B8-26 mAb). 
SEQ ID NO: 57 sets forth the amino acid sequence for 
CDR1 of the variable light chain of a C. difficile TcdB 
neutralizing antibody (B8-26 mAb). 
SEQ ID NO: 58 sets forth the amino acid sequence for 
CDR2 of the variable light chain of a C. difficile TcdB 
neutralizing antibody (B8-26 mAb). 
SEQ ID NO. 59 sets forth the amino acid sequence for 
CDR3 of the variable light chain of a C. difficile TcdB 
neutralizing antibody (B8-26 mAb). 
SEQ ID NO: 60 sets forth the amino acid sequence for the 
variable heavy chain of a C. difficile TcdB neutralizing 
antibody (B59-3 mAb). 
SEQID NO: 61 sets forth the amino acid sequence for the 
signal peptide of the variable heavy chain of a C. difficile 
TcdB neutralizing antibody (B59-3 mAb). 
SEQ ID NO: 62 sets forth the amino acid sequence for 
CDR1 of the variable heavy chain of a C. difficile TcdB 
neutralizing antibody (B59-3 mAb). 
SEQ ID NO: 63 sets forth the amino acid sequence for 
CDR2 of the variable heavy chain of a C. difficile TcdB 
neutralizing antibody (B59-3 mAb). 
SEQ ID NO: 64 sets forth the amino acid sequence for 
CDR3 of the variable heavy chain of a C. difficile TcdB 
neutralizing antibody (B59-3 mAb). 
SEQ ID NO: 65 sets forth the amino acid sequence for the 
constant region of the variable heavy chain of a C. difficile 
TcdB neutralizing antibody (B59-3 mAb). 
SEQ ID NO: 66 sets forth the amino acid sequence for the 
variable light chain of a C. difficile TcdB neutralizing 
antibody (B59-3 mAb). 
SEQ ID NO: 67 sets forth the amino acid sequence for the 
signal peptide of the variable light chain of a C. difficile 
TcdB neutralizing antibody (B59-3 mAb). 
SEQ ID NO: 68 sets forth the amino acid sequence for 
CDR1 of the variable light chain of a C. difficile TcdB 
neutralizing antibody (B59-3 mAb). 
SEQ ID NO: 69 sets forth the amino acid sequence for 
CDR2 of the variable light chain of a C. difficile TcdB 
neutralizing antibody (B59-3 mAb). 
SEQ ID NO: 70 sets forth the amino acid sequence for 
CDR3 of the variable light chain of a C. difficile TcdB 
neutralizing antibody (B59-3 mAb). 
SEQ ID NO: 71 sets forth the amino acid sequence for the 
variable heavy chain of a C. difficile TcdB neutralizing 
antibody (B9-30 mAb). 
SEQ ID NO: 72 sets forth the amino acid sequence for the 
signal peptide of the variable heavy chain of a C. difficile 
TcdB neutralizing antibody (B9-30 mAb). 
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SEQ ID NO: 73 sets forth the amino acid sequence for 
CDR1 of the variable heavy chain of a C. difficile TcdB 
neutralizing antibody (B9-30 mAb). 
SEQ ID NO: 74 sets forth the amino acid sequence for 
CDR2 of the variable heavy chain of a C. difficile TcdB 
neutralizing antibody (B9-30 mAb). 
SEQ ID NO: 75 sets forth the amino acid sequence for 
CDR3 of the variable heavy chain of a C. difficile TcdB 
neutralizing antibody (B9-30 mAb). 
SEQ ID NO: 76 sets forth the amino acid sequence for the 
constant region of the variable heavy chain of a C. difficile 
TcdB neutralizing antibody (B9-30 mAb). 
SEQ ID NO: 77 sets forth the amino acid sequence for the 
variable light chain of a C. difficile TcdB neutralizing 
antibody (B9-30 mAb). 
SEQ ID NO: 78 sets forth the amino acid sequence for the 
signal peptide of the variable light chain of a C. difficile 
TcdB neutralizing antibody (B9-30 mAb). 
SEQ ID NO: 79 sets forth the amino acid sequence for 
CDR1 of the variable light chain of a C. difficile TcdB 
neutralizing antibody (B9-30 mAb). 
SEQ ID NO: 80 sets forth the amino acid sequence for 
CDR2 of the variable light chain of a C. difficile TcdB 
neutralizing antibody (B9-30 mAb). 
SEQ ID NO: 81 sets forth the amino acid sequence for 
CDR3 of the variable light chain of a C. difficile TcdB 
neutralizing antibody (B9-30 mAb). 
SEQ ID NO: 82 sets forth the amino acid sequence for a 
mutant TcdB, wherein a residue at positions 102, 270, 273, 
286, 288,384,461, 463, 520, 543, 544, 587, 600, 653, 698, 
and 751 may be any amino acid. 
SEQ ID NO: 83 sets forth the amino acid sequence for a 
mutant TcdA having a mutation at positions 269, 272, 285, 
287, 460, 462, and 700, as compared to SEQ ID NO: 1, 
wherein the methionine at position 1 is absent. 
SEQ ID NO: 84 sets forth the amino acid sequence for a 
mutant C. difficile toxin A having a mutation at positions 
285, 287, and 700, as compared to SEQ ID NO: 1, wherein 
the methionine at position 1 is absent. 
SEQ ID NO: 85 sets forth the amino acid sequence for a 
mutant C. difficile toxin B having a mutation at positions 
270, 273, 286, 288, 461, 463, and 698, as compared to SEQ 
ID NO: 2, wherein the methionine at position 1 is absent. 
SEQ ID NO: 86 sets forth the amino acid sequence for a 
mutant C. difficile toxin B having a mutation at positions 
286, 288, and 698, as compared to SEQ ID NO: 2, wherein 
the methionine at position 1 is absent. 
SEQ ID NO: 87 sets forth the amino acid sequence for 
wild-type C. difficile 2004013 TcdA. 
SEQ ID NO: 88 sets forth the amino 
wild-type C. difficile 2004111 TcdA. 
SEQ ID NO: 89 sets forth the amino 
wild-type C. difficile 2004118 TcdA. 
SEQ ID NO: 90 sets forth the amino 
wild-type C. difficile 2004205 TcdA. 
SEQ ID NO: 91 sets forth the amino 
wild-type C. difficile 2004206 TcdA. 
SEQ ID NO: 92 sets forth the amino 
wild-type C. difficile 2005022 TcdA. 
SEQ ID NO: 93 sets forth the amino 
wild-type C. difficile 2005088 TcdA. 
SEQ ID NO: 94 sets forth the amino 
wild-type C. difficile 2005283 TcdA. 
SEQ ID NO: 95 sets forth the amino 
wild-type C. difficile 2005325 TcdA. 
SEQ ID NO: 96 sets forth the amino 
wild-type C. difficile 2005359 TcdA. 
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SEQ ID NO: 97 sets forth the amino acid sequence for 
wild-type C. difficile 2006017 TcdA. 
SEQ ID NO: 98 sets forth the amino acid sequence for 
wild-type C. difficile 2007070 TcdA. 
SEQ ID NO: 99 sets forth the amino acid sequence for 
wild-type C. difficile 2007217 TcdA. 
SEQ ID NO: 100 sets forth the amino acid sequence for 
wild-type C. difficile 2007302 TcdA. 
SEQ ID NO: 101 sets forth the amino 
wild-type C. difficile 2007816 TcdA. 
SEQ ID NO: 102 sets forth the amino 
wild-type C. difficile 2007838 TcdA. 
SEQ ID NO: 103 sets forth the amino 
wild-type C. difficile 2007858 TcdA. 
SEQ ID NO: 104 sets forth the amino 
wild-type C. difficile 2007886 TcdA. 
SEQ ID NO: 105 sets forth the amino 
wild-type C. difficile 2008222 TcdA. 
SEQ ID NO: 106 sets forth the amino 
wild-type C. difficile 2009078 TcdA. 
SEQ ID NO: 107 sets forth the amino 
wild-type C. difficile 2009087 TcdA. 
SEQ ID NO: 108 sets forth the amino 
wild-type C. difficile 2009141 TcdA. 
SEQ ID NO: 109 sets forth the amino 
wild-type C. difficile 2009292 TcdA. 
SEQ ID NO: 110 sets forth the amino 
wild-type C. difficile 2004013 TcdB. 
SEQ ID NO: 111 sets forth the amino 
wild-type C. difficile 2004111 TcdB. 
SEQ ID NO: 112 sets forth the amino 
wild-type C. difficile 2004118 TcdB. 
SEQ ID NO: 113 sets forth the amino 
wild-type C. difficile 2004205 TcdB. 
SEQ ID NO: 114 sets forth the amino 
wild-type C. difficile 2004206 TcdB. 
SEQ ID NO: 115 sets forth the amino 
wild-type C. difficile 2005022 TcdB. 
SEQ ID NO: 116 sets forth the amino 
wild-type C. difficile 2005088 TcdB. 
SEQ ID NO: 117 sets forth the amino 
wild-type C. difficile 2005283 TcdB. 
SEQ ID NO: 118 sets forth the amino 
wild-type C. difficile 2005325 TcdB. 
SEQ ID NO: 119 sets forth the amino 
wild-type C. difficile 2005359 TcdB. 
SEQ ID NO: 120 sets forth the amino 
wild-type C. difficile 2006017 TcdB. 
SEQ ID NO: 121 sets forth the amino 
wild-type C. difficile 2006376 TcdB. 
SEQ ID NO: 122 sets forth the amino 
wild-type C. difficile 2007070 TcdB. 
SEQ ID NO: 123 sets forth the amino 
wild-type C. difficile 2007217 TcdB. 
SEQ ID NO: 124 sets forth the amino 
wild-type C. difficile 2007302 TcdB. 
SEQ ID NO: 125 sets forth the amino 
wild-type C. difficile 2007816 TcdB. 
SEQ ID NO: 126 sets forth the amino 
wild-type C. difficile 2007838 TcdB. 
SEQ ID NO: 127 sets forth the amino 
wild-type C. difficile 2007858 TcdB. 
SEQ ID NO: 128 sets forth the amino 
wild-type C. difficile 2007886 TcdB. 
SEQ ID NO: 129 sets forth the amino 
wild-type C. difficile 2008222 TcdB. 
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SEQ ID NO: 130 sets forth the 
wild-type 
SEQ ID NO: 131 sets forth the 
wild-type 
SEQ ID NO: 132 sets forth the 
wild-type 
SEQ ID NO: 133 sets forth the 
wild-type 
SEQ ID NO: 134 sets forth the 
wild-type C. difficile 014 TcdA. 
SEQ ID NO: 135 sets forth the 
wild-type C. difficile 015 TcdA. 
SEQ ID NO: 136 sets forth the 
wild-type C. difficile 020 TcdA. 
SEQ ID NO: 137 sets forth the 
wild-type C. difficile 023 TcdA. 
SEQ ID NO: 138 sets forth the 
wild-type C. difficile 027 TcdA. 
SEQ ID NO: 139 sets forth the 
wild-type C. difficile 029 TcdA. 
SEQ ID NO: 140 sets forth the 
wild-type C. difficile 046 TcdA. 
SEQ ID NO: 141 sets forth the 
wild-type C. difficile 014 TcdB. 
SEQ ID NO: 142 sets forth the 
wild-type C. difficile 015 TcdB. 
SEQ ID NO: 143 sets forth the 
wild-type C. difficile 020 TcdB. 
SEQ ID NO: 144 sets forth the 
wild-type C. difficile 023 TcdB. 
SEQ ID NO: 145 sets forth the 
wild-type C. difficile 027 TcdB. 
SEQ ID NO: 146 sets forth the 
wild-type C. difficile 029 TcdB. 
SEQ ID NO: 147 sets forth the 
wild-type C. difficile 046 TcdB. 
SEQ ID NO: 148 sets forth the 
wild-type C. difficile 001 TcdA. 
SEQ ID NO: 149 sets forth the 
wild-type C. difficile 002 TcdA. 
SEQ ID NO: 150 sets forth the 
wild-type C. difficile 003 TcdA. 
SEQ ID NO: 151 sets forth the 
wild-type C. difficile 004 TcdA. 
SEQ ID NO: 152 sets forth the 
wild-type C. difficile 070 TcdA. 
SEQ ID NO: 153 sets forth the 
wild-type C. difficile 075 TcdA. 
SEQ ID NO: 154 sets forth the 
wild-type C. difficile 077 TcdA. 
SEQ ID NO: 155 sets forth the 
wild-type C. difficile 081 TcdA. 
SEQ ID NO: 156 sets forth the 
wild-type C. difficile 117 TcdA. 
SEQ ID NO: 157 sets forth the 
wild-type C. difficile 131 TcdA. 
SEQ ID NO: 158 sets forth the 
wild-type C. difficile 001 TcdB. 
SEQ ID NO: 159 sets forth the 
wild-type C. difficile 002 TcdB. 
SEQ ID NO: 160 sets forth the 
wild-type C. difficile 003 TcdB. 
SEQ ID NO: 161 sets forth the 
wild-type C. difficile 004 TcdB. 
SEQ ID NO: 162 sets forth the 
wild-type C. difficile 070 TcdB. 
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14 
SEQ ID NO: 163 sets forth the 
wild-type C. difficile 075 TcdB. 
SEQ ID NO: 164 sets forth the 
wild-type C. difficile 077 TcdB. 
SEQ ID NO: 165 sets forth the 
wild-type C. difficile 081 TcdB. 
SEQ ID NO: 166 sets forth the 
wild-type C. difficile 117 TcdB. 
SEQ ID NO: 167 sets forth the 
wild-type C. difficile 131 TcdB. 
SEQ ID NO: 168 sets forth the 
wild-type C. difficile 053 TcdA. 
SEQ ID NO: 169 sets forth the 
wild-type C. difficile 078 TcdA. 
SEQ ID NO: 170 sets forth the 
wild-type C. difficile 087 TcdA. 
SEQ ID NO: 171 sets forth the 
wild-type C. difficile 095 TcdA. 
SEQ ID NO: 172 sets forth the 
wild-type C. difficile 126 TcdA. 
SEQ ID NO: 173 sets forth the 
wild-type C. difficile 053 TcdB. 
SEQ ID NO: 174 sets forth the 
wild-type C. difficile 078 TcdB. 
SEQ ID NO: 175 sets forth the 
wild-type C. difficile 087 TcdB. 
SEQ ID NO: 176 sets forth the 
wild-type C. difficile 095 TcdB. 
SEQ ID NO: 177 sets forth the 
wild-type C. difficile 126 TcdB. 
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DETAILED DESCRIPTION 

The inventors Surprisingly discovered, among other 
things, a mutant C. difficile toxin A and toxin B, and methods 
thereof. The mutants are characterized, in part, by being 
immunogenic and exhibiting reduced cytotoxicity compared 
to a wild-type form of the respective toxin. The present 
invention also relates to immunogenic portions thereof, 
biological equivalents thereof, and isolated polynucleotides 
that include nucleic acid sequences encoding any of the 
foregoing. 
The immunogenic compositions described herein unex 

pectedly demonstrated the ability to elicit novel neutralizing 
antibodies against C. difficile toxins and they may have the 
ability to confer active and/or passive protection against a C. 
difficile challenge. The novel antibodies are directed against 
various epitopes of toxin A and toxin B. The inventors 
further discovered that a combination of at least two of the 
neutralizing monoclonal antibodies can exhibit an unexpect 
edly synergistic effect in respective in vitro neutralization of 
toxin A and toxin B. 
The inventive compositions described herein may be used 

to treat, prevent, decrease the risk of decrease occurrences 
of decrease severity of, and/or delay the outset of a C. 
difficile infection, C. difficile associated disease (CDAD), 
syndrome, condition, symptom, and/or complication thereof 
in a mammal, as compared to a mammal to which the 
composition was not administered. 

Moreover, the inventors discovered a recombinant 
asporogenic C. difficile cell that can stably express the 
mutant C. difficile toxin A and toxin B, and novel methods 
for producing the same. 
Immunogenic Compositions 

In one aspect, the invention relates to an immunogenic 
composition that includes a mutant C. difficile toxin. The 
mutant C. difficile toxin includes an amino acid sequence 
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having at least one mutation in a glucosyltransferase domain 
and at least one mutation in a cysteine protease domain, 
relative to the corresponding wild-type C. difficile toxin. 
The term “wild-type, as used herein, refers to the form 

found in nature. For example, a wild-type polypeptide or 
polynucleotide sequence is a sequence present in an organ 
ism that can be isolated from a source in nature and which 
has not been intentionally modified by human manipulation. 
The present invention also relates to isolated polynucle 
otides that include nucleic acid sequences encoding any of 
the foregoing. In addition, the present invention relates to 
use of any of the foregoing compositions to treat, prevent, 
decrease the risk of decrease severity of decrease occur 
rences of, and/or delay the outset of a C. difficile infection, 
C. difficile associated disease, syndrome, condition, Symp 
tom, and/or complication thereof in a mammal, as compared 
to a mammal to which the composition is not administered, 
as well as methods for preparing said compositions. 
As used herein, an “immunogenic composition” or 

“immunogen refers to a composition that elicits an immune 
response in a mammal to which the composition is admin 
istered. 
An “immune response' refers to the development of a 

beneficial humoral (antibody mediated) and/or a cellular 
(mediated by antigen-specific T cells or their secretion 
products) response directed against a C. difficile toxin in a 
recipient patient. The immune response may be humoral, 
cellular, or both. 
The immune response can be an active response induced 

by administration of an immunogenic composition, an 
immunogen. Alternatively, the immune response can be a 
passive response induced by administration of antibody or 
primed T-cells. 
The presence of a humoral (antibody-mediated) immune 

response can be determined, for example, by cell-based 
assays known in the art, such as a neutralizing antibody 
assay, ELISA, etc. 
A cellular immune response is typically elicited by the 

presentation of polypeptide epitopes in association with 
Class I or Class II MHC molecules to activate antigen 
specific CD4+T helper cells and/or CD8+ cytotoxic T cells. 
The response may also involve activation of monocytes, 
macrophages, NK cells, basophils, dendritic cells, astro 
cytes, microglia cells, eosinophils or other components of 
innate immunity. The presence of a cell-mediated immuno 
logical response can be determined by proliferation assays 
(CD4+ T cells) or CTL (cytotoxic T lymphocyte) assays 
known in the art. 

In one embodiment, an immunogenic composition is a 
vaccine composition. As used herein, a “vaccine composi 
tion' is a composition that elicits an immune response in a 
mammal to which the composition is administered. The 
vaccine composition may protect the immunized mammal 
against Subsequent challenge by an immunizing agent or an 
immunologically cross-reactive agent. Protection can be 
complete or partial with regard to reduction in Symptoms or 
infection as compared to a non-vaccinated mammal under 
the same conditions. 

The immunogenic compositions described herein are 
cross-reactive, which refers to having a characteristic of 
being able to elicit an effective immune response (e.g., 
humoral immune response) against a toxin produced by 
another C. difficile strain that is different from the strain 
from which the composition is derived. For example, the 
immunogenic compositions (e.g., derived from C. difficile 
630) described herein may elicit cross-reactive antibodies 
that can bind to toxins produced by multiple strains of C. 
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difficile (e.g., toxins produced by C. difficile R20291 and 
VPI 10463). See, for example, Example 37. Cross-reactivity 
is indicative of the cross-protection potential of the bacterial 
immunogen, and vice versa. 
The term “cross-protective' as used herein refers to the 

ability of the immune response induced by an immunogenic 
composition to prevent or attenuate infection by a different 
bacterial Strain or species of the same genus. For example, 
an immunogenic composition (e.g., derived from C. difficile 
630) described herein may induce an effective immune 
response in a mammal to attenuate a C. difficile infection 
and/or to attenuate a C. difficile disease caused by a strain 
other than 630 (e.g., C. difficile R20291) in the mammal. 

Exemplary mammals in which the immunogenic compo 
sition or immunogen elicits an immune response include any 
mammals, such as, for example, mice, hamsters, primates, 
and humans. In a preferred embodiment, the immunogenic 
composition or immunogen elicits an immune response in a 
human to which the composition is administered. 
As described above, toxin A (TcdA) and toxin B (TcdB) 

are homologous glucosyltransferases that inactivate Small 
GTPases of the Rho/Rac/Ras family. The action of TcdA and 
TcdB on mammalian target cells depends on a multistep 
mechanism of receptor-mediated endocytosis, membrane 
translocation, autoproteolytic processing, and monogluco 
sylation of GTPases. Many of these functional activities 
have been ascribed to discrete regions within the primary 
sequence of the toxins, and the toxins have been imaged to 
show that these molecules are similar in structure. 
The wild-type gene for TcdA has about 8130 nucleotides 

that encode a protein having a deduced molecular weight of 
about 308-kDa, having about 2710 amino acids. As used 
herein, a wild-type C. difficile TcdA includes a C. difficile 
TcdA from any wild-type C. difficile strain. A wild-type C. 
difficile TcdA may include a wild-type C. difficile TcdA 
amino acid sequence having at least about 90%, 91%, 92%, 
93%, 94%, 95%, 96%, 97%, preferably about 98%, more 
preferably about 99% or most preferably about 100% iden 
tity to SEQ ID NO: 1 (full length) when optimally aligned, 
such as by the programs GAP or BESTFIT using default gap 
weights. 

In a preferred embodiment, the wild-type C. difficile TcdA 
includes an amino acid sequence set forth in SEQID NO: 1. 
which describes the wild-type amino acid sequence for TcdA 
from C. difficile strain 630 (also disclosed in GenBank 
accession number YP 001087137.1 and/or CAJ67494.1). C. 
difficile strain 630 is known in the art as being a PCR 
ribotype 012 strain. SEQ ID NO: 9 describes the wild-type 
gene for TcdA from C. difficile strain 630, which is also 
disclosed in GenBank accession number NC 009089.1. 

Another example of a wild-type C. difficile TcdA includes 
an amino acid sequence set forth in SEQID NO: 15, which 
describes the wild-type amino acid sequence for TcdA from 
C. difficile strain R20291 (also disclosed in GenBank acces 
sion number YP 003217088.1). C. difficile strain R20291 is 
known in the art as being a hypervirulent strain and a 
PCR-ribotype 027 strain. The amino acid sequence for TcdA 
from C. difficile strain R20291 has about 98% identity to 
SEQID NO:1. SEQID NO: 16 describes the wild-type gene 
for TcdA from C. difficile strain R20291, which is also 
disclosed in GenBank accession number NC 0133.16.1. 
An additional example of a wild-type C. difficile TcdA 

includes an amino acid sequence set forth in SEQ ID NO: 
17, which describes the wild-type amino acid sequence for 
TcdA from C. difficile strain CD196 (also disclosed in 
GenBank accession number CBA61156.1). CD196 is a 
strain from a recent Canadian outbreak, and it is known in 
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the art as a PCR-ribotype 027 strain. The amino acid 
sequence for TcdA from C. difficile strain CD196 has about 
98% identity to SEQID NO: 1, and has about 100% identity 
to TcdA from C. difficile strain R20291. SEQ ID NO: 18 
describes the wild-type gene for TcdA from C. difficile strain 
CD196, which is also disclosed in GenBank accession 
number FN538970.1. 

Further examples of an amino acid sequence for a wild 
type C. difficile TcdA include SEQ ID NO: 19, which 
describes the wild-type amino acid sequence for TcdA from 
C. difficile strain VPI 10463 (also disclosed in GenBank 
accession number CAA63564.1). The amino acid sequence 
for TcdA from C. difficile Strain VPI 10463 has about 100% 
(99.8%) identity to SEQ ID NO: 1. SEQ ID NO: 20 
describes the wild-type gene for TcdA from C. difficile strain 
VPI 10463, which is also disclosed in GenBank accession 
number X92982.1. 

Additional examples of a wild-type C. difficile TcdA 
include TcdA from wild-type C. difficile strains obtainable 
from the Centers for Disease Control and Prevention (CDC, 
Atlanta, Ga.). The inventors discovered that the amino acid 
sequence of TcdA from wild-type C. difficile strains obtain 
able from the CDC include at least about 99.3% to 100% 
identity, when optimally aligned, to amino acid residues 1 to 
821 of SEQID NO: 1 (TcdA from C. difficile 630). SeeTable 
1. 
The inventors also discovered that the amino acid 

sequence of TcdA from wild-type C. difficile strains may 
include at least about 90%, 91%, 92%, 93%, 94%, 95%, 
96%, 97%, 98%, 99%, to about 100% identity, when opti 
mally aligned (e.g., when full, length sequences are opti 
mally aligned) to SEQ ID NO: 1. 

Table 1: wild-type C. difficile strains obtained from CDC 
and the percent identity of amino acid residues 1-821 of 
TcdA from the respective wild-type C. difficile strain to 
amino acid residues 1-821 of SEQ ID NO: 1, when opti 
mally aligned. 

TABLE 1. 

Wild-type C. difficile Strains from CDC 

C. difficile Approximate % Amino Acid Identity 
Strain ID to Residues 1-821 of SEQ ID NO: 1 

2004111 OO 
2004.118 99.6 
20042OS OO 
20042O6 OO 
2005325 99.3 
2005.359 99.6 
2006O17 OO 
2007070 OO 
20073O2 OO 
2007816 99.3 
2007838 99.6 
2007886 99.6 
20O8222 OO 
2009078 OO 
2009087 OO 
200914-1 OO 
2009292 99.6 

Accordingly, in one embodiment, the wild-type C. dif 
ficile TcdA amino acid sequence includes a sequence of at 
least about 500, 600, 700, or 800 contiguous residues, which 
has at least about 90%, 91%, 92%, 93%, 94%, 95%, 96%, 
97%, preferably about 98%, more preferably about 99%, or 
most preferably about 100% identity to a sequence of equal 
length between residues 1 to 900 of SEQ ID NO: 1 when 
optimally aligned, such as by the programs GAP or BEST 
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FIT using default gap weights. Examples include strains 
described above (e.g., R20291, CD196, etc) and those listed 
in Table 1. 

In another embodiment, the wild-type C. difficile TcdA 
amino acid sequence includes a sequence having at least 
about 90%, 91%, 92%, 93%, 94%, 95%, 96%, preferably 
about 97%, preferably about 98%, more preferably about 
99% or most preferably about 100% identity to any 
sequence selected from SEQ ID NOs: 87-109 when opti 
mally aligned. See Table 1-a. 

TABLE 1-a 

Wild-type C. difficile Strains 

C. difficile Strain ID Toxin A, SEQ ID NO: 

2004O13 SEQ ID NO: 87 
2004111 SEQ ID NO: 88 
2004.118 SEQ ID NO: 89 
20042OS SEQ ID NO: 90 
20042O6 SEQ ID NO: 91 
2OOSO22 SEQ ID NO: 92 
2005088 SEQ ID NO: 93 
2OOS283 SEQ ID NO: 94 
2005325 SEQ ID NO: 95 
2005.359 SEQ ID NO: 96 
2006O17 SEQ ID NO: 97 
2006376 NA 
2007070 SEQ ID NO: 98 
2007217 SEQ ID NO: 99 
20073O2 SEQ ID NO: 100 
2007816 SEQ ID NO: 101 
2007838 SEQ ID NO: 102 
2007858 SEQ ID NO: 103 
2007886 SEQ ID NO: 104 
20O8222 SEQ ID NO: 105 
2009078 SEQ ID NO: 106 
2009087 SEQ ID NO: 107 
200914-1 SEQ ID NO: 108 
2009292 SEQ ID NO: 109 

OO1 SEQ ID NO: 148 
OO2 SEQ ID NO: 149 
OO3 SEQ ID NO: 150 

012 (004) SEQ ID NO: 151 
O14 SEQ ID NO: 134 
O15 SEQ ID NO: 135 
O17 
O2O SEQ ID NO: 136 
O23 SEQ ID NO: 137 
O27 SEQ ID NO: 138 
O29 SEQ ID NO: 139 
O46 SEQ ID NO: 140 
053 SEQ ID NO: 168 
059 
O70 SEQ ID NO: 152 
O75 SEQ ID NO: 153 
O77 SEQ ID NO: 154 
O78 SEQ ID NO: 169 
O81 SEQ ID NO: 155 
O87 SEQ ID NO: 170 
O95 SEQ ID NO: 171 
106 
117 SEQ ID NO: 156 
126 SEQ ID NO: 172 
131 SEQ ID NO: 157 

The wild-type gene for TcdB has about 7098 nucleotides 
that encode a protein with a deduced molecular weight of 
about 270 kDa, having about 2366 amino acids. As used 
herein, a wild-type C. difficile TcdB includes a C. difficile 
TcdB from any wild-type C. difficile strain. A wild-type C. 
difficile TcdB may include a wild-type amino acid sequence 
having at least about 90%, 91%, 92%, 93%, 94%, 95%, 
96%, 97%, preferably about 98%, more preferably about 
99% or most preferably about 100% identity to SEQID NO: 
2 when optimally aligned, such as by the programs GAP or 
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BESTFIT using default gap weights. In a preferred embodi 
ment, the wild-type C. difficile TcdB includes an amino acid 
sequence set forth in SEQ ID NO: 2, which describes the 
wild-type amino acid sequence for TcdB from C. difficile 
strain 630 (also disclosed in GenBank accession number 
YP 001087135.1 and/or CAJ67492). SEQ ID NO: 10 
describes the wild-type gene for TcdB from C. difficile strain 
630, which is also disclosed in GenBank accession number 
NC 009089.1. 

Another example of a wild-type C. difficile TcdB includes 
an amino acid sequence set forth in SEQID NO: 21, which 
describes the wild-type amino acid sequence for TcdB from 
C. difficile strain R20291 (also disclosed in GenBank acces 
sion number YP 003217086.1 and/or CBE02479.1). The 
amino acid sequence for TcdB from C. difficile strain 
R20291 has about 92% identity to SEQ ID NO: 2. SEQ ID 
NO: 22 describes the wild-type gene for TcdB from C. 
difficile strain R20291, which is also disclosed in GenBank 
accession number NC 0133.16.1. 
An additional example of a wild-type C. difficile TcdB 

includes an amino acid sequence set forth in SEQ ID NO: 
23, which describes the wild-type amino acid sequence for 
TcdB from C. difficile strain CD196 (also disclosed in 
GenBank accession number YP 003213639.1 and/or 
CBA61153.1). SEQID NO: 24 describes the wild-type gene 
for TcdB from C. difficile strain CD196, which is also 
disclosed in GenBank accession number NC 013315.1. The 
amino acid sequence for TcdB from C. difficile strain CD196 
has about 92% identity to SEQ ID NO: 2. 

Further examples of an amino acid sequence for a wild 
type C. difficile TcdB include SEQ ID NO: 25, which 
describes the wild-type amino acid sequence for TcdB from 
C. difficile strain VPI 10463 (also disclosed in GenBank 
accession number P18177 and/or CAA37298). The amino 
acid sequence for TcdB from C. difficile strain VPI 10463 has 
100% identity to SEQ ID NO: 2. SEQ ID NO: 26 describes 
the wild-type gene for TcdB from C. difficile strain 
VPI 10463, which is also disclosed in GenBank accession 
number X53138.1. 

Additional examples of a wild-type C. difficile TcdB 
include TcdB from wild-type C. difficile strains obtainable 
from the Centers for Disease Control and Prevention (CDC, 
Atlanta, Ga.). The inventors discovered that the amino acid 
sequence of TcdB from wild-type C. difficile strains obtain 
able from the CDC include at least about 96% to 100% 
identity, when optimally aligned, to amino acid residue 1 to 
821 of SEQID NO: 2 (TcdB from C. difficile 630). See Table 
2. 

Table 2: wild-type C. difficile strains obtained from CDC 
and the 9% identity of amino acid residues 1-821 of TcdB 
from the respective wild-type C. difficile strain to amino acid 
residues 1-821 of SEQ ID NO: 2, when optimally aligned. 

TABLE 2 

Wild-type C. difficile Strains from CDC 

C. difficile Approximate % Amino Acid Identity 
Strain ID to Residues 1-821 of SEQ ID NO: 2 

2004O13 96.O 
2004111 100 
2004.118 96.O 
20042O6 100 
2OOSO22 100 
2005325 96.7 
20073O2 100 
2007816 96.7 
20O8222 100 
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TABLE 2-continued 

Wild-type C. difficile Strains from CDC 

C. difficile Approximate % Amino Acid Identity 
Strain ID to Residues 1-821 of SEQ ID NO: 2 

2009078 100 
2009087 100 
200914-1 100 

Accordingly, in one embodiment, a wild-type C. difficile 
TcdB amino acid sequence includes a sequence of at least 
about 500, 600, 700, or 800 contiguous residues, which has 
at least about 90%, 91%, 92%, 93%, 94%, 95%, 96%, 
preferably about 97%, preferably about 98%, more prefer 
ably about 99% or most preferably about 100% identity to 
a sequence of equal length between residues 1 to 900 of SEQ 
ID NO: 2 when optimally aligned, such as by the programs 
GAP or BESTFIT using default gap weights. Examples 
include strains described above (e.g., R20291, CD196, etc) 
and those listed in Table 2. 

In another embodiment, the wild-type C. difficile TcdB 
amino acid sequence includes a sequence having at least 
about 90%, 91%, 92%, 93%, 94%, 95%, 96%, preferably 
about 97%, preferably about 98%, more preferably about 
99% or most preferably about 100% identity to any 
sequence selected from SEQ ID NOs: 110-133 when opti 
mally aligned. See Table 2-a. 

TABLE 2-a 

Wild-type C. difficile Strains 

C. difficile Strain ID Toxin B, SEQ ID NO: 

2004O13 SEQ ID NO: 110 
2004111 SEO ID NO: 111 
2004.118 SEQ ID NO: 112 
20042OS SEQ ID NO: 113 
20042O6 SEQ ID NO: 114 
2OOSO22 SEQ ID NO: 115 
2005088 SEQ ID NO: 116 
2OOS283 SEQ ID NO: 117 
2005325 SEQ ID NO: 118 
2005.359 SEQ ID NO: 119 
2006O17 SEQ ID NO: 120 
2006376 SEQ ID NO: 121 
2007070 SEQ ID NO: 122 
2007217 SEQ ID NO: 123 
20073O2 SEQ ID NO: 124 
2007816 SEQ ID NO: 125 
2007838 SEQ ID NO: 126 
2007858 SEQ ID NO: 127 
2007886 SEQ ID NO: 128 
20O8222 SEQ ID NO: 129 
2009078 SEQ ID NO: 130 
2009087 SEQ ID NO: 131 
200914-1 SEQ ID NO: 132 
2009292 SEQ ID NO: 133 

OO1 SEQ ID NO: 158 
OO2 SEQ ID NO: 159 
OO3 SEQ ID NO: 160 

012 (004) SEQ ID NO: 161 
O14 SEQ ID NO: 141 
O15 SEQ ID NO: 142 
O17 
O2O SEQ ID NO: 143 
O23 SEQ ID NO: 144 
O27 SEQ ID NO: 145 
O29 SEQ ID NO: 146 
O46 SEQ ID NO: 147 
053 SEQ ID NO: 173 
059 
O70 SEQ ID NO: 162 
O75 SEQ ID NO: 163 
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TABLE 2-a-continued 

Wild-type C. difficile Strains 

C. difficile Strain ID Toxin B, SEQ ID NO: 

O77 SEQ ID NO: 164 
O78 SEQ ID NO: 174 
O81 SEQ ID NO: 165 
O87 SEQ ID NO: 175 
O95 SEQ ID NO: 176 
106 
117 SEQ ID NO: 166 
126 SEQ ID NO: 177 
131 SEQ ID NO: 167 

The genes for toxins A and B (tcdA and tedB) are part of 
a 19.6-kb genetic locus (the pathogenicity locus, Palloc) that 
includes 3 additional small open-reading frames (ORFs). 
tcdD, tcdE, and tcdC, and may be considered useful for 
virulence. The Paloc is known to be stable and conserved in 
toxigenic strains. It is present at the same chromosomal 
integration site in all toxigenic strains that have been ana 
lyzed to date. In nontoxigenic strains, the pathogenicity 
locus (Paloc) is not present. Accordingly, a characteristic of 
the wild-type C. difficile strains described herein is the 
presence of a pathogenicity locus. Another preferred char 
acteristic of the wild-type C. difficile strains described herein 
is the production of both TcdA and TcdB. 

In one embodiment, the wild-type C. difficile strain is a 
strain having a pathogenicity locus that is at least about 90%, 
91%, 92%, 93%, 94%, 95%, 96%, 97%, preferably about 
98%, more preferably about 99% or most preferably about 
100% identical to that of C. difficile 630 or VPI 10463. The 
total pathogenicity locus sequence of C. difficile VPI 10463, 
is registered at the EMBL database with the sequence 
accession number X92982, also shown in SEQ ID NO: 26. 
Strains in which the Palloc is identical to that of the 
reference strain VPI 10463 are referred to as toxinotype 0. 
Strains of toxinotypes I-VII, IX, XII-XV, and XVIII-XXIV 
produce both TcdA and TcdB despite variations in their toxin 
genes. 
At the N-terminus of the toxins, the glucosyltransferase 

domain is located. The glucosyltransferase activity of the 
toxins is associated with the cytotoxic function of the toxins. 
Without being bound by mechanism or theory, the gluco 
syltransferase activity in both toxins is believed to catalyze 
the monoglucosylation of small GTP-binding proteins in the 
Rho/Rac/Ras superfamily. After glucosylation of these GTP 
binding proteins, cellular physiology is modified dramati 
cally, resulting in a loss of structural integrity and disruption 
of essential signaling pathways of the host cells infected by 
the toxins. The Asp-Xaa-Asp (DXD) motif, which is 
involved with manganese, uridine diphosphate (UDP), and 
glucose binding, is a typical characteristic for the glucosyl 
transferase domain. Without being bound by mechanism or 
theory, it is believed that residues critical for catalytic 
activity, such as the DXD motif, do not vary between a TcdB 
from a known "historical strain, such as 630, and a TcdB 
from a hypervirulent strain, such as R20291. The DXD motif 
is located at residues 285 to 287 of a wild-type C. difficile 
TcdA, according to the numbering of SEQID NO: 1, and at 
residues 286 to 288 of a wild-type C. difficile TcdB, accord 
ing to the numbering of SEQ ID NO: 2. 

Global alignment algorithms (e. g. sequence analysis 
programs) are known in the art and may be used to optimally 
align two or more amino acid toxin sequences to determine 
if the toxin includes a particular signature motif (e.g., DXD 
in the glucosyltransferase domain, DHC in the cysteine 
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protease domain described below, etc.). The optimally 
aligned sequence(s) are compared to a respective reference 
sequence (e.g., SEQID NO:1 for TcdA or SEQID NO: 2 for 
TcdB) to determine the existence of the signature motif. 
"Optimal alignment” refers to an alignment giving the 
highest percent identity score. Such alignment can be per 
formed using known sequence analysis programs. In one 
embodiment, a CLUSTAL alignment (such as CLUSTALW) 
under default parameters is used to identify suitable wild 
type toxins by comparing the query sequence against the 
reference sequence. The relative numbering of the con 
served amino acid residues is based on the residue number 
ing of the reference amino acid sequence to account for 
Small insertions or deletions (for example, five amino acids 
of less) within the aligned sequence. 
As used herein, the term “according to the numbering of 

refers to the numbering of the residues of a reference 
sequence when the given amino acid or polynucleotide 
sequence is compared to the reference sequence. In other 
words, the number or residue position of a given polymer is 
designated with respect to the reference sequence rather than 
by the actual numerical position of the residue within the 
given amino acid or polynucleotide sequence. 

For example, a given amino acid sequence, such as that of 
a hypervirulent wild-type C. difficile strain, can be aligned 
to a reference sequence (e.g., Such as that of a historical 
wild-type C. difficile strain, e.g., 630) by introducing gaps, 
if necessary, to optimize residue matches between the two 
sequences. In these cases, although the gaps are present, the 
numbering of the residue in the given amino acid or poly 
nucleotide sequence is made with respect to the reference 
sequence to which it has been aligned. As used herein, a 
“reference sequence” refers to a defined sequence used as a 
basis for a sequence comparison. 

Unless stated otherwise, all references herein to amino 
acid positions of a TcdA refer to the numbering of SEQ ID 
NO: 1. Unless stated otherwise, all references herein to 
amino acid positions of a TcdB refer to the numbering of 
SEQ ID NO: 2. 
The glucosyltransferase domain of TcdA, as used herein, 

may begin at exemplary residue 1, 101, or 102, and may end 
at exemplary residue 542, 516, or 293 of a wild-type C. 
difficile TcdA, e.g., SEQ ID NO: 1. Any minimum residue 
position may be combined with a maximum residue position 
between residues 1 and 542 of TcdA to define a sequence for 
the glucosyltransferase domain as long as the DXD motif 
region is included. For example, in one embodiment, the 
glucosyltransferase domain of TcdA includes SEQ ID NO: 
27, which is identical to residues 101-293 of SEQ ID NO: 
1, and it includes the DXD motif region. In another embodi 
ment, the glucosyltransferase domain of TcdA includes SEQ 
ID NO: 28, which is identical to residues 1-542 of SEQ ID 
NO: 1. 
The glucosyltransferase domain of TcdB, as used herein, 

may begin at exemplary residue 1, 101, or 102, and may end 
at exemplary residue 543, 516, or 293 of a wild-type C. 
difficile TcdB, e.g., SEQ ID NO: 2. Any minimum residue 
position may be combined with a maximum residue position 
between residues 1 and 543 of TcdB to define a sequence for 
the glucosyltransferase domain as long as the DXD motif 
region is included. For example, in one embodiment, the 
glucosyltransferase domain of TcdB includes SEQ ID NO: 
29, which is identical to residues 101-293 of SEQ ID NO: 
2, and it includes the DXD motif region. In another embodi 
ment, the glucosyltransferase domain of TcdB includes SEQ 
ID NO:30, which is identical to residues 1-543 of SEQ ID 
NO: 2. 
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Without being bound to theory or mechanism, it is 
believed that the N-terminus of TcdA and/or TcdB is cleaved 
by an autoproteolytic process for the glucosyltransferase 
domain to be translocated and released into the host cell 
cytosol, where it can interact with Rac/Ras/Rho GTPases. 
Wild-type C. difficile TcdA has been shown to be cleaved 
between L542 and S543. Wild-type C. difficile TcdB has 
been shown to be cleaved between L543 and G544. 

The cysteine protease domain is associated with the 
autocatalytic proteolytic activity of the toxin. The cysteine 
protease domain is located downstream of the glucosyltrans 
ferase domain and may be characterized by the catalytic 
triad aspartate, histidine, and cysteine (DHC), e.g., D589, 
H655, and C700 of a wild-type TcdA, and D587, H653, and 
C698 of a wild-type TcdB. Without being bound by mecha 
nism or theory, it is believed that the catalytic triad is 
conserved between a toxin from a “historical strain, such as 
630, and a TcdB from a hypervirulent strain, such as 
R2O291. 
The cysteine protease domain of TcdA, as used herein, 

may begin at exemplary residue 543, and may end at 
exemplary residue 809 769, 768, or 767 of a wild-type TcdA, 
e.g., SEQID NO: 1. Any minimum residue position may be 
combined with a maximum residue position between 543 
and 809 of a wild-type TcdA to define a sequence for the 
cysteine protease domain as long as the catalytic triad DHC 
motif region is included. For example, in one embodiment, 
the cysteine protease domain of TcdA includes SEQID NO: 
32, which has the DHC motif region located at residues 47. 
113, and 158 of SEQ ID NO: 32, which respectively 
correspond to D589, H655, and C700 of a wild-type TcdA 
according to the numbering of SEQID NO: 1. SEQID NO: 
32 is identical to residues 543 to 809 of SEQ ID NO: 1, 
TcdA. 
The cysteine protease domain of TcdB, as used herein, 

may begin at exemplary residue 544, and may end at 
exemplary residue 801, 767, 755, or 700 of a wild-type 
TcdB, e.g., SEQID NO: 2. Any minimum residue position 
may be combined with a maximum residue position between 
544 and 801 of a wild-type TcdB to define a sequence for the 
cysteine protease domain as long as the catalytic triad DHC 
motif region is included. For example, in one embodiment, 
the cysteine protease domain of TcdB includes SEQID NO: 
33, which includes the DHC motif region located at residues 
44, 110, and 115 of SEQ ID NO:33, which respectively 
correspond to D587, H653, and C698 of a wild-type TcdB 
according to the numbering of SEQID NO: 2. SEQID NO: 
33 is identical to residues 544 to 767 of SEQ ID NO: 2, 
TcdB. In another embodiment, the cysteine protease domain 
of TcdB includes residues 544-801 of SEQID NO: 2, TcdB. 

In the present invention, the immunogenic composition 
includes a mutant C. difficile toxin. The term “mutant, as 
used herein, refers to a molecule that exhibits a structure or 
sequence that differs from the corresponding wild-type 
structure or sequence, e.g., by having crosslinks as com 
pared to the corresponding wild-type structure and/or by 
having at least one mutation, as compared to the correspond 
ing wild-type sequence when optimally aligned, such as by 
the programs GAP or BESTFIT using default gap weights. 
The term “mutant as used herein further includes a mol 
ecule that exhibits a functional property (e.g., abrogated 
glucosyltransferase and/or abrogated cysteine protease 
activity) that differs from the corresponding wild-type mol 
ecule. 
A C. difficile toxin from any of the wild-type strains 

described above may be used as a source from which a 
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mutant C. difficile toxin is produced. Preferably, C. difficile 
630 is the source from which a mutant C. difficile toxin is 
produced. 
The mutation may involve a Substitution, deletion, trun 

cation or modification of the wild type amino acid residue 
normally located at that position. Preferably, the mutation is 
a non-conservative amino acid substitution. The present 
invention also contemplates isolated polynucleotides that 
include nucleic acid sequences encoding any of the mutant 
toxins described herein. 
A “non-conservative' amino acid Substitution, as used 

herein, refers to an exchange of an amino acid from one class 
for an amino acid from another class, according to the 
following Table 3: 

TABLE 3 

Amino Acid Classes 

Class Amino acid 

Nonpolar: Ala (A), Val (V), Leu (L), Ile (I), Pro (P), 
Met (M), Phe (F), Trp (W) 
Gly (G), Ser (S), Thr (T), Cys (C), Tyr (Y), 
ASn (N), Gln (Q) 
Asp (D), Glu (E) 
Lys (K), Arg (R), His (H) 

Uncharged polar: 

Acidic: 
Basic: 

Examples of a non-conservative amino acid substitution 
include a Substitution wherein an aspartic acid residue (Asp, 
D) is replaced by an alanine residue (Ala., A). Other 
examples include replacing an aspartic acid residue (Asp, D) 
with an asparagine residue (ASn, N); replacing an arginine 
(Arg, R), glutamic acid (Glu, E), lysine (LyS, K), and/or 
histidine (His, H) residue with an alanine residue (Ala., A). 
A conservative Substitution refers to an exchange between 

amino acids from the same class, for example, according to 
Table 3. 
The mutant toxins of the invention may be prepared by 

techniques known in the art for preparing mutations, such as, 
for example, site-directed mutagenesis, mutagenesis using a 
mutagen (e.g., UV light), etc. Preferably, site-directed muta 
genesis is used. Alternatively, a nucleic acid molecule hav 
ing an objective sequence may be directly synthesized. Such 
chemical synthesis methods are known in the art. 

In the present invention, the mutant C. difficile toxin 
includes at least one mutation in a glucosyltransferase 
domain, relative to the corresponding wild-type C. difficile 
toxin. In one embodiment, the glucosyltransferase domain 
includes at least two mutations. Preferably, the mutation 
decreases or abrogates glucosyltransferase enzyme activity 
of the toxin, as compared to the glucosyltransferase enzyme 
activity of the corresponding wild-type C. difficile toxin. 

Exemplary amino acid residues in a glucosyltransferase 
domain of TcdA that may undergo a mutation include at least 
one of the following, or any combination thereof: W101, 
D269, R272, D285, D287, E460, R462, S541, and L542, as 
compared to a wild-type C. difficile TcdA, according to the 
numbering of SEQ ID NO: 1. 

Exemplary mutations in a glucosyltransferase domain of 
TcdA include at least one of the following, or any combi 
nation thereof: W101A, D269A, R272A, D285A, D287A, 
E460A, R462A, S541A, and L542G, as compared to a 
wild-type C. difficile TcdA. In a preferred embodiment, the 
glucosyltransferase domain of TcdA includes a L542G 
mutation, as compared to a wild-type C. difficile TcdA. In 
another preferred embodiment, the glucosyltransferase 
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domain of TcdA includes a D285A and a D287A mutation, 
as compared to a wild-type C. difficile TcdA. 

Exemplary amino acid residues in a glucosyltransferase 
domain of TcdB that may undergo a mutation include at least 
one of the following, or any combination thereof: W 102, 
D270, R273, D286, D288, N384, D461, K463, W520, and 
L543, as compared to a wild-type C. difficile toxin B, 
according to the numbering of SEQ ID NO: 2. 

Exemplary mutations in a glucosyltransferase domain of 
TcdB include at least one of the following, or any combi 
nation thereof: W102A D270A, D27ON, R273A, D286A, 
D288A, N384A, D461A, D461R, K463A, K463E, W520A, 
and L543A, as compared to a wild-type C. difficile TcdB. In 
a preferred embodiment, the glucosyltransferase domain of 
TcdB includes a L543A, as compared to a wild-type C. 
difficile TcdB. In another preferred embodiment, the gluco 
syltransferase domain of TcdB includes a D286A and a 
D288A mutation, as compared to a wild-type C. difficile 
TcdB. 
Any of the mutations described herein above may be 

combined with a mutation in a cysteine protease domain. In 
the present invention, the mutant C. difficile toxin includes 
at least one mutation in a cysteine protease domain, relative 
to the corresponding wild-type C. difficile toxin. Preferably, 
the mutation decreases or abrogates cysteine protease activ 
ity of the toxin, as compared to the cysteine protease activity 
of the corresponding wild-type C. difficile toxin. 

Exemplary amino acid residues in a cysteine protease 
domain of TcdA that may undergo a mutation include at least 
one of the following, or any combination thereof: S543, 
D589, H655, and C700, as compared to a wild-type C. 
difficile TcdA, according to the numbering of SEQID NO: 
1. Exemplary mutations in a glucosyltransferase domain of 
TcdA include at least one of the following, or any combi 
nation thereof: S543A, D589A, D589N, H655A, C700A, as 
compared to a wild-type C. difficile TcdA. In a preferred 
embodiment, the cysteine protease domain of TcdA includes 
a C700A mutation, as compared to a wild-type C. difficile 
TcdA. 

Exemplary amino acid residues in a cysteine protease 
domain of TcdB that may undergo a mutation include at least 
one of the following, or any combination thereof: G544, 
D587, H653, and C698, as compared to a wild-type C. 
difficile TcdB, according to the numbering of SEQ ID NO: 
2. Exemplary mutations in a glucosyltransferase domain of 
TcdB include at least one of the following, or any combi 
nation thereof: G544A, D587A, D587N, H653A, C698A, as 
compared to a wild-type C. difficile TcdB. In a preferred 
embodiment, the cysteine protease domain of TcdB includes 
a C698A mutation, as compared to a wild-type C. difficile 
TcdB. Additional amino acid residues in a cysteine protease 
domain of TcdB that may undergo a mutation include: K600 
and/or R751, as compared to a wild-type TcdB. Exemplary 
mutations include K600E and/or R751 E. 

Accordingly, the inventive mutant C. difficile toxin 
includes a glucosyltransferase domain having a mutation 
and a cysteine protease domain having a mutation, relative 
to the corresponding wild-type C. difficile toxin. 
An exemplary mutant C. difficile TcdA includes a gluco 

syltransferase domain including SEQID NO: 29 having an 
amino acid substitution at positions 285 and 287, and a 
cysteine protease domain comprising SEQ ID NO: 32 hav 
ing an amino acid Substitution at position 158, relative to the 
corresponding wild-type C. difficile toxin A. For example, 
such a mutant C. difficile TcdA includes the amino acid 
sequence set forth in SEQ ID NO: 4, wherein the initial 
methionine is optionally not present. In another embodi 
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ment, the mutant C. difficile toxin A includes the amino acid 
sequence set forth in SEQ ID NO: 84. 

Further examples of a mutant C. difficile toxin A include 
the amino acid sequence set forth in SEQID NO: 7, which 
has a D269A, R272A, D285A, D287A, E460A, R462A, and 
C700A mutation, as compared to SEQ ID NO: 1, wherein 
the initial methionine is optionally not present. In another 
embodiment, the mutant C. difficile toxin A includes the 
amino acid sequence set forth in SEQ ID NO: 83. 

Another exemplary mutant TcdA includes SEQ ID NO: 
34, wherein the residue at positions 101,269,272,285,287, 
460, 462, 541, 542, 543, 589, 655, and 700 may be any 
amino acid. 

In some embodiments, the mutant C. difficile toxin exhib 
its decreased or abrogated autoproteolytic processing as 
compared to the corresponding wild-type C. difficile toxin. 
For example, a mutant C. difficile TcdA may include a 
mutation at one of the following residues, or any combina 
tion thereof: S541, L542 and/or S543, as compared to the 
corresponding wild-type C. difficile TcdA. Preferably, the 
mutant C. difficile TcdA includes at least one of the follow 
ing mutations, or any combination thereof: S541A, L542G, 
and S543A, as compared to the corresponding wild-type C. 
difficile TcdA. 

Another exemplary mutant C. difficile TcdA includes a 
S541A, L542, S543 and C700 mutation, as compared to the 
corresponding wild-type C. difficile TcdA. 
An exemplary mutant C. difficile toxin B includes a 

glucosyltransferase domain comprising SEQ ID NO: 31 
having an amino acid substitution at positions 286 and 288, 
and a cysteine protease domain comprising SEQID NO: 33 
having an amino acid substitution at position 155, relative to 
the corresponding wild-type C. difficile toxin B. For 
example, such a mutant C. difficile TcdB includes the amino 
acid sequence set forth in SEQID NO: 6, wherein the initial 
methionine is optionally not present. In another embodi 
ment, the mutant mutant C. difficile toxin A includes the 
amino acid sequence set forth in SEQ ID NO: 86. 

Further examples of a mutant C. difficile TcdB include the 
amino acid sequence set forth in SEQID NO: 8, which has 
a D270A, R273A, D286A, D288A, D461A, K463A, and 
C698A mutation, as compared to SEQ ID NO: 2. SEQ ID 
NO: 8 wherein the initial methionine is optionally not 
present. In another embodiment, the mutant C. difficile toxin 
A includes the amino acid sequence set forth in SEQID NO: 
85. 

Another exemplary mutant TcdB includes SEQ ID NO: 
35, wherein the residue at positions 101,269,272,285,287, 
460, 462, 541, 542, 543, 589, 655, and 700 may be any 
amino acid. 
As another example, a mutant C. difficile TcdB may 

include a mutation at positions 543 and/or 544, as compared 
to the corresponding wild-type C. difficile TcdB. Preferably, 
the mutant C. difficile TcdB includes a L543 and/or G544 
mutation, as compared to the corresponding wild-type C. 
difficile TcdB. More preferably, the mutant C. difficile TcdB 
includes a L543G and/or G544A mutation, as compared to 
the corresponding wild-type C. difficile TcdB. 

Another exemplary mutant C. difficile TcdB includes a 
L543G, G544A and C698 mutation, as compared to the 
corresponding wild-type C. difficile TcdB. 

In one aspect, the invention relates to an isolated poly 
peptide having a mutation at any position from amino acid 
residue 1 to 1500 according to the numbering of SEQ ID 
NO: 2, to define an exemplary mutant C. difficile toxin B. 
For example, in one embodiment, the isolated polypeptide 
includes a mutation between amino acids residues 830 and 
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990 of SEQ ID NO: 2. Exemplary positions for mutations 
include positions 970 and 976 according to the numbering of 
SEQ ID NO: 2. Preferably, the mutation between residues 
830 and 990 is a substitution. In one embodiment, the 
mutation is a non-conservative Substitution wherein an Asp 
(D) and/or a Glu (E) amino acid residue is replaced by an 
amino acid residue that is not neutralized upon acidification, 
Such as, for example, lysine (K), arginine (R), and histidine 
(H). Exemplary mutations include: E970K, E970R, E970H, 
E976K, E976R, E976H of SEQID NO: 2, to define a mutant 
C. difficile toxin B. 

In another aspect, the invention relates to an isolated 
polypeptide having a mutation at any position from amino 
acid residue 1 to 1500 according to the numbering of SEQ 
ID NO: 1, to define an exemplary mutant C. difficile toxin 
A. For example, in one embodiment, the isolated polypep 
tide includes a mutation between amino acids residues 832 
and 992 of SEQ ID NO: 1. Exemplary positions for muta 
tions include positions 972 and 978 according to the num 
bering of SEQ ID NO: 1. Preferably, the mutation between 
residues 832 and 992 is a substitution. In one embodiment, 
the mutation is a non-conservative Substitution wherein an 
Asp (D) and/or a Glu (E) amino acid residue is replaced by 
an amino acid residue that is not neutralized upon acidifi 
cation, Such as, for example, lysine (K), arginine (R), and 
histidine (H). Exemplary mutations include: D972K, 
D972R, D972H, D978K, D978R, D978H of SEQID NO: 1, 
to define a mutant C. difficile toxin A. 

The polypeptides of the invention may include an initial 
methionine residue, in some cases as a result of a host 
cell-mediated process. Depending on, for example, the host 
cell used in a recombinant production procedure and/or the 
fermentation or growth conditions of the host cell, it is 
known in the art that the N-terminal methionine encoded by 
the translation initiation codon may be removed from a 
polypeptide after translation in cells or the N-terminal 
methionine may remain present in the isolated polypeptide. 

Accordingly, in one aspect, the invention relates to an 
isolated polypeptide including the amino acid sequence set 
forth in SEQ ID NO: 4, wherein the initial methionine (at 
position 1) is optionally not present. In one embodiment, the 
initial methionine of SEQID NO. 4 is absent. In one aspect, 
the invention relates to an isolated polypeptide including the 
amino acid sequence set forth in SEQ ID NO: 84, which is 
identical to SEQ ID NO: 4, but for an absence of the initial 
methionine. 

In another aspect, the isolated polypeptide includes the 
amino acid sequence set forth in SEQID NO: 6, wherein the 
initial methionine (at position 1) is optionally not present. In 
one embodiment, the initial methionine of SEQID NO: 6 is 
absent. In one aspect, the invention relates to an isolated 
polypeptide including the amino acid sequence set forth in 
SEQID NO: 86, which is identical to SEQID NO: 6, but for 
an absence of the initial methionine. 

In a further aspect, the isolated polypeptide includes the 
amino acid sequence set forth in SEQID NO: 7, wherein the 
initial methionine (at position 1) is optionally not present. In 
one embodiment, the invention relates to an isolated poly 
peptide including the amino acid sequence set forth in SEQ 
ID NO: 83, which is identical to SEQ ID NO: 7, but for an 
absence of the initial methionine. In yet another aspect, the 
isolated polypeptide includes the amino acid sequence set 
forth in SEQ ID NO: 8, wherein the initial methionine (at 
position 1) is optionally not present. In one embodiment, the 
isolated polypeptide includes the amino acid sequence set 
forth in SEQID NO: 85, which is identical to SEQ ID NO: 
8, but for an absence of the initial methionine. 
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In one aspect, the invention relates to an immunogenic 

composition including SEQ ID NO: 4, wherein the initial 
methionine (at position 1) is optionally not present. In 
another aspect, the invention relates to an immunogenic 
composition including SEQ ID NO: 6, wherein the initial 
methionine (at position 1) is optionally not present. In a 
further aspect, the invention relates to an immunogenic 
composition including SEQ ID NO: 7, wherein the initial 
methionine (at position 1) is optionally not present. In yet 
another aspect, the invention relates to an immunogenic 
composition including SEQ ID NO: 8, wherein the initial 
methionine (at position 1) is optionally not present. 

In another aspect, the invention relates to an immuno 
genic composition including SEQID NO: 83. In one aspect, 
the invention relates to an immunogenic composition includ 
ing SEQ ID NO: 84. In one aspect, the invention relates to 
an immunogenic composition including SEQID NO: 85. In 
another aspect, the invention relates to an immunogenic 
composition including SEQ ID NO: 86. 

In addition to generating an immune response in a mam 
mal, the immunogenic compositions described herein also 
have reduced cytotoxicity compared to the corresponding 
wild-type C. difficile toxin. Preferably, the immunogenic 
compositions are safe and have minimal (e.g., about a 6-8 
logo reduction) to no cytotoxicity, relative to the cytotox 
icity of a respective wild-type toxin, for administration in 
mammals. 
As used herein, the term cytotoxicity is a term understood 

in the art and refers to apoptotic cell death and/or a state in 
which one or more usual biochemical or biological functions 
of a cell are aberrantly compromised, as compared to an 
identical cell under identical conditions but in the absence of 
the cytotoxic agent. Toxicity can be quantitated, for 
example, in cells or in mammals as the amount of an agent 
needed to induce 50% cell death (i.e., ECs or EDs 
respectively) or by other methods known in the art. 

Assays for indicating cytotoxicity are known in the art, 
Such as cell rounding assays (see, for example, Kuehne et al. 
Nature. 2010 Oct. 7: 467(7316): 711-3). The action of TcdA 
and TcdB causes cells to round (e.g., lose morphology) and 
die, and Such a phenomenon is visible by light microscopy. 
See, for example, FIG. 9. 

Additional exemplary cytotoxicity assays known in the art 
include glucosylation assays relating to phosphorimaging of 
Ras labeled with ''Clglucose assays (as described in Busch 
et al., J Biol. Chem. 1998 Jul. 31; 273(31):19566-72), and 
preferably the in vitro cytotoxicity assay described in the 
Examples below wherein ECso may refer to a concentration 
of an immunogenic composition that exhibits at least about 
50% of cytopathogenic effect (CPE) in a cell, preferably a 
human diploid fibroblast cell (e.g., IMR90 cell (ATCC 
CCL-186TM), as compared to an identical cell under identi 
cal conditions in the absence of the toxin. The in vitro 
cytotoxicity assay may also be used to assess the concen 
tration of a composition that inhibits at least about 50% of 
a wild-type C. difficile toxin-induced cytopathogenic effect 
(CPE) in a cell, preferably a human diploid fibroblast cell 
(e.g., IMR90 cell (ATCC CCL-186TM), as compared to an 
identical cell under identical conditions in the absence of the 
toxin. Additional exemplary cytotoxicity assays include 
those described in Doern et al., J. Clin Microbiol. 1992 
August; 30(8): 2042-6. Cytotoxicity can also be determined 
by measuring ATP levels in cells treated with toxin. For 
example, a luciferase based substrate such as CELLTITER 
GLOR (Promega) may be used, which emits luminescence 
measured as a relative light unit (RLU). In Such an assay, 
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cell viability may be directly proportional to the amount of 
ATP in the cells or the RLU values. 

In one embodiment, the cytotoxicity of the immunogenic 
composition is reduced by at least about 1000, 2000, 3000, 
4000, 5000- 6000-, 7000-, 8000-, 9000-, 10000-, 11000 
12000-, 13000-fold, 14000-fold, 15000-fold, or more, as 
compared to the corresponding wild-type C. difficile toxin. 
See, for example, Table 20. 

In another embodiment, the cytotoxicity of the immuno 
genic composition is reduced by at least about 2-logo, more 
preferably by about 3-logo, and most preferably by about 
4-logo or more, relative to the corresponding wild-type 
toxin under identical conditions. For example, a mutant C. 
difficile TcdB may have an ECs value of about 10 g/ml as 
measured in a standard cytopathic effect assay (CPE), as 
compared to an exemplary wild-type C. difficile TcdB which 
may have an ECso value of at least about 10 g/ml. See, for 
example, Tables 7A, 7B, 8A and 8B in the Examples section 
below. 

In yet another embodiment, the cytotoxicity of the mutant 
C. difficile toxin has an ECs of at least about 50 lug/ml, 100 
ug/ml, 200 g/ml, 300 lug/ml. 400 ug/ml, 500 ug/ml, 600 
ug/ml, 700 lug/ml, 800 ug/ml, 900 ug/ml, 1000 ug/ml or 
greater, as measured by, for example, an in vitro cytotoxicity 
assay, Such as one described herein. Accordingly, in a 
preferred embodiment, the immunogenic compositions and 
mutant toxins are biologically safe for administration to 
mammals. 

Without being bound by mechanism or theory, a TcdA 
having a D285 and D287 mutation, as compared to a 
wild-type TcdA, and a TcdB having a D286 and a D288 
mutation, as compared to a wild-type TcdB, were expected 
to be defective in glycosyltransferase activity and therefore 
defective in inducing a cytopathic effect. In addition, a toxin 
having a mutation in the DHC motif was expected to be 
defective in autocatalytic processing, and therefore be with 
out any cytotoxic effects. 

However, the inventors Surprisingly discovered, among 
other things, that exemplary mutant TcdA having SEQ ID 
NO: 4 and exemplary mutant TcdB having SEQ ID NO: 6 
unexpectedly exhibited cytotoxicity (albeit significantly 
reduced from wild-type C. difficile 630 toxins) despite 
exhibiting dysfunctional glucosyltransferase activity and 
dysfunctional cysteine protease activity. Without being 
bound by mechanism or theory, the mutant toxins are 
believed to effect cytotoxicity through a novel mechanism. 
Nevertheless, the exemplary mutant TcdA having SEQ ID 
NO: 4 and exemplary mutant TcdB having SEQ ID NO: 6 
were surprisingly immunogenic. See Examples below. 

Although chemical crosslinking of a wild-type toxin has 
a potential to fail in inactivating the toxin, the inventors 
further discovered that chemically crosslinking at least one 
amino acid of a mutant toxin further reduced cytotoxicity of 
the mutant toxin, relative to an identical mutant toxin 
lacking chemical crosslinks, and relative to the correspond 
ing wild-type toxin. Preferably, the mutant toxin is purified 
before contact with the chemical crosslinking agent. 

Moreover, despite a potential of chemical crosslinking 
agents to alter useful epitopes, the inventors Surprisingly 
discovered that a genetically modified mutant C. difficile 
toxin having at least one amino acid chemically crosslinked 
resulted in immunogenic compositions that elicited multiple 
neutralizing antibodies or binding fragments thereof. 
Accordingly, epitopes associated with neutralizing antibody 
molecules were unexpectedly retained following chemical 
crosslinking. 
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Crosslinking (also referred to as “chemical inactivation' 

or “inactivation' herein) is a process of chemically joining 
two or more molecules by a covalent bond. The terms 
“crosslinking reagents.” “crosslinking agents, and “cross 
linkers’ refer to molecules that are capable of reacting with 
and/or chemically attaching to specific functional groups 
(primary amines, Sulhydryls, carboxyls, carbonyls, etc) on 
peptides, polypeptides, and/or proteins. In one embodiment, 
the molecule may contain two or more reactive ends that are 
capable of reacting with and/or chemically attaching to 
specific functional groups (primary amines, Sulhydryls, car 
boxyls, carbonyls, etc) on peptides, polypeptides, and/or 
proteins. Preferably, the chemical crosslinking agent is 
water-soluble. In another preferred embodiment, the chemi 
cal crosslinking agent is a heterobifunctional crosslinker. In 
another embodiment, the chemical crosslinking agent is not 
a bifunctional crosslinker. Chemical crosslinking agents are 
known in the art. 

In a preferred embodiment, the crosslinking agent is a 
Zero-length crosslinking agent. A “Zero-length' crosslinker 
refers to a crosslinking agent that will mediate or produce a 
direct crosslink between functional groups of two mol 
ecules. For example, in the crosslinking of two polypeptides, 
a zero-length crosslinker will result in the formation of a 
bridge, or a crosslink between a carboxyl group from an 
amino acid side chain of one polypeptide, and an amino 
group of another polypeptide, without integrating extrinsic 
matter. Zero-length crosslinking agents can catalyze, for 
example, the formation of ester linkages between hydroxyl 
and carboxyl moieties, and/or the formation of amide bonds 
between carboxyl and primary amino moieties. 

Exemplary suitable chemical crosslinking agents include 
formaldehyde; formalin; acetaldehyde; propionaldehyde: 
water-soluble carbodiimides (RN=C=NR), which include 
1-Ethyl-3-(3-Dimethylaminopropyl)-Carbodiimide (EDC), 
1-Ethyl-3-(3-Dimethylaminopropyl)-Carbodiimide Hydro 
chloride, 1-Cyclohexyl-3-(2-morpholinyl-(4-ethyl)carbodi 
imide metho-p-toluenesulfonate (CMC), N,N'-dicyclohex 
ylcarbodiimide (DCC), and N,N'-diisopropylcarbodiimide 
(DIC), and derivatives thereof; and N-hydroxysuccinimide 
(NHS); phenylglyoxal; and/or UDP-dialdehyde. 

Preferably, the crosslinking agent is EDC. When a mutant 
C. difficile toxin polypeptide is chemically modified by EDC 
(e.g., by contacting the polypeptide with EDC), in one 
embodiment, the polypeptide includes (a) at least one cross 
link between a side chain of an aspartic acid residue of the 
polypeptide and a side chain of a lysine residue of the 
polypeptide. In one embodiment, the polypeptide includes 
(b) at least one crosslink between a side chain of a glutamic 
acid residue of the polypeptide and a side chain of a lysine 
residue of the polypeptide. In one embodiment, the poly 
peptide includes (c) at least one crosslink between the 
carboxyl group at the C-terminus of the polypeptide and the 
amino group of the N-terminus of the polypeptide. In one 
embodiment, the polypeptide includes (d) at least one cross 
link between the carboxyl group at the C-terminus of the 
polypeptide and a side chain of a lysine residue of the 
polypeptide. In one embodiment, the polypeptide includes 
(e) at least one crosslink between a side chain of an aspartic 
acid residue of the polypeptide and a side chain of a lysine 
residue of a second isolated polypeptide. In one embodi 
ment, the polypeptide includes (f) at least one crosslink 
between a side chain of a glutamic acid residue of the 
polypeptide and a side chain of a lysine residue of a second 
isolated polypeptide. In one embodiment, the polypeptide 
includes (g) at least one crosslink between the carboxyl 
group at the C-terminus of the polypeptide and the amino 
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group of the N-terminus of a second isolated polypeptide. In 
one embodiment, the polypeptide includes (h) at least one 
crosslink between the carboxyl group at the C-terminus of 
the polypeptide and a side chain of a lysine residue of a 
second isolated polypeptide. See, for example, FIG. 24 and 
FIG. 25. 
The “second isolated polypeptide' refers to any isolated 

polypeptide that is present during the reaction with EDC. In 
one embodiment, the second isolated polypeptide is a 
mutant C. difficile toxin polypeptide having an identical 
sequence as the first isolated polypeptide. In another 
embodiment, the second isolated polypeptide is a mutant C. 
difficile toxin polypeptide having a different sequence from 
the first isolated polypeptide. 

In one embodiment, the polypeptide includes at least two 
modifications selected from the (a)-(d) modifications. In an 
exemplary embodiment, the polypeptide includes (a) at least 
one crosslink between a side chain of an aspartic acid 
residue of the polypeptide and a side chain of a lysine 
residue of the polypeptide and (b) at least one crosslink 
between a side chain of a glutamic acid residue of the 
polypeptide and a side chain of a lysine residue of the 
polypeptide. In a further embodiment, the polypeptide 
includes at least three modifications selected from the (a)-(d) 
modifications. In yet a further embodiment, the polypeptide 
includes the (a), (b), (c), and (d) modifications. 
When more than one mutant polypeptide is present during 

chemical modification by EDC, in one embodiment, the 
resulting composition includes at least one of any of the 
(a)-(h) modifications. In one embodiment, the composition 
includes at least two modifications selected from the (a)-(h) 
modifications. In a further embodiment, the composition 
includes at least three modifications selected from the (a)-(h) 
modifications. In yet a further embodiment, the composition 
includes at least four modifications selected from the (a)-(h) 
modifications. In another embodiment, the composition 
includes at least one of each of the (a)-(h) modifications. 

In an exemplary embodiment, the resulting composition 
includes (a) at least one crosslink between a side chain of an 
aspartic acid residue of the polypeptide and a side chain of 
a lysine residue of the polypeptide; and (b) at least one 
crosslink between a side chain of a glutamic acid residue of 
the polypeptide and a side chain of a lysine residue of the 
polypeptide. In one embodiment, the composition further 
includes (c) at least one crosslink between the carboxyl 
group at the C-terminus of the polypeptide and the amino 
group of the N-terminus of the polypeptide; and (d) at least 
one crosslink between the carboxyl group at the C-terminus 
of the polypeptide and a side chain of a lysine residue of the 
polypeptide. 

In another exemplary embodiment, the resulting compo 
sition includes (e) at least one crosslink between a side chain 
of an aspartic acid residue of the polypeptide and a side 
chain of a lysine residue of a second isolated polypeptide; (f) 
at least one crosslink between a side chain of a glutamic acid 
residue of the polypeptide and a side chain of a lysine 
residue of a second isolated polypeptide; (g) at least one 
crosslink between the carboxyl group at the C-terminus of 
the polypeptide and the amino group of the N-terminus of a 
second isolated polypeptide; and (h) at least one crosslink 
between the carboxyl group at the C-terminus of the poly 
peptide and a side chain of a lysine residue of a second 
isolated polypeptide. 

In a further exemplary embodiment, the resulting com 
position includes (a) at least one crosslink between a side 
chain of an aspartic acid residue of the polypeptide and a 
side chain of a lysine residue of the polypeptide; (b) at least 
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one crosslink between a side chain of a glutamic acid residue 
of the polypeptide and a side chain of a lysine residue of the 
polypeptide; (e) at least one crosslink between a side chain 
of an aspartic acid residue of the polypeptide and a side 
chain of a lysine residue of a second isolated polypeptide; 
and (f) at least one crosslink between a side chain of a 
glutamic acid residue of the polypeptide and a side chain of 
a lysine residue of a second isolated polypeptide. 

In a preferred embodiment, the chemical crosslinking 
agent includes formaldehyde, more preferably, an agent 
including formaldehyde in the absence of lysine. Glycine or 
other appropriate compound with a primary amine can be 
used as the quencher in crosslinking reactions. Accordingly, 
in another preferred embodiment, the chemical agent 
includes formaldehyde and use of glycine. 

In yet another preferred embodiment, the chemical cross 
linking agent includes EDC and NHS. As is known in the art, 
NHS may be included in EDC coupling protocols. However, 
the inventors surprisingly discovered that NHS may facili 
tate in further decreasing cytotoxicity of the mutant C. 
difficile toxin, as compared to the corresponding wild-type 
toxin, as compared to a genetically mutated toxin, and as 
compared to a genetically mutated toxin that has been 
chemically crosslinked by EDC. See, for example. Example 
22. Accordingly, without being bound by mechanism or 
theory, a mutant toxin polypeptide having a beta-alanine 
moiety linked to a side chain of at least one lysine residue 
of the polypeptide (e.g., resulting from a reaction of the 
mutant toxin polypeptide, EDC, and NHS) may facilitate in 
further decreasing cytotoxicity of the mutant toxin, as com 
pared to, for example, a C. difficile toxin (wild-type or 
mutant) wherein a beta-alanine moiety is absent. 
Use of EDC and/or NHS may also include use of glycine 

or other appropriate compound with a primary amine as the 
quencher. Any compound having a primary amine may be 
used as a quencher, Such as, for example glycine methyl 
ester and alanine. In a preferred embodiment, the quencher 
compound is a non-polymeric hydrophilic primary amine. 
Examples of a non-polymeric hydrophilic primary amine 
include, for example, amino Sugars, amino alcohols, and 
amino polyols. Specific examples of a non-polymeric hydro 
philic primary amine include glycine, ethanolamine, glu 
camine, amine functionalized polyethylene glycol, and 
amine functionalized ethylene glycol oligomers. 

In one aspect, the invention relates to a mutant C. difficile 
toxin polypeptide having at least one amino acid side chain 
chemically modified by EDC and a non-polymeric hydro 
philic primary amine, preferably glycine. The resulting 
glycine adducts (e.g., from a reaction of triple mutant toxins 
treated with EDC, NHS, and quenched with glycine) may 
facilitate in decreasing cytotoxicity of the mutant toxin as 
compared to the corresponding wild-type toxin. 

In one embodiment, when a mutant C. difficile toxin 
polypeptide is chemically modified by EDC and glycine, the 
polypeptide includes at least one modification when the 
polypeptide is modified by EDC (e.g., at least one of any of 
the (a)-(h) modifications described above), and at least one 
of the following exemplary modifications: (i) a glycine 
moiety linked to the carboxyl group at the C-terminus of the 
polypeptide: (i) a glycine moiety linked to a side chain of at 
least one aspartic acid residue of the polypeptide; and (k) a 
glycine moiety linked to a side chain of at least one glutamic 
acid residue of the polypeptide. See, for example, FIG. 24 
and FIG. 25. 

In one embodiment, at least one amino acid of the mutant 
C. difficile TcdA is chemically crosslinked and/or at least 
one amino acid of the mutant C. difficile TcdB is chemically 
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crosslinked. In another embodiment, at least one amino acid 
of SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 7, and/or 
SEQ ID NO: 8 is chemically crosslinked. For example, the 
at least one amino acid may be chemically crosslinked by an 
agent that includes a carbodiimide, such as EDC. Carbodi 
imides may form a covalent bond between free carboxyl 
(e.g., from the side chains of aspartic acid and/or glutamic 
acid) and amino groups (e.g., in the side chain of lysine 
residues) to form stable amide bonds. 
As another example, the at least one amino acid may be 

chemically crosslinked by an agent that includes NHS. NHS 
ester-activated crosslinkers may react with primary amines 
(e.g., at the N-terminus of each polypeptide chain and/or in 
the side chain of lysine residues) to yield an amide bond. 

In another embodiment, the at least one amino acid may 
be chemically crosslinked by an agent that includes EDC 
and NHS. For example, in one embodiment, the invention 
relates to an isolated polypeptide having the amino acid 
sequence set forth in SEQID NO: 4, wherein the methionine 
residue at position 1 is optionally not present, wherein the 
polypeptide includes at least one amino acid side chain 
chemically modified by EDC and NHS. In another embodi 
ment, the invention relates to an isolated polypeptide having 
the amino acid sequence set forth in SEQID NO: 6, wherein 
the methionine residue at position 1 is optionally not present, 
wherein the polypeptide includes at least one amino acid 
side chain chemically modified by EDC and NHS. In yet 
another embodiment, the invention relates to an isolated 
polypeptide having the amino acid sequence set forth in 
SEQID NO: 84, SEQ ID NO: 86, SEQID NO: 83, SEQ ID 
NO: 85, SEQID NO: 7, or SEQID NO: 8. The polypeptide 
is modified by contacting the polypeptide with EDC and 
NHS. See, for example, FIG. 24 and FIG. 25. 
When a mutant C. difficile toxin polypeptide is chemically 

modified by (e.g., by contacting) EDC and NHS, in one 
embodiment, the polypeptide includes at least one modifi 
cation when the polypeptide is modified by EDC (e.g., at 
least one of any of the (a)-(h) modifications described 
above), and (1) a beta-alanine moiety linked to a side chain 
of at least one lysine residue of the polypeptide. 

In another aspect, the invention relates to a mutant C. 
difficile toxin polypeptide wherein the polypeptide includes 
at least one amino acid side chain chemically modified by 
EDC, NHS, and a non-polymeric hydrophilic primary 
amine, preferably glycine. In one embodiment, the polypep 
tide includes at least one modification when the polypeptide 
is modified by EDC (e.g., at least one of any of the (a)-(h) 
modifications described above), at least one modification 
when the polypeptide is modified by glycine (e.g., at least 
one of any of the (i)-(k) modifications described above), and 
(1) a beta-alanine moiety linked to a side chain of at least one 
lysine residue of the polypeptide. See, for example, FIG. 24 
and FIG. 25. 

In one aspect, the invention relates to a mutant C. difficile 
toxin polypeptide, wherein a side chain of at least one lysine 
residue of the polypeptide is linked to a beta-alanine moiety. 
In one embodiment, a side chain of a second lysine residue 
of the polypeptide is linked to a side chain of an aspartic acid 
residue and/or to a side chain of a glutamic acid residue. The 
“second lysine residue of the polypeptide includes a lysine 
residue of the polypeptide that is not linked to a beta-alanine 
moiety. The side chain of an aspartic acid and/or the side 
chain of a glutamic acid to which the second lysine residue 
is linked may be that of the polypeptide to form an intra 
molecular crosslink, or that of a second polypeptide to form 
an inter-molecular crosslink In another embodiment, a side 
chain of at least one aspartic acid residue and/or a side chain 
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of at least one glutamic acid residue of the polypeptide is 
linked to a glycine moiety. The aspartic acid residue and/or 
the glutamic acid residue that is linked to a glycine moiety 
is not also linked to a lysine residue. 
As yet another example of a chemically crosslinked 

mutant C. difficile toxin polypeptide, the at least one amino 
acid may be chemically crosslinked by an agent that 
includes formaldehyde. Formaldehyde may react with the 
amino group of an N-terminal amino acid residue and the 
side-chains of arginine, cysteine, histidine, and lysine. 
Formaldehyde and glycine may form a Schiff-base adduct, 
which may attach to primary N-terminal amino groups, 
arginine, and tyrosine residues, and to a lesser degree 
asparagine, glutamine, histidine, and tryptophan residues. 
A chemical crosslinking agent is said to reduce cytotox 

icity of a toxin if the treated toxin has less toxicity (e.g., 
about 100%, 99%. 95%, 90%, 80%, 75%, 60%, 50%, 25%, 
or 10% less toxicity) than untreated toxin under identical 
conditions, as measured, for example, by an in vitro cyto 
toxicity assay, or by animal toxicity. 

Preferably, the chemical crosslinking agent reduces cyto 
toxicity of the mutant C. difficile toxin by at least about a 
2-logo reduction, more preferably about a 3-logo reduction, 
and most preferably about a 4-logo or more, relative to the 
mutant toxin under identical conditions but in the absence of 
the chemical crosslinking agent. As compared to the wild 
type toxin, the chemical crosslinking agent preferably 
reduces cytotoxicity of the mutant toxin by at least about a 
5-logo reduction, about a 6-logo reduction, about a 7-logo 
reduction, about an 8-logo reduction, or more. 

In another preferred embodiment, the chemically inacti 
vated mutant C. difficile toxin exhibits ECs value of greater 
than or at least about 50 g/ml, 100 g/ml, 200 g/ml, 300 
ug/ml. 400 g/ml, 500 lug/ml, 600 g/ml, 700 ug/ml, 800 
ug/ml, 900 ug/ml, 1000 g/ml or greater, as measured by, for 
example, an in vitro cytotoxicity assay, Such as one 
described herein. 

Reaction conditions for contacting the mutant toxin with 
the chemical crosslinking agent are within the scope of 
expertise of one skilled in the art, and the conditions may 
vary depending on the agent used. However, the inventors 
Surprisingly discovered optimal reaction conditions for con 
tacting a mutant C. difficile toxin polypeptide with a chemi 
cal crosslinking agent, while retaining functional epitopes 
and decreasing cytotoxicity of the mutant toxin, as com 
pared to the corresponding wild-type toxin. 

Preferably, the reaction conditions are selected for con 
tacting a mutant toxin with the crosslinking agent, wherein 
the mutant toxin has a minimum concentration of about 0.5. 
0.75, 1.0, 1.25, 1.5, 1.75, 2.0 mg/ml to a maximum of about 
3.0, 2.5, 2.0, 1.5, or 1.25 mg/ml. Any minimum value may 
be combined with any maximum value to define a range of 
Suitable concentrations of a mutant toxin for the reaction. 
Most preferably, the mutant toxin has a concentration of 
about 1.0-1.25 mg/ml for the reaction. 

In one embodiment, the agent used in the reaction has a 
minimum concentration of about 1 mM, 2 mM, 3 mM, 4 
mM, 5 mM, 10 mM, 15 mM, 20 mM, 30 mM, 40 mM, or 
50 mM, and a maximum concentration of about 100 mM, 90 
mM, 80 mM, 70 mM, 60 mM, or 50 mM. Any minimum 
value may be combined with any maximum value to define 
a range of Suitable concentrations of the chemical agent for 
the reaction. 

In a preferred embodiment wherein the agent includes 
formaldehyde, the concentration used is preferably any 
concentration between about 2 mM to 80 mM, most pref 
erably about 40 mM. In another preferred embodiment 
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wherein the agent includes EDC, the concentration used is 
preferably any concentration between about 1.3 mM to 
about 13 mM, more preferably about 2 mM to 3 mM, most 
preferably about 2.6 mM. 

Exemplary reaction times in which the mutant toxin is 
contacted with the chemical crosslinking agent include a 
minimum of about 0.5, 1, 2, 3, 4, 5, 6, 12, 24, 36, 48, or 60 
hours, and a maximum of about 14 days, 12 days, 10 days, 
7 days, 5 days, 3 days, 2 days, 1 day, or 12 hours. Any 
minimum value may be combined with any maximum value 
to define a range of Suitable reaction times. 

In a preferred embodiment, the step of contacting the 
mutant toxin with the chemical crosslinking agent occurs for 
a period of time that is sufficient to reduce cytotoxicity of the 
mutant C. difficile toxin to an ECso value of at least about 
1000 ug/ml in a suitable human cell, e.g., IMR-90 cells, in 
a standard in vitro cytotoxicity assay, as compared to an 
identical mutant toxin in the absence of the crosslinking 
agent. More preferably, the reaction step is carried out for a 
time that is at least twice as long, and most preferably at least 
three times as long or more, as the period of time Sufficient 
to reduce the cytotoxicity of the mutant toxin to an ECso 
value of at least about 1000 ug/ml in a suitable human cell. 
In one embodiment, the reaction time does not exceed about 
168 hours (or 7 days). 

For example, in one embodiment wherein the agent 
includes formaldehyde, the mutant toxin is preferably con 
tacted with the agent for about 12 hours, which was shown 
to be an exemplary period of time that was sufficient to 
reduce cytotoxicity of the mutant C. difficile toxin to an 
ECso value of at least about 1000 ug/ml in a suitable human 
cell, e.g., IMR-90 cells, in a standard in vitro cytotoxicity 
assay, as compared to an identical mutant toxin in the 
absence of the crosslinking agent. In a more preferred 
embodiment, the reaction is carried out for about 48 hours, 
which is at least about three times as long as a Sufficient 
period of time for the reaction. In such an embodiment, the 
reaction time is preferably not greater than about 72 hours. 

In another embodiment wherein the agent includes EDC, 
the mutant toxin is preferably contacted with the agent for 
about 0.5 hours, more preferably at least about 1 hour, or 
most preferably about 2 hours. In such an embodiment, the 
reaction time is preferably not greater than about 6 hours. 

Exemplary pH at which the mutant toxin is contacted with 
the chemical crosslinking agent include a minimum of about 
pH 5.5, 6.0, 6.5, 7.0, or 7.5, and a maximum of about pH 8.5, 
8.0. 7.5, 7.0, or 6.5. Any minimum value may be combined 
with any maximum value to define a range of Suitable pH. 
Preferably, the reaction occurs at pH 6.5 to 7.5, preferably at 
pH 7.0. 

Exemplary temperatures at which the mutant toxin is 
contacted with the chemical crosslinking agent include a 
minimum of about 2°C., 4°C., 10°C., 20°C., 25°C., or 37° 
C., and a maximum temperature of about 40°C., 37°C., 30° 
C., 27°C., 25°C., or 20° C. Any minimum value may be 
combined with any maximum value to define a range of 
suitable reaction temperature. Preferably, the reaction occurs 
at about 20° C. to 30° C., most preferably at about 25° C. 
The immunogenic compositions described above may 

include one mutant C. difficile toxin (A or B). Accordingly, 
the immunogenic compositions can occupy separate vials 
(e.g., a separate vial for a composition including mutant C. 
difficile toxin A and a separate vial for a composition 
including mutant C. difficile toxin B) in the preparation or 
kit. The immunogenic compositions may be intended for 
simultaneous, sequential, or separate use. 
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In another embodiment, the immunogenic compositions 

described above may include both mutant C. difficile toxins 
(A and B). Any combination of mutant C. difficile toxin A 
and mutant C. difficile toxin B described may be combined 
for an immunogenic composition. Accordingly, the immu 
nogenic compositions can be combined in a single vial (e.g., 
a single vial containing both a composition including mutant 
C. difficile TcdA and a composition including mutant C. 
difficile TcdB). Preferably, the immunogenic compositions 
include a mutant C. difficile TcdA and a mutant C. difficile 
TcdB. 

For example, in one embodiment, the immunogenic com 
position includes SEQID NO. 4 and SEQID NO: 6, wherein 
at least one amino acid of each of SEQ ID NO. 4 and SEQ 
ID NO: 6 is chemically crosslinked. In another embodiment, 
the immunogenic composition includes a mutant C. difficile 
toxin A, which includes SEQ ID NO. 4 or SEQ ID NO: 7, 
and a mutant C. difficile toxin B, which comprises SEQ ID 
NO: 6 or SEQID NO: 8, wherein at least one amino acid of 
each of the mutant C. difficile toxins is chemically cross 
linked. 

In another embodiment, the immunogenic composition 
includes any sequence selected from SEQID NO: 4, SEQID 
NO: 84, and SEQ ID NO: 83, and any sequence selected 
from SEQID NO: 6, SEQID NO: 86, and SEQ ID NO: 85. 
In another embodiment, the immunogenic composition 
includes SEQID NO: 84 and an immunogenic composition 
including SEQ ID NO: 86. In another embodiment, the 
immunogenic composition includes SEQID NO: 83 and an 
immunogenic composition including SEQ ID NO: 85. In 
another embodiment, the immunogenic composition 
includes SEQID NO: 84, SEQID NO: 83, SEQID NO: 86, 
and SEQ ID NO: 85. 

It is understood that any of the inventive compositions, for 
example, immunogenic compositions including a mutant 
toxin A and/or mutant toxin B, can be combined in different 
ratios or amounts for therapeutic effect. For example, the 
mutant C. difficile TcdA and mutant C. difficile TcdB can be 
present in a immunogenic composition at a ratio in the range 
of 0.1:10 to 10:0.1, A. B. In another embodiment, for 
example, the mutant C. difficile TcdB and mutant C. difficile 
TcdA can be present in a immunogenic composition at a 
ratio in the range of 0.1:10 to 10:0.1, B.A. In one preferred 
embodiment, the ratio is such that the composition includes 
a greater total amount of a mutant TcdB than a total amount 
of mutant TcdA. 

In one aspect, an immunogenic composition is capable of 
binding to a neutralizing antibody or binding fragment 
thereof. Preferably, the neutralizing antibody or binding 
fragment thereof is one described herein below. In one 
exemplary embodiment, an immunogenic composition is 
capable of binding to an anti-toxin A antibody or binding 
fragment thereof, wherein the anti-toxin A antibody or 
binding fragment thereof includes a variable light chain 
having the amino acid sequence of SEQ ID NO: 36 and a 
variable heavy chain having the amino acid sequence of 
SEQ ID NO:37. For example, the immunogenic composi 
tion may include a mutant C. difficile TcdA, SEQID NO: 4. 
or SEQ ID NO: 7. As another example, the immunogenic 
composition may include SEQ ID NO: 84 or SEQ ID NO: 
83. 

In another exemplary embodiment, an immunogenic com 
position is capable of binding to an anti-toxin Bantibody or 
binding fragment thereof, wherein the anti-toxin B antibody 
or binding fragment thereof includes a variable light chain of 
B8-26 and a variable heavy chain of B8-26. For example, the 
immunogenic composition may include a mutant C. difficile 
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TcdB, SEQ ID NO: 6, or SEQ ID NO: 8. As another 
example, the immunogenic composition may include SEQ 
ID NO: 86 or SEQ ID NO: 85. 
Recombinant Cell 

In another aspect, the invention relates to a recombinant 
cell or progeny thereof. In one embodiment, the cell or 
progeny thereof includes a polynucleotide encoding a 
mutant C. difficile TcdA and/or a mutant C. difficile TcdB. 

In another embodiment, the recombinant cell or progeny 
thereof includes a nucleic acid sequence that encodes a 
polypeptide having at least about 90%, 91%, 92%, 93%, 
94%. 95%, 96%, 97%, preferably about 98%, more prefer 
ably about 99% or most preferably about 100% identity to 
any of SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 7, or 
SEQ ID NO: 8, when optimally aligned, such as by the 
programs GAP or BESTFIT using default gap weights. 

In another embodiment, the recombinant cell or progeny 
thereof includes a nucleic acid sequence that encodes a 
polypeptide having at least about 90%, 91%, 92%, 93%, 
94%. 95%, 96%, 97%, preferably about 98%, more prefer 
ably about 99% or most preferably about 100% identity to 
any of SEQ ID NO: 84, SEQ ID NO: 86, SEQ ID NO: 83, 
or SEQ ID NO: 85, when optimally aligned, such as by the 
programs GAP or BESTFIT using default gap weights. 

In an additional embodiment, the recombinant cell or 
progeny thereof includes nucleic acid sequence having at 
least about 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 
preferably about 98%, more preferably about 99% or most 
preferably about 100% identity to any of SEQ ID NO: 11, 
SEQID NO: 12, SEQ ID NO: 13, SEQID NO: 14, SEQ ID 
NO: 44, 40 SEQID NO: 45, SEQ ID NO: 46, or SEQ ID 
NO: 47, when optimally aligned, such as by the programs 
GAP or BESTFIT using default gap weights. 
The recombinant cell may be derived from any cell useful 

in the recombinant production of a polypeptide of the 
present invention, e.g., a prokaryote or a eukaryote. Prefer 
ably, the recombinant cell is derived from any cell that is 
Suitable for expressing heterologous nucleic acid sequences 
greater than about 5000, 6000, preferably about 7000, and 
more preferably about 8000 nucleotides or more. The pro 
karyotic host cell may be any gram-negative or gram 
positive bacterium. In exemplary embodiments, the prokary 
otic host cell lacks an endogenous polynucleotide encoding 
a toxin and/or spore. 

Gram-negative bacteria include, but are not limited to, 
Campylobacter, E. coli, Flavobacterium, Fusobacterium, 
Helicobacter, Ilyobacter, Neisseria, Pseudomonas, Salmo 
nella, and Ureaplasma. For example, the recombinant cell 
may be derived from a Pseudomonas fluorescens cell, as 
described in US patent application publication 2010013762, 
paragraphs 0201-0230, which is incorporated herein by 
reference. 

Gram-positive bacteria include, but are not limited to, 
Bacillus, Clostridium, Enterococcus, Geobacillus, Lactoba 
cillus, Lactococcus, Oceanobacillus, Staphylococcus, Strep 
tococcus, and Streptomyces. Preferably, the cell is derived 
from a C. difficile cell. 
The inventors identified strains of wild-type C. difficile 

that lack an endogenous polynucleotide encoding a C. 
difficile toxin. The strains lacking endogenous toxin A and B 
genes include the following strains, which are available 
through the American Type Culture Collection (ATCC) 
(Manassas, Va.): C. difficile 1351 (ATCC43593TM) C. dif 
ficile 3232 (ATCC BAA-1801TM), C. difficile 7322 (ATCC 
43601TM), C. difficile 5036 (ATCC 43603TM), C. difficile 
4811 (ATCC 43602TM) and C. difficile VPI 11186 (ATCC 
700057TM). 
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Accordingly, in one embodiment, the recombinant C. 

difficile cell is derived from a strain described herein. 
Preferably, the recombinant C. difficile cell or progeny 
thereof is derived from the group consisting of C. difficile 
1351, C. difficile 5036, and C. difficile VPI11186. More 
preferably, the recombinant C. difficile cell or progeny 
thereof is derived from a C. difficile VPI11186 cell. 

In a preferred embodiment, the sporulation gene of the 
recombinant C. difficile cell or progeny thereof is inacti 
vated. Spores may be infective, highly resistant, and facili 
tate the persistence of C. difficile in aerobic environments 
outside of the host. Spores may also contribute to survival of 
C. difficile inside the host during antimicrobial therapy. 
Accordingly, a C. difficile cell lacking a sporulation gene is 
useful to produce a safe immunogenic composition for 
administration to mammals. In addition, use of Such cells 
facilitates safety during manufacturing, e.g., safety to protect 
the facility, future products, and staff. 

Examples of sporulation genes for targeted inactivation 
include, interalia, spo0A, spo1IE, O, o', and O'. Preferably, 
the spo0A gene is inactivated. 

Methods of inactivating a C. difficile sporulation gene are 
known in the art. For example, a sporulation gene may be 
inactivated by targeted insertion of a selectable marker, Such 
as, an antibiotic resistance marker. See, for example, Heap 
et al., J. Microbiol Methods. 2010 January: 80(1):49-55; 
Heap et al., J. Microbiol. Methods, 2007 September: 70(3): 
452-464; and Underwood et al., J. Bacteriol. 2009 Decem 
ber; 191(23): 7296-305. See also, for example, Minton et al., 
WO2007/148091, entitled, “DNA Molecules and Methods,” 
incorporated herein by reference in its entirety from pages 
33-66, or the corresponding US publication US 
20110124109 A1, paragraphs 00137-0227. 
Method of Producing a Mutant C. Difficile Toxin 

In one aspect, the invention relates to a method of 
producing a mutant C. difficile toxin. In one embodiment, 
the method includes culturing any recombinant cell or 
progeny thereof described above, under suitable conditions 
to express a polypeptide. 

In another embodiment, the method includes culturing a 
recombinant cell or progeny thereof under Suitable condi 
tions to express a polynucleotide encoding a mutant C. 
difficile toxin, wherein the cell includes the polynucleotide 
encoding the mutant C. difficile toxin, and wherein the 
mutant includes a glucosyltransferase domain having at least 
one mutation and a cysteine protease domain having at least 
one mutation, relative to the corresponding wild-type 
Clostridium difficile toxin. In one embodiment, the cell lacks 
an endogenous polynucleotide encoding a toxin. 

In a further embodiment, the method includes culturing a 
recombinant C. difficile cell or progeny thereof under suit 
able conditions to express a polynucleotide encoding a 
mutant C. difficile toxin, wherein the cell includes the 
polynucleotide encoding the mutant C. difficile toxin and the 
cell lacks an endogenous polynucleotide encoding a C. 
difficile toxin. 

In another aspect, the invention relates to a method of 
producing a mutant C. difficile toxin. The method includes 
the steps of: (a) contacting a C. difficile cell with a recom 
binant Escherichia coli cell, wherein the C. difficile cell 
lacks an endogenous polynucleotide encoding a C. difficile 
toxin and the E. coli cell includes a polynucleotide that 
encodes a mutant C. difficile toxin; (b) culturing the C. 
difficile cell and the E. coli cell under suitable conditions for 
transfer of the polynucleotide from the E. coli cell to the C. 
difficile cell; (c) selecting the C. difficile cell comprising the 
polynucleotide encoding the mutant C. difficile toxin; (d) 
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culturing the C. difficile cell of step (c) under suitable 
conditions to express the polynucleotide; and (e) isolating 
the mutant C. difficile toxin. 

In the inventive method, the recombinant E. coli cell 
includes a heterologous polynucleotide that encodes the 
mutant C. difficile toxin, described herein. The polynucle 
otide may be DNA or RNA. In one exemplary embodiment, 
the polynucleotide that encodes the mutant C. difficile toxin 
is codon-optimized for E. coli codon usage. Methods for 
codon-optimizing a polynucleotide are known in the art. 

In one embodiment, the polynucleotide includes a nucleic 
acid sequence that is at least about 60%. 65%. 70%, 75%, 
80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 
94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to a 
polynucleotide encoding a mutant C. difficile TcdA, as 
described above. An exemplary polynucleotide encoding a 
mutant C. difficile toxin A includes SEQID NO: 11, SEQID 
NO: 12, SEQ ID NO: 44, and SEQ ID NO: 45. 

In another embodiment, the polynucleotide includes a 
nucleic acid sequence that is at least about 60%. 65%, 70%, 
75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical 
to a polynucleotide encoding a mutant C. difficile TcdB, as 
described above. An exemplary polynucleotide encoding a 
mutant C. difficile toxin B includes SEQID NO: 13, SEQID 
NO: 14, SEQ ID NO: 46, and SEQ ID NO: 47. In another 
embodiment, the polynucleotide encodes SEQ ID NO: 83, 
SEQ ID NO: 84, SEQ ID NO: 85, or SEQ ID NO: 86. 

In one embodiment, the E. coli cell that includes the 
heterologous polynucleotide is an E. coli cell that stably 
hosts the heterologous polynucleotide, which encodes the 
mutant C. difficile toxin. Exemplary E. coli cells include a 
cell selected from the group consisting of MAX Efficiency(R) 
Stb12TM E. coli Competent Cells (Invitrogen, Carlsbad, 
Calif.), One Shot R. Stb13TM Chemically Competent E. coli 
(Invitrogen, Carlsbad, Calif), ElectroMAXTM Stb14TM E. 
coli Competent Cells (InvitrogenTM, and E. coli CA434. In 
a preferred embodiment, the E. coli cloning host cell is not 
DH5O. More preferably, the E. coli cloning host cell is a 
MAX Efficiency(R) Stb12TM E. coli Competent Cell. 
The inventive method further includes a step of culturing 

the C. difficile cell and the E. coli cell under suitable 
conditions for transfer of the polynucleotide from the E. coli 
cell to the C. difficile cell, resulting in a recombinant C. 
difficile cell. In a preferred embodiment, the culture condi 
tions are suitable for transfer of the polynucleotide from the 
E. coli cell (the donor cell) into the C. difficile cell (the 
recipient cell), and resulting in a genetically stable inheri 
tance. 

Most preferably, the culture conditions are suitable for 
bacterial conjugation, which are known in the art. “Conju 
gation” refers to a particular process of transferring a poly 
nucleotide in which a unidirectional transfer of a polynucle 
otide (e.g., from a bacterial plasmid) occurs from one 
bacterium cell (i.e., the “donor') to another (i.e., the “recipi 
ent'). The conjugation process involves donor cell-to-recipi 
ent cell contact. Preferably, the donor E. coli cell is an E. coli 
CA434 cell. 

Exemplary Suitable (conjugation) conditions for transfer 
ring of the polynucleotide from the E. coli cell to the C. 
difficile cell include growing liquid cultures of C. difficile in 
brain heart infusion broth (BHI; Oxoid) or Schaedlers 
anaerobic broth (SAB; Oxoid). In another embodiment, 
solid C. difficile cultures may be grown on fresh blood agar 
(FBA) or BHI agar. Preferably, the C. difficile is grown at 
37° C. in an anaerobic environment (e.g., 80% N, 10% 
CO, and 10% H vol/vol). In one embodiment, the suit 
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able condition includes growing the E. coli aerobically in 
Luria-Bertani (LB) broth or on LB agar at 37° C. For 
conjugative transfer to C. difficile, an exemplary Suitable 
condition includes growing E. coli anaerobically on FBA. 
Antibiotics may be included in the liquid and solid media as 
is known in the art. Examples of Such antibiotics include 
cycloserine (250 ug/ml), cefoxitin (8 Jug/ml), chlorampheni 
col (12.5 g/ml), thiamphenicol (15 g/ml), and erythromy 
cin (5 g/ml). 
The inventive method additionally includes a step of 

selecting the resulting recombinant C. difficile cell that 
includes the polynucleotide encoding the mutant C. difficile 
toxin. In an exemplary embodiment, the recombinant C. 
difficile cell is a recipient of the polynucleotide encoding the 
mutant C. difficile toxin from the recombinant E. coli cell via 
conjugation. 
The inventive method includes a step of culturing the 

recombinant cell or progeny thereof under Suitable condi 
tions to express the polynucleotide encoding the mutant C. 
difficile toxin, resulting in production of a mutant C. difficile 
toxin. Suitable conditions for a recombinant cell to express 
the polynucleotide include culture conditions suitable for 
growing a C. difficile cell, which are known in the art. For 
example, Suitable conditions may include culturing the C. 
difficile transformants in brain heart infusion broth (BHI; 
Oxoid) or Schaedlers anaerobic broth (SAB; Oxoid). In 
another embodiment, solid C. difficile cultures may be 
grown on FBA or BHI agar. Preferably, the C. difficile is 
grown at 37°C. in an anaerobic environment (e.g., 80% N. 
10% CO, and 10% H vol/voll). 

In one embodiment, the inventive method includes a step 
of isolating the resulting mutant C. difficile toxin. Methods 
of isolating a protein from C. difficile are known in the art. 

In another embodiment, the method includes a step of 
purifying the resulting mutant C. difficile toxin. Methods of 
purifying a polypeptide. Such as chromatography, are known 
in the art. 

In an exemplary embodiment, the method further includes 
a step of contacting the isolated mutant Clostridium difficile 
toxin with a chemical crosslinking agent described above. 
Preferably, the agent includes formaldehyde, ethyl-3-(3- 
dimethylaminopropyl) carbodiimide, or a combination of 
EDC and NHS. Exemplary reaction conditions are described 
above and in the Examples section below. 

In another aspect, the invention relates to an immuno 
genic composition including a mutant C. difficile toxin 
described herein, produced by any method, preferably by 
any of the methods described above. 
Antibodies 

Surprisingly, the inventive immunogenic compositions 
described above elicited novel antibodies in vivo, Suggesting 
that the immunogenic compositions include a preserved 
native structure (e.g., a preserved antigenic epitope) of the 
respective wild-type C. difficile toxin and that the immuno 
genic compositions include an epitope. The antibodies pro 
duced against a toxin from one strain of C. difficile may be 
capable of binding to a corresponding toxin produced by 
another strain of C. difficile. That is, the antibodies and 
binding fragments thereof may by “cross-reactive,” which 
refers to the ability to react with similar antigenic sites on 
toxins produced from multiple C. difficile strains. Cross 
reactivity also includes the ability of an antibody to react 
with or bind an antigen that did not stimulate its production, 
i.e., the reaction between an antigen and an antibody that 
was generated against a different but similar antigen. 

In one aspect, the inventors Surprisingly discovered 
monoclonal antibodies having a neutralizing effect on C. 



US RE46,376 E 
41 

difficile toxins, and methods of producing the same. The 
inventive antibodies can neutralize C. difficile toxin cyto 
toxicity in vitro, inhibit binding of C. difficile toxin to 
mammalian cells, and/or can neutralize C. difficile toxin 
enterotoxicity in vivo. The present invention also relates to 
isolated polynucleotides that include nucleic acid sequences 
encoding any of the foregoing. In addition, the present 
invention relates to use of any of the foregoing compositions 
to treat, prevent, decrease the risk of decrease severity of 
decrease occurrences of, and/or delay the outset of a C. 
difficile infection, C. difficile associated disease, syndrome, 
condition, symptom, and/or complication thereof in a mam 
mal, as compared to a mammal to which the composition is 
not administered, as well as methods for preparing said 
compositions. 
The inventors further discovered that a combination of at 

least two of the neutralizing monoclonal antibodies can 
exhibit an unexpectedly synergistic effect in respective neu 
tralization of TcdA or TcdB. Anti-toxin antibodies or binding 
fragments thereof can be useful in the inhibition of a C. 
difficile infection. 
An “antibody is a protein including at least one or two 

heavy (H) chain variable regions (abbreviated herein as 
VH), and at least one or two light (L) chain variable regions 
(abbreviated herein as VL). The VH and VL regions can be 
further subdivided into regions of hypervariability, termed 
“complementarity determining regions” (“CDR), inter 
spersed with regions that are more conserved, termed 
“framework regions’ (FR). The extent of the framework 
region and CDRs has been precisely defined (see, Kabat, E. 
A., et al. Sequences of Proteins of Immunological Interest, 
Fifth Edition, U.S. Department of Health and Human Ser 
vices, NIH Publication No. 91-3242, 1991, and Chothia, C. 
et al., J. Mol. Biol. 196:901-917, 1987). The term “antibody” 
includes intact immunoglobulins of types IgA, IgG, IgE, 
Igl), IgM (as well as subtypes thereof), wherein the light 
chains of the immunoglobulin may be of types kappa or 
lambda. 
The antibody molecules can be full-length (e.g., an IgG1 

or IgG4 antibody). The antibodies can be of the various 
isotypes, including: IgG (e.g., IgG1, IgG2, IgG3, IgG4), 
IgM, IgA1, IgA2, Ig), or IgE. In one preferred embodiment, 
the antibody is an IgG isotype, e.g., IgG1. In another 
preferred embodiment, the antibody is an IgE antibody. 

In another embodiment, the antibody molecule includes 
an “antigen-binding fragment’ or “binding fragment,’ as 
used herein, which refers to a portion of an antibody that 
specifically binds to a toxin of C. difficile (e.g., toxin A). The 
binding fragment is, for example, a molecule in which one 
or more immunoglobulin chains is not full length, but which 
specifically binds to a toxin. 

Examples of binding portions encompassed within the 
term “binding fragment of an antibody include (i) a Fab 
fragment, a monovalent fragment consisting of the VL, VH. 
CL and CH1 domains; (ii) a F(ab')2 fragment, a bivalent 
fragment comprising two Fab fragments linked by a disul 
fide bridge at the hinge region; (iii) a Fd fragment consisting 
of the VH and CH1 domains; (iv) a Fv fragment consisting 
of the VL and VH domains of a single arm of an antibody, 
(v) a dAb fragment (Ward et al., Nature 341:544-546, 1989), 
which consists of a VH domain; and (vi) an isolated comple 
mentarity determining region (CDR) having Sufficient 
framework to specifically bind, e.g., an antigen binding 
portion of a variable region. 
A binding fragment of a light chain variable region and a 

binding fragment of a heavy chain variable region, e.g., the 
two domains of the Fv fragment, VL and VH, can be joined, 
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using recombinant methods, by a synthetic linker that 
enables them to be made as a single protein chain in which 
the VL and VH regions pair to form monovalent molecules 
(known as single chain Fv (scFV); see e.g., Bird et al. (1988) 
Science 242:423-426; and Huston et al. (1988) Proc. Natl. 
Acad. Sci. USA 85:5879-5883). Such single chain antibod 
ies are also encompassed within the term “binding frag 
ment of an antibody. These antibody portions are obtained 
using techniques known in the art, and the portions are 
screened for utility in the same manner as are intact anti 
bodies. 
As used herein, an antibody that “specifically binds to or 

is “specific' for a particular polypeptide or an epitope on a 
particular polypeptide is an antibody that binds to that 
particular polypeptide or epitope on a particular polypeptide 
without Substantially binding to any other polypeptide or 
polypeptide epitope. For example, when referring to a 
biomolecule (e.g., protein, nucleic acid, antibody, etc.) that 
“specifically binds to a target, the biomolecule binds to its 
target molecule and does not bind in a significant amount to 
other molecules in a heterogeneous population of molecules 
that include the target, as measured under designated con 
ditions (e.g. immunoassay conditions in the case of an 
antibody). The binding reaction between the antibody and its 
target is determinative of the presence of the target in the 
heterogeneous population of molecules. For example, “spe 
cific binding or “specifically binds' refers to the ability of 
an antibody or binding fragment thereof to bind to a wild 
type and/or mutant toxin of C. difficile with an affinity that 
is at least two-fold greater than its affinity for a non-specific 
antigen. 

In an exemplary embodiment, the antibody is a chimeric 
antibody. A chimeric antibody can be produced by recom 
binant DNA techniques known in the art. For example, a 
gene encoding the Fc constant region of a murine (or other 
species) monoclonal antibody molecule can be digested with 
restriction enzymes to remove the region encoding the 
murine Fc, and the equivalent portion of a gene encoding a 
human Fc constant region is substituted. A chimeric anti 
body can also be created by recombinant DNA techniques 
where DNA encoding murine variable regions can be ligated 
to DNA encoding the human constant regions. 

In another exemplary embodiment, the antibody or bind 
ing fragment thereof is humanized by methods known in the 
art. For example, once murine antibodies are obtained, a 
CDR of the antibody may be replaced with at least a portion 
of a human CDR. Humanized antibodies can also be gen 
erated by replacing sequences of the murine Fv Variable 
region that are not directly involved in antigen binding with 
equivalent sequences from human Fv Variable regions. Gen 
eral methods for generating humanized antibodies are 
known in the art. 

For example, monoclonal antibodies directed toward C. 
difficile TcdA or C. difficile TcdB can also be produced by 
standard techniques, such as a hybridoma technique (see, 
e.g., Kohler and Milstein, 1975, Nature, 256: 495-497). 
Briefly, an immortal cell line is fused to a lymphocyte from 
a mammal immunized with C. difficile TcdA, C. difficile 
TcdB, or a mutant C. difficile toxin described herein, and the 
culture Supernatants of the resulting hybridoma cells are 
screened to identify a hybridoma producing a monoclonal 
antibody that binds to C. difficile TcdA or C. difficile TcdB. 
Typically, the immortal cell line is derived from the same 
mammalian species as the lymphocytes. Hybridoma cells 
producing a monoclonal antibody of the invention are 
detected by screening the hybridoma culture Supernatants 
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for antibodies that bind C. difficile TcdA or C. difficile TcdB 
using an assay, such as ELISA. Human hybridomas can be 
prepared in a similar way. 
As an alternative to producing antibodies by immuniza 

tion and selection, antibodies of the invention may also be 
identified by Screening a recombinant combinatorial immu 
noglobulin library with a C. difficile TcdA, C. difficile TcdB, 
or a mutant C. difficile toxin described herein. The recom 
binant antibody library may be an scFv library or an Fab 
library, for example. Moreover, the inventive antibodies 
described herein may be used in competitive binding studies 
to identify additional anti-TcdA or anti-TcdB antibodies and 
binding fragments thereof. For example, additional anti 
TcdA or anti-TcdB antibodies and binding fragments thereof 
may be identified by Screening a human antibody library and 
identifying molecules within the library that competes with 
the inventive antibodies described herein in a competitive 
binding assay. 

In addition, antibodies encompassed by the present inven 
tion include recombinant antibodies that may be generated 
by using phage display methods known in the art. In phage 
display methods, phage can be used to display antigen 
binding domains expressed from a repertoire or antibody 
library (e.g., human or murine). Phage expressing an antigen 
binding domain that binds to an immunogen described 
herein (e.g., a mutant C. difficile toxin) can be selected or 
identified with antigen, e.g., using labeled antigen. 

Also within the scope of the invention are antibodies and 
binding fragments thereof in which specific amino acids 
have been substituted, deleted, or added. In particular, 
preferred antibodies have amino acid substitutions in the 
framework region, such as to improve binding to the anti 
gen. For example, a selected, Small number of acceptor 
framework residues of the immunoglobulin chain can be 
replaced by the corresponding donoramino acids. Preferred 
locations of the Substitutions include amino acid residues 
adjacent to the CDR, or which are capable of interacting 
with a CDR. Criteria for selecting amino acids from the 
donor are described in U.S. Pat. No. 5,585,089 (e.g., col 
umns 12-16). The acceptor framework can be a mature 
human antibody framework sequence or a consensus 
Sequence. 
As used herein, a “neutralizing antibody or binding frag 

ment thereof refers to a respective antibody or binding 
fragment thereof that binds to a pathogen (e.g., a C. difficile 
TcdA or TcdB) and reduces the infectivity and/or an activity 
of the pathogen (e.g., reduces cytotoxicity) in a mammal 
and/or in cell culture, as compared to the pathogen under 
identical conditions in the absence of the neutralizing anti 
body or binding fragment thereof. In one embodiment, the 
neutralizing antibody or binding fragment thereof is capable 
of neutralizing at least about 70%, 75%, 80%, 85%, 90%, 
95%, 99%, or more of a biological activity of the pathogen, 
as compared to the biological activity of the pathogen under 
identical conditions in the absence of the neutralizing anti 
body or binding fragment thereof. 
As used herein, the term “anti-toxin antibody or binding 

fragment thereof refers to an antibody or binding fragment 
thereof that binds to the respective C. difficile toxin (e.g., a 
C. difficile toxin A or toxin B). For example, an anti-toxin A 
antibody or binding fragment thereof refers to an antibody or 
binding fragment thereof that binds to TcdA. 

The antibodies or binding fragments thereof described 
herein may be raised in any mammal, wild-type and/or 
transgenic, including, for example, mice, humans, rabbits, 
and goats. 
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When an immunogenic composition described above is 

one that has been previously administered to a population, 
Such as for vaccination, the antibody response generated in 
the Subjects can be used to neutralize toxins from the same 
strain and from a strain that did not stimulate production of 
the antibody. See, for example. Example 37, which shows 
studies relating to cross-reactivity, generated by the immu 
nogenic composition, between the 630 strain and toxins 
from various wild-type C. difficile strains. 

In one aspect, the invention relates to an antibody or 
binding fragment thereof specific to C. difficile TcdA. 
Monoclonal antibodies that specifically bind to TcdA 
include A65-33; A60-22: A80-29 and/or, preferably, A3-25. 

In one aspect, the invention relates to an antibody or 
binding fragment thereof specific to a TcdA from any wild 
type C. difficile Strain, such as those described above, e.g., 
to SEQID NO: 1. In another aspect, the invention relates to 
an antibody or binding fragment thereof specific to an 
immunogenic composition described above. For example, in 
one embodiment, the antibody or binding fragment thereof 
is specific to an immunogenic composition that includes 
SEQ ID NO. 4 or SEQ ID NO: 7. In another embodiment, 
the antibody or binding fragment thereof is specific to an 
immunogenic composition that includes SEQ ID NO. 4 or 
SEQ ID NO: 7, wherein at least one amino acid of SEQ ID 
NO. 4 or SEQ ID NO: 7 is crosslinked by formaldehyde, 
EDC, NHS, or a combination of EDC and NHS. In another 
embodiment, the antibody or binding fragment thereof is 
specific to an immunogenic composition that includes SEQ 
ID NO: 84 or SEQ ID NO: 83. 

Antibodies or binding fragments thereofhaving a variable 
heavy chain and variable light chain regions that are at least 
about 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, pref 
erably about 98%, more preferably about 99% or most 
preferably about 100% identity to the variable heavy and 
light chain regions of A65-33; A60-22: A80-29 and/or, pref 
erably, A3-25 can also bind to TcdA. 

In one embodiment, the antibody or antigen binding 
fragment thereof includes a variable heavy chain region 
including an amino acid sequence at least about 60%. 65%, 
70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% 
identical to a variable heavy chain region amino acid 
sequence of A3-25 as set forth in SEQ ID NO:37. 

In another embodiment, the antibody or antigen binding 
fragment thereof includes a variable light chain region 
including an amino acid sequence at least about 60%. 65%, 
70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% 
identical to a variable light chain region amino acid 
sequence of A3-25 as set forth in SEQ ID NO: 36. 

In yet a further aspect, the antibody or antigen binding 
fragment thereof includes a variable heavy chain region 
including an amino acid sequence at least about 60%. 65%, 
70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% 
identical to a variable heavy chain region amino acid 
sequence set forth in SEQ ID NO: 37, and a variable light 
chain region including an amino acid sequence at least about 
60%, 65%, 70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 
100% identical to a variable light chain region amino acid 
sequence set forth in SEQ ID NO: 36. 

In another embodiment, antibodies or binding fragments 
thereof having complementarity determining regions 
(CDRs) of variable heavy chains and/or variable light chains 
of A65-33; A60-22: A80-29 and/or, preferably, A3-25 can 
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also bind to TcdA. The CDRs of the variable heavy chain 
region of A3-25 are shown in Table 4, below. 

TABLE 4 

Variable Heavy Chain CDR Anino Acid Sequences 

Clone Chain CDR Amino Acid Sequence SEQ ID NO: 

A3-25 Heavy CDR1 GFTFTNYWMN 41 
CDR2 EIRLKSHNYATHEAESVKG 42 
CDR3 DYYGNPAFVY 43 

The CDRs of the variable light chain region of A3-25 are 
shown in Table 5, below. 

TABLE 5 

Variable Light Chain CDR Anino Acid Sequences 

Clone Chain CDR Amino Acid Sequence SEQ ID NO: 

A3-25 Light CDR1 RSSQSLIHSNGNTYLH 38 
CDR2 KVSNRFS 39 
CDR3 SQTTYFPYT 40 

In one embodiment, the antibody or binding fragment 
thereof includes amino acid sequences of the heavy chain 
complementarity determining regions (CDRS) as shown in 
SEQ ID NOs: 41 (CDR H1), 42 (CDR H2) and 43 (CDR 
H3), and/or the amino acid sequences of the light chain 
CDRs as shown in SEQ ID NOs: 38 (CDR L1), 39 (CDR 
L2) and 40 (CDRL3). 

In one exemplary embodiment, the antibody or binding 
fragment thereof specific to C. difficile toxin A specifically 
binds to an epitope within the N-terminal region of TcdA 
e.g., an epitope between amino acids 1-1256 of a TcdA, 
according to the numbering of SEQ ID NO: 1. 

In a preferred embodiment, the antibody or binding frag 
ment thereof specific to C. difficile toxin Aspecifically binds 
to an epitope within the C-terminal region of toxin A, e.g., 
an epitope between amino acids 1832 to 2710 of a TcdA, 
according to the numbering of SEQ ID NO: 1. Examples 
include A3-25; A65-33; A60-22: A80-29. 

In yet another embodiment, the antibody or binding 
fragment thereof specific to C. difficile toxin A specifically 
binds to an epitope within the “translocation region of C. 
difficile toxin A, e.g., an epitope that preferably includes 
residues 956-1128 of a TcdA, according to the numbering of 
SEQ ID NO: 1, such as an epitope between amino acids 
659-1832 of a TcdA, according to the numbering of SEQID 
NO: 1. 

In another aspect, the invention relates to an antibody or 
binding fragment thereof specific to C. difficile TcdB. For 
example, the antibody or binding fragment thereof may be 
specific to a TcdB from any wild type C. difficile strain, such 
as those described above, e.g., to SEQID NO: 2. In another 
aspect, the invention relates to an antibody or binding 
fragment thereof specific to an immunogenic composition 
described above. For example, in one embodiment, the 
antibody or binding fragment thereof is specific to an 
immunogenic composition that includes SEQ ID NO: 6 or 
SEQ ID NO: 8. 

In another embodiment, the antibody or binding fragment 
thereof is specific to an immunogenic composition that 
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includes SEQID NO: 6 or SEQ ID NO: 8, wherein at least 
one amino acid of SEQ ID NO: 6 or SEQ ID NO: 8 is 
crosslinked by formaldehyde, EDC, NHS, or a combination 
of EDC and NHS. In another embodiment, the antibody or 
binding fragment thereof is specific to an immunogenic 
composition that includes SEQ ID NO: 86 or SEQ ID NO: 
85. 

Monoclonal antibodies that specifically bind to TcdB 
include antibodies produced by the B2-31; B5-40, B70-2: 
B6-30; B9-30; B59-3; B60-2: B56-6; and/or, preferably, 
B8-26 clones described herein. 

Antibodies or binding fragments thereofthat can also bind 
to TcdB include those having a variable heavy chain and 
variable light chain regions that are at least about 90%, 91%, 
92%, 93%, 94%. 95%, 96%, 97%, preferably about 98%, 
more preferably about 99% or most preferably about 100% 
identity to the variable heavy and light chain regions of 
B2-31; B5-40, B70-2: B6-30; B9-30; B59-3; B60-2; B56-6, 
preferably B8-26. B59-3, and/or B9-30. 

In one embodiment, the antibody or antigen binding 
fragment thereof includes a variable heavy chain region 
including an amino acid sequence at least about 60%. 65%, 
70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% 
identical to a variable heavy chain region amino acid 
sequence of A3-25 as set forth in SEQ ID NO: 49. 

In one embodiment, the antibody or antigen binding 
fragment thereof includes a variable heavy chain region 
including an amino acid sequence at least about 60%. 65%, 
70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% 
identical to a variable heavy chain region amino acid 
sequence of A3-25 as set forth in SEQ ID NO: 60. 

In one embodiment, the antibody or antigen binding 
fragment thereof includes a variable heavy chain region 
including an amino acid sequence at least about 60%. 65%, 
70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% 
identical to a variable heavy chain region amino acid 
sequence of A3-25 as set forth in SEQ ID NO: 71. 

In another embodiment, the antibody or antigen binding 
fragment thereof includes a variable light chain region 
including an amino acid sequence at least about 60%. 65%, 
70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% 
identical to a variable light chain region amino acid 
sequence of A3-25 as set forth in SEQ ID NO: 55. 

In another embodiment, the antibody or antigen binding 
fragment thereof includes a variable light chain region 
including an amino acid sequence at least about 60%. 65%, 
70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% 
identical to a variable light chain region amino acid 
sequence of A3-25 as set forth in SEQ ID NO: 66. 

In another embodiment, the antibody or antigen binding 
fragment thereof includes a variable light chain region 
including an amino acid sequence at least about 60%. 65%, 
70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% 
identical to a variable light chain region amino acid 
sequence of A3-25 as set forth in SEQ ID NO: 77. 
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The amino acid sequence for the variable heavy chain of 
a neutralizing antibody of C. difficile TcdB (B8-26 mAb) is 
set forth in SEQ ID NO: 49. See Table 25-a. 

TABLE 25-a 

Variable Heavy Chain Anino Acid Sequences 

Clone Region Amino Acid Sequence SEQ ID NO: 

B8-26 Signal peptide MGWSCIILFLVATATGVHS 50 
Variable heavy QVOLQQPGAELVKPGA 49 
chain PVKLSCKAS GYSFTSYWMN 

WVKQRPGRGLEWIG 
RIDPSNSEIYYNQKF 
KDKATLTVDKSSSTAYIQLSSL 
TSEDSAVYYCAS GHYGSIFAY 
WGQGTTLTVSS 

CDR1 GYSFTSYWMN 51 
CDR2 RIDPSNSEIYYNQKF 52 
CDR3 GHYGSIFAY 53 
Constant region AKTTPPSVYPLAPGNSK S4 
(IgG1) 

The amino acid sequence for the variable light chain of a 
neutralizing antibody of C. difficile TcdB (B8-26 mAb) is set 
forth in SEQ ID NO. 55. See Table 25-b. 

TABLE 25-b 

Variable Light (K) Chain Anino Acid Sequences 

SEQ ID 
Clone Region Amino Acid Sequence NO: 

B8-26 Signal MRFQVQVLGLLLLWISGAQCD 56 
peptide 
Variable VQITQSPSYLAASPGETITINC 55 
light RASKSISKYLA WYOEKPGKTNKLLLY 
chain SGSTLQS GIPS 

RFSGSRSGTDFTLIISSLEPEDSAMYYC 
QQHNEYPLT 
FGAGTKLELKRADAAPTVSIFPPSSEEFQ 

CDR1 RASKSISKYLA 57 
CDR2 SGSTLQS 58 
CDR3 QQHNEYPLT 59 

In one embodiment, the antibody or binding fragment 
thereof includes amino acid sequences of the heavy chain 
CDRs as shown in SEQ ID NOs: 51 (CDR H1), 52 (CDR 
H2) and 53 (CDR H3), and/or the amino acid sequences of 
the light chain CDRs as shown in SEQ ID NOs: 57 (CDR 
L1), 58 (CDR L2) and 59 (CDRL3). 
The amino acid sequence for the variable heavy chain of 

a neutralizing antibody of C. difficile TcdB (B59-3 mAb) is 
set forth in SEQ ID NO: 60. See Table 26-a. 

TABLE 26-a 

Variable Heavy Chain Anino Acid Sequences 

Clone Region Amino Acid Sequence SEQ ID NO: 

B59-3 Signal peptide MGWSYIILFLVATATDVHS 61 
Variable heavy QVOLQQPGAELVKPGASVKLS 60 
chain CKAS GYTFTSYWMH 

WVKQRPGQGLEWIG 
VINPSNGRSTYSEKF 

KTTATVTVDKSSSTAYMQL 
SILTSEDSAVYYCAR 
AYYSTSYYAMDY 
WGQGTSVTVSS 

CDR1 GYTFTSYWMH 62 
CDR2 VINPSNGRSTYSEKF 63 
CDR3 AYYSTSYYAMDY 64 
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TABLE 26-a-continued 

Variable Heavy Chain Amino Acid Sequences 

Clone Region Amino Acid Sequence SEQ ID NO: 

Constant region AKTTPPSVYPLAPGNSK 
(IgG1) 

65 

The amino acid sequence for the variable light chain of a 
neutralizing antibody of C. difficile TcdB (B59-3 mAb) is set 
forth in SEQ ID NO: 66. See Table 26-b. 

TABLE 26-b 

Variable Light (K) Chain Amino Acid Sequences 

SEQ 
Clone Region Amino Acid Sequence ID NO: 

B59-3 Signal MKLPVRLLVLMFWIPASSSD 67 
peptide 
Variable VLMTQSPLSLPVSLGDQASIS 66 
light C RSSQNIVHSNGNTYLE 
chain WYLQKPGQSPKLLIY KVSNRFS 

GVPDRFSGSGSGTYFTLKISRVEAE 

DLGVYYCFQGSHFPFT 
FGTGTKLEIKRADAAPTVSIFPPSSEEFQ 

CDR1 RSSQNIVHSNGNTYLE 68 
CDR2 KVSNRFS 69 

CDR3 FQGSHFPFT 70 

In one embodiment, the antibody or binding fragment 
thereof includes amino acid sequences of the heavy chain 
CDRs as shown in SEQ ID NOs: 62 (CDR H1), 63 (CDR 
H2) and 64 (CDR H3), and/or the amino acid sequences of 
the light chain CDRs as shown in SEQ ID NOs: 68 (CDR 
L1), 69 (CDR L2) and 70 (CDRL3). 
The amino acid sequence for the variable heavy chain of 

a neutralizing antibody of C. difficile TcdB (B9-30 mAb) is 
set forth in SEQ ID NO: 71. See Table 27-a. 

TABLE 27-a 

Variable Heavy Chain Anino Acid Sequences 

SEQ 
Clone Region Amino Acid Sequence ID NO: 

B9-30 Signal MGWSCIILFLVATATGVHS 72 
peptide 
Variable QVOLQQPGAEVVKPGAPVKLS 71 
heavy CKAS GYPFTNYWMN 
chain WVKQRPGRGLEWIG 

RIDPSNSEIYYNQKF 
KDKATLTVDKSSSTAYIQLSSLTSEDSAVYY 
CAS GHYGSIFAY WGQGTTLTVSS 

CDR1 GYPFTNYWMN 73 
CDR2 RIDPSNSEIYYNQKF 74 
CDR3 GHYGSIFAY 75 
Constant AKTTPPSVY PLAPGNSK 76 
region 
(IgG1) 

The amino acid sequence for the variable light chain of a 
neutralizing antibody of C. difficile TcdB (B9-30 mAb) is set 
forth in SEQ ID NO: 77. See Table 27-b. 
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TABLE 27-b 

Variable Light (K) Chain Anino Acid Sequences 

SEQ ID 
Clone Region Amino Acid Sequence NO: 

B9-30 Signal MRFQVQVLGLLLLWISGAQCD 78 
peptide 
Variable VQITQSPSYLAASPGETITINC 77 
light RASKSISKYLA WYOEKPGKTNKLLIY 
chain SGSTLQS GIPS 

RFS GSRSGTDFTLIS SLEPEDSAMYYC 
QQHNEYPLT 
FGAGTKLELKRADAAPTVSIFPPSSEEFQ 

CDR1 RASKSISKYLA 79 
CDR2 SGSTLQS 8O 
CDR3 QQHNEYPLT 81 

In one embodiment, the antibody or binding fragment 
thereof includes amino acid sequences of the heavy chain 
CDRs as shown in SEQ ID NOs: 73 (CDR H1), 74 (CDR 
H2) and 75 (CDR H3), and/or the amino acid sequences of 
the light chain CDRs as shown in SEQ ID NOs: 79 (CDR 
L1), 80 (CDR L2) and 81 (CDRL3). 

In one aspect, the invention relates to an antibody or 
binding fragment thereof specific to a wild type C. difficile 
TcdB from any C. difficile strain, such as those described 
above, e.g., to SEQ ID NO: 2. In another aspect, the 
invention relates to an antibody or binding fragment thereof 
specific to an immunogenic composition described above. 
For example, in one embodiment, the antibody or binding 
fragment thereof is specific to an immunogenic composition 
that includes SEQ ID NO: 6 or SEQ ID NO: 8. In another 
embodiment, the antibody or binding fragment thereof is 
specific to an immunogenic composition that includes SEQ 
ID NO: 6 or SEQID NO: 8, wherein at least one amino acid 
of SEQ ID NO: 6 or SEQ ID NO: 8 is crosslinked by 
formaldehyde, EDC, NHS, or a combination of EDC and 
NHS. 

Antibodies or binding fragments thereofhaving a variable 
heavy chain and variable light chain regions that are at least 
about 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, pref 
erably about 98%, more preferably about 99% or most 
preferably about 100% identity to the variable heavy and 
light chain regions of B2-31; B5-40, B70-2: B6-30; B9-30; 
B59-3; B60-2; B56-6; and/or, preferably, B8-26 can also 
bind to TcdB. 

In one embodiment, the antibody or antigen binding 
fragment thereof includes a variable heavy chain region 
including an amino acid sequence at least about 60%. 65%, 
70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% 
identical to a variable heavy chain region amino acid 
sequence of B8-26 (SEQ ID NO: 49). 

In another embodiment, the antibody or antigen binding 
fragment thereof includes a variable light chain region 
including an amino acid sequence at least about 60%. 65%, 
70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% 
identical to a variable light chain region amino acid 
sequence of B8-26 (SEQ ID NO: 55). 

In yet a further aspect, the antibody or antigen binding 
fragment thereof includes a variable heavy chain region 
including an amino acid sequence at least about 60%. 65%, 
70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% 
identical to a variable heavy chain region amino acid 
sequence of B8-26 (SEQ ID NO: 49), and a variable light 
chain region including an amino acid sequence at least about 
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60%, 65%, 70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 
100% identical to a variable light chain region amino acid 
sequence of B8-26 (SEQ ID NO: 55). 

In another embodiment, antibodies or binding fragments 
thereof having CDRs of variable heavy chains and/or vari 
able light chains of B2-31; B5-40, B70-2: B6-30; B9-30; 
B59-3; B60-2: B56-6; and/or, preferably, B8-26 can also 
bind to TcdB. 

In one embodiment, the antibody or binding fragment 
thereof includes amino acid sequences of the heavy chain 
complementarity determining regions (CDRs) of B8-26. 
and/or the amino acid sequences of the light chain CDRs of 
B8-26. 

In a preferred embodiment, the antibody or binding frag 
ment thereof specific to C. difficile toxin B specifically binds 
to an epitope within the N-terminal region of toxin B, e.g., 
an epitope between amino acids 1-1256 of a TcdB, accord 
ing to the numbering of SEQ ID NO: 2. Examples include 
B2-31; B5-40; B8-26: B70-2: B6-30; and B9-30. 

In an exemplary embodiment, the antibody or binding 
fragment thereof specific to C. difficile toxin B specifically 
binds to an epitope within the C-terminal region of toxin B, 
e.g., an epitope between amino acids 1832 to 2710 of a 
TcdB, according to the numbering of SEQ ID NO: 2. 

In yet another embodiment, the antibody or binding 
fragment thereof specific to C. difficile toxin B specifically 
binds to an epitope within the “translocation region of C. 
difficile toxin B, e.g., an epitope that preferably includes 
residues 956-1128 of a TcdB, according to the numbering of 
SEQ ID NO: 2, such as an epitope between amino acids 
659-1832 of a TcdB. Examples include B59-3; B60-2; and 
B56-6. 
Combinations of Antibodies 
The anti-toxin antibody or binding fragment thereof can 

be administered in combination with other anti-C. difficile 
toxin antibodies (e.g., other monoclonal antibodies, poly 
clonal gamma-globulin) or a binding fragment thereof. 
Combinations that can be used include an anti-toxin A 
antibody or binding fragment thereof and an anti-toxin B 
antibody or binding fragment thereof. 

In another embodiment, a combination includes an anti 
toxin A antibody or binding fragment thereof and another 
anti-toxin A antibody or binding fragment thereof. Prefer 
ably, the combination includes a neutralizing anti-toxin A 
monoclonal antibody or binding fragment thereof and 
another neutralizing anti-toxin A monoclonal antibody or 
binding fragment thereof. Surprisingly, the inventors dis 
covered that Such a combination resulted in a synergistic 
effect in neutralization of toxin A cytotoxicity. For example, 
the combination includes a combination of at least two of the 
following neutralizing anti-toxin A monoclonal antibodies: 
A3-25; A65-33; A60-22; and A80-29. More preferably, the 
combination includes A3-25 antibody and at least one of the 
following neutralizing anti-toxin A monoclonal antibodies: 
A65-33: A60-22; and A80-29. Most preferably, the combi 
nation includes all four antibodies: A3-25; A65-33; A60-22, 
and A80-29. 

In a further embodiment, a combination includes an 
anti-toxin B antibody or binding fragment thereof and 
another anti-toxin B antibody or binding fragment thereof. 
Preferably, the combination includes a neutralizing anti 
toxin B monoclonal antibody or binding fragment thereof 
and another neutralizing anti-toxin B monoclonal antibody 
or binding fragment thereof. Surprisingly, the inventors 
discovered that Such a combination resulted in a synergistic 
effect in neutralization of toxin B cytotoxicity. More pref 
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erably, the combination includes a combination of at least 
two of the following neutralizing anti-toxin B monoclonal 
antibodies: B8-26: B9-30 and B59-3. Most preferably, the 
combination includes all three antibodies: B8-26: B9-30 and 
B59-3. 

In yet another embodiment, a combination includes an 
anti-toxin B antibody or binding fragment thereof and 
another anti-toxin B antibody or binding fragment thereof. 
As stated previously, the inventors discovered that a com 
bination of at least two of the neutralizing monoclonal 
antibodies can exhibit an unexpectedly synergistic effect in 
respective neutralization of toxin A and toxin B. 

In another embodiment, the agents of the invention can be 
formulated as a mixture, or chemically or genetically linked 
using art recognized techniques thereby resulting in cova 
lently linked antibodies (or covalently linked antibody frag 
ments), having both anti-toxin A and anti-toxin B binding 
properties. The combined formulation may be guided by a 
determination of one or more parameters such as the affinity, 
avidity, or biological efficacy of the agent alone or in 
combination with another agent. 

Such combination therapies are preferably additive and/or 
synergistic in their therapeutic activity, e.g., in the inhibition, 
prevention (e.g., of relapse), and/or treatment of C. difficile 
related diseases or disorders. Administering Such combina 
tion therapies can decrease the dosage of the therapeutic 
agent (e.g., antibody or antibody fragment mixture, or 
cross-linked or genetically fused bispecific antibody or 
antibody fragment) needed to achieve the desired effect. 

It is understood that any of the inventive compositions, for 
example, an anti-toxin A and/or anti-toxin B antibody or 
binding fragment thereof, can be combined in different ratios 
or amounts for therapeutic effect. For example, the anti 
toxin A and anti-toxin B antibody or respective binding 
fragment thereof can be present in a composition at a ratio 
in the range of 0.1:10 to 10:0.1, A.B. In another embodi 
ment, the anti-toxin A and anti-toxin B antibody or respec 
tive binding fragment thereof can be present in a composi 
tion at a ratio in the range of 0.1:10 to 10:0.1, B.A. 

In another aspect, the invention relates to a method of 
producing a neutralizing antibody against a C. difficile 
TcdA. The method includes administering an immunogenic 
composition as described above to a mammal, and recov 
ering the antibody from the mammal. In a preferred embodi 
ment, the immunogenic composition includes a mutant C. 
difficile TcdA having SEQ ID NO: 4, wherein at least one 
amino acid of the mutant C. difficile TcdA is chemically 
crosslinked, preferably by formaldehyde or 1-ethyl-3-(3- 
dimethylaminopropyl)carbodiimide. Exemplary neutraliz 
ing antibodies against TcdA that may be produced include 
A65-33; A60-22: A80-29 and/or A3-25. 

In yet another aspect, the invention relates to a method of 
producing a neutralizing antibody against a C. difficile TcdB. 
The method includes administering an immunogenic com 
position as described above to a mammal, and recovering the 
antibody from the mammal. In a preferred embodiment, the 
immunogenic composition includes a mutant C. difficile 
TcdB having SEQID NO: 6, wherein at least one amino acid 
of the mutant C. difficile TcdB is chemically crosslinked, 
preferably by formaldehyde or 1-ethyl-3-(3-dimethylamino 
propyl)carbodiimide. Exemplary neutralizing antibodies 
against TcdB that may be produced include B2-31; B5-40, 
B70-2: B6-30; B9-30; B59-3; B60-2: B56-6; and/or B8-26. 
Formulations 

Compositions of the present invention (such as, e.g., 
compositions including a mutant C. difficile toxin, immu 
nogenic compositions, antibodies and/or antibody binding 
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fragments thereof described herein) may be in a variety of 
forms. These include, for example, semi-solid and solid 
dosage forms, Suppositories, liquid forms, such as liquid 
Solutions (e.g., injectable and infusible solutions), disper 
sions or Suspensions, liposomes, and/or dried form, such as, 
for example, lyophilized powder form, freeze-dried form, 
spray-dried form, and/or foam-dried form. For Supposito 
ries, binders and carriers include, for example, polyalkylene 
glycols or triglycerides; Such suppositories can be formed 
from mixtures containing the inventive compositions. In an 
exemplary embodiment, the composition is in a form that is 
Suitable for Solution in, or Suspension in, liquid vehicles 
prior to injection. In another exemplary embodiment, the 
composition is emulsified or encapsulated in liposomes or 
microparticles. Such as polylactide, polyglycolide, or copo 
lymer. 

In a preferred embodiment, the composition is lyophilized 
and extemporaneously reconstituted prior to use. 

In one aspect, the present invention relates to pharmaceu 
tical compositions that include any of the compositions 
described herein (such as, e.g., compositions including a 
mutant C. difficile toxin, immunogenic compositions, anti 
bodies and/or antibody binding fragments thereof described 
herein), formulated together with a pharmaceutically accept 
able carrier. “Pharmaceutically acceptable carriers' include 
any solvents, dispersion media, stabilizers, diluents, and/or 
buffers that are physiologically suitable. 

Exemplary stabilizers include carbohydrates, such as Sor 
bitol, mannitol, starch, dextran, Sucrose, trehalose, lactose, 
and/or glucose: inert proteins, such as albumin and/or 
casein; and/or other large, slowly metabolized macromol 
ecules, such as polysaccharides such as chitosan, polylactic 
acids, polyglycolic acids and copolymers (such as latex 
functionalized SEPHAROSETM agarose, agarose, cellulose, 
etc/), amino acids, polymeric amino acids, amino acid 
copolymers, and lipid aggregates (such as oil droplets or 
liposomes). Additionally, these carriers may function as 
immunostimulating agents (i.e., adjuvants). 

Preferably, the composition includes trehalose. Preferred 
amounts of trehalose (% by weight) include from a mini 
mum of about 1%, 2%, 3%, or 4% to a maximum of about 
10%, 9%, 8%, 7%, 6%, or 5%. Any minimum value can be 
combined with any maximum value to define a suitable 
range. In one embodiment, the composition includes about 
3%-6% trehalose, most preferably, 4.5% trehalose, for 
example, per 0.5 mL dose. 

Examples of suitable diluents include distilled water, 
saline, physiological phosphate-buffered saline, glycerol, 
alcohol (such as ethanol), Ringer's solutions, dextrose solu 
tion, Hanks balanced salt solutions, and/or a lyophilization 
excipient. 

Exemplary buffers include phosphate (such as potassium 
phosphate, Sodium phosphate); acetate (such as sodium 
acetate); Succinate (such as sodium Succinate); glycine; 
histidine; carbonate, Tris (tris(hydroxymethyl)aminometh 
ane), and/or bicarbonate (such as ammonium bicarbonate) 
buffers. Preferably, the composition includes tris buffer. 
Preferred amounts of tris buffer include from a minimum of 
about 1 mM, 5 mM, 6 mM, 7 mM, 8 mM, 9 mM, 10 mM 
to a maximum of about 100 mM, 50 mM, 20 mM, 19 mM, 
18 mM, 17 mM, 16 mM, 15 mM, 14 mM, 13 mM, 12 mM, 
or 11 mM. Any minimum value can be combined with any 
maximum value to define a Suitable range. In one embodi 
ment, the composition includes about 8 mM to 12 mM tris 
buffer, most preferably, 10 mM tris buffer, for example, per 
0.5 mL dose. 
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In another preferred embodiment, the composition 
includes histidine buffer. Preferred amounts of histidine 
buffer include from a minimum of about 1 mM, 5 mM, 6 
mM, 7 mM, 8 mM, 9 mM, 10 mM to a maximum of about 
100 mM, 50 mM, 20 mM, 19 mM, 18 mM, 17 mM, 16 mM, 
15 mM, 14 mM, 13 mM, 12 mM, or 11 mM. Any minimum 
value can be combined with any maximum value to define 
a Suitable range. In one embodiment, the composition 
includes about 8 mM to 12 mM histidine buffer, most 
preferably, 10 mM histidine buffer, for example, per 0.5 mL 
dose. 

In yet another preferred embodiment, the composition 
includes phosphate buffer. Preferred amounts of phosphate 
buffer include from a minimum of about 1 mM, 5 mM, 6 
mM, 7 mM, 8 mM, 9 mM, 10 mM to a maximum of about 
100 mM, 50 mM, 20 mM, 19 mM, 18 mM, 17 mM, 16 mM, 
15 mM, 14 mM, 13 mM, 12 mM, or 11 mM. Any minimum 
value can be combined with any maximum value to define 
a Suitable range. In one embodiment, the composition 
includes about 8 mM to 12 mM phosphate buffer, most 
preferably, 10 mM phosphate buffer, for example, per 0.5 
mL dose. 
The pH of the buffer will generally be chosen to stabilize 

the active material of choice, and can be ascertainable by 
those in the art by known methods. Preferably, the pH of the 
buffer will be in the range of physiological pH. Thus, 
preferred pH ranges are from about 3 to about 8; more 
preferably, from about 6.0 to about 8.0; yet more preferably, 
from about 6.5 to about 7.5; and most preferably, at about 
7.0 to about 7.2. 

In some embodiments, the pharmaceutical compositions 
may include a surfactant. Any surfactant is suitable, whether 
it is amphoteric, non-ionic, cationic or anionic. Exemplary 
Surfactants include the polyoxyethylene Sorbitan esters Sur 
factants (e.g., TWEENR), such as polysorbate 20 and/or 
polysorbate 80; polyoxyethylene fatty ethers derived from 
lauryl, cetyl, Stearyl and oleyl alcohols (known as Brij 
Surfactants). Such as triethyleneglycol monolauryl ether 
(Brij 30); Triton X 100, or t-octylphenoxypolyethoxyetha 
nol; and sorbitan esters (commonly known as the SPANs). 
such as sorbitan trioleate (Span 85) and sorbitan monolau 
rate, and combinations thereof. Preferred surfactants include 
polysorbate 80 (polyoxyethylene sorbitan monooleate). 

Preferred amounts of polysorbate 80 (% by weight) 
include from a minimum of about 0.001%, 0.005%, or 
0.01%, to a maximum of about 0.010%, 0.015%, 0.025%, or 
1.0%. Any minimum value can be combined with any 
maximum value to define a Suitable range. In one embodi 
ment, the composition includes about 0.005%-0.015% poly 
sorbate 80, most preferably, 0.01% polysorbate 80. 

In an exemplary embodiment, the immunogenic compo 
sition includes trehalose and phosphate 80. In another exem 
plary embodiment, the immunogenic composition includes 
tris buffer and polysorbate 80. In another exemplary embodi 
ment, the immunogenic composition includes histidine buf 
fer and polysorbate 80. In yet another exemplary embodi 
ment, the immunogenic composition includes phosphate 
buffer and polysorbate 80. 

In one exemplary embodiment, the immunogenic com 
position includes trehalose, tris buffer and polysorbate 80. In 
another exemplary embodiment, the immunogenic compo 
sition includes trehalose, histidine buffer and polysorbate 80. 
In yet another exemplary embodiment, the immunogenic 
composition includes trehalose, phosphate buffer and poly 
Sorbate 80. 
The compositions described herein may further include 

components of petroleum, animal, vegetable, or synthetic 
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origin, for example, peanut oil, soybean oil, and/or mineral 
oil. Examples include glycols such as propylene glycol or 
polyethylene glycol. 

In some embodiments, the pharmaceutical composition 
further includes formaldehyde. For example, in a preferred 
embodiment, a pharmaceutical composition that further 
includes formaldehyde has an immunogenic composition, 
wherein the mutant C. difficile toxin of the immunogenic 
composition has been contacted with a chemical crosslink 
ing agent that includes formaldehyde. The amount of form 
aldehyde present in the pharmaceutical composition may 
vary from a minimum of about 0.001%, 0.002%, 0.003%, 
0.004%, 0.005%, 0.006%, 0.007%, 0.008%, 0.009%, 
0.010%, 0.013%, or 0.015%, to a maximum of about 
0.020%, 0.019%, 0.018%, 0.017% 0.016%, 0.015%, 
0.014%, 0.013%, 0.012% 0.011% or 0.010%. Any minimum 
value can be combined with any maximum value to define 
a suitable range. In one embodiment, the pharmaceutical 
composition includes about 0.010% formaldehyde. 

In some alternative embodiments, the pharmaceutical 
compositions described herein do not include formaldehyde. 
For example, in a preferred embodiment, a pharmaceutical 
composition that does not include formaldehyde has an 
immunogenic composition, wherein at least one amino acid 
of the mutant C. difficile toxin is chemically crosslinked by 
an agent that includes EDC. More preferably, in such an 
embodiment, the mutant C. difficile toxin has not been 
contacted with a chemical crosslinking agent that includes 
formaldehyde. As another exemplary embodiment, a phar 
maceutical composition that is in a lyophilized form does 
not include formaldehyde. 

In another embodiment, the compositions described 
herein may include an adjuvant, as described below. Pre 
ferred adjuvants augment the intrinsic immune response to 
an immunogen without causing conformational changes in 
the immunogen that may affect the qualitative form of the 
immune response. 

Exemplary adjuvants include 3 De-O-acylated mono 
phosphoryl lipid A (MPLTM) (see GB 2220211 (GSK)); an 
aluminum hydroxide gel such as AlhydrogeITM (Brenntag 
Biosector, Denmark); aluminum salts (such as aluminum 
hydroxide, aluminum phosphate, aluminum sulfate), which 
may be used with or without an immunostimulating agent 
such as MPL or 3-DMP, QS-21, polymeric or monomeric 
amino acids such as polyglutamic acid or polylysine. 

Yet another exemplary adjuvant is an immunostimulatory 
oligonucleotide Such as a CpG oligonucleotide (see, e.g., 
WO 1998/04.01.00, W02010/067262), or a saponin and an 
immunostimulatory oligonucleotide. Such as a CpG oligo 
nucleotide (see, e.g., WO 00/062800). In a preferred 
embodiment, the adjuvant is a CpG oligonucleotide, most 
preferably a CpG oligodeoxynucleotides (CpG ODN). Pre 
ferred CpG ODN are of the B Class that preferentially 
activate B cells. In aspects of the invention, the CpG ODN 
has the nucleic acid sequence 5'TC*G*T*C*G*T* 
T*T*T*T*C*G*G*T*G*C*T*T*T*T3' (SEQ ID NO: 48) 
wherein * indicates a phosphorothioate linkage. The CpG 
ODN of this sequence is known as CpG 24555, which is 
described in WO2010/067262. In a preferred embodiment, 
CpG 24555 is used together with an aluminium hydroxide 
salt such as Alhydrogel. 
A further class of exemplary adjuvants include Saponin 

adjuvants, such as StimulonTM (QS-21, which is a triterpene 
glycoside or saponin, Aquila, Framingham, Mass.) or par 
ticles generated therefrom such as ISCOMs (immune stimu 
lating complexes) and ISCOMATRIX(R) adjuvant. Accord 
ingly, the compositions of the present invention may be 
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delivered in the form of ISCOMs, ISCOMS containing 
CTB, liposomes or encapsulated in compounds such as 
acrylates or poly(DL-lactide-co-glycoside) to form micro 
spheres of a size Suited to adsorption. Typically, the term 
“ISCOM refers to immunogenic complexes formed 5 
between glycosides, such as triterpenoid Saponins (particu 
larly Quil A), and antigens which contain a hydrophobic 
region. In a preferred embodiment, the adjuvant is an 
ISCOMATRIX adjuvant. 

Other exemplary adjuvants include RC-529, GM-CSF 10 
and Complete Freund's Adjuvant (CFA) and Incomplete 
Freund's Adjuvant (IFA). 

Yet another class of exemplary adjuvants is glycolipid 
analogues including N-glycosylamides, N-glycosylureas 
and N-glycosylcarbamates, each of which is substituted in 15 
the Sugar residue by an amino acid. 

Optionally, the pharmaceutical composition includes two 
or more different adjuvants. Preferred combinations of adju 
vants include any combination of adjuvants including, for 
example, at least two of the following adjuvants: alum, 20 
MPL, QS-21, ISCOMATRIX, CpG, and Alhydrogel. An 
exemplary combination of adjuvants includes a combination 
of CpG and Alhydrogel. 

Alternatively, in one embodiment, the composition is 
administered to the mammal in the absence of an adjuvant. 25 

Compositions described herein can be administered by 
any route of administration, such as, for example, parenteral, 
topical, intravenous, mucosal, oral, Subcutaneous, intraarte 
rial, intracranial, intrathecal, intraperitoneal, intranasal, 
intramuscular, intradermal, infusion, rectal, and/or transder- 30 
mal routes for prophylactic and/or therapeutic applications. 
In a preferred embodiment, the route of administration of the 
composition is parenteral, more preferably, intramuscular 
administration. Typical intramuscular administration is per 
formed in the arm or leg muscles. 35 

Compositions described herein can be administered in 
combination with therapies that are at least partly effective 
in prevention and/or treatment of C. difficile infection. For 
example, a composition of the invention may be adminis 
tered before, concurrently with, or after biotherapy; probi- 40 
otic therapy; stool implants; immunotherapy (Such as intra 
venous immunoglobulin); and/or an accepted Standard of 
care for the antibiotic treatment of C. difficile associated 
disease (CDAD). Such as metronidazole and/or Vancomycin. 
A composition of the present invention relating to toxin A 45 

and toxin B may be administered to the mammal in any 
combination. For example, an immunogenic composition 
including a mutant C. difficile TcdA may be administered to 
the mammal before, concurrently with, or after administra 
tion of an immunogenic composition including a mutant C. 50 
difficile TcdB. Conversely, an immunogenic composition 
including a mutant C. difficile TcdB may be administered to 
the mammal before, concurrently with, or after administra 
tion of an immunogenic composition including a mutant C. 
difficile TcdA. 55 

In another embodiment, a composition including an anti 
toxin A antibody or binding fragment thereof may be admin 
istered to the mammal before, concurrently with, or after 
administration of a composition including an anti-toxin B 
antibody or binding fragment thereof. Conversely, a com- 60 
position including an anti-toxin B antibody or binding 
fragment thereof may be administered to the mammal 
before, concurrently with, or after administration of a com 
position including an anti-toxin A antibody or binding 
fragment thereof. 65 

In a further embodiment, a composition of the present 
invention may be administered to the mammal before, 

56 
concurrently with, or after administration of a pharmaceu 
tically acceptable carrier. For example, an adjuvant may be 
administered before, concurrently with, or after administra 
tion of a composition including a mutant C. difficile toxin. 
Accordingly, a composition of the present invention and a 
pharmaceutically acceptable carrier can be packaged in the 
same vial or they can be packaged in separate vials and 
mixed before use. The compositions can be formulated for 
single dose administration and/or multiple dose administra 
tion. 
Methods of Protecting and/or Treating C. Difficile Infection 
in a Mammal 

In one aspect, the invention relates to a method of 
inducing an immune response to a C. difficile toxin in a 
mammal. The method includes administering an effective 
amount of a composition described herein to the mammal. 
For example, the method may include administering an 
amount effective to generate an immune response to the 
respective C. difficile toxin in the mammal. 

In an exemplary embodiment, the invention relates to a 
method of inducing an immune response to a C. difficile 
TcdA in a mammal. The method includes administering an 
effective amount of an immunogenic composition that 
includes a mutant C. difficile TcdA to the mammal. In 
another exemplary embodiment, the invention relates to a 
method of inducing an immune response to a C. difficile 
TcdB in a mammal. The method includes administering an 
effective amount of an immunogenic composition that 
includes a mutant C. difficile TcdB to the mammal. 

In a further embodiment, the method includes adminis 
tering an effective amount of an immunogenic composition 
that includes a mutant C. difficile TcdA and an effective 
amount of an immunogenic composition that includes a 
mutant C. difficile TcdB to the mammal. In additional 
aspects, the compositions described herein may be used to 
treat, prevent, decrease risk of decrease severity of 
decrease occurrences of, and/or delay outset of a C. difficile 
infection, C. difficile associated disease, syndrome, condi 
tion, symptom, and/or complication thereof in a mammal, as 
compared to a mammal to which the composition is not 
administered. The method includes administering an effec 
tive amount of the composition to the mammal. 

Three clinical syndromes caused by C. difficile infection 
are recognized, based on the severity of the infection. The 
most severe form is pseudomembranous colitis (PMC), 
which is characterized by profuse diarrhea, abdominal pain, 
systemic signs of illness, and a distinctive endoscopic 
appearance of the colon. 

Antibiotic-associated colitis (AAC) is also characterized 
by profuse diarrhea, abdominal pain and tenderness, sys 
temic signs (e.g., fever), and leukocytosis. Intestinal injury 
in AAC is less severe than in PMC, the characteristic 
endoscopic appearance of the colon in PMC is absent, and 
mortality is low. 

Finally, antibiotic-associated diarrhea (AAD, which is 
also known as C. difficile associated diarrhea (CDAD) is a 
relatively mild syndrome, and is characterized by mild to 
moderate diarrhea, lacking both large intestinal inflamma 
tion (as characterized by, e.g., abdominal pain and tender 
ness) and systemic signs of infection (e.g., fever). 

These three distinct syndromes typically occur in an 
increasing order of frequency. That is, PMC typically occurs 
less frequently than AAC, and AAD is typically the most 
frequent clinical presentation of C. difficile disease. 
A frequent complication of C. difficile infection is recur 

rent or relapsing disease, which occurs in up to 20% of all 
subjects who recover from C. difficile disease. Relapse may 
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be characterized clinically as AAD, AAC, or PMC. Patients 
who relapse once are more likely to relapse again. 
As used herein, conditions of a C. difficile infection 

include, for example, mild, mild-to-moderate, moderate, and 
severe C. difficile infection. A condition of C. difficile 
infection may vary depending on presence and/or severity of 
symptoms of the infection. 
Symptoms of a C. difficile infection may include physi 

ological, biochemical, histologic and/or behavioral Symp 
toms such as, for example, diarrhea; colitis; colitis with 
cramps, fever, fecalleukocytes, and inflammation on colonic 
biopsy; pseudomembranous colitis; hypoalbuminemia; ana 
sarca; leukocytosis; sepsis; abdominal pain; asymptomatic 
carriage; and/or complications and intermediate pathologi 
cal phenotypes present during development of the infection, 
and combinations thereof, etc. Accordingly, for example, 
administration of an effective amount of the compositions 
described herein may, for example treat, prevent, decrease 
risk of decrease severity of decrease occurrences of, and/or 
delay outset of diarrhea, abdominal pain, cramps, fever, 
inflammation on colonic biopsy, hypoalbuminemia, ana 
sarca, leukocytosis, sepsis, and/or asymptomatic carriage, 
etc., as compared to a mammal to which the composition 
was not administered. 

Risk factors of a C. difficile infection may include, for 
example, present or immediate future use of an antimicrobial 
(any antimicrobial agent with an antibacterial spectrum 
and/or activity against anaerobic bacteria are encompassed, 
including, for example, antibiotics that cause disruption of 
normal colonic microbiota, e.g., clindamycin, cepha 
losporins, metronidazole, Vancomycin, fluoroquinolones 
(including levofloxacin, moxifloxacin, gatifloxacin, and cip 
rofloxacin), lineZolid, etc.); present or immediate future 
withdrawal of prescribed metronidazole or Vancomycin; 
present or immediate future admission to a healthcare facil 
ity (Such as a hospital, chronic care facility, etc.) and 
healthcare workers; present or immediate future treatment 
with proton-pump inhibitors, H2 antagonists, and/or metho 
trexate, or a combination thereof; present or risk of gastro 
intestinal diseases, such as inflammatory bowel disease; 
past, present, or immediate future gastrointestinal Surgery or 
gastrointestinal procedure on the mammal; past or present 
recurrence of a C. difficile infection and/or a CDAD, e.g., 
patients who have had a C. difficile infection and/or a CDAD 
once or more than once; and humans aged at least about 65 
and above. 

In the methods described herein, the mammal may be any 
mammal. Such as, for example, mice, hamsters, primates, 
and humans. In a preferred embodiment, the mammal is a 
human. According to the present invention, the human may 
include individuals who have exhibited a C. difficile infec 
tion, C. difficile associated disease, syndrome, condition, 
symptom, and/or complication thereof; individuals who are 
presently exhibiting a C. difficile infection, C. difficile 
associated disease, syndrome, condition, symptom, and/or 
complication thereof; and individuals who are at risk of a C. 
difficile infection, C. difficile associated disease, syndrome, 
condition, symptom, and/or complication thereof. 

Examples of individuals who have shown symptoms of C. 
difficile infection include individuals who have shown or are 
showing symptoms described above; individuals who have 
had or are having a C. difficile infection and/or a C. difficile 
associated disease (CDAD); and individuals who have a 
recurrence of a C. difficile infection and/or CDAD. 

Examples of patients who are at risk of a C. difficile 
infection include individuals at risk of or are presently 
undergoing planned antimicrobial use; individuals at risk of 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

58 
or are presently undergoing withdrawal of prescribed met 
ronidazole or Vancomycin; individuals who are at risk of or 
are presently undergoing a planned admission to a health 
care facility (such as a hospital, chronic care facility, etc.) 
and healthcare workers; and/or individuals at risk of or are 
presently undergoing a planned treatment with proton-pump 
inhibitors, H2 antagonists, and/or methotrexate, or a com 
bination thereof individuals who have had or are undergo 
ing gastrointestinal diseases, such as inflammatory bowel 
disease; individuals who have had or are undergoing gas 
trointestinal Surgery or gastrointestinal procedures; and indi 
viduals who have had or are having a recurrence of a C. 
difficile infection and/or a CDAD, e.g., patients who have 
had a C. difficile infection and/or a CDAD once or more than 
once; individuals who are about 65 years old or older. Such 
at-risk patients may or may not be presently showing 
symptoms of a C. difficile infection. 

In asymptomatic patients, prophylaxis and/or treatment 
can begin at any age (e.g., at about 10, 20, or 30 years old). 
In one embodiment, however, it is not necessary to begin 
treatment until a patient reaches at least about 45, 55, 65, 75, 
or 85 years old. For example, the compositions described 
herein may be administered to an asymptomatic human who 
is aged 50-85 years. 

In one embodiment, the method of preventing, decreasing 
risk of decreasing severity of decreasing occurrences of 
and/or delaying outset of a C. difficile infection, C. difficile 
associated disease, syndrome, condition, symptom, and/or 
complication thereof in a mammal includes administering an 
effective amount of a composition described herein to a 
mammal in need thereof, a mammal at risk of, and/or a 
mammal susceptible to a C. difficile infection. An effective 
amount includes, for example, an amount Sufficient to pre 
vent, decrease risk of decrease severity of decrease occur 
rences of, and/or delay outset of a C. difficile infection, C. 
difficile associated disease, syndrome, condition, symptom, 
and/or complication thereof in a mammal, as compared to a 
mammal to which the composition is not administered. 
Administration of an effective amount of the compositions 
described herein may, for example, prevent, decrease risk of 
decrease severity of decrease occurrences of, and/or delay 
outset of diarrhea, abdominal pain, cramps, fever, inflam 
mation on colonic biopsy, hypoalbuminemia, anasarca, leu 
kocytosis, sepsis, and/or asymptomatic carriage, etc., as 
compared to a mammal to which the composition was not 
administered. In a preferred embodiment, the method 
includes administering an effective amount of an immuno 
genic composition described herein to the mammal in need 
thereof, the mammal at risk of, and/or the mammal Suscep 
tible to a C. difficile infection. 

In an additional embodiment, the method of treating, 
decreasing severity of and/or delaying outset of a C. difficile 
infection, C. difficile associated disease, syndrome, condi 
tion, symptom, and/or complication thereof in a mammal 
includes administering an effective amount of a composition 
described herein to a mammal suspected of, or presently 
suffering from a C. difficile infection. An effective amount 
includes, for example, an amount Sufficient to treat, decrease 
severity of, and/or delay the outset of a C. difficile infection, 
C. difficile associated disease, syndrome, condition, Symp 
tom, and/or complication thereof in a mammal, as compared 
to a mammal to which the composition is not administered. 

Administration of an effective amount of the composition 
may improve at least one sign or symptom of C. difficile 
infection in the subject, such as those described below. 
Administration of an effective amount of the compositions 
described herein may, for example, decrease severity of 
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and/or decrease occurrences of diarrhea, decrease severity of 
and/or decrease occurrences of abdominal pain, cramps, 
fever, inflammation on colonic biopsy, hypoalbuminemia, 
anasarca, leukocytosis, sepsis, and/or asymptomatic car 
riage, etc., as compared to a mammal to which the compo 
sition was not administered. Optionally, the presence of 
symptoms, signs, and/or risk factors of an infection is 
determined before beginning treatment. In a preferred 
embodiment, the method includes administering an effective 
amount of an antibody and/or binding fragment thereof 
described herein to the mammal Suspected of, or presently 
suffering from, a C. difficile infection. 

Accordingly, an effective amount of the composition 
refers to an amount sufficient to achieve a desired effect 
(e.g., prophylactic and/or therapeutic effect) in the methods 
of the present invention. For example, the amount of an 
immunogen for administration may vary from a minimum of 
about 1 g, 5 Jug, 25 ug, 50 ug, 75 ug. 100 ug, 200 ug, 500 
ug, or 1 mg to a maximum of about 2 mg, 1 mg, 500 ug. 200 
ug per injection. Any minimum value can be combined with 
any maximum value to define a suitable range. Typically 
about 10, 20, 50 or 100 ug per immunogen is used for each 
human injection. 

The amount of a composition of the invention adminis 
tered to the subject may depend on the type and severity of 
the infection and/or on the characteristics of the individual, 
Such as general health, age, sex, body weight and tolerance 
to drugs. It may also depend on the degree, severity, and type 
of disease. An effective amount may also vary depending 
upon factors, such as route of administration, target site, 
physiological state of the patient, age of the patient, whether 
the patient is human or an animal, other therapies adminis 
tered, and whether treatment is prophylactic or therapeutic. 
The skilled artisan will be able to determine appropriate 
amounts depending on these and other factors. 
An effective amount may include one effective dose or 

multiple effective doses (such as, for example, 2, 3, 4 doses, 
or more) for use in the methods herein. Effective dosages 
may need to be titrated to optimize safety and efficacy. 
A combination of amount and frequency of dose adequate 

to accomplish prophylactic and/or therapeutic uses is 
defined as a prophylatically- or therapeutically-effective 
regimen. In a prophylactic and/or therapeutic regimen, the 
composition is typically administered in more than one 
dosage until a sufficient immune response has been 
achieved. Typically, the immune response is monitored and 
repeated dosages are given if the immune response starts to 
Wa. 

The compositions may be administered in multiple dos 
ages over a period of time. Treatment can be monitored by 
assaying antibody, or activated T-cell or B-cell responses to 
the therapeutic agent (e.g., the immunogenic composition 
including a mutant C. difficile toxin) over time. If the 
response falls, a booster dosage is indicated. 

EXAMPLES 

Example 1 

Identification of Toxin-Negative C. Difficile Strains 

To identify C. difficile strains lacking toxin (A and B) 
genes and toxin expression, 13 C. difficile strains were 
tested. Culture media of 13 C. difficile strains were tested by 
ELISA for toxin A. Seven strains expressed toxin A. C. 
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difficile 14797-2, C. difficile 630, C. difficile BDMS, C. 
difficile W1194, C. difficile 870, C. difficile 1253, and C. 
difficile 2149. See FIG. 3. 

Six strains did not express toxin A and lacked the entire 
pathogenicity locus: C. difficile 1351 (ATCC 43593TM), C. 
difficile 3232 (ATCC BAA-1801TM), C. difficile 7322 
(ATCC 43601TM), C. difficile 5036 (ATCC 43603TM), C. 
difficile 4811 (4 ATCC 3602TM), and C. difficile VPI 11186 
(ATCC 700057TM). VPI 11186 was selected based upon its 
effectiveness to take up plasmid DNA by conjugation. 
The same 13 strains were tested in a multiplex PCR assay 

using primers outside of the pathogenicity locus (Paloc, 
Braun et al., Gene. 1996 Nov. 28; 181(1-2):29-38.). The 
PCR results demonstrated the DNA from the 6 toxin A 
negative strains by ELISA did not amplify any genes from 
the Palloc (tcdA-tcdE). The Palloc flanking sequences (cdd3 
and cdu2) were present (data not shown). 

Example 2 

Inactivation of Sporulation Pathway in C. Difficile 
VPI 11186 

Knocking-out the spore-forming function of the C. dif 
ficile production strain facilitates large scale fermentation in 
a safe manufacturing environment. The ClosTron system 
was used to create an asporogenic C. difficile strain. See 
Heap et al., J. Microbiol Methods. 2009 July; 78(1):79-85. 
The ClosTron system allows targeted gene inactivation with 
a group II intron for site directed insertional inactivation of 
a spo0A1 clostridial gene. The toxin-minus production 
strain VPI11186 was subjected to sporulation inactivation by 
the ClosTron technology. Erythromycin resistant mutants 
were selected and the presence of the insertional cassette 
was confirmed by PCR (not shown). The inability of two 
independent clones to form spores was confirmed. 

Example 3 

Genetic Modification of Toxin A and B Genes to 
Inactivate Cytotoxicity Function 

Full-length mutant toxins A and B open reading frames 
(ORFs) based on strain 630A genome sequences were 
designed for custom synthesis at Blue Heron Biotech. See, 
for example, SEQ ID NOs: 9-14. The active site for the 
glucosyltransferase activity responsible for cellular toxicity 
was altered by two allelic substitutions: D285A/D287A (see 
SEQ ID NO: 3) for toxin A, and D286A/D288A (see SEQ 
ID NO: 5) for toxin B. Two nucleotides were mutated in 
each aspartate (D) codon to create the codon for alanine (A). 
See, for example, SEQID NOs: 9-14. In addition, a pair of 
vectors expressing mutant toxins lacking cysteine residues 
was constructed following custom synthesis at Blue Heron 
Biotech. Seven cysteine residues from mutant toxin A and 9 
cysteine residues from mutant toxin B were replaced with 
alanine. The Substitutions include catalytic cysteines of the 
A and B toxin autocatalytic protease. Also, silent mutations 
were introduced where necessary to eliminate restriction 
enzyme sites used for vector construction. 

Example 4 

pMTL84121 fax Expression Vector 
The plasmid shuttle vector used for C. difficile mutant 

toxin antigen expression was selected from the pMTL8000 
series modular system developed by the Minton lab (see 
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Heap et al., J. Microbiol Methods. 2009 July; 78(1):79-85). 
The chosen vector pMTL84121 fax contains the C. difficile 
plasmid pCD6 Gram-- replicon, the catP (chloramphenicol/ 
thiamphenicol) selectable marker, the p15a Gram- replicon 
and tra function, and the C. Sporogenes feredoxin promoter 
(fax) and distal multiple cloning site (MCS). Empirical data 
Suggested that the low-copy number p15a replicon conferred 
greater stability in E. coli than the ColE1 alternative. The fax 
promoter was selected as it yielded higher expression than 
other promoters tested in experiments with CAT reporter 
constructs (e.g. tcdA, tcdB; or heterologous tetR or XylR) 
(data not shown). 

Example 5 

Cloning the Modified Toxin ORFs into 
pMTL84121 fax 

Full-length mutant toxin A and B open reading frames 
(ORFs) based on strain 630A genome sequences were sub 
cloned using pMTL84121 fax vector multiple cloning Ndel 
and BglII sites using standard molecular biology techniques. 
To facilitate cloning, the ORFs were flanked by a proximal 
Ndel site containing the start codon and a BglII site just 
downstream of the stop codon. 

Example 6 

Site Directed Mutagenesis of TcdA to Create a 
Triple Mutant 

The catalytic cysteine residue of the autocatalytic protease 
domain was substituted (i.e., C700A for TcdA and C698A 
for TcdB) in SEQ ID NOs: 3 and 5, i.e., in each of the 
“double mutants.” For mutagenesis of mutant toxin A, a 2.48 
kb Ndel-HindIII fragment from the TcdA D285A/D287A 
expression plasmid was subcloned into puC19 (cut with 
same) and site-directed mutagenesis was performed on this 
template. Once the new alleles were confirmed by DNA 
sequence analysis, the modified Ndel-HindIII fragments 
were reintroduced into the expression vector pMTL84121 
fax to create the “triple mutants, i.e., SEQ ID NO. 4 and 
SEQ ID NO: 6. 

Example 7 

Site Directed Mutagenesis of TcdB to Create a 
Triple Mutant 

For mutagenesis of mutant toxin B, a 3.29 kb Ndel-EconI 
fragment from the mutant toxin B plasmid was modified and 
reintroduced. As the EconI site is not present in available 
cloning vectors a slightly larger 3.5 kb Ndel-EcoRV frag 
ment was subcloned into puC19 (prepared with Ndel 
SmaI). After mutagenesis, the modified internal 3.3 kb 
Ndel-EconI fragment was excised and used to replace the 
corresponding mutant toxin B expression vector 
pMTL84121 fax fragment. As the cloning efficiency of this 
directional Strategy was found to be quite low, an alternative 
strategy for introducing the C698A allele involving replace 
ment of a 1.5 kb DraIII was attempted in parallel. Both 
strategies independently yielded the desired recombinants. 

Example 8 

Creating Additional Mutant Toxin Variants by 
Site-Directed Mutagenesis 

At least twelve different C. difficile mutant toxin variants 
were constructed. Allelic substitutions were introduced into 
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N-terminal mutant toxin gene fragments by site directed 
mutagenesis (Quickchange R. kit). Recombinant toxins were 
also engineered as reference controls to evaluate the capac 
ity of this plasmid-based system to generate protein quan 
titatively equivalent in biological activity to native toxins 
purified from wild-type C. difficile strains. In this case, 
allelic substitutions were introduced to revert the original 
glucosyltransferase Substitutions. In addition, a pair of cys 
teineless mutant toxin vectors was constructed following 
custom synthesis at Blue Heron Biotech. 
The twelve toxin variants include (1) a mutant C. difficile 

toxin A having a D285A/D287A mutation (SEQ ID NO:3): 
(2) a mutant C. difficile toxin B having a D286A/D288A 
mutation (SEQ ID NO: 5); (3) a mutant C. difficile toxin A 
having a D285A/D287A C700A mutation (SEQ ID NO: 4): 
(4) a mutant C. difficile toxin B having a D286A/D288A 
C698A mutation (SEQ ID NO: 6); (5) a recombinant toxin 
A having SEQID NO: 1; (6) a recombinant toxin B having 
SEQ ID NO: 2; (7) a mutant C. difficile toxin A having a 
C700A mutation; (8) a mutant C. difficile toxin B having a 
C698A mutation; (9) a mutant C. difficile toxin A having a 
C700A C597S, C1169S, C1407S, C1623S, C2023S, and 
C2236S mutation; (10) a mutant C. difficile toxin B having 
a C698A C395S, C595S, C824S, C870S, C1167S, C1625S, 
C1687S, and C2232S mutation; (11) a mutant C. difficile 
toxin A having a D285A, D287A, C700A, D269A, R272A, 
E460A, and R462A mutation (SEQ ID NO: 7); and (12) a 
mutant C. difficile toxin Bhaving a D270A, R273A, D286A, 
D288A, D461A, K463A, and C698A mutation (SEQ ID 
NO:8) 

Example 9 

Stability of Transformants 

Rearranged plasmids were obtained with the commonly 
used DH5O. E. coli lab strain. In contrast, transformations 
using the Invitrogen Stb12TM E. coli host yielded slow 
growing full-length mutant toxin recombinants after three 
days of growth at 30°C. on LB chloramphenicol (25 ug/ml) 
plates. Lower cloning efficiencies were obtained with related 
Stb13TM and Stb14TME. coli strains, although these lines 
were found to be stable for plasmid maintenance. Transfor 
mants were Subsequently propagated in agar or in liquid 
culture under chloramphenicol selection at 30°C. The use of 
LB (Miller's) media was also found to improve the recovery 
and growth of transformants compared with animal-free 
tryptone-soy based media. 

Example 10 

Transformation of C. Difficile with pMTL84121 fix 
Encoding Wild-Type or Genetic Mutant Toxin 

Genes 

Transformation of C. difficile by E. coli conjugal transfer 
was done essentially as described in Heap et al., Journal of 
Microbiological Methods, 2009.78(1): p. 79-85. E. coli host 
CA434 was transformed with pMTL84121 fax encoding 
wild type or variant mutant toxin genes. E. coli host CA434 
is the intermediate to mobilize expression plasmids into the 
C. difficile production strain VPI 11186 spo0A1. CA434 is 
a derivative of E. coli HB101. This strain harbors the 
Tra+Mob+R702 conjugative plasmid which confers resis 
tance to Km, Tc, Su, Sm/Spe, and Hg (due to Tnl831). 
Chemically competent or electrocompetent CA434 cells 
were prepared and expression vector transformants were 
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selected on Miller's LB CAM plates at 30° C. Slow growing 
colonies appearing after 3 days were picked and amplified in 
3 mL LB chloramphenicol cultures until mid-log phase (-24 
h, 225 rpm, orbital shaker at 30° C.). E. coli cultures were 
harvested by low speed (5,000 g) centrifugation to avoid 
breaking pili, and cell pellets were resuspended gently with 
a wide-bore transfer pipette in 1 mL PBS. Cells were 
concentrated by low speed centrifugation. Most of the PBS 
was removed by inversion and the drained pellets were 
transferred into the anaerobic chamber and resuspended with 
0.2 mL of C. difficile culture, spotted onto BHIS agar plates 
and left to grow for 8 h or overnight. In the case of mutant 
toxin A transformants, better results were achieved with 
overnight conjugation. Cell patches were scraped into 0.5 
mL PBS and 0.1 mL was plated on BHIS selection media 
Supplemented with 15 lug/mL thiamphenicol (more potent 
analog of chloramphenicol) and D-cycloserine/cefoxitin to 
kill E. coli donor cells. Transformants appearing 16-24 h 
later were purified by re-streaking onto a new BHIS (plus 
Supplements) plate and Subsequent cultures were tested for 
expression of recombinant toxins or mutant toxins. Glycerol 
permanents and seed stocks were prepared from clones 
showing good expression. Plasmid minipreps were also 
prepared from 2 mL cultures using a modified Qiagen kit 
procedure in which cells were pretreated with lysozyme (not 
essential). The C. difficile miniprep DNA was used as a 
template for PCR sequencing to verify clone integrity. 
Alternatively, plasmid maxiprep DNA was prepared from E. 
coli Stb12TM transformants and sequenced. 

Example 11 

C. Difficile Expression Analysis of the Toxin A and 
B Triple Mutant (SEQ ID NOs: 4 and 6, 

Respectively) and Heptab Mutant (SEQ ID NO: 8) 

Transformants were grown either in 2 mL cultures (for 
routine analysis) or in Vent-capped flasks (for time course 
experiments). Samples (2 mL) were centrifuged briefly 
(10,000 rpm, 30 s) to concentrate the cells: supernatants 
were decanted and concentrated 10x(Amicon-ultra 30 k); 
pellets were drained and frozen at -80° C. Cell pellets were 
thawed on ice, resuspended in 1 mL lysis buffer (Tris-HCl 
pH7.5; 1 mM EDTA, 15% glycerol) and sonicated (1x20s 
burst with microtip). The lysate was centrifuged at 4°C. and 
Supernatant was concentrated 5-fold. Samples of Supernatant 
and lysate were combined with sample buffer and heat 
treated (10 min, 80°C.) before loading onto duplicate 3-8% 
Tris-acetate SDS-PAGE gels (Invitrogen). One gel was 
stained with Coomassie, the second was electroblotted for 
western analysis. Toxin A-specific and Toxin B-specific 
rabbit antisera (Fitgerald; Biodesign) were used to detect 
mutant toxin A and B variants. Expression of the hepta 
mutant toxin B (SEQ ID NO: 8) was also confirmed by 
western blot hybridization. 

Example 12 

Abrogation of Glucosyltransferase Activity of the 
Mutant Toxins 

Genetic double mutant (DM) toxins A and B (SEQ ID 
NOs: 3 and 5, respectively) and triple mutant (TM) toxins A 
and B (SEQID NOs: 4 and 6, respectively) did not transfer 
'''C-glucose to 10 ug of RhoA, Rac1 and Cdc42 GTPases in 
vitro glucosylation assays in the presence of UDP-''C- 
glucose 30 uM), 50 mM HEPES, pH 7.2, 100 mM KC1, 4 
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mM MgCl2, 2 mM MnCl, 1 mM DTT, and 0.1 g/LL BSA. 
However, wild-type A and B toxin controls (having SEQID 
NOs: 1 and 2, respectively) transferred C-glucose to 
GTPases efficiently at a low dose of 10 and 1 ng each (and 
lower-data not shown) (FIGS. 4A and 4B), even in the 
presence of 100 ug of mutant toxin (FIG. 4B) indicating at 
least 100,000-fold reduction compared to respective wild 
type toxins. Similar results were detected for Cdc42 GTPase 
(data not shown). 

Specifically, in FIG. 4B, wild-type toxin A and toxin B (1 
ng) or triple mutant toxin A and triple mutant toxin B (100 
ug) were incubated with RhoA GTPase in the presence of 
UDP-C-glucose for 2 hr at 30° C. As illustrated, 1 ng of 
wild-type TcdA and TcdB transferred C-glucose to RhoA 
but 100 ug of triple mutant toxin A and triple mutant toxin 
B did not. When 1 ng of wild-type TcdA or TcdB was spiked 
into the reaction with respective 100 ug of triple mutant 
toxin A or triple mutant toxin B. glucosylation of RhoA was 
detected, indicating the lack of glucosylation inhibitors. The 
sensitivity of detection for the glucosylation activity was 
established to be 1 ng of wild-type toxin in a background of 
100 ug mutant toxin (ratio of 1:100,000). The results show 
that the mutations in the active site of the glucosyltrans 
ferase in the triple mutant toxin A and triple mutant toxin B 
reduced any measurable (less than 100,000-fold lower activ 
ity compared to the activity of the respective wild-type 
toxins) glucosyltransferase activity. A similar assay was also 
developed to quantify glucosyltransferase activity by TCA 
precipitation of glucosylated GTPases. 

Example 13 

Abrogation of Auto-catalytic Cysteine Protease 
Activity 

The function of auto-catalytic cleavage was abrogated in 
the triple genetic mutants A and BTM (SEQ ID NOs: 4 and 
6, respectively) when the cysteine protease cleavage site was 
mutated. As illustrated in FIG. 5, the wild type (wt) toxins 
A and B (SEQID NOs: 3 and 5, respectively) are cleaved in 
the presence of inositol-6-phosphate. The double mutant 
toxins A and B (SEQID NOs: 3 and 5, respectively) are also 
cleaved in the presence of inositol-6-phosphate (data not 
shown), similar to that for wild-type. Toxin A (SEQ ID NO: 
3) is cleaved from 308 kDa into 2 fragments of 245 and 60 
kDa. Toxin B (SEQID NO: 5) is cleaved from 270 kDa into 
two fragments of 207 and 63 kDa. The triple genetic mutants 
A and BTM (SEQ ID NOs: 4 and 6, respectively) remain 
unaffected at 308 and 270 kDa respectively, even in the 
presence of inositol-6-phosphate. See FIG. 5. Therefore, the 
cysteine protease activity was inactivated by genetic modi 
fication. 
More specifically, in FIG. 5, one ug of triple mutant A and 

triple mutant B were incubated for 90 minutes at room 
temperature (21+5°C.) in parallel with wild-type TcdA and 
TcdB from List Biologicals. The cleavage reaction was 
performed in 20 uL volume in Tris-HCl, pH 7.5, 2 mM DTT 
in the presence or absence of inositol-6-phosphate (10 mM 
for TcdA and 0.1 mM for Tcd B). The entire reaction volume 
was then loaded on a 3-8% SDS/PAGE: the protein bands 
were visualized by silver staining. As illustrated, wit Tcd A 
and TcdB were cleaved into two protein bands of 245 kD and 
60 kD and 207 kD and 63 kD, respectively, in the presence 
of inositol-6-phosphate. The triple mutant toxin A and triple 
mutant toxin B were not cleaved, thus confirming the C700A 
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mutation in triple mutant toxin A and C698A mutation in 
triple mutant toxin B blocked cleavage. 

Example 14 

Residual Cytotoxicity of Triple Mutant Toxins A 
and B (SEQ ID NOs: 4 and 6, Respectively) 

The genetic mutant toxins were evaluated for their cyto 
toxicity by an in vitro cytotoxicity assay in IMR90 cells, a 
human diploid lung fibroblast cell line. These cells are 
sensitive to both toxin A and B. As an alternative preferred 
embodiment, Vero normal kidney cells from Cercopithecus 
aethiops may be used in the cytotoxicity assay since they 
were observed to have reasonable sensititivities to toxin A 
and B. Preferably, HT-29 human colorectal adenocarcinoma 
cells are not used in the cytotoxicity assay because they have 
shown significantly decreased sensititivities to the toxins, as 
compared to the Vero and IMR90 cell lines. See, for 
example, Table 6 below. 

TABLE 6 

Cell Line Sensitivities to Toxins A and B* 

Toxin EC ml 

Cell line 50 g/ml Cells well 48 hours 72 hours 

Vero A. 1OOOO 1816 244 
(ATCC CCL-81TM) B 1OOOO 62 29 
IMR90 A. 1OOOO 1329 1152 
(ATCC CCL-186 TM) B 1OOOO 14 13 
HT-29 A. 1OOOO >1E6 >1E6 
(ATCC HTB-38 TM) B 1OOOO 11089 53313 

*In vitro cytotoxicity assay was performed by measuring cellular ATP using luciferase 
based substrate, CellTiter-Glo (R) (Promega, Madison, WI) 

Serially diluted genetic mutant toxin or wt toxin samples 
were added to the cell monolayers grown in 96-well tissue 
culture plates. After incubation at 37° C. for 72 h, the plates 
were evaluated for metabolically active cells by measuring 
cellular ATP levels by addition of luciferase based CellTi 
terGloR reagent (Promega, Madison, Wis.) generating lumi 
nescence expressed as relative luminescence units (RLUS). 
High RLUs show that the cells are viable, low RLUs show 
that the cells are not metabolically active and are dying. The 
level of cytotoxicity, expressed as ECso, is defined as the 
amount of wt toxin or genetic mutant toxin that elicits a 50% 
reduction in RLUs compared to levels in cell culture con 
trols (details of this assay are provided below). As shown in 
FIG. 6, Tables 7A, and Table 8A, the ECs values of TcdA 
and TcdB were about 0.92 ng/mL and 0.009 ng/mL, respec 
tively. The ECso values of triple mutant toxin A and triple 
mutant toxin B were about 8600 ng/mL and 74 ng/mL, 
respectively. Despite an approximate 10,000-fold reduction 
in cytotoxicity relative to wt toxins, both genetic mutant 
toxins still demonstrated low residual levels of cytotoxicity. 
This residual cytotoxicity could be blocked by neutralizing 
antitoxin monoclonal antibodies indicating that it was spe 
cific to the triple mutant toxins but not likely related to the 
known enzymatic activities of the wt toxins (glucosylation 
or autoproteolysis). 

Both wt toxins exhibit potent in vitro cytotoxicity, with 
Small amounts of the toxins being Sufficient to cause various 
effects on mammalian cells Such as cell rounding (cytopathic 
effect or CPE) and lack of metabolic activity (as measured 
by ATP levels). Consequently, two in vitro assays (a CPE or 
cell rounding assay and an ATPassay) have been developed 
to verify that no residual cytotoxicity in the mutant toxin 
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drug Substances remains. The results are expressed as ECso 
which is the amount of toxin or mutant toxin that causes 1) 
50% of the cells to develop CPE or 2) 50% reduction in ATP 
levels as measured in relative light units. 

In the CPE assay, a sample of drug Substance is serially 
diluted and incubated with IMR90 cells, which are observed 
for a potential cytopathic effect. The CPE assay is scored on 
a scale of 0 (normal cells) to 4 (~100% cell rounding) and 
a score of 2 (~50% cell rounding) is defined as ECso value 
of the test sample. This method is used for testing of mutant 
toxin drug Substance at the concentration of 1000 ug/mL, 
which is the maximal tolerable concentration that can be 
tested in this assay without matrix interference. Conse 
quently, no detectable cytotoxicity is reported as ECs>1000 
g/ml. 
The ATPassay is based on measurement of the amount of 

luminescence signal generated from ATP, which is propor 
tional to the number of metabolically active cells. The 
maximal tolerable concentration that can be tested in this 
assay without assay interference is about 200 ug/mL. There 
fore no detectable cytotoxity in this assay is reported as 
ECso->200 g/mL. 

Different concentrations of mutant toxin A and B were 
added to cells in parallel with toxin controls. The endpoints 
of the assay were cell viability determined by cellular ATP 
levels using the CelTiter-Glo R (Promega). The degree of 
luminescence is proportional to ATP levels or viable cell 
number. 
The in vitro cytotoxicity (ECs) of wild type (wt) toxin A 

was 920 pg/mL and 9 pg/mL for toxin B. The in vitro 
cytotoxicity (ECs) of mutant toxin A (SEQID NO: 4) was 
8600 ng/mL and 74 ng/mL for mutant toxin B (SEQID NO: 
6). Although these values represent reductions of 93.48 and 
8222-fold, respectively, residual cytotoxicity was detected 
in both mutant toxins. 

In other words, the cytotoxicity of triple mutant toxins A 
and B (SEQID NOs: 4 and 6, respectively) was significantly 
reduced in the in vitro cytotoxicity assay in IMR-90 cells 
relative to the cytotoxicity of wt toxins A and B (SEQ ID 
NOs: 1 and 2, respectively). As illustrated in FIG. 6, 
although both triple mutant toxins exhibited significant 
reduction in cytotoxicity (10 fold) relative to the wt toxin, 
residual cytotoxicity was observed at higher concentrations 
of both triple mutant toxins. 

Furthermore, the residual cytotoxicity of each triple 
mutant toxin could be completely neutralized (e.g., at least 
a 6-8 logo reduction in toxicity, relative to the wild-type 
toxin toxicity) by the toxin specific antibodies. See Example 
16, below. 

Cell culture assays are more sensitive for detection of 
cytotoxicity than in vivo animal models. When delivered by 
either i.p. or i.V routes in the mouse lethal challenge model, 
the wt TcdA has an LDs of -50 ng per mouse while the wt 
TcdB is more potent with an LDs of ~5 ng per mouse. In 
contrast, the cell culture based in vitro assays described 
above have ECso values of 100 pg per well for wt TcdA and 
2 pg. per well for wt TcdB. 

Example 15 

Residual Cytotoxicity of the Genetic Hepta Mutant 
Toxin B (SEQ ID NO: 8) 

As illustrated in FIG. 7, the ECso values are similar for the 
triple mutant toxin B (SEQ ID NO: 6) (20.78 ng/mL) and 
hepta mutant toxin B (SEQID NO: 8) (35.9 ng/mL) mutants 
indicating that the four additional mutations to further 
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modify the glucosyltransferase active site and GTPase sub 
strate binding site did not further reduce the cytotoxicity of 
the genetic mutant toxins. The ECso values were also similar 
for the double mutant toxin B (SEQ ID NO. 5) as they are 
for the triple and hepta mutant toxins (data not shown). This 
observation suggests the mechanism for cytotoxicity of the 
mutant toxins is Surprisingly independent of the glucosyl 
transferase and Substrate recognition mechanism. 

Example 16 

Residual Cytotoxicity of Triple Mutant Toxins A 
and B (SEQ ID NOs: 4 and 6, Respectively) 

To further evaluate the nature of the residual cytotoxicity, 
the mutant toxins (SEQ ID NOs: 4 and 6) were mixed and 
incubated with their respective neutralizing antibodies 
before and the mixture was added to IMR90 cell monolayer. 

The results (FIG. 8) showed that the residual cytotoxicity 
of mutant toxin A and B (SEQ ID NOs: 4 and 6, respec 
tively) can be completely abrogated with neutralizing anti 
bodies specific for mutant toxin A (top panel, FIG. 8) and 
mutant toxin B (bottom panel, FIG. 8). Increasing concen 
trations of mutant toxin A (top panel) and B (bottom panel) 
were incubated with rabbit anti-toxin polyclonal (pAb. 1:10 
dilution) or murine monoclonal antibodies (1:50 dilution 
from a stock containing 3.0 mg IgG/mL) before adding to 
IMR90 cells. After 72-hr treatment incubation with IMR90 
cells at 37° C., CellTilter-Glo(R) substrate was added and the 
relative light units (RLU) were measured in a spectropho 
tometer with the luminescence program to measure ATP 
levels. The lower the ATP level, the higher the toxicity. 
Controls included TcdA and TcdB added at 4 times their 
corresponding ECso values. 

Published reports Suggest that mutations in the glucosyl 
transferase or autocatalytic protease domain of the toxins 
result in complete inactivation of the toxicity. However, our 
data do not agree with these published reports and this could 
be attributed to increased concentrations of the highly puri 
fied mutant toxins tested in our studies as opposed to crude 
culture lysates in published reports; increased time points at 
which cell rounding of mutant toxin-treated cells was 
observed (e.g., 24 hours, 48 hours, 72 hours, or 96 hours) as 
opposed to observations made in less than 12 hours; use of 
cell lines that exhibit significantly higher sensitivities to 
toxins in present cytotoxicity assays in contrast to HT-29 
human colorectal adenocarcinoma cells in cytotoxicity 
assays disclosed in published reports; and/or to an unknown 
activity or process, other than glycosylation, that could be 
driving the residual toxicity of the mutant toxins. 

Example 17 

Novel Mechanism of Cytotoxicity of Genetic 
Mutant Toxins 

To investigate the mechanism of residual cytotoxicity of 
the genetic mutant toxins, IMR-90 cells were treated with wt 
toxin B (SEQID NO: 2) or genetic mutant toxin B (SEQ ID 
NO: 6), and glucosylation of Rac1 GTPase was studied with 
time of treatment. Samples were collected from 24 to 96 
hours and cell extracts were prepared. Glucosylated Rac1 is 
distinguished from non-glucosylated Rac1 by western blots 
with two antibodies to Rac1. One antibody recognizes both 
forms of Rac1 (23 A8) and the other (102) only recognizes 
non-glucosylated Rac1. As illustrated in FIG. 22, for toxin 
B, the total Rac1 levels stayed unchanged over time with 
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majority of the Rac1 being glucosylated. Treatment with the 
genetic mutant toxin B (SEQ ID NO: 6), on the other hand, 
resulted in significant reduction of total Rac1, however, the 
Rac1 was non-glucosylated at all time points. This shows 
that Rac1 level was negatively affected by the treatment with 
the genetic mutant toxin, but not by wt toxin. As illustrated 
in FIG. 22, the level of actin was similar in toxin and genetic 
mutant toxin B treated cells and similar to mock treated cells 
at indicated time points. This showed that the genetic mutant 
toxins exerted cytotoxicity by a mechanism which is differ 
ent than the wild-type toxin-driven glucosylation pathway. 

Example 18 

Chemical Treatment of Genetic Mutant Toxins 

Although the genetically modified mutant toxins showed 
a 4-log reduction in cytotoxic activity is preferred, further 
reduction (2 to 4 logs) in cytotoxic activity was considered. 
Two chemical inactivation strategies have been evaluated. 
The first method uses formaldehyde and glycine to inac 

tivate the mutant toxins. Formaldehyde inactivation occurs 
by forming a Schiffbase (imine) between formaldehyde and 
primary amines on the protein. The Schiff bases can then 
react with a number of amino acid residues (Arg, His, Trp, 
Tyr, Gln, Asn) to form either intra- or intermolecular cross 
links. This crosslinking fixates the structure of the protein 
rendering it inactive. In addition, formaldehyde can react 
with glycine to from a Schiff base. The glycyl Schiff base 
can then react with the amino acid residues to form inter 
molecular protein-glycine crosslinks. Formaldehyde 
reduced the cytotoxic activity of the genetic mutant toxins to 
below detectable limits (reduction in cytotoxicity >8 logo 
for triple mutant B (SEQ ID NO: 6) and >6 logo for triple 
mutant A (SEQ ID NO: 4). However, reversion was 
observed over time when the formaldehyde-inactivated (FI) 
triple mutant toxins were incubated at 25°C. The cytotoxic 
reversion can be prevented by addition of a low amount of 
formaldehyde (0.01-0.02%) into the FI-triple mutant toxins 
storage solution. See Example 23. 

Another method uses 1-ethyl-3-(3-dimethylaminopropyl) 
carbodiimide (EDC)/N-hydroxysuccinimide (NHS) treat 
ment to generate inactivated mutant toxins. In this method, 
EDC/NHS reacts with carboxylic groups on the protein to 
form activated esters. The activated esters can then react 
with primary amines on the protein to form stable amide 
bonds. As with the formaldehyde reaction, this reaction 
results in intra- and intermolecular crosslinks. The amide 
bond formed by treatment with EDC/NHS is more stable 
and non-reversible than the labile imine bond formed by 
formalin inactivation. In addition to crosslinks formed by 
the reaction of activated esters with primary amines on the 
polypeptide, both glycine and beta-alanine adducts can be 
formed. Without being bound by mechanism or theory, 
glycine adducts are produced when glycine is added to 
quench unreacted activated esters. The amine of glycine 
reacts with the activated ester on the polypeptide to form 
stable amide bonds. Without being bound by mechanism or 
theory, beta-alanine adducts are formed by the reaction of 
activated beta-alanine with primary amines on the polypep 
tide. This reaction results in stable amide bonds. Activated 
beta-alanine is produced by the reaction of three moles of 
NHS with one mole of EDC. 
To achieve the 2-4 logs reduction of cytotoxic activity 

relative to the genetically modified mutant toxins (6-8 logs, 
relative to native toxins), the chemically inactivated mutant 
toxins should have ECso values of s 1000 g/mL. In addition 
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to reduction in cytotoxic activity, it would be advantageous 
to retain key epitopes as determined by dot-blot analysis. To 
date, a number of reaction conditions have been identified 
that meet both the reduction cytotoxicity and epitope rec 
ognition criteria. Several batches of inactivated mutant tox 
ins have been prepared for animal studies and analytical data 
from a few representative batches is shown in Tables 7A and 
7B, Table 8A and 8B. 

TABLE 7A 

Chemically Inactivated Mutant Toxin A is Safe and Antigenic 

CPE Reduction 
Sample Toxin ECso in toxicity Reactivities 

i Sample ID Treatment IgmL Log Scale to mAbs 

1 Mutant TcdA Formalin >1000 6.4 Medium/high 
(SEQ ID NO: 4) 
LA4905-16OA 

2 Mutant TcdA EDC >1000 6.4 High 
(SEQ ID NO: 4) 
LA4166-166 

3 Mutant TcdA Formalin >1000 6.4 Low 

(SEQ ID NO: 4) 
LA4905-17OA 

CONTROLS 

4 TcdA wt (from none 390 1 High 
List Bio) pg/mL 

5 TcdB wt (from none 3.90 Not None 
List Bio) pg/mL applicable 

6 rMutant TcdA none 12.5 4.5 High 
TM Genetic Ig/mL 
L36901-79 

(SEQ ID NO: 4) 
7 Toxoid A Formalin Not Low 

List Bio Done 

TABLE 7B 

Chemically inactivated Mutant Toxin A is Safe and Antigenic 

Reactivity with mAb 
dot blot, nondenaturing conditions 

N-ter- Mid 
Sam- minal Domain C-terminal (neut 

ple Toxin Treat- mAb mAb A80- A3- A60- A65 
# Sample ID ment #6 #102 29 25 22 33 

1 Mutant TcdA For- ---- ---- -------- - - ---------------- 

(SEQ ID NO: 4) malin 
L44905-160A 

2 Mutant TcdA EDC ++++ ++++ ++++ ++++ ++++++++ 
(SEQ ID NO: 4) 
L44.166-166 

3 Mutant TcdA For- -- -- ---- ---- --- -- 

(SEQ ID NO: 4) malin 
L44905-170A 

CONTROLS 

4 TcdA wt (from none ++++ +++ ++++ ++++ ++++++++ 
List Bio) 

5 TcdB wt (from none 
List Bio) 

6 rMutant TcdA none ++++ ++++ ++++ ++++ ++++++++ 
TM Genetic 
L36901-79 

(SEQ ID NO: 4) 
7 Toxoid A For- -- --- -- 

List Bio malin 

List = List Biologicals; CPE = cytopathic effect assay; ECso = the lowest concentration 
where 50% of the cells show cytotoxicity; mAbs = monoclonal antibodies; neut = 
neutralizing; ND = not done; TM = active site and cleavage mutant (“triple mutant”) 
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TABLE 8A 

Chemically Inactivated Mutant Toxin B is Safe and Antigenic 

CPE Reduction in 
Sample Toxin ECso toxicity Reactivities 

i Sample ID Treatment IgmL Log Scale to mAbs 

1 Mutant TcdB Formalin >1000 8.4 Medium 
L44905-182 high 
(SEQ ID NO: 6) 

2 Mutant TcdB EDC >1000 8.4 High 
L34346-38A 
(SEQ ID NO: 6) 

3 Mutant TcdB Formalin >1000 8.4 Low 
L44905-17OB 
(SEQ ID NO: 6) 

CONTROLS 

4 Tcda w Ole 390 Not None 
(from List Bio) pg/mL applicable 

5 TcdB wt (from none 3.90 1 High 
List Bio) pg/mL 

6 rMutant toxin none 69 4.2 High 
BTM Genetic ng/mL 
(SEQ ID NO: 6) 
L34346-022 

7 Toxoid A Formalin Not Medium 
List done 

TABLE 8B 

Chemically Inactivated Mutant Toxin B is Safe and Antigenic 

Reactivity with mAb 
dot blot, nondenaturing conditions 

N-terminal Mid-fc-terminal 
Sample Toxin aa 1-543 aa. 544-2366 

i Sample ID Treatment B8-26 B9-30 B56-6. B59-3 

1 Mutant TcdB Formalin ------ ------ ---- ---- 

(SEQ ID NO: 6) 
L44905-16OA 

2 Mutant TcdB EDC -------- -------- -------- ------- 

(SEQ ID NO: 6) 
L44.166-166 

3 Mutant TcdB Formalin ---- -- +f- 

(SEQ ID NO: 6) 
L44905-17OA 

CONTROLS 

4 TcdAwt Ole 

(from List Bio) 
5 TcdB wt Ole -------- ------ -------- ------- 

(from List Bio) 
6 rMutant TcdB none -------- -------- -------- ------- 

TM Genetic 
L34346-022 
(SEQ ID NO: 6) 

7 Toxoid B List Formalin ------ ------ ------ ----- 

List=List Biologicals; CPE = cytopathic effect assay; EC50 = the concentration where 50% 
of the cells show cytotoxicity; mAbs = monoclonal antibodies; neut = neutralizing; ND = 
not done; TM = active site and cleavage mutant (“triple mutant”) 

Example 19 

Purification 

At the end of fermentation, the fermenter is cooled. The 
cell slurry is recovered by continuous centrifugation and 
resuspended in the appropriate buffer. Lysis of the cell 
Suspension is achieved by high-pressure homogenization. 
For mutant toxin A, the homogenate is flocculated and the 
flocculated Solution undergoes continuous centrifugation. 
This solution is filtered and then transferred for downstream 
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processing. For mutant toxin B, the homogenate is clarified 
by continuous centrifugation, and then transferred for down 
stream processing. 

Mutant toxin A (SEQ ID NO: 4) is purified using two 
chromatographic steps followed by a final buffer exchange. 
The clarified lysate is loaded onto a hydrophobic interaction 
chromatography (HIC) column and the bound mutant toxin 
is eluted using a sodium citrate gradient. The product pool 
from the HIC column is then loaded on a cation exchange 
(CEX) column and the bound mutant toxin A is eluted using 
a sodium chloride gradient. The CEX pool containing puri 
fied mutant toxin A is exchanged into the final buffer by 
diafiltration. The purified mutant toxin A is exchanged into 
the final drug substance intermediate buffer by diafiltration. 
After diafiltration, the retentate is filtered through a 0.2 
micron filter prior to chemically inactivation to a final drug 
Substance. The protein concentration is targeted to 1-3 
mg/mL. 

Mutant toxin B (SEQ ID NO: 6) is purified using two 
chromatographic steps followed by a final buffer exchange. 
The clarified lysate is loaded onto an anion exchange (AEX) 
column, and the bound mutant toxin is eluted using a sodium 
chloride gradient. Sodium citrate is added to the product 
pool from the AEX column and loaded on a hydrophobic 
interaction chromatography (HIC) column. The bound 
mutant toxin is eluted using a sodium citrate gradient. The 
HIC pool containing purified mutant toxin polypeptide 
(SEQ ID NO: 6) is exchanged into the final buffer by 
diafiltration. The purified mutant toxin B is exchanged into 
the final drug substance intermediate buffer by diafiltration. 
After diafiltration, the retentate is filtered through a 0.2 
micron filter prior to chemically inactivation to a final drug 
Substance. The protein concentration is targeted to 1-3 
mg/mL. 

Example 20 

Formaldehyde/Glycine Inactivation 

After purification, the genetic mutant toxins A and B 
(SEQ ID NOs: 4 and 6, respectively) are inactivated for 48 
hours at 25°C. using 40 mM (1.2 mg/ml) of formaldehyde. 
The inactivation is carried out at pH 7.0+0.5 in 10 mM 
phosphate, 150 mM sodium chloride buffer containing 40 
mM (3 mg/ml) glycine. The inactivation period is set to 
exceed three times the period needed for reduction in the 
ECs in IMR90 cells to greater than 1000 ug/mL. After 48 
hours, the biological activity is reduced 7 to 8 logo relative 
to the native toxin. Following the 48 hour incubation, the 
inactivated mutant toxin is exchanged into the final drug 
substance buffer by diafiltration. For example, using a 100 
kD regenerated cellulose acetate ultrafiltration cassette, the 
inactivated toxin is concentrated to 1-2 mg/mL and buffer 
exchanged. 

Example 21 

N-(3-Dimethylaminopropyl)-N'-ethylcarbodiimide 
(EDC)/N-hydroxysuccinimide (NHS) Inactivation 

After purification, the genetic mutant toxins (SEQID NO: 
4 and SEQ ID NO: 6) are inactivated for 2 hours at 25° C. 
using 0.5 mg EDC and 0.5 mg NHS per mg of purified 
genetic mutant toxin A and B (approximately 2.6 mM and 
4.4 mM respectively). The reaction is quenched by the 
addition of glycine to a final concentration of 100 mM and 
the reactions incubate for an additional 2 hours at 25°C. The 
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inactivation is carried out at pH 7.0+0.5 in 10 mM phos 
phate, 150 mM sodium chloride buffer. The inactivation 
period is set to exceed three times the period needed for 
reduction in the ECso in IMR90 cells to greater than 1000 
ug/mL. After 2 hours, the biological activity is reduced 7 to 
8 logo relative to the native toxin. Following the 4 hour 
incubation, the inactivated mutant toxin is exchanged into 
the final drug substance buffer by diafiltration. For example, 
using a 100 kD regenerated cellulose acetate ultrafiltration 
cassette, the inactivated toxin is concentrated to 1-2 mg/mL 
and buffer-exchanged. 

Unless otherwise stated, the following terms as used in the 
Examples section refer to a composition produced according 
to the present description in Example 21: “EDC/NHS 
treated triple mutant toxin': “EDC-inactivated mutant 
toxin': “mutant toxin A/B drug substance': “EI-mutant 
toxin': “EDC/NHS-triple mutant toxin.” For example, the 
following terms are synonymous: “EDC/NHS-treated triple 
mutant toxin A'; 'EDC-inactivated mutant toxin A': 
“mutant toxin A drug substance”; “EI-mutant toxin A': 
“EDC/NHS-triple mutant toxin A. As another example, the 
following terms are synonymous: “EDC/NHS-treated triple 
mutant toxin B”; “EDC-inactivated mutant toxin B': 
“mutant toxin B drug substance”; “EI-mutant toxin B': 
“EDC/NHS-triple mutant toxin B.” 
The mutant toxin A drug Substance and the mutant toxin 

B drug Substance are each manufactured using a batch 
process, which includes (1) fermentation of a the toxin 
negative C. difficile strain (VPI 11186) containing a plasmid 
encoding the respective genetic triple mutant toxin polypep 
tide (in a medium including soy hydrolysate, yeast extract 
HYYESTTM 412 (Sheffield Bioscience), glucose, and thia 
mphenicol), (2) purification of the genetic mutant toxin (the 
“drug substance intermediate') from the cell-free lysate 
using ion exchange and hydrophobic interaction chromato 
graphic procedures to at least greater than 95% purity, (3) 
chemical inactivation by treatment with EDC/NHS followed 
by quenching/capping with glycine, and (4) exchange into 
the final buffer matrix. 

Example 22 

Studies Supporting Conditions of Inactivation and 
Formulation 

To optimize the chemical inactivation of the genetic 
mutant toxins, a statistical design of experiment (DOE) was 
performed. Factors examined in the DOE included tempera 
ture, formaldehyde/glycine concentration, EDC/NHS con 
centration and time (Table 9 and 10). To monitor loss of 
biological activity, ECso values in IMR90 cells were deter 
mined. In addition, cell morphology of IMR-90 cells various 
timepoints post-treatment were also observed. See FIG. 9. 
showing morphology at 72 hours post treatment. To deter 
mine the effect on protein structure, epitope recognition was 
monitored using dot-blot analysis using a panel of mono 
clonal antibodies raised against different domains of the 
toxin. 

TABLE 9 

Parameters Tested Formaldehyde/Glycine DOE 

Parameters Range tested 

Time (days) 1 to 14 
Temperature ( C.) 4 to 37 
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TABLE 9-continued 

Parameters Tested Formaldehyde/Glycine DOE 

Parameters Range tested 

Toxin concentration (mg/ml) 1 to 1.25 

Formaldehyde concentration (mM) 2 to 80 

Glycine concentration (mg/ml) O to 80 

TABLE 10 

Parameters Tested EDCNHS DOE 

Parameters Range tested 

Time (hours) 1 to 4 
Temperature (C.) 25 to 35 
Toxin concentration (mg/ml) 1 to 1.25 
EDC (mg/mg toxin) O.25 to 2.5 
NHS (mg/mg toxin) O to 2.5 

In the formaldehyde/glycine inactivation of C. difficile 
mutant toxins, final reaction conditions were chosen Such 
that the desired level of reduction in cytotoxic activity (7 to 
8 logo) was achieved while maximizing epitope recogni 
tion. See Example 20 above. 

In the EDC/NHS inactivation of C. difficile mutant toxins, 
final reaction conditions were chosen such that the desired 
level of reduction in cytotoxic activity (7 to 8 logo) was 
achieved while maximizing epitope recognition. See 
Example 21 above. 

In an alternative embodiment, the EDC-NHS reaction was 
quenched by addition of alanine, which sufficiently 
quenched the reaction. Use of alanine may result in a 
modification on the mutant toxin protein that is similar to the 
modification when the reaction is quenched by glycine. For 
example, quenching by adding alanine may result in an 
alanine moiety on a side chain of a glutamic acid and/or 
aspartic acid residue of the mutant toxin. In another alter 
native embodiment, the EDC-NHS reaction was quenched 
by addition of glycine methyl ester, which sufficiently 
quenched the reaction. 

Production of chemically inactive triple mutant C. dif 
ficile toxin A and toxin B under optimized conditions 
resulted in a further reduction of residual cytotoxicity to an 
undetectable level (>1000 ug/mL the highest concentra 
tion tested via the CPE assay), while retaining antigenicity 
as measured by their reactivity to the toxin-specific neutral 
izing antibodies. The results shown in Table 28 demonstrate 
a stepwise reduction in cytotoxicity from wt toxin through to 
EDC/NHS-treated triple mutant toxins. Immunofluores 
cence labelling confirmed that triple mutant toxins (SEQ ID 
NO: 4 and 6) and mutant toxin drug substances exhibited 
comparable binding to the IMR-90 cells suggesting that the 
cytotoxicity loss was not due to reduced binding to the cells 
(data not shown). Compared to mutant toxin A drug Sub 
stance, the mutant toxin B drug Substance achieved higher 
fold-reduction in cytotoxicity, which is consistent with the 
observed ~600-fold higher potency of TcdB compared to 
TcdA. 
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TABLE 28 

Cytotoxicity Summary 

Fold reduction in 
Toxin Sample ECso cytotoxicity 

A. TcdA (SEQ ID NO: 1) 1.6 ng/mL. 1 
Triple mutant 12.5 g/mL 7800 
toxin A (SEQ ID NO: 4) 
Mutant toxin A >1000 g/mL >625,000 
Drug Substance 

B TcdB (SEQ ID NO: 2) 2.5 pg/mL. 1 
Triple mutant 45 ng/mL. 18,000 
toxin B (SEQ ID NO: 6) 
Mutant toxin B >1000 g/mL >400,000,000 
Drug Substance 

Cytotoxicity assay results for mutant toxin B modified by 
EDC alone, or by EDC and sulfo-NHS were also assessed. 
See Table 29. 

TABLE 29 

Cytotoxicity 
EC50, mg mL 

Sample (CPE) Comment 

TcdB TM(SEQ ID NO: 6), O.O3 
unmodified 
TM Ted B-EDC 1, no NHS <0.97 Reacted with EDC 

alone 
TM Ted B-EDC 2, no NHS <0.97 Duplicate preparation 
TM TcdB-EDC 3, sulfo-NHS 125 Reacted with EDC 
(0.5x) and sulfo-NHS 
TM TcdB-EDC 4, sulfo-NHS 125 Duplicate preparation 
(0.5x) 
TM TcdB-EDC 3, sulfo-NHS 250 Reacted with EDC and 
(1.0x) Sulfo-NHS 
TM TcdB-EDC 4, sulfo-NHS 750 Reacted with EDC and 
(2.0x) Sulfo-NHS 

Conditions: Triple mutant toxin B (“TMTcdB) (SEQID 
NO: 6) was modified in the weight ratios mutant toxin 
B:EDC: Sulfo-NHS=1:0.5:0.94. This ratio is the molar 
equivalent (corrected for higher MW of sulfo-NHS) to the 
standard EDC/NHS reaction as described in Example 21. To 
determine the affect of sulfo-NHS, the sulfo-NHS ratio was 
varied from 0.5x to 2x the standard ratio. Duplicate reac 
tions were performed in 1xRBS pH 7.0 at 25°C., and were 
initiated by addition of EDC solution. After 2 hours, reac 
tions were quenched by the addition of 1 M glycine pH 7.0 
(0.1 M final concentration) and incubated for a further 2 
hours. Quenched reactions were desalted and mutant toxin B 
drug substance (“TM TcdB-EDC) was concentrated using 
Vivaspin 20 devices, and sterile filtered into sterile vials and 
Submitted for assessment in a cytotoxicity assay. 
At the same molar ratio, sulfo-NHS reduced the ECs to 

about 250 ug/mL as compared to >1000 ug/mL for NHS. 
Even at twice the molar ratio, sulfo-NHS does not appear not 
as effective as NHS in decreasing cytotoxicity. SeeTable 30. 

TABLE 30 

NHS Sulfo 
reference control NHS 
Digest digest Sample 

Modification (TcdB EDC 004) (TcdB EDC 001) Digest 

glycine adduct (+57 da) 49 29 35 
beta-alanine (+71 da) 24 19 O 
crosslinks (-18 da) 7 4 3 
dehydroalanine (-34 da) 6 5 4 
Unmodified 273 195 217 
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To determine the number and type of modifications, 
peptide mapping was performed on both EDC/NHS and 
EDC/sulfo-NHS inactivated triple mutant toxin B samples. 
Similar amounts of glycine adducts, crosslinks and dehy 
droalanine modifications were observed in both samples. 5 
However in the sulfo-NHS sample, no beta-alanine was 
observed. 

Wild-type toxin B (SEQID NO: 2) was inactivated using 
the standard protocol (see Example 21); toxin B:EDC:NHS 
1:0.5:0.5, 25°C. for 2 hours in 1xRBS pH 7.0, then quench 
with 1 M glycine (0.1 M final concentration) and incubate 
for an additional 2 hours. The sample was desalted, con 
centrated and submitted for cytotoxicity assay. The ECso for 
this samples was <244 ng/mL. 

10 

15 

Example 23 

Reversion Studies 

To determine if reversion occurs with either the formal- 2O 
dehyde/glycine or EDC/NHS inactivated C. difficile mutant 
toxins, samples of inactivated mutant toxins (1 mg/mL) 
were incubated at 25°C. for five-six weeks. Aliquots were 
removed each week and the ECso values in IMR90 cells 
were determined. One formaldehyde/glycine inactivated 
sample contained no formaldehyde and one sample con 
tained 0.01% formaldehyde. The ECso was measured by the 
CPE assay. 

25 
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TABLE 11 

Results from Inactivated TcdA Reversion Study 

ECso (IMR90 cell assay 
35 

Time of Formalin-inactivated 

Incubation (Days) No formaldehyde 0.01% formaldehyde EDC/NHS 

O 1000 ug/ml 1000 ug/ml 1000 ug/ml 
7 740 ug/mL ND 1000 ug/ml 
14 493 ug/mL 1000 ug/ml 1000 ug/ml. 40 
21 395 ug/mL ND 1000 ug/ml 
28 395 ug/mL 1000 ug/ml 1000 ug/ml 
35 326 ug/M ND ND 

At 25°C. in the absence of residual formaldehyde, partial 45 
reversion is observed (Table 11). After five weeks, the 
cytotoxic activity increased approximately 3-fold. Although 
the cytotoxic activity increased, after five weeks there was 
still a 7 logo reduction relative to the native toxin. Rever 
sion was completely prevented by inclusion of formalin at a 50 
concentration of 0.010%. No reversion was observed in the 
EDC/NHS inactivated sample. Throughout the 6-week incu 
bation, ECso values remained at the starting level of >1000 
ug/mL for all four lots of both EDC/NHS-treated triple 
mutant toxin A (SEQID NO: 4) and EDC/NHS-treated triple 55 
mutant toxin B (SEQID NO: 6). In contrast, the ECs values 
of FI-treated triple mutant toxin A (SEQ ID NO: 4) and 
FI-treated triple mutant toxin B (SEQ ID NO: 6) were not 
stable and declined to unacceptably low ECso values, indi 
cating an increase in cytotoxicity or reversion of inactiva- 60 
tion. See Table 11. 

In addition to stably reducing the cytotoxicity to an 
undetectable level (>1000 ug/mL, as measured by the CPE 
assay), mutant toxins inactivated using EDC/NHS retained 
important epitopes that are targets of toxin-neutralizing 65 
mAbs. See Table 31. FI mutant toxins showed a loss of the 
same antigenic determinants. 

76 
TABLE 31 

EDC/NHS Inactivation Reduced Cytotoxicity of Genetic Mutant 
Toxins and Maintained Important Antigenic Determinants 

Reduction in Max binding 
cytotoxicity (Rmax) 

relative to wt Neut mAb 

Sample ECso toxin (logo) 1 2 3 

Triple mutant A 12.5 g/mL 4.5 1OO 100 100 
(SEQ ID NO: 4) 
FI-Triple mutant A >1000 g/mL >6.4 55 59 53 
EDC/NHS- Triple >1000 g/mL >6.4 90 94 103 
mutant A 
Triple mutant B 69 ng/mL 4.3 1OO 100 100 
(SEQ ID NO: 6) 
FI-Triple mutant B >1000 g/mL 8.4 67 67 36 
EDC/NHS-Triple >1000 g/mL 8.4 87 78 73 
mutant B 

cytotoxicity was measured using the CPE assay on DMR90 cells 
values determined by Biacore TM analysis using multiple neutralizing mAbs directed at 
various non-overlapping toxin epitopes 
values are averages of two experiments 
For the first three rows, the neut mAb “1,” “2,” “3” refer to mAbs A60-22, A80-29, and 
A65-33 for toxin A, respectively. For the bottom three rows, the neut mAb “1,” “2,” “3” 
refer to mAbs B8-26. B59-3, and B-56-15 for toxin B, respectively, 

Example 24 

Preclinical Immunogenicity Studies 

Key preclinical objectives include testing compositions 
including C. difficile mutant toxins A and B in Small animals 
and nonhuman primates (NHP). Mice and hamsters were 
immunized to determine, among other things, if the C. 
difficile compositions are capable of eliciting neutralizing 
antibodies against the mutant toxin A and B. The antigens 
were tested for induction of serum neutralization antibody 
responses following a series of immunizations in mice, 
hamsters, and cynomolgus macaques. The genetic and/or 
chemically-inactivated mutant toxins were formulated in 
either neutral buffer, aluminum phosphate buffer, or buffer 
containing ISCOMATRIX as an adjuvant in some embodi 
ments. Neutralizing antibody responses were generally 
tested about two to four weeks after each boost or the final 
dose. 
The toxin neutralization assay demonstrates the ability of 

an antiserum to neutralize the cytotoxic effect mediated by 
C. difficile TcdA or TcdB and is therefore able to measure the 
functional activity of antibodies that are present in a sample. 
A toxin neutralization assay was performed on a human lung 
fibroblast cell line, IMR-90, which is sensitive to both TcdA 
and TcdB. Briefly, a 96-well microtiter plate was seeded 
with IMR-90 cells serving as the target of toxin-mediated 
cytotoxicity. Each test serum sample was analyzed sepa 
rately for the ability to neutralize TcdA and TcdB. Appro 
priate serial dilutions of testantisera were mixed with a fixed 
concentrations of TcdA or TcdB and incubated at 37° C. for 
90 minutes in a humidified incubator (37° C./5% CO) to 
allow for neutralization of the toxins to occur. For quality 
control, all plates included a Reference standard and controls 
which includes antitoxin antibodies of known titer. After 90 
minutes, the toxin-antisera mixture was added to the IMR 
90 cell monolayer and the plates were incubated for an 
additional 72 hours. Subsequently, CelTiter-Glo R substrate 
was added to the assay plate to determine the Adenosine 
Triphosphate (ATP) levels present in metabolically active 
cells and was measured as Relative Luminescence Units 
(RLU). A large ATP level indicates high cell viability, and 
levels are directly proportional to the amount of neutraliza 
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tion of the toxin by the antibody present in the sample. For 
preclinical data, the RLU data was plotted against the 
dilution value of the test antisera sample to generate a 
Four-Parameter Logistic (4-PL) regression response fit 
curve. The neutralization titers were expressed as the sample 
dilution value which exhibited 50% reduction in cytotoxic 

Example 25 

Mouse Immunogenicity Study: muC. 
Difficile2010-06 

The purpose of this study was to assess the immunoge 
nicity of two forms of mutant C. difficile toxin B (SEQ ID 
NO: 6), each chemically-inactivated by different methods. In 
this study, the untreated mutant toxin B (SEQ ID NO: 6) 
(genetically inactivated but not chemically inactivated) was 
used as a control, with and without adjuvant. 

Groups of 10 mice were immunized intramuscularly with 
10 ug of an immunogen according to Table 12. 

TABLE 12 

Testing chemically inactivated mutant toxin B (SEQ ID NO: 6) in nice 

Group Immunogen Dose No. Route Schedule 

1 Formalin-Inactivated 10 ug 10 IM Prime wk 0, 
Mutant toxin B in Boost wks 4, 8 
AIPO, 

2 Inactivated Mutant 10 ug 10 IM Prime wk 0, 
toxin B form 2 in Boost wks 4, 8 
AIPO, 

3 Genetic-Inactivated 10 ug 10 IM Prime wk 0, 
Mutant toxin B Boost wks 4, 8, 
unadjuvanted 

4 Genetic-Inactivated 10 ug 10 IM Prime wk 0, 
Mutant toxin B in 
AIPO, 

Boost wks 4, 8, 

chemical inactivation = Formalinglycine treated 10°C. for 7 days 
'chemical inactivation = EDC/NHS treated, 30°C, for 2 hours 
aluminum ion concentration = 0.5 mg/mL 

Results: There were no adverse events in the mice following 
each administration of the vaccine candidates. As illustrated 
in FIG. 10, mice in each group developed significant robust 
anti-toxin B neutralizing antibodies after the third dose with 
the respective mutant toxins. 

Based on the week 12 titers, it appears that in mice the 
EDC-inactivated mutant toxin B (Group 2) and the formalin 
inactivated mutant toxins (Group 1) generated potent neu 
tralizing responses. 

In the absence of chemical inactivation, the genetic 
mutant toxin B (SEQ ID NO: 6) generated neutralizing 
responses after two doses (Groups 3-4, week 8), which were 
boosted after the third dose (Groups 3-4, week 12). 

Example 26 

Mouse Immunogenicity Study: muC. 
Difficile2010-07 

The purpose of this study was to assess immunogenicity 
of chemically inactivated C. difficile mutant toxins A and B 
(SEQ ID NOs: 4 and 6, respectively), either alone or in 
combination. The immunogens for all groups were formu 
lated with aluminum phosphate as an adjuvant. 

Groups of 5 mice were immunized intramuscularly with 
10 ug of an immunogen according to Table 13. 
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TABLE 13 

Testing Chemically Inactivated Genetic A and B mutant 
toxins (SEOID NOs: 4 and 6, respectively) in Mice 

Group Immunogen Dose No. Group Schedule 

1 Formalin-Inactivated 0 g 5 IM Prime wk 0, 
Mutant toxin B (SEQ ID Boost wks 4, 8, 12 
NO: 6) in AIPO, 

2 EDC-Inactivated 0 g 5 IM Prime wk 0, 
Mutant toxin B Boost wks 4, 8, 12 
(SEQ ID NO: 6) in 
AIPO, 

3 Formalin- 0 g 5 IM Prime wk 0, 
nactivated Mutant Boost wks 4, 8, 12 
oxin A (SEQ ID NO: 4) 
orm 1 in AIPO 

4 EDC-Inactivated 0 g 5 IM Prime wk 0, 
Mutant toxin A Boost wks 4, 8, 12 
(SEQ ID NO: 4) in 
AIPO, 

5 Formalin- 0 g 5 IM Prime wk 0, 
nactivated Mutant each Boost wks 4, 8, 12 
oxins A + B in AIPO 

Formalin-treatment = formalinglycine treated for 2 days at 25°C.; mutant toxin was not 
cytotoxic and retained binding to all mutant toxin-specific monoclonal antibodies tested 
EDC-treatment = EDC/NHS treated for 4 hrs at 30° C.; mutant toxin was not cytotoxic 
and retained binding to all mutant toxin-specific monoclonal antibodies tested 
aluminum ion concentration = 0.5 mg/mL 

Results: There were no adverse events in the mice following 
each administration of the vaccine candidates. As illustrated 
in FIG. 11, after two doses of chemically inactivated genetic 
mutant toxins, the anti-toxin A neutralizing antibodies 
(Groups 3-5) were boosted to titers between 3 and 4 logo 
while the anti-toxin B neutralizing antibodies (Groups 1-2, 
5) remained low to undetectable, which is consistent with 
the data from the mouse study described above (FIG. 10). 
Anti-toxin B neutralizing antibodies boosted to 2-3 logo in 
groups 1, 2, and 5 following the third dose (week 12 titers) 
and reached their peak two weeks following the fourth dose 
(week 14 titers). The anti-toxin A neutralizing antibody titers 
in groups 3-5 increased slightly following the third (week 12 
titers) and fourth immunizations (week 14 titers). 

Example 27 

Hamster Immunogenicity Study: hamC. 
Difficile2010-02 

The purpose of this study was to assess immunogenicity 
and protective potential of C. difficile triple mutant and 
chemically inactivated mutant toxins A and B in the Syrian 
golden hamster model. The Syrian golden hamster model 
represents the best available challenge model for simulating 
human CDAD. The same batches of mutant toxins A and B 
used in mouse study muC. difficile2010-07 were used in this 
study. As a control, one group was given mutant toxins 
without aluminum-containing adjuvant. 

Groups of 5 Syrian golden hamsters were immunized 
intramuscularly with 10 ug of an immunogen according to 
Table 14. 

TABLE 1.4 

Testing Chemically Inactivated Mutant Toxins A and B (SEQ ID NOS: 
2 and 6, respectively) in Hamsters (ham C. difficile 2010-02 

Group Immunogen Dose No. Route Schedule 

1 Formal in-Inactivated 
Mutant toxins A+ B (SEQ 
ID NOs: 4 and 6) in AIPO 

10 ug 5 IM 
each 

Prime wk 0, 
Boost wks 4, 8, 12 
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TABLE 14-continued 

Testing Chemically Inactivated Mutant Toxins A and B (SEQ ID NOS: 
4 and 6, respectively) in Hamsters (han C. difficile 2010-02 

Group Immunogen Dose No. Route Schedule 

2 Formalin-Inactivated 10 ug 5 IM Prime wk 0, 
Mutant toxins A + B (SEQ each Boost wks 4, 8, 12 
ID NOs: 4 and 6) in PBS 
(no adjuvant) 

3 EDC-Inactivated Mutant 10 ug 5 IM Prime wk 0, 
toxins A + B (SEQ ID NOs: each Boost wks 4, 8, 12 
4 and 6) in AIPO 

4 List Biological toxoid in 10 ug 5 IM Prime wk 0, 
AIPO, each Boost wks 4, 8, 12 

Formalin-treatment = formalinglycine treated for 2 days at 25°C.; Mutant toxin was not 
cytotoxic and retained binding to all mutant toxin-specific monoclonal antibodies tested 
EDC-treatment = EDC/NHS treated for 4 has at 30° C.; Mutant toxin was not cytotoxic 

and retained binding to all mutant toxin-specific monoclonal antibodies tested 
aluminum ion concentration = 0.5 mg/mL 
1. Animals; 15 Syrian golden hamsters, female, 6-8 weeks old 100-130 g each. 
2. Vaccination: IM, 0.05 ml each, according to above schedule. Toxoids will be provided 
by Process Development and will be formulated in AIPO4 diluent by the Formulations 
Group, Group 2 will serve as a non-adjuvanted control group, 
3. Bleed: All hamsters will be bled at weeks 0, 4, 8, and 12, just prior to each immunization. 
4. Serum sample analysis: Neutralization assay 

Results: There were no adverse events observed following 
immunization with the mutant toxins. As illustrated in FIG. 
12, after a single dose of mutant toxins, the anti-toxin A 
neutralizing responses were between 2-3 logo for the for 
malin-inactivated mutant toxins (Groups 1-2) and between 
3-4 logo for the EDC-inactivated mutant toxins (Group 3). 
After the second dose, anti-toxin A antibodies boosted in all 
three groups. Anti-toxin A antibodies in all three groups did 
not appear to increase after the third dose. A similar result 
was observed after the fourth immunization, where an 
increase in titer was observed in the formalin-inactivated 
group that did not contain the aluminum adjuvant (Group 2). 
The anti-toxin B neutralizing responses were undetectable 

in the formalin-inactivated mutant toxins groups (Groups 
1-2) and were just over 2 logo for the EDC-inactivated 
mutant toxins (Group 3) after a single dose. After the second 
dose, anti-toxin B neutralizing antibody titers in the two 
formalin-inactivated groups (Groups 1-2) increased to 3-4 
logo while those in the EDC-inactivated group (Group 3) 
increased to 4-5 logo. For all three groups, increases in 
anti-toxin B neutralizing antibody titers were observed after 
the third and/or fourth doses, with all groups reaching a peak 
titer at week 16 (after the last dose). See FIG. 12. 

In FIG. 13, the level of neutralizing antibody responses 
against chemically inactivated genetic mutant toxins (FIG. 
12) was compared to those elicited by List Biological 
Laboratories, Inc. (Campbell, Calif.) (also referred herein as 
“List Bio” or “List Biologicals”) toxoids (i.e., toxoids pur 
chased from List Biological Laboratories were prepared by 
formalin inactivation of wild type toxins; control reagent 
used to establish the hamster challenge model). 
As used herein, “FI in figures and tables refers to 

formalin/glycine treatment of the toxins, 2 days at 25°C., 
unless otherwise stated. As used herein, “EI” in figures and 
tables refers to EDC/NHS treatment for 4 hours at 30° C., 
unless otherwise stated. In FIG. 13, 5 hamster animals were 
treated with the respective mutant toxin composition, 
whereas 11 hamster animals were treated with the toxoid 
purchased from List Biological. 
The data in FIG. 13 shows that, in hamsters administered 

according to Table 14, the respective neutralizing antibody 
titers against toxin A (FIG. 13A) and toxin B (FIG. 13B) 
induced by the immunogenic composition including EDC 
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inactivated mutant toxins after two doses is higher than the 
respective neutralizing antibody titers elicited by the List 
Biologicals toxoids. 

Example 28 

Hamster Immunogenicity Study: C. Difficile ham2010-02 
(Continued) 
To assess protective efficacy of the mutant toxins, immu 

nized hamsters, along with one control group of non 
immunized animals, were first given an oral dose of clin 
damycin antibiotic (30 mg/kg) to disrupt normal intestinal 
flora. After five days, the hamsters were challenged with an 
oral dose of wild type C. difficile spores (630 strain, 100 cfu 
per animal). Animals were monitored daily for eleven days 
post-challenge for signs of CDAD, which in hamsters is 
known as wet tail. Using a system of clinical scoring a 
number of different parameters, animals determined to have 
severe CDAD were euthanized. The parameters included 
activity following stimulation, dehydration, excrement, tem 
perature, and weight, etc., which are known in the art. 
At day 11, the study was terminated and all Surviving 

animals were euthanized FIG. 14 shows the survival curves 
for each of the three immunized groups (Groups 1-3, accord 
ing to Table 14) as compared to the non-immunized controls. 
As can be seen, the non-immunized animals all developed 
severe CDAD and required euthanasia between days 1-3 
post challenge (0% survival). Both groups administered with 
formalin-inactivated mutant toxin had 60% survival curves, 
with animals not requiring euthanasia until day 3 (Group 1) 
or day 4 (Group 2). The group administered with EDC 
inactivated mutant toxin had an 80% survival curve, with 1 
(out of 5) animal requiring euthanasia on day 7. Accordingly, 
the hamsters were protected from lethal challenge with C. 
difficile spores. 

Example 29 

Hamster Immunogenicity Study: hamC. 
Difficile2010-03: Immunogenicity of Genetic and 
Chemically-Inactivated C. Difficile Mutant Toxins 

The purpose of this study was to assess immunogenicity 
of non-adjuvanted C. difficile triple mutant and chemically 
inactivated mutant toxins A and B (SEQ ID NOs: 4 and 6. 
respectively) in the Syrian golden hamster model. The same 
batches of mutant toxins A and B (SEQ ID NOs: 4 and 6. 
respectively) used in mouse study muC. difficile2010-07 
were used in this study. As a control, one group (Group 1) 
was given a phosphate-buffered saline as placebo. 

Groups of five or ten Syrian golden hamsters were immu 
nized with an immunogen according to Table 15. Animals 
were given three doses. In addition, animals were dosed 
every two weeks. 

TABLE 1.5 

Experimental Design of Hamster Immunization and Challenge 

Group Immunogen Dose No. Route Schedule 

1 Placebo (PBS buffer) NA SNA 
2 Mutant toxin A+ B 10 ug 10 IM Prime wk 0, 

(SEQ ID NOs: 4 and each Boost wks 2, 4 
6, respectively); 
Formalin-inactivated 
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TABLE 15-continued 

Experimental Design of Hamster Immunization and Challenge 

Group Immunogen Dose No. Route Schedule 

3 Mutant toxin A+ B 10 ug 10 IM Prime wk 0, 

(SEQ ID NOs: 4 and each Boost wks 2, 4 
6, respectively); EDC 
Inactivated 

4 Mutant toxin A+ B 10 ug 10 IM Prime wk 0, 

(SEQ ID NOs: 4 and each Boost wks 2, 4 
6, respectively); genetic 

Results: See FIG. 15. No anti-toxin A or B antibodies were 
observed in the placebo control group. After one dose, 
anti-toxin A neutralizing antibodies were observed between 
2-3 logo for the formalin-inactivated (Group 2) and genetic 
mutant toxin (Group 4) groups and between 3-4 logo for the 
EDC-inactivated group (Group 3). Anti-toxin A neutralizing 
antibodies increased in each of these groups (2-4) after the 
second immunization with the relevant mutant toxins (com 
pare titers at week 2 to week 3 in FIG. 15). After the third 
dose of mutant toxins (given at week 4), anti-toxin A 
neutralizing antibody titers in Groups 2-4 increased com 
pared to their week 4 titers. 

Anti-toxin B neutralizing antibodies were detectable after 
the second dose, wherein the formalin-inactivated (Group 2) 
and EDC-inactivated (Group 3) anti-toxin B neutralizing 
antibodies increased to between 3-4 logo and to between 
2-3 logo for the genetic triple mutant (Group 4). Following 
the third immunization (week 4), the anti-toxin B neutral 
izing antibody titers boosted to between 3-4 logo for the 
formalin-inactivated mutant toxins (Group 2) and genetic 
mutant toxins (Group 4) and between 4-5 logo for the 
EDC-inactivated mutant toxins (Group 3). 

For both anti-toxin A and anti-toxin B neutralizing anti 
bodies, peak titers were observed at week 6 (post-dose 3) for 
all vaccinated groups (Groups 2-4). 
Assessment of Immunogenic Compositions Adjuvanted 
with Alhydrogel/CpG or ISCOMATRIX 

Hamsters immunized with an immunogenic composition 
including a chemically inactivated mutant toxin formulated 
with Alhydrogel, ISCOMATRIX, or Alhydrogel/CpG24555 
(Alh/CpG) developed robust neutralizing antitoxin antisera. 
It was observed that peak antitoxin A and antitoxin B 
responses were 2-3-fold higher and statistically significant in 
groups immunized with mutant toxins formulated in Alh/ 
CpG or ISCOMATRIX when compared to vaccine formu 
lated with Alhydrogel alone. See Table 32 showing 50% 
neutralization titers. Hamsters (n=10/group) were immu 
nized IM at 0, 2, and 4 weeks with 10 ug each mutant toxin 
A drug Substance and mutant toxin B drug Substance for 
mulated with 100 ug of Alhydrogel, or 200 g of CpG 
24555+100 ug of Alhydrogel, or 10 U of ISCOMATRIX. 
Sera were collected at each time point and analyzed in the 
toxin neutralization assay for functional antitoxin activity. 
Geometric mean titers are provided in Table 32. Asterisks 
(*) indicate statistical significance (p<0.05) when compared 
to titers in the Alhydrogel group. 
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TABLE 32 

Immunogenicity of Adjuvanted Mutant 
Toxin Drug Substances in Hansters 

50%. Neutralization Titer 

Week O Week 1 Week 2 Week 3 Week 4 Week 6 

Antitoxin A 

Alhydrogel 10 26 88 7425 61.28 15965 
Titer: 
Alh/CpG 10 103 *688 *34572 *23028 * 62203 
Titer: 
ISCOMATRIX 10 27 *246 * 12375 8566 336244 
Titer: 

Antitoxin B 

Alhydrogel 10 15 10 218 1964 7703 
Titer: 
Alh/CpG 10 10 18 *5550 * 5212 *59232 
Titer: 
ISCOMATRIX 10 12 12 *7412 * 15311 : 92.927 
Titer: 

Protective efficacy of the immunogenic composition includ 
ing mutant toxin drug Substances formulated with these 
adjuvants was tested. Hamsters were immunized and were 
given oral clindamycin (30 mg/kg) on week 5 and chal 
lenged according to the method described above. One group 
of unimmunized hamsters (n=5) was included as a control. 
Increased efficacy was observed in hamsters immunized 
with mutant toxin drug Substances adjuvanted with either 
Alh/CpG or ISCOMATRIX (100% survival) as compared to 
Alhydrogel alone (70% survival). Accordingly, the hamsters 
were protected from lethal challenge with C. difficile spores. 

Example 30 

Clostridium Difficile Vaccination in Cynomolgus 
Macaques 

The purpose of this study was to test the immunogenicity 
of low and high doses of EDC-Inactivated and Formalin 
Inactivated C. difficile mutant toxins in cynomolgus 
macaques. All mutant toxins were formulated in ISCOMA 
TRIX(R) as an adjuvant except for one group, which served 
as the unadiuvanted control (Group 5). 

TABLE 16 

Immunization of Cynomolgus Macaques 

Group Immunogen Number Dose Route Schedule 

1 FI-Mutant toxins 5 10 g each IM Prime wk 0, 
A + B Boost wks 2, 

4 
(ISCOMATRIX) 

2 FI-Mutant toxins 5 100 g each IM Prime wk 0, 
A + B Boost wks 2, 

4 
(ISCOMATRIX) 

3 EI-Mutant toxins 5 10 g each IM Prime wk 0, 
A + B Boost wks 2, 

4 
(ISCOMATRIX) 

4 EI-Mutant toxins 5 100 g each IM Prime wk 0, 
A + B Boost wks 2, 

4 
(ISCOMATRIX) 
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TABLE 16-continued 

Immunization of Cynomolgus Macaques 

Group Immunogen Number Dose Route Schedule 

5 EI-Mutant toxins 5 100 g each IM Prime wk 0, 
A + B (no adjuvant) Boost wks 2, 

4 

Animals; 25 cynomolgus macaques 
The asterisk, “*”, in FIG, 16 refers to having only 4 cynos in the group for week 12, one 
cyno in the group was terminally bled week at 8 
Vaccination: IM, 0.5 mL per dose, at weeks 0, 2, and 4. Mutant toxin compositions were 
prepared as described above. The mutant toxin compositions were formulated in ISCO 
MATRIX, except Group 5 was formulated in buffer without adjuvant, 
Bleed: Weeks -2, 0, 2, 3, 4, 6, 8, and 12, Euthanasia and terminal bleeds on animals with 
highest C. difficietiters at week 8. 
Serum sample analysis: Protein ELISA and Neutralization assays 

Results: FIG. 16 shows the anti-toxin neutralizing antibody 
responses in these animals at weeks 0, 2, 3, 4, 6, 8, and 12. 
Anti-toxin Atiters were between 2-3 logo for all five groups 
after a single dose (week 2 titers). These titers boosted after 
each Subsequent dose for each group. In these animals, there 
was no drop in titer between weeks 3 and 4. For all groups, 
the peak titers were between 4-5 logo. At all time points, the 
group without ISCOMATRIX adjuvant (Group 5) had the 
lowest titers, indicating the utility of ISCOMATRIX at 
boosting the immune responses. The no-adjuvant control 
group (Group 5) reached peak titers at week 12, as did the 
group immunized with the high dose of EDC-inactivated 
mutant toxins (Group 4); all other groups reached peak titers 
at week 6, two weeks after the last dose. The titers in all 
groups boosted after the second dose (week 3 time point). As 
with the anti-toxin A responses, the anti-toxin B responses 
did not decrease from week 3 to week 4. After the third dose 
(week 6 time point), the anti-toxin B neutralizing antibody 
titers in all groups were between 3-4 logo, except in the low 
dose formalin-inactivated group (Group 1) and the high dose 
EDC-inactivated group (Group 4), both of which had titers 
just >4 logo. The peak titers were observed at week 12 for 
all groups except the low dose EDC-inactivated group 
(Group 3), which had peak titers at week 8. All groups had 
peak titers >4 logo. 

Example 31 

Monoclonal Antibodies Production 

Although toxins A and B share a lot of structural homol 
ogy, the neutralizing activities of the antibodies were found 
to be toxin-specific. In this invention, several antibodies 
were identified that are specific to individual toxin, and 
directed to various epitopes and functional domains, and 
have high affinity and potent neutralizing activity toward 
native toxins. Antibodies were isolated from mice that were 
immunized with either a commercially available formalin 
inactivated (FI)-mutant toxin or recombinant holo-mutant 
toxin (SEQ ID NOs: 4 and 6) rendered non-toxic by intro 
ducing specific mutations in its catalytic site for producing 
toxin A and B mAb, respectively. Epitope mapping of the 
antibodies showed that the vast majority of the mab against 
toxin A (49 out of 52) were directed to the non-catalytic C 
terminal domain of the toxin. 

Monoclonals against toxin B were targeted to three 
domains of the protein. Out of a total of 17 toxin B specific 
mAb, 6 were specific to N-terminus (e.g., amino acids 1-543 
of a wild-type C. difficile TcdB, such as 630), 6 to C-ter 
minus (e.g., amino acids 1834-2366 of a wild-type C. 
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difficile TcdB, such as 630) and 5 to mid-translocation 
domain (e.g., amino acids 799-1833 of a wild-type C. 
difficile TcdB, such as 630). The approach of using mutant 
C. difficile toxins (e.g., SEQID NO. 4 and 6) as immunizing 
antigens thus offers a key advantage of presenting most, if 
not all, antigenic epitopes as compared to the formalin 
inactivation process that tend to adversely affect the anti 
genic structure of the mutant toxin. 

Example 32 

Characterization of Toxin A mAb, A3-25, which 
Includes a Variable Light Chain Having the Amino 
Acid Sequence of SEQ ID NO: 36 and a Variable 
Heavy Chain Having the Amino Acid Sequence of 

SEQ ID NO:37 

The mAb A3-25 was of particular interest since this 
antibody defied all attempts to define its immunoglobulin 
(Ig) isotyping using the commonly available isotyping kits 
for IgG, IgM and IgA. Further analysis by western blot using 
Ig H-chain specific antisera showed that the A3-25 is of IgE 
isotype, a rare event in mab production. This was further 
confirmed by the nucleotide sequencing of mRNA isolated 
from A3-25 hybridoma cells. The amino acid sequences 
deduced from the nucleotide sequences of the variable 
regions of H- and L-chain of A3-25 are shown in FIG. 17. 

In order to further evaluate the A3-25 mAb in animal 
model for C difficile infection and disease, its Ig isotype was 
changed to murine IgG1 by molecular grafting of the 
variable region of e H chain onto the murine Y heavy chain 
according to the published methods. 

Example 33 

Neutralizing Ability and Epitope Mapping of Toxin 
Specific Antibodies 

Further, in an effort to identify functional/neutralizing 
antibodies, all monoclonals were evaluated for the ability to 
neutralize wild type toxins in a standard cytopathic effect 
(CPE) assay or in a more Stringent and quantitative assay 
based on measurement of ATP as cell viability indicator. 
Out of a total of 52 toxin A specific antibodies, four mAb 

(A3-25, A65-33, A60-22 and A80-29 (Table 17 and FIG. 18) 
exhibited varied levels of neutralizing activity. BiaCore 
competitive binding assay and hemagglutination inhibition 
(HI) assays were performed to map the antibody epitopes. 
Results indicated that these antibodies may be targeted to 
different epitopes of the toxin A protein (Table 17). To 
further identify the location of binding sites on the protein, 
the antibodies were individually evaluated in western blot or 
dot blot assays using toxin fragments of known sequences. 
All 4 neutralizing mab were found to be directed to the 
C-terminus region of the toxin. 
From a total of 17 toxin B specific antibodies, 9 were 

found to be neutralizing. Of the nine neutralizing mAb, six 
of them were directed to the N-terminus and the other three 
to the translocation domain of the B toxin (Table 18). Based 
on the Biacore competitive binding assay, the nine neutral 
izing monoclonal antibodies may be grouped into four 
epitope groups as shown in FIG. 19. 
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TABLE 17 

Characteristics of Selected Toxin AmAb 

Epitope Neutral- Hemag 
Group izing glutination Binding 

(Biacore) mAb # activity Inhibition Specificity Ig Isotype 

1 A3-25 -- C-teriminal IgE, K 
2 A65-33 -- C-teriminal IgG2a, K 
3 A8O-29 -- -- C-teriminal IgG1, K 
ND A60-22 -- -- C-teriminal IgG1, K 

A64-6 In progress IgG1, K 
4 ASO-10 C-teriminal IgG1, K 

A56-33 In progress IgG1, K 
ND Al N-terminal IgG1, K 

TABLE 1.8 

Characteristics of Selected Toxin B mAb 

Epitope Group Neutralizing Binding 
(Biacore) mAb # activity Specificity g isotype 

1 B2-31 -- N-terminal gG1, K 
BS-40 gG1, K 
B8-26 gG1, K 
B70-2 gG1, K 

2 B6-30 -- N-terminal gG1, K 
B9-30 gG1, K 

3 B59-3 -- Translocation IgG1, K 
B60-2 domain gG1, K 

4 BS6-6 -- Translocation IgG1, K 
BS8-4 domain gG1, K 

5 B12-34 C-terminal gG1, K 
B14-23 gG1, K 
B8O-3 gG1, K 

6 B66-29 C-terminal gG1, K 
7 B84-3 C-terminal gG1, K 

Example 34 

Identification of Novel Toxin A Antibodies 
Combinations with Significantly Enhanced 

Neutralizing Activity 

The four toxin A mAb (A3-25, A65-33, A60-22 and 
A80-29) showed incomplete or partial neutralization of 
toxin A when tested individually in the ATP based neutral 
ization assay. The mAb A3-25 was the most potent antibody 
and the other three were less neutralizing with A80-29 
barely above background (FIG. 18). However, when A3-25 
was combined with either one of the other three mAbs, a 
synergistic effect in neutralization was observed in all three 
combinations which was far greater than the Sum total of 
neutralization of individual antibodies as shown in FIG. 

20A-C. In addition, all three combinations exhibited com 
plete neutralization capability normally observed with anti 
toxin A polyclonal antibodies. 

Example 35 

Identification of Novel Toxin B Antibodies Combinations 
Showing Significantly Enhanced Neutralizing Activity 
We also observed synergistic neutralization with the 

Toxin B mAbs from the different epitope groups identified 
by BiaCore analysis. Toxin B mAb B8-26, the most domi 
nant mAb of group 1, was combined with multiple mabs 
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86 
from group 3. The combinations were evaluated in a toxin B 
specific neutralization assay and the results are shown in 
FIG. 21 and Table 19. 

TABLE 19 

Neutralization of Toxin B with mAbs 

Neuttiter 

mAb CPE ATP 

B8-26 alone 20,480 5,000 
B59-3 alone 320 120 
B60-2 alone 320 8O 
B8-26 - B59-3 655,360 ~60,000 
B8-26 - B60-2 327,680 ind 

ind, not done 

The synergistic neutralizing effect was observed when 
B8-26 was combined with an epitope group 3 mAb (FIG. 
21B), but not any other mAb (data not shown). 

Example 36 

In vitro screening by mAb for Safe and Efficacious 
Mutant Toxin Compositions 

Genetic mutant toxins A and BofC difficile (e.g., SEQID 
NO. 4 and 6) generated via genetic engineering showed 
residual cytotoxicity using an in vitro cytotoxicity assay. 
Although we have achieved a ~4 log reduction in cytotox 
icity for each mutant toxin C. difficile toxin (Table 20), 
further chemical inactivation of the mutant toxins, such as 
with formalin treatment was preferred. However, chemical 
inactivation treatments may be harsh and may adversely 
affect key antigenic epitopes of these toxins or mutant 
toxins. 

TABLE 20 

A Comparison of In Vitro Cytotoxicity of WT Toxin, Triple Mutant 
Toxin, and Formalin-Inactivated (FI, from List Biological) 

WT toxins (List Biological, commercial 

Fold 
Reduction in 

Tcd Source?treatment ECsong/mL. Cytotoxicity 

TcdA 

Toxin A (SEQ ID NO: 1) WT O.92 1 
Mutant toxin A Triple mutant 8600 9348 
(SEQ ID NO: 4) 
Toxoid A (FI) Formalin treated, -20,000 >21,739 

commercial 
Tcd B 

Toxin B (SEQ ID NO: 2) WT O.OO9 1 
Mutant toxin B Triple mutant 74 8222 
(SEQ ID NO: 6) 
Toxoid B (FI) Formalin treated, 4300 477,778 

commercial 

For bioprocess optimization, a statistical design of experi 
ment (DOE) was performed for the chemical inactivation of 
triple mutant Tcd A and B (1 mg/mL) using formalin and 
EDC/NHS treatment. To optimize formalin inactivation of 
triple mutant TcdA, we varied concentrations of formalin/ 
glycine (20-40 mM), pH (6.5-7.5), and temperature (25-40° 
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C.). For triple mutant TcdB, we varied the formalin/glycine 
concentration from 2 to 80 mM and the temperature and pH 
were 25°C. and 7.0 respectively. The incubation time for all 
formalin treatments was 24 hours. For the formalin inacti 
vation, “40/40” in Tables 21 and 23 represents the concen 
tration of formalin and glycine used in the reaction. For 
EDC/NHS treatment, we varied the concentrations of EDC/ 
NHS from 0.25 to 2.5 mg/mg of triple mutant TcdA and from 
0.125 to 2.5 mg/mg of triple mutant TcdB and incubated for 
four hours at 25°C. At the end of the reactions, all samples 
were desalted in 10 mM phosphate, pH 7.0. After purifica 
tion, the treated Tcds were analyzed for residual cytotoxicity 
and mAb recognition of epitopes by dot-blot analysis. The 
goal was to identify treatment conditions that reduce cyto 
toxicity to the desired level (ECs-1000 ug/mL) without 

10 

15 

negatively impacting epitopes recognized by a panel of 
neutralizing mAbs (++++ or +++). The treatment conditions 
(marked with a check mark “V” in Tables 21-24) yielded 
potentially safe and efficacious immunogenic compositions 
that retained reactivity to at least four neutralizing mabs 
while exhibiting 6-8 logo reduction in cytotoxicity, relative 
to the respective wild-type toxin cytotoxicity. Select results 
are illustrated in Tables 21 to 24. Additional data from 
varying treatment conditions on the triple mutant toxins and 
the data from in vitro cytotoxicity and toxin neutralization 
assays are shown in Table 33 and Table 34. See also, for 
example, Examples 20 and 21 above, which provide further 
details regarding preferred crosslinking treatment conditions 
of the mutant toxins. 

TABLE 21 

25 

30 

88 
TABLE 23 

Cytotoxicity and Neutralizing mAb Reactivity of 
Formalin-inactivated Triple Mutant TedB (SEQ ID NO: 6 

mAb # mAb # 
Chemical inactivation (N-terminal (mid-C-terminal 
reaction conditions on CPE aa 1-543 aa. 544-2366 

Triple Mutant TcdB (ig/mL) B8-26 B9-30 B56-6. B59-3 

25° C., pH 7.0, 80/80 mM, >1000 ------- -------- -------- ----- 
24 hr M 
25° C., pH 7.0, 40/40 mM, >1000 ------- -------- -------- ------- 
24 hr M 
25° C., pH 7.0, 10/10 mM, 15.6 ------- -------- -------- ------- 
24 hr 
25° C., pH 7.0, 2/2 mM, <0.98 ++++ ++++ ++++ ++++ 
24 hr 
None, Triple mutant TcdB 0.058 ++++ ++++ ++++ ++++ 
FI Toxoid B (List Biological) ND ------ ------ ------ ---- 

TABLE 24 

Cytotoxicity and Neutralizing mAb Reactivity of 
EDC-inactivated Triple Mutant TedB (SEQ ID NO: 6 

mAb # mAb # 
(N-terminal (mid-fc-terminal 

Chemical inactivation aa 1-543) aa. 544-2366) 
reaction conditions on CPE 8-269-30 56-659-3 

Triple Mutant TcdB (ig/mL) B8-26 B9-30 B56-6. B59-3 

25°C., 0.125 mg/mg, 4 hr 3.9 -------- -------- ------- -------- 
25°C., 0.25 mg/mg, 4 hr 250 -------- -------- ------- -------- 

Cytotoxicity and Neutralizing mAb Reactivity of Formalin-inactivated Triple 
Mutant TedA (SEQ ID NO. 4 

Reactivity with mAb 
Chemical inactivation 

reaction conditions on CPE N-terminal Translocation 

Triple Mutant TcdA |g/mL 

25° C., pH 6.5, 20/20 mM 250 -------- -------- 
25° C., pH 6.5, 40/40 mM / >1000 -------- -------- 
25° C., pH 7.5, 40/40 mM / >1000 -------- -------- 
40° C., pH 6.5, 40/40 mM >1000 ---- ------ 
40° C., pH 7.5, 40/40 mM >1000 ---- ---- 
None, Triple mutant toxin A 18.5-2S -------- -------- 
FI Toxoid A (List Biological) ND 

TABLE 22 

-------- 

-------- 

-------- 

-------- 

-------- 

-------- 

---- 

dot blot, non-denaturing conditions 

C-terminal (neut 

Mabi 6 Domain Mabi 102 A80-29 A3-25 A60-22 A65-33 

-------- -------- ------- 

-------- -------- ------- 

-------- -------- ------- 

-------- -------- ------- 

-------- -------- ----- 

-------- -------- ------- 

---- ------ -- 

Cytotoxicity and Neutralizing mAb Reactivity of EDC-inactivated Triple Mutant 
TcdA (SEQ ID NO. 4 

Reactivity with mAb (dot blot, non-denaturing 
Chemical inactivation 

reaction conditions on CPE N-terminal Translocation 

conditions 

C-terminal (neut 

Triple Mutant TcdA g/mL Mabi 6 Domain Mabti 102 A80-29 A3-25 A60-22 A65-33 

25° C., 0.25 mg/mg, 4 hry >1000 -------- -------- -------- -------- -------- ------- 
25° C., 0.5 mg/mg, 4 hr y >1000 -------- -------- -------- -------- -------- ------- 
25° C., 1.25 mg/mg, 4 hry >1000 ------ -------- -------- ------ -------- ------- 
25° C., 2.5 mg/mg, 4 hr y >1000 ------ -------- -------- ------ -------- ----- 
None, Triple mutant TcdA 18.5-2S -------- -------- -------- -------- -------- ------- 
FI Toxoid A (List Biological) ND ---- ---- ------ -- 
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TABLE 24-continued TABLE 24-continued 

Cytotoxicity and Neutralizing mAb Reactivity of Cytotoxicity and Neutralizing mAb Reactivity of 
EDC-inactivated Triple Mutant TcdB (SEQ ID NO: 6) EDC-inactivated Triple Mutant TedB (SEQ ID NO: 6) 

5 
mAbh mAb # mAb # mAb # 

hemical i (N-terminal (mid-fc-terminal (N-terminal (mid-fc-terminal 
C title CPE S. at: g Chemical inactivation aa 1-543) aa. 544-2366) 
(8Oil COCOS Ol - Sa ' - H reaction conditions on CPE 8-269-30 56-659-3 

Triple Mutant TcdB (ig/mL) B8-26 B9-30 B56-6. B59-3 
-H 10 Triple Mutant TedB (ig/mL) B8-26 B9-30 B56-6. B59-3 
25° C., 0.5 mg/mL, 4 hr Y >1000 ------- -------- -------- -------- - - 
25° C., 1.25 mg/mg, 4 hr y >1000 ------- ------ ------ ------ FI Toxoid B ND ------ ------ ------ ---- 
25° C., 2.5 mg/mg, 4 hr y >1000 ------- ------ ------ ------ (List Biological) 
None, Triple mutant TcdB 0.058 ++++ ++++ ++++ -------- 

TABLE 33 

Mutant toxin A Cyto ASSay (EC50 Reactivity with nAb (dot blot, non-denaturing conditions 

Sample (SEQ ID NO: 4) CPE; 24 h CPE, 72 h N-terminal Translocation C-terminal (neut 

i Sample ID Ig/mL |g/mL Mabi 6 Domain Mabii 102 80-29 3-25 60-22 65-33 

1 LA4166-157A >1000 >1000 -------- -------- -------- ------ -------- -------- 
2 LA4166-157B >1000 >1000 ------ -------- -------- ------ -------- -------- 

3 LA4166-157C >1000 >1000 ------ ------ -------- ------ -------- -------- 
4 LA4166-157D >1000 >1000 ------ ------ -------- ------ -------- -------- 
5 LA4905-16OA >1000 >1000 ---- ---- -------- - - -------- -------- 
6 LA4166-166 >1000 >1000 -------- -------- -------- -------- -------- -------- 

7 LA4905-17OA ND >1000 -- -- ---- ---- ---- -- 
8 LA4897-61 >1000 ND ------ ---- -------- -------- -------- -------- 
9 LA4897-63 >1000 ND -------- ------ -------- ------ -------- -------- 
O 44897-72 250 ND -------- -------- -------- -------- -------- -------- 

Tubeii1 
1 44897-72 >1000 ND -------- -------- -------- -------- -------- -------- 

Tube:H2 
2 44897-72 >1000 ND ------ ------ -------- -------- -------- -------- 

Tubei3 
3 44897-72 >1000 ND ------ -------- -------- -------- -------- -------- 

Tubeiia 
4 44897-72 >1000 ND ------ -------- -------- -------- -------- -------- 

Tube:his 
5 44897-75 >1000 ND ------ -------- -------- -------- -------- -------- 

Tubei6 
6 44897-75 >1000 ND -------- -------- -------- -------- -------- -------- 

Tubeiff 
7 44897-75 >1000 ND -------- -------- -------- -------- -------- -------- 

Tubei8 
8 44897-75 >1000 ND ---- ------ -------- -------- -------- -------- 

Tubei) 
9 44897-75 >1000 ND -------- -------- -------- -------- -------- -------- 

Tubeii10 
2O 44897-75 >1000 ND ---- ---- -------- -------- -------- ------ 

Tubeii11 
21 LA4897-101 23.4 <7.8 -------- -------- -------- -------- -------- -------- 

pre-modification) 
TxA control 

22 LA4897-101, 2 hr 187.5 155.9 ------ -------- -------- -------- -------- -------- 
23 LA4897-101, 4 hr 375 380.3 ------ -------- -------- -------- -------- -------- 
24 LA4897-101, 6 hr 500 429.6 ------ -------- -------- -------- -------- -------- 
25 LA4897 102, >1000 >1000 ---- -------- -------- -------- -------- -------- 

24 hr 
26 LA4897-103, >1000 >1000 -- ------ ------ -------- -------- ------ 

S1 hr. 
27 LA4897-104, >1000 >1000 ------ ------ ------ ------ ------ 

74 hr 
28 LA4897-105, >1000 >1000 ---- --- ------ ------ ---- 

20 h 
29 LA4980-004 >1000 >1000 -------- -------- -------- -------- -------- -------- 

30 Reaction #1 750 ND ND ---- --- ------ ------ ---- 

Week 0, 25 C. ug/mL, 
31 Reaction #1 375 ND ND ------ ------ ------ ------ ------ 

Week 1, 25 C. ug/mL, 
32 Reaction #1 375 ND ND ------ ------ ------ ------ ------ 

Week 2, 25 C. ug/mL, 
33 Reaction #1 375 ND ND ------ ------ ------ ------ ------ 

Week 3, 25 C. ug/mL, 
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TABLE 33-continued 

Mutant toxin A Cyto ASSay (EC50 

Sample (SEQ ID NO: 4) CPE; 24 h CPE, 72 h N-terminal Translocation 

i Sample ID Ig/mL |g/mL 

34 Reaction #1 250 ND ND ------ 
Week 4, 25 C. ug/mL 

35 Reaction #1 93.8 ND ND -------- 
Week 3, 37 C. ug/mL 

36 Reaction #2 375 ND ND ------ 
Week 0, 25 C. ug/mL 

37 Reaction #2 375 ND ND -------- 
Week 1, 25 C. ug/mL 

38 Reaction #2 750 ND ND ---- 
Week 2, 25 C. ug/mL 

39 Reaction #2 250 ND ND ------ 
Week 3, 25 C. ug/mL 

40 Reaction #2 250 ND ND ------ 
Week 4, 25 C. ug/mL 

41 Reaction #2 187.5 ND ND ------ 
Week 3, 37 C. ug/mL 

42 TxA Control 18.8 ND ND -------- 
Week 3, 25 C. ug/mL 

43 TxA Control 25 ND ND -------- 
Week 3, 37 C. ug/mL 

44 LA4897-116-6 >2OOO ND ND ---- 
29.5 hrs ug/mL 

45 LA4897-11 6-7 >2OOO ND ND ---- 
57.5 hrs ug/mL 

46 L44897-116-8 >2OOO ND ND -- 
79.5 hrs ug/mL 

47 LA4897-116-9 >2OOO ND ND ---- 
123.5 hrs ug/mL 

48 LA4897-139 >1000 ND ---- -------- 
49 LA4166-204 >1000 ND -------- -------- 

Chemical Crosslinking Reaction Conditions for the Samples 
of Triple Mutant Toxin A (SEQ ID NO: 4) Referenced in 
Table 33 

Samples 1-4 were modified with EDC/NHS. Conditions: 
30° C., 20 mM MES/150 mM. NaCl pH 6.5. Reactions were 
initiated by addition of EDC. After 2 hours reaction, samples 
A, B, and C had 1 M glycine added to 50 mM glycine final 
concentration. Sample D had no glycine added. The reac 
tions were set up with different weight ratios of Mutant toxin 
A (SEQ ID NO: 4):EDC:NHS as indicated below. 

1 L44.166-157A 1:0.25:0.25 www. 
2 L44.166-157B 1:1.25:1.25 
3 L44.166-157C 1:25:25 
4 L44.166-157D 1:25:25 
Sample 5 L44905-160A 80 mM HCHO, 80 mM glycine, 

80 mM NaPO4 pH 7, 1 mg/mL Mutant toxin A (SEQID NO: 
4) Protein, 48 hrs reaction at 25°C. 

Sample 6 L44.166-166 EDC/NHS modification of Mutant 
toxin A (SEQ ID NO: 4) at 25°C. in 20 mM MES/150 mM 
NaCl pH 6.5. Mutant toxin A (SEQID NO: 4):EDC:NHS=1: 
0.5:0.5. Reaction initiated by addition of EDC. After 2 hours 
reaction, 1 M glycine added to 0.1 M glycine final concen 
tration and further 2 hour incubation. After this time, reac 
tion buffer exchanged into 1xPBS on Sephadex G25. 

Sample 7 L44905-170A 80 mM HCHO, 80 mM glycine, 
80 mM NaPO pH 7, 1 mg/mL Mutant toxin A (SEQID NO: 
4) Protein, 48 hrs reaction at 35 C. This formalin reaction 
was directed at producing excessive crosslinking so that 
antigen binding would be severely diminished. 

Sample 8 L44897-6132 mM HCHO/80 mM glycine, 72 
hrs reaction at 25° C. 

Sample 9 L44897-63 80 mM HCHO/80 mM glycine, 72 
hrs reaction at 25° C. 
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Reactivity with nAb (dot blot, non-denaturing conditions 

C-terminal (neut 

Mabi 6 Domain Mabti 102 80-29 3-25 60-22 65-33 

------ ------ ------ ------ 

-------- -------- -------- -------- 

------ ------ ------ ------ 

-------- -------- -------- -------- 

---- --- ------ ---- 

------ ------ -------- ------ 

------ ------ -------- ------ 

------ -------- -------- ------ 

-------- -------- -------- -------- 

-------- -------- -------- -------- 

---- --- ------ ---- 

---- --- ------ ---- 

------ -- 

---- --- ------ ---- 

-------- 

-------- 

-------- 

-------- 

-------- 

-------- 

-------- 

-------- 

The following reactions all had 24 hrs reaction time. 
Sample 10 L44897-72 Tubeit 125° C., 80 mM NaPi pH 

6.5, 20 mM HCHO/20 mM glycine 
Sample 11 L44897-72 Tubei 225° C., 80 mM NaPi pH 

6.5, 40 mM HCHO/40 mM glycine 
Sample 12 L44897-72 Tubeii.332.5° C., 80 mM NaPipH 

7.0, 30 mM HCHO/30 mM glycine 
Sample 13 L44897-72 Tubei432.5° C., 80 mM NaPipH 

7.0, 30 mM HCHO/30 mM glycine 
Sample 14 L44897-72 Tubei532.5° C., 80 mM NaPipH 

7.0, 30 mM HCHO/30 mM glycine 
Sample 15 L44897-75 Tubei6 25° C., 80 mM NaPi pH 

7.5, 20 mM HCHO/20 mM glycine 
Sample 16 L44897-75 Tubeif7 25° C., 80 mM NaPi pH 

7.5, 40 mM HCHO/40 mM glycine 
Sample 17 L44897-75 Tubei-8 40° C., 80 mM NaPi pH 

6.5, 20 mM HCHO/20 mM glycine 
Sample 18 L44897-75 Tubeih940° C., 80 mM NaPi pH 

6.5, 40 mM HCHO/40 mM glycine 
Sample 19 L44897-75 Tubeii10 40° C., 80 mM NaPipH 

7.5, 20 mM HCHO/20 mM glycine 
Sample 20 L44897-75 Tubeit 11 40° C., 80 mM NaPipH 

7.5, 40 mM HCHO/40 mM glycine 
The following 8 samples were reacted at 25° C. for the 
indicated times in 80 mM NaPi pH 7.0 containing 78 mM 
HCHO and 76 mM glycine 

Sample 21 L44897-101 (pre-modification) TxA control 
time Zero control sample, not modified or exposed to 
HCHO/glycine 

Sample 22 L44897-101, 2 hr 
Sample 23 L44897-101, 4 hr 
Sample 24 L44897-101, 6 hr 
Sample 25 L44897 102, 24 hr 
Sample 26 L44897-103, 51 hr 
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Sample 27 L44897-104, 74 hr 
Sample 28 L44897-105, 120hr 
Sample 29 (L44980-004) was EDC/NHS modified 

Mutant toxin A (SEQID NO: 4) (triple mutant toxin A (SEQ 
ID NO: 4)-EDC). Reaction conditions are: 25° C., buffer 
was 20 mM MES/150 mM. NaCl pH 6.6. Triple mutant toxin 
A (SEQ ID NO: 4):EDC:NHS=1:0.5:0.5 w:w:w. Reaction 
initiated by addition of EDC. After 2 hours reaction, glycine 
added to 0.1 M final concentration and reacted further 2 
hours at 25 C. Reaction terminated by desalting on Sephadex 
G25. 
The following 12 samples and 2 controls were reversion 

experiments where samples were incubated at 25° C. and 
370 C. 

Reaction 1=25° C., 80 mM NaPi pH 7.0, 40 mM HCHO 
only (no glycine), 24 hour reaction. 
Reaction 2=25° C., 80 mM NaPipH 7.0, 40 mM HCHO/40 
mM glycine, 24 hour reaction 
Sample Reaction 

30 Reaction #1 Week 0, 25° C. 
31 Reaction #1 Week 1, 25° C. 
32 Reaction #1 Week 2, 25° C. 
33 Reaction #1 Week 3, 25° C. 
34 Reaction #1 Week 4, 25° C. 

Mutant toxin B 

Sample ID 

OO 

OO 

OO 

OO 

OO 

OO 
oxin 

D NO: 6), 
C., day 

L44905-86-08 > 
oxin 

D NO: 6), 
C., day 5 

L44905-86-09 > 

ant toxin 
D NO: 6), 
C., day 5 

L44905-86-10 > 

ant toxin 

B (SEQ ID NO: 6), 
RXn2, 10° C., day 5 

OO 

OO 

OO 

5 

10 

15 

Cyto Assay (EC50 

CPE; 24 h. 

94 
35 Reaction #1 Week 3, 37° C. 
36 Reaction #2 Week 0, 25° C. 
37 Reaction #2 Week 1, 25° C. 
38 Reaction #2 Week 2, 25° C. 
39 Reaction #2 Week 3, 25° C. 
40 Reaction #2 Week 4, 25° C. 
41 Reaction #2 Week 3, 37° C. 
42 TXA Control Week 3, 25° C. 
43 TxA Control Week 3, 37° C. 

The next 4 samples were generated by reaction for the 
indicated times at 25° C. in 80 mM NaPi pH 7.0, 40 mM 
HCHO/40 mM glycine 

44 L44897-116-6 29.5 hrs 
45 L44897-11 6-7 57.5 hrs 
46 L44897-116-8 79.5 hrs 
47 L44897-116-9 123.5 hrs 
Sample 48 L44897-139 48 hrs reaction at 25°C., 80 mM 

NaPi pH 7.0, 40 mM HCHO/40 mM glycine. 
Sample 49 L44.166-204 EDC/NHS modification of 

Mutant toxin A (SEQID NO: 4). 25C, buffer 1XPBS pH7.0. 
Mutant toxin A (SEQID NO: 4):EDC:NHS=1:0.5:0.5 w:w: 
w. 2 hours reaction with EDC/NHS, then 1 M glycine added 
to 0.1 M final concentration and further 2 hours reaction. 
Buffer exchanged on Sephadex G25 into 20 mM L-histidine/ 
100 mM NaCl pH 6.5. 

TABLE 34 

Reactivity with neut mAb (dot blot, 
non-denaturing conditions Strong 

mAb # (N- mAb # (mid-O- reactivities 
terminal aa 1-543) terminal aa 544-2366 to all 

ATP, 72 h 8-26 9-30 56-6 59-3 4 mAbs 

<0.1 g/mL -------- -------- -------- -------- M 

2.2 g/mL -------- -------- -------- -------- M 

L >100 g/mL. ------ -------- ---- ------ Mik 

5.2 g/mL. -------- -------- -------- -------- M 

>100 g/mL ++++ -------- ---- ------ Mik 

>100 g/mL ++++ -------- ------ 

>100 g/mL ++++ -------- ------ 

>100 g/mL -------- -------- -------- ------ M 

>100 g/mL ---- ---- -- 

>100 g/mL -------- -------- -------- -------- M 






































