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Amino Acid Sequences of Monoclonal Anti-Toxin A Antibodies Variable

Light Chain Regions (L) and Variable Heavy Chain Regions (H)

Clone

chain

Amino Acid Sequence

SEQ ID NO: |
(SEQ ID NO:
without ’
leader
sequence)

3D3

mdmmvpagiigHilwipeseDIGMTQSPSSYSASVGDRVTITCRASQGISS
WEAWYQHKPGKAPKLLIYAASSLOSGVPSRFSGSGSGTDFTLTISS
LQPEDFATYYCQOANSFPWIFGQGTKVEIK

SEC) [D NO:43
(SEQ ID NO:43

1

mdnwviagtplillcfpgarcDIQMTQSPSSLSASVGDRV TITCRASQGISSWL
AWYQORPEKAPKSLIY AASSLOSGVISRITSGSGS GTDETLTISSLQE:
EDFATY YCOOYNSYPWTFGQGTKVEIK

SEQ 1D NO:44
(SEQ 11D NOw3)

m

mdmrvpagHgl Hwlpgarc VIWMTGSPSTLSASTGRRVTISCRMSOGISSY
LAWYQOKPGKAPELLIY AASTLOSGVESRESGSGSGTDFILTISSLO
PEDFATYYCQOYNSYPWTFGQGTKVEIK

SEQIDNOW5 |
(SEQ LU NO31)

18%

mdmmvpaqilglliwepgsreDIQMTQSPSSVSASVGDRVTITCRASQGISS
WLAWYOQHKPGK APKLLIVAASSLOSGVPSRESGSGSGTDFTLTISS
LOPEDFATYYCOQYNSYPWIFGQGTKVEIK

SEQ ID NO:A6
(SEQ 1D NO:32)

mdmrvpagHgllilefpgarcDIOMTQSPSSVSASVGDRVTITCRASQGISSW
LAWYQQKPEKAPKSLIYAASSLOSGYPSRFSG3GSGTDFTLTISSLQ
PEDFATYYCQOYNSYPWTFGOGTKVEIK

VI

mdmrvlagligllilcfpgarcDIQMTQSLSSLSAS VGDRVTITCRASQGISSWL

AWYQOQKPEKAPKSLIY AASSLOSGVPSRFSGEGSGTDFTLTISSLOP
ELOFATYYCOQOANSEPWIFGQGIEVEIK

SEQ ID NO:47
(SEQ ID NO:33)

SEG ID NO:4%
(SEG ID NO:34)

mefglswvilvallrgvqeQVQLVESGGGVVQPGRSLRLSCAASGFSFSNYG
MHWVRQAPGKGLEWVALIWYDGSNED Y TDSVK GRFTISRDNSKN
TLYLOMNSLRAEDTAVY YCARWGMVRGVIDYFDIWGOGIVYTVS
S

SEQ 1D NO:49
(SEQ ID NO:1)

1B11

meapaglifilwlpdigEI VL TQSPATLSLSPGERATLSCRASOSVSSYLA
WY QQKPGQAPRLLIY DASNRATGIPARFSGSGSGTDFTLTISSLEPE
DEAVYYCQORSNWSOFTFGPGTKYDIK

SEQ ID NO:S0
(SEQ ID NO:5)

mefglswvilvallrgvgeQMQLVESGGGY VQPGRSLRLSCEASGFSFNSYG
MHWVRQAPGKGLEWVSVIWASGNKKY YIESYEGRFTISRDNSKNT
LYLQMNSLRAEDTAVY YCARANFDY WGQGTLVTVSS

SEQ ID NO:51
SEQ ID NO:2)

33.3H2

mdmrvlagilgllilcfpgarcDIQMTQSPSSLIASVGDRVTITCRASQGISSWL
AWYQQEPERKAPKSLIYAASSLOSGVISRISGSGSGTDITLTISSLQD
EDFATYYCOQOYKSYPVTFGGGTKVEIK

SEQ 1D NO-52
(SEQ 1D NO:S)

mefglswvilvalligvgeQVQLVESGGGVVQPGRSLRLSCAASGFTENKY
GMEOWVROAPGKGLEWVAVIWYDGTNK YYADSMEGRFTISRDNS
KNMLYLOMNSLRAEDTAVYYCARDPPTANYWGQGTLYTVSS

SEQ ID NO:53
(SEQ IDNO:3)
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FIG. 2A

Anti-Toxin A 3D8 VK Sequences

T
ACC

TGT

.19
JX1

Q S P 2] 5
CAG TCT CCA TCT TCC

CDR1

E A S8 g &
CGG GCG AGT CAG GGT

K A P K L
ARA GCC CCT ARG CTC

5 R F 3 e
TCA AGG TTC AGC GGC

L Q P BE D
CTG CAG CCT GAR GAT

L T I

CTZ ACC ATC
CDR3

A N 3

GCT AAT AGT

P
CCT

W T F o] Q
TGE ACG TTC GGC CAA

L.

Amino acid sequence = SEQ ID NO:4
Nucleic acid sequence= SEQ ID NO:35

JK1

v
GTG

I
ATT

L

CcTG

AGT

e

GGG

s &
TCT GCh

5 ° 5
AGC AGC

I Y
ATC TAT

G 3
GGA TCT

B T
GCA RCT

T K
ACC ARG

5 v G D R
TCT GTA GGA GAC AGA

w L A W Y
TGG TTA GCC TGG TAT

A A 5 5 Te
GCT GCAR TCC AGT TTG

G T D o T
GGG ACA GAT TTC ACT

b4 L c o] Q
TAC TAT TGT CAA CAG

v B I K
GTG GAA ATC ARRA

US 2016/0152694 Al
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FIG. 2B

‘Anti-Toxin A 3D$ VH Sequences

V-segment: VH3I-33
D—segment: D3-10
J-segment: JII3b

L v E S G G G v v Q I G R 5 L
TG GTG GAG TCT GGG CGA GOC CNC GTC CAG COT GGC AGE TCC CTG

1o
I}

CCR1
R L S a4 A A ] G F 8 F s N Y G M H w
AGA CTC TCC TGT GCG GCG TCT GGA TTC BRGC TTC AGT AAC TAT GGC ATG CAC TGG

©
I

v R Q A E e K G L B W v A L T W Y D
109 GT NGR CAG GOT CCA 632 AAG GGG OTG GAG TGGE GTG GCA OTT ATA TGG TAT GAT

CDR2

G = N E n Y T n 5 v K G R F T T S R

163 GGA AGT AAT GAG GAC TAT ACA GAC TOC GTG ARG GGC CGA TTC ASC AT TRC AGA
D ¥ s XK W T L Y L ¢ M N S L R A E D
217 GARC AAT TCC BAG BAC ACG CTG TAT CPG CAA ATG AAC BGC CTG AGA GCC GAG GRC
CDR3
™ A v ¥Y ¥ C A R W G M ¥ R G VvV I D Vv
271 ACG GCT GTG TAT TAC TGT GCG AGA TGS GGG BTG GTT CGG GGA GTT ATG GAT GOT
N3-10/0DXP 1
CDR3 JH3b

r A I W = a G T v v T v 5 5
325 TTT GAT ATC TGG GSC CAA GGG ACA GTIG GTC ACC GTC TCT TCA
amino acid sequence=SEQ ID NO:1
nucleic acid sequence=SEQ ID NO:38
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FIG. 3A

“Anti-Toxin A 1B11 VK Sequences

V-scgment: L6
J-segment: JK3

E T v L T 0] S P A T L s L 5 P G E R
1 GAA ATT GTG TTS ACA CAG TCT CCA GCC ACC CTG TCT TTG TCT CCA GGS GAA AGA

A T L 5 [ R A 3 2 35 \ 5 3 T L A W Y
GCC aCC CTC TCC TGC AGG GCC AGT CAG AGT GTT AGC AGC TRC TTA GCC TGG TAC

(o]
o

Q Q ¥ P G Q A E R L L 1 -4 D A 3 N R
109 CAA CAG ARA CCT GGC CAG GCT CCC AGH CTC CTC ATC TAT GAT GCA TCC AAC RGG

A T G T P A R ¥ 5 G 5 G 3 G T D F T
163 GOC AT GOC ATC CCA GCC ARG IO AL GGCE AGT GGG TOT GUG ACA CAT TTC ACT

1 T I S S L B P B D. It A v b4 Y C o] o]
217 CTC ACC AT AGE AGE OTA GAG COT GRA GAT TTT GCA GTT TAT TAC TGT CAG TAG

R S N W 3 Q F T F G P G T K AY [} I X
271 CGT AGC AAC TGG TCT CAAR TTC ACT TTC GGC CCT GGG ACC AAA GTG GAT ATC ARAA

--» JK3

Amino acid sequenée =SEQ ID NO:5
Nucleic acid sequence= SEQ ID NO:36
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V—segment:
D-segment:
J—-segment:

0 M Q
1 CAG NG CAG

R L 5
55 AGA CTC TCC

v R Q

109 GTC CGC CAG
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FIG. 3B

Anti-Toxin A 1B11 VH Sequences

TCT

TCT

G
GGG

GGA

G
GEC

F
TTC

e v v 0
GGC CTG GZC CAG

TCC TTC BAT AGC

(€] M K
163 GGA AAT AAG

D N 3
217 GAC ART TCC

T Fis v

271 ACG GCT 3TG

o1}
3+
i
P!
-
1)

5 GTC AOSC

VH3-33
unknown
JH4b
L v E
CTZ GTG ChG
C E A
TGT GAR GCG
A P G
GCT CCA GGC
CDR2
K Y Y
ARAR TAT TAT
K N T
DAG AAZ ACG
Y Y C
TAT TAC TGT
v 3 5
GTC TCC TCA

154

TAT

AGA

‘Amino acid sequence = SEQ ID NO:2
Nucleic acid sequence= SEQ ID NO:39

N E D Y
AAT TTT GAC TAC

US 2016/0152694 A1
P ¢ R § L
CCT GGG AGG TCC CTG
CDR1
Y 6 M H W
TAT GGC ATG CAC TGG
CDRZ -

v I w A 8
GTC ATA TGG GCC AGT
¥oo1 T 8 R
TTC ACC ATC TCC AGA
L R A E D
CTG AGA GCC GAG GAC
w & 0o G T
TGG GGC CAG GGA ACC

JHADb
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FIG. 4A

Anti-Toxin A 33.3H2 VK Sequences

V-segment: Llb
J-segment: JK4

D T o] M T Q S P 3 5
1 GAC ATC CAG ATG ACC CGAG TOT COA TOC TCA O

S 2N 3 v &} D R
G TCT GCA TCT GTA GGR GAC NGH

v © I T ¢ R A S £ G I 5 5 W L A ®wW Y
55 GTC ACC ATC ACT TGT CGG GCG AGT CAG GGT ATT AGC AGC TGG TTA GCC TGGE TAT

CDR2

Q ] 24 P I K A 15 a8 5 L I Y A N 3 g L
ia09 CAG CMAG NAN CCA GAG ARA GCC CCT AAG TCC CTG ATC T&AT &UU GCA TCC AGT TTG

. o 5 G v P 3 R ¥ S [ S G S G T 2 F iy
163 CAR AGT GGG GTC CCA I'CA AGE TTC AGC GGC AGT GGE TOT GGG ACA GAT TTC ACT

L T I 8 S L Q P E n B 2N T k4 b4 (o 2 Q
217 CTC ACC ATC AGC AGC CTG CAG CCT GAA GAT TTT GCA ACT TAT TAC TGC CAA CAG

Y X 5 4 P W by £ G G G T K v E 1 K
27 TAT AAG AGT TAC CCG G[C ACT TTC GGC GGA GGG ACC ARG STG GAG ATC ABA

JK4

Amino acid sequence = SEQ ID NO:6
Nucleic acid sequence= SEQ ID NO:37
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FIG. 4B

'

Anti-Toxin A 33.3H2 VH Sequences

V-segment: VH3-33
D-segment: Unknown
J-segment: JH4b

Q A Q L v E .8 G £ G v \ Q P G R 5 L
1 CAG GTG CAG C7G GTG GAG TCT G6G. GGA GGC GTG. TC CAG CCT GGG AGG TCC CTG

R L 5 Cc A A ) G F T F 2] K T &1 M H W
55 ACGA CTC TCC TGT GCA GCG TCT GGA TTC ACC TTC AAYT ARA TAT GGC ATG CAC TGS

A4 R Q A 2 G K G L E W v A v T W ¥ D
109 GTC CGC CAG GCT CCA GGC AAG GGG CTG GAG TGG GTG GCA GTIT ATA TGG TAT SAT

G T N K ¥ Y A D 5 M K G R ¥ T I 5 R
1la3 GEHA ACT BAT ARA TRC TAT GCR GAC TCC ATG ARG GGC CGA TTC ACC ATC TCC AGA

D N S K K M L Y L 2 M N 5 L R A E b
217 GEC BAT TCC AAG RAT ATG CTG TAT CTG CAA ATG AAC AGC CTA AGA GCC GAG GAC

T A v Y Y C A R D P P T A N Y W G Q
271 ACG GCT GTG TAT TAC TGT GCG AGA GAT CCC CCZ ACT GCT AAC TAC TGG GGC CAG

[—P-JHAb

G T L v T v s S
325 GGA ACC CTG GTC RCC GTIC TCC TCR

Amine acid sequence = SEQ ID NO:3
Nucleic acid sequence= SEQ ID NO:40
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TxA +3D8 TxA + 3H2

Treatment

TXA

No TxA

FIG. 10
Intestinal Loop Fluid Accumulation

1 |
o e O Lo -]
N — —

oney ybuajaybiapn



-
-«
-
N
&
'
=
m abuajpeys o3 uolefal ul sheq
= b €Lz L 0O 6 8§ L 8 & ¥ €& T L 0
2 | r s . Y
n 4 I|0|.O|0I00|0|0|0/ 0
= — ol
0z
-
o¢
S
E L , o
— S =
2 , o
7
: T\ I
= e UL , "
Q 3¢ + OIUBA —H— /Um /
S 06
: wWniasg }iqgqey +0ouep —¥—
=
= 004
- ocouep —m—
0kl
Aup saiodg |g—e—
g
.m
= Aep/By/Bw Q1 d11 ‘DI
m (Aep/3y/8wQg) $9s0p 7 :R(IE {ULOALLIOdUR A
=
om
m Ar(]
& e satods Tg BpUI]D
g bk DI .
g VIl DI
<
-



US 2016/0152694 Al

Jun. 2,2016 Sheet 15 of 35

Patent Application Publication

dnoib yuauwyeasy

)
(/1=U) 8QE + 0OUBA WNISS JQUEY +0IUEA (/] =L) oouep

(g=u) Ajup sa10dg 19

1L90°0 =d

01070

il
oy

asdejoy

UIDAWICIURA PUB UOII8)UI SfaIIp ") Jo)y asde|ay Wod) [EAIAING

0l
0¢
0g
or
0S
08

0L

SIOAIAING ¥,

A E




US 2016/0152694 Al

Jun. 2,2016 Sheet 16 of 35

Patent Application Publication

10}9e4 UORN}IQ

3 B o o
g 8 8 ¢ ¥ ¥ ¢
5 T 32§ 3% 8 8 g2,
S A R
gx] sA [ggn) =
gx]. sA QOEED %
YXLSsA  JEgD —=—
WXL SA QgD ——

vlasiuy Jeuojohjod jeos Aq sjjeo
06-MIAlt SA ANoixo3kg g pue y uixo] jo uopezjjennan

€l 'Old

21029 94490



Patent Application Publication Jun. 2,2016 Sheet 17 of 35 US 2016/0152694 A1

-
L s |
on
—
(]
—
—
—
<
—
o
Aol
o0 Lag|
m.
~ T
3 5
. Ne =
O - =
TH -
-+ QO
-
(ea) Lo
S
o~
T =
S — o
» pui
- — -
. o
.

b

Day:

Clinda



US 2016/0152694 Al

Jun. 2,2016 Sheet 18 of 35

Patent Application Publication

aBusjjeys o} uonelay ui skeq

YO 49 A

' i

LOL 6 B L 9 S P ET L O T

L£E 1809 +3(IE+00UEN —@—
LE€ 180D +00UBA —¥-
8QE-+0oUBA

AuQ oouep, ——

|10q 1O WINI3S g UIX0}-RUE }205 hwn_m
YIM JuBUIeal) Joye sielswiey ul esde(al ajfoLp "0 WO} [BAIMNG

g1 "Old

[BAIAING %



US 2016/0152694 Al

Jun. 2,2016 Sheet 19 of 35

Patent Application Publication

abuajeys o3 uoijejay ul sheq

SkvheLzZLiLoL e 8 L 9§ ¥ ¢ 2 L 0 b
. | L : : ] 1 I L L 1 b Q

e RCELEEELE R - o)

L 1

L€ 1209 +2(IC +0OUBA —9— “
| LEE 180D +00URA —¥—|

1

gaE+0ouEs ——|

fluo oo:m>|0|w

430q JO WNJSS g UIX0}-Rue JeO9 ‘8¢ UM pajeal)
sig)swiey uj osdejad Jeye SSIU|l afop ‘9 WoJj uoyosjold

91 '9I4

Ayjesn %



US 2016/0152694 Al

Jun. 2,2016 Sheet 20 of 35

Patent Application Publication

aBuajjeys o) uone|ay ui sheq

ShvbcLer oL 6 8 L 9 S ¥ €2 V0 b

(s1) gac+ udAwosuep—¥—
(02) uIoAwoouep ——

(9) Juauneal ou—e—

i

Juswiladx3 (JeAlAIng) uoioalold

asdejay / p Juswbel} g uixo] yum uoleZiUntW| 19)SsweH

L1 'Ol

|EAIAINS Y,



US 2016/0152694 Al

Jun. 2,2016 Sheet 21 of 35

Patent Application Publication

abuajjeyo 0} =o_ﬁm_uz ui sheq

GLyLeELZLLILOLGE B8 L 9 S vV £ 2 L O LT

(61) 8ac+ UPAWOOUBA —¥—|
(02) uroAwoouep —m—
(9) Jueunean ou —4—

- 0l
- 02
- 0¢
%
- 09
- 09
- 0L
- 08
- 06
- 001

(ssau[) Juswradxg uonasjold
asdejoy / y Juewbely g uIXo] yym Uuoneziunuitl| J9)sweH

81 'Ol

117"

(pesp Jo ois Jou) AyyeaH %



Patent Application Publication Jun. 2,2016 Sheet 22 of 35 US 2016/0152694 A1

FIG. 19
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FIG. 22

C d;ﬁicﬂe Toxin A Amino Acid Sequence
{(See also GenBank® GI No:98593, Acc. No:A37052)

MSLISKEELIKLAYSIRPRENEYKTILTNLDEYNKLTTNNNENKYLOLKKT NES TDVFMNKY
KTSSRNRALSNTKRDITKEVIT, TRKNSNTS PVRRNTHFVH T GGRVSNIALEY IKOWADINAEY
NIKLWYDSEAKLVNTLEKKALVESSTIEALQOLLEEELQN PQEDNMKE YKKRMEFI YDROKRFI
NYYESQINKPTVETIDDIIKSHLVSEYNRDETVLESYRTNSLRKINSNHGIDIRANSLETEQ
ELLNIYSQELLNRGNLAAASDIVRLLALKNFGGVYLDVDMLPGIISDLFKTISRPSSIGLDR
WEMIKLEATIMKYKKY TNNYTSENFDKLDQOLKDNFKLI IESKSRKSEIFSKLENLNYVSDLEL
KIAFALGSVINQALISKQGSYLTNLVIEQVENRYQFLNQHTL.NFPALESDNNFTDTTKI FHDSL
FNSATAENSMFLTKIAPYLOVGFMPEARSTISLSGPGAYASAYYDFINLOENTIEKTLEASD
LIEFKEPENNLSOLTECEINSLWSFDOASAXYOFERYVRD Y I'GGSLSFDNGVDFNKNTALDK
NYLLNNKIPSNNVERAGSKNYVHY I IQLOGRD L SYEATUNLFSKNPRNS I I TORNMNE SAKS
YFLSDDGESILELNKYRIPERLKNKEKVKVTFIGHGKDEFNTSEFARLSVDSLSNEISSFLD
TTKLDISPKNVEVNLLGCNMFSYDFNVEETYPGKLLLS TMDKTTSTLPDVNKNS T T TGANQY
EVRINSEGRKELLAHS GKWINKEEATIMADLSSKEYIFFDS I DNKLKAKSKNI PGLASI SEDT
KTLLLDASVSPRDTKFILNNLKLNIESSIGDYIYYEKLEPVKNI THNS IDDLIDEFNLLENVS
DELYELKKLNNLDEKYLISFEDISKNNSTYSVRFINKSNGESVYVETEKEIFSKYSERT TKE
ISTIKNSIITDVNGNLLDNIQLDHTSOVNTLNAAFFIQOSLT DYSSNKDVLNDLSTSVRVQLY
AQLFSTGLNTTYDSIQLVNLISNAVNDTINVLPTITEGTPTVSTITLDGINLGAAIKELLDEN
DPLLEKKELEAKVGVLAINMSLSIAATVASIVGIGAEVT IFLLPIAGTISAGT PSLVNNELTLH,
DEATSVVNYFNHLSESKKYGPLKTEDDKI LVPIDDLVISEI DFNNNS TKLGTCNILAMEGGS
GHTVTGNIDHFFSSPSISSHIPSLSIYSAIGIETENLDFSKKIMMLPNAPSRYVFWWETGAVE
GLRSLENDGTRLLDS IRDLYPGKFYWRFYAFFDYAITTLKPVYEDTNIKIKLDKDTRNEFIMP
TITTNEIRNKLSYSFDGAGGTYSLILSSYPISTNINLSKDDLWI FNIDNEVREISIENGTLE
KGKLIKDVLSKIDINKNKLT IGNQTIDFSGDI DNKDRY L FLTCELDDKISLEIEINLVAKSY
SLLLSGDKNYLISNLSNTIEKINTLGLESKNIAYNYTDESNNKYFGATSKTSOKST IHYRKD
SENILEFYNDSTLEFNSKEDFIAEDINVFMKDDINTITGKY YVDNNTDESIDFSISLVSKNQYV
KVNGLYLNESVYSSYLDFVKNS DGHENT SNFMNLFLDNI SFWKLFGFENTNFVIDKYFTLVG
KTNLGYVEFICDNNKNIDIY FGEWKTSSSKSTIFSGNGRNVVVEPIYNPDTGEDISTSLDFES
YEPLYGIDRYINKVLIAPDLYTSLININTNYYSNEYYPET TVINPNTFHEKVNINLODSSSFR
YKWSTRGSDFITVRYTEESNKKTLOKIRTKGTT.SNTQS FNKMS TDFEDIKKLALEYIMSNEE
SFNSENELDRDHLGFKIIDNKTYYYDEDSKLVKGLININNSLEYFDP LEENLVIGWOT INGK
KYYFDINTGAALTSYKL INGKHFY FNNDGVMOLGVEKGPDGFEYFAPANTONNNTEGQAIVY
QSKFLTLNGKKYYFDNNSKAVTGWRI INNEKY YFHPNNATAAVGLOVIDNNKYYFNPDTATI
SKGWQTVNGSRYYFDTDTAIRFNGYKTIDGKHFYFDSDCVVKIGVESTSHGFEYFAPANT YN
NNIEGDAIVYQSKFLTLNGKKYYFDNNSKAVTGWQTI DSKKYYFNTNTAEAATGHOT I DGKK
YYENTNTAEAATGWQTIDGKKY YFNTNTATAS TGYTT INGKHFYFNTDGIMQI GVFKGPHGE
EYFAPANTDANNIEGQAILYONEFLTLNGKKYYFGSDSKAVTGWRL INNKKYYFNPNNAILA
IHLCTINNDKYYPSYDGILONGYITIERNNFYFDANNE SKMVTGVEKGPNGFE Y FAFPANTHN
NNIEGQAIVYONKFLTLNGKKYYFDNDSKAVTGWQTIDGKKYYFNLNTAERATGWOTI DGKK
YYFNLNTAERATGWQTIDGKKY Y FNTNTFIASTGYTS INGKHFYFNTDGIMQIGVFKGPNGE
EYFAPANTDANNIEGQOAILYONKFLTLNGKKYY FSSDSKAVTGLRTIDGKKY YENTNTAVAY
TEWQTINGKKYYFNTNTSIASTGYTIISGKHFYFNTDGIMQIGVFKGPDGFEYFAPANT DAN
NIEGQATRYQNRFLYLHDNIYYFGNNSEAATGWVTIDGNRYYFEPNTAMGANGYKT T DNENF
YFRNGLPQIGVFKGSNGFEYFAPANTDANNIEGQATRYQNRFLATLGKT YYFGNNSKAVTGH
OT INGRKVYYFMPDTAMARAGGT.FRINGVIVFFGVDGVKAPGIYE (SEQ ID NO:41)
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FIG. 23

C. difficile Toxin B Amino Acid Sequence
(See also GenBank® GI No: 7476000, Acc. No: $70172)

MSLVNRKQLEEKMANVRFRVQEDEYVAILDALEEYHNMSENTVVEKYLKLKDINST.TDTY TRT
YKKSGRNKALKKFKEYLVIEILELKNSNLTPVEKNLHFIWIGGQINDTAINYINQWKDVNSD
YNVNVFYDSNAFLINTLKKTIIESASNDTLES FRENLNDPE FNHTAFFRKRMOT TYDKQONFE
TNYYKAQEEENPDLIIDDIVKTYLSNEYSKDIDELNAYIERESLNKVTENSGNDVRNFEEFKT
GEVENLYEQESVERWNLAGASDTLRVAILENIGGVYLDVIMLPGIHPDLFEDINKPDSVETA
VDWEEMQLEAIMKHKEYI PEYTSKHFDTLDEEVQS SFESVLASKSDKSEIFLPLGDIEVSPL
EVKIAEAKGSIINQALISAKDSYCSDLLTKQIQNRYKILNDTLGPIISQGNDFNTTMNNEGE
SLGAIANEENISFIAKICSYLRVGEFYPEANTTITLSGPTI YAGAYRDL L TFKEMSIDTSILS
SELRNFEFPKVNISQATEQEKNS LWOFNEERAKIQFEEYKKNY FEGALGEDDNLDFSQN VT
DKEYLLEKISSSTKSSEGGYVHYIVQLQGDKISYEAACNLFAKNPYDSILFQRNIEDSEVAY
YYNPTDSEIQETDKYRTPDRISDRPKIKLTFIGHGKAKKNT DL FAGLDVDSLSSETETAIGL
AKEDISPKSIEINLLGCNMFSYSVNVEETYPGKLLLRVKDKVSELMPSMSQDSIIVSANQYE
VRINSEGRRELLDHSGEWINKEESIIKDISSKEYISFNPEENKL IVKSKNLPELSTLLOETR
NNSNSSDIELEEKVMLAECETNVISNIETOVVEERI ERAKSLTSDSINYTKNEFKLIESISE
ALCDLKQONELEDSHFISFEDISETDEGFSIRFINKETGESIFVETEKTIFSEYANHITEET
SKIKGTIFDTVNGKLVEKVNLDTTHEVNTL.NAAFFTQST. TEYNSSKESLSNLSVAMEVQV YA
OLFETGLNT I TDAAKYVVELVSTALDETIDLLPTLSEGLPIIATIIDGVSLGAAIKELSETSD
PLLROQEIEAKIGIMAVNLTTATTAIITSSLGIASGES ILLVPT.AGISAGTI PSLVNNELVLRD
KATKVVDYFKHVSLVETEGVFTLLDDKVMMORDDLVI SE TDFNNNS I VLGKCE IWRMEGGSG
HIVTDDIDHFFSAPSITYREPHLSIYDVLEVOKEELDLSKDLMYLPNAPNRVFAHETGWT PG
LRSLENDGTELLDRIRDNYEGEFYWRYFAFIADALI TTLEPRYEDTNIRINLDSNTRSFTVE
I ITTEY IREKLSYSFYGSGGTYALPLEQYNMGINTRL.SESDVWI IDVONVVRDVTIESDETK
KGDLIEGILSTLSIEENKI ILNSHEINFSGEVNGSNGFVSLTFSILEGINATITEVDLLSKSY
KLLISGELKILMLNSNHIQQKIDYIGFNSELOKNIPYSFVDSEGKENCFINGS TRECLEVSE
LPDVVLISKVYMDDSKPSZGY YSNNLEDVKY - TKDNVNILTGYYLKDDIRI SLSTL TLODEKT
IKLNSVHLDESGVAEILKFMNRKGSTNTSDSLMSFLESMNIKSIFVNFLQSNIKFILDANFI
ISGTTSIGRFEFICDENNNLQPY FIKKNTLEINYPLY VGRRONMIVEPNYDLDDSGDISSTV
INFSQKYLYGIDSCVNKVVISPNIYTDEINITPVYETNNTYPEVIVLDANYINEKINVNIND
LSIRYVWSNDGNDFILMSTSEENKVSQVKIRFVNVFKDKTLANKLSFNFSDKQDVPVSEIIL
SFTPSYYEDGLIGYDLGLVSLYNEKFY INNFGMMVSGLIYINDSLYYFKPPVNNLITGFVTV
GDDKYYFNPINGGAASIGETIIDDENYYFNQSGVL.OTGVFSTEDGFKY FARPANTLDENLEGE
AIDFTCKLIIDENIYYFEDNYRGAVEWKELDGEMHYFSPETGKAFKGLNOIGDDKYYFNSDG
VMOKGFVSINDNKHYFDDSGVMKVGYTEINGKAFY FAENGEMOIGVENTE DGFKY FAHENED
LGNEEGEEISYSGILNFNNKIYYFDDSFTAVVGWKDLEDGSKYYFDEDTAEAYIGLSLINDG

C QYYFNDDGIMOVGFVTINDKVFYFSDSGIIESGVONT DDNYFYIDDRGIVQIGVEDTSDGYK
YFAPANTVNDNIYGOAVEYSGLVRVGEDVYYFGETYTIETGWIYDMENESDKY YFVPETKEA
CKGINLIDDIKYYFDEKGIMRIGLISFENNNYYFNENGEIQFGYINIEDKMFYFGEDGVMOT
GVFNTPDGFKYFAIONTLDENFEGES INYTGHLGLDEKRYYFTDEYTAATGSVIIDGEEY Y
DPDTADLVISE '
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Fig. 24

Hamster Primary Challenge
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Fig. 25

Hamster Straight Challenge
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Fig. 26

Hamster Primary Challenge
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Fig. 27

Neutralization of Toxin B Cytotoxicity against IMIR-80 Cells
Using 2A11, 124-152 or 1G10
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Anti-CDTox B 124-152 VH

Fig. 28
V segment: 5-51
I segment : 7-27
J segment: JH3b

B v L V @ § G A E VvV K K & 6 &k % L
1 GAG BTG CAG CrG GTG CAG TCT GGA GUA BAG GTG AAA ARG TUC GUU CAC TCT CTG

CDR1 SER ID NO:62 (aa) 63 (nt)

K I = C K G S G Y 3 r T = T W I o w
55 AAG ATC TCC TGT AAG GGT TCT GGA TAC AGC TTT ACC AGC TAC TGG ATC GGC TGG

v R 2 M P G K G L E W M G I F Y P &)
109 GTG CGC CAT ATG CCC 3GG BAG GGC UTG GAG TGG ATS GGG ATC TTC TAT CCT GGT

CDR2 5FEQ ID HO:64 (aa) &5 {(nt}

=) 3 5 T R T 5 ) I F Q = (o] v T L S A
163 GAC TCT AGT ACC AGR TAC AGC CCG TCO TTC CAA GGC CAG GTC ACC AT TCA GLC

. D K 5 v N T 2 ke L Q w 5 S L K o s D
217 GRC ARG TCC GTC AAC ACC GOC TAC CTS CAG TGG AGC BRGC CTTG ARAG GCC TCG SGAC

CDR3 SEQ ID RO:66 {aa) 67 (nt)

T A M Y b4 c 2% R R R H W G N A F D T
C

271 BCC GCC ATG TAT TAC TGT GG AGA CGT CGR ARC TGG GGA BAT GCT TTT GAT ATC
" 6 Q@ 5 T M ¥ T ¥V 5 8 SEQ ID KO:54
325 TGS GGC CAA GGG ACA ATG GIC ACC GIC TCT TCA  SBQ ID NO:55

>CDTox 3, 124-152, VH-NT with Jleader SEQ ID KO:57
ATGEEGTCAACCGCCATCCTCGCCCTCCTCCTGGCTGTTCTCCARGGAGTCTGTGCCGAGGTGCA
GCTEETGCAGICIGEAGCAGAGGIGAAARAGTCCGEGEGAGTCTICTGAAGATCTCCTGTARGGGTT
CTGGATACAGCTTTACCAGCTACTGGATCGGUCTGGETGUCGCCAGATGCCCGGGAAGGGICTGGAG
TGGATCGGGATCTTCTATCCTGGTGACTCTAGTACCAGATACAGCCCGTCCTTCCAAGSCCAGGT
CACCATCTCAGCCGACAAGTCCGTCAACACCGCCTACCTGCAGTGGAGCAGCCTGAAGGCCTCGE
ACACCGCCATGTATTACTGTGCGAGACGTCGAAACTGGEGAAATGCTTTTCATATCTGEGGECCAR
GGGACAATGGTCACCGTCTCTTCA

>CDTox B, 124-152, VH-AA with leader SEQ ID NO:56
MGSTAILALLLAVLOGVCAEVQLVOSGADVEKKSGESLKI SCRKESGY SETSYWLIGWVYROMPGKGLE
WMGIFYPGDSSTRYSPSFQGOVTISADKSVNTAYLOWSSLKASDTAMY Y CARRRNWGNAFDIWGE
GTMVTVSS
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Fig. 29
Anti-CDTox B 124-152 VK
V segment: AR7
J segment: JK1

SEQ ID NO:58

1o T v T T Q ] B = T L 2 L 5 F G E R
1 GAA ATT GTG TTC ACC CAS TCT CCA GGC ACC CTG TCT TTG TCT CCA GGG GAA AGA
SEQ ID NO:59
CDR1 SEQ ID WO:6B (aa) 63 (nt)
A 5 Q S v ) s 3 T T A, W
5 GCC AGT CAG AGT GTT AGC AGC NGC TAC TTA GCC TGG

55 GCC ACC CTC TCC TGC A

CDR2

Y o Q K P G o] 2 P R L L I Y G I s 5
1059 TAZ CAG CAG AAA CCT GGC CAG GCT- CCC AGG CTC CTC ATC 'TAT GGT GCA TCC AGC

CDR2 SEQ ID NO:70 {aa) 7L {nk}

14 A kN £} 1 r 8] R I 5 ) 3 G 3 G T D 13

163 AGG GCT ACT CGC ATC CCA GRT AGG TTC AGT GGC AGT GGG TCT GGG ACA GAL TTC
CDR3

T L T I S R L B e E In} F A v b4 Y & <

217 ACT CTC ACC ATC AGC AGR CTG GAG CCT GARA GAT TTT GCA GTG TAT TAC TGT CAG

CDR3 SEQ ID N0:72 (am) 73 (nt)

Q ¥ a 3 b T w iy F G < G T K v s I K
271 CAG TAT GG AGC TCA ACG TGL RCG TTC GGC CAA GGG ACC AAG GTG GAA ATC BAR

»CDTox B, 124-152, VK-NT with leader °EQ Ip¥oiel
ATGGARACCCCAGCECAGCTTCTCTTCCTCCTECTAL TCT GG CCCAGATACCACCGGASARAT
POTGTTGACGUAGTUTCCAGGCACCCTGTC T T TG TCTLCAGEGGABAGAGCCACCOTCTCCTGCA
GGGCCAGTCAGAGTGTTAGCAGCAGCTACT TAGCCTEGTACCAGCAGARACCIGECCAGGETCOC
AGGOTCCTCATCTATGGT GCATCCACCAGGGCCACTGGCATCCCAGACAGGTTCAGTGGCACTGE
GLCIGEGACAGAC I CACT CTCAUCATCAGCAGACTGGAGCCTGAAGAT T TTGCACTGTATTACT
GTCAGCAGTATEGTAGCTCARCGTCGACG T TCGECCARGGGACCARGGTGEARAT AR

>CDTox B, 124-152, VK-AA with leader SEQ ID NO:60
METPAQLLFLLLLWLEPDTTGRTVLTASPGTT.SLS PGFRRATLSCRASQSEVSSSYLAWYQQOKPGOR
PRLLIYGASERATGIPDRESGSGSGTDETLTISRLEPEDFAVYYCOQYGSSTWTFGOGTREVEIK
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Fig. 30

Anti-CDTox B 124-152 VH regicn

SEQ ID NO:75

CDR1
55l germline EV QLV3SGCAEVKXPGEESLKISCEGSECYSFTSYWIGW
124-152 TH = = = = = e e e e e s = = S = e om e e e e e e e e e e e e e e
SEQ ID NO:76
CDR2
E-5l gexmline VR QO MPGSGKGLEWMS IIYPGDSDTRYSPSFOQGQVTISHA
124-152 VH B e T T R e

SEQ ID WO:77.

CDR3
5-51 germline DK S I STAYLOQWSESLKAZASDTAMYY.ZS AR
JH3b germline AFDI
124-152 VH - = = W H = = = = = = = = e == — = e e e e e e e RENWGHN-—- — - —

JHIb germline W G Q GT MV TV S S
124-162 VH @ = - = = = - - = e - = = (TE3Db)
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Fig. 31

Anti—CDTox B 124-152 VK rsgion

P27 germline ETIVLTQSPGTLSLSPGERATLSCRAELGSYSSSYLAW
124-152 VK = = = = = = = = = = = = = m e e e m e e m e e e e e e e e

CDR2
A27 germline Y Q QK F UG UAPRLLIYGASSRATGSIP?PLRRESGSGSGT DY
124-152 VK = =~ = = — = — = = = — = — — — — — — — — — &~ & =@ — & & = & = - =~ - -

BEQ ID NO:80
CDR3
AZ/ germline X L T 1 S5 R LEPEDKFAVYYC F DYG &S P SER ID WO:79
JK1 germline HTIF30GTXKVETIEK
124-152 VK e m e m e e e e e e oo Fom e om o —m = o o
(K1)
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ANTIBODIES AGAINST CLOSTRIDIUM
DIFFICILE TOXINS AND USES THEREOF

RELATED INFORMATION

[0001] The application is a continuation of U.S. patent
application Ser. No. 14/080,598, filed on Nov. 14, 2013,
which is a divisional application of U.S. patent application
Ser. No. 13/490,757, filed on Jun. 7, 2012, now U.S. Pat. No.
8,609,111, which is a continuation of U.S. patent application
Ser. No. 12/533,501, filed on Jul. 31, 2009, now U.S. Pat. No.
8,236,311, which is a divisional application of U.S. patent
application Ser. No. 11/051,453, filed on Feb. 4, 2005, now
U.S. Pat. No. 7,625,559, which claims priority to U.S. provi-
sional patent application No. 60/542,357, filed on Feb. 6,
2004, and U.S. provisional patent application No. 60/613,
854, filed on Sep. 28, 2004, the entire contents both of which
are hereby incorporated by reference.

[0002] The contents of any patents, patent applications, and
references cited throughout this specification are hereby
incorporated by reference in their entireties.

BACKGROUND OF THE INVENTION

[0003] Clostridium difficile (C. difficile) is a gram-positive
bacterium that causes gastrointestinal disease in humans. C.
difficile is the most common cause of infectious diarrhea in
hospital patients, and is one of the most common nosocomial
infections overall (Kelly et al., New Eng. J. Med., 330:257-62,
1994). In fact, disease associated with this pathogen may
afflict as many as three million hospitalized patients per year
in the United States (McFarland et al., New Eng. J. Med.,
320:204-10, 1989; Johnson et al., Lancet, 336:97-100, 1990).

[0004] Treatment with antibiotics such as ampicillin,
amoxicillin, cephalosporins, and clindamycin that disrupt
normal intestinal flora can allow colonization of the gut with
C. difficile and lead to C. difficile disease (Kelly and Lamont,
Annu. Rev. Med., 49:375-90, 1998). The onset of C. difficile
disease typically occurs four to nine days after antibiotic
treatment begins, but can also occur after discontinuation of
antibiotic therapy. C. difficile can produce symptoms ranging
from mild to severe diarrhea and colitis, including
pseudomembranous colitis (PMC), a severe form of colitis
characterized by abdominal pain, watery diarrhea, and sys-
temic illness (e.g., fever, nausea). Relapsing disease can
occur in up to 20% of patients treated for a first episode of
disease, and those who relapse are at a greater risk for addi-
tional relapses (Kelly and Lamont, Arnu. Rev. Med., 49:375-
90, 1998).

[0005] C. difficile disease is believed to be caused by the
actions of two exotoxins, toxin A and toxin B, on gut epithe-
lium. Both toxins are high molecular weight proteins (280-
300kDa) that catalyze covalent modification of Rho proteins,
small GTP-binding proteins involved in actin polymeriza-
tion, in host cells. Modification of Rho proteins by the toxins
inactivates them, leading to depolymerization of actin fila-
ments and cell death. Both toxins are lethal to mice when
injected parenterally (Kelly and Lamont, Annu. Rev. Med.,
49:375-90, 1998).

[0006] C. difficile disease can be diagnosed by assays that
detect the presence or activity of toxin A or toxin B in stool
samples, e.g., enzyme immunoassays. Cytotoxin assays can
be used to detect toxin activity. To perform a cytotoxin assay,
stool is filtered to remove bacteria, and the cytopathic effects

Jun. 2, 2016

of'toxins on cultured cells are determined (Merz et al., J. Clin.
Microbiol., 32:1142-47,1994).

[0007] C. difficile treatment is complicated by the fact that
antibiotics trigger C. difficile associated disease. Neverthe-
less, antibiotics are the primary treatment option at present.
Antibiotics least likely to cause C. difficile associated disease
such as vancomycin and metronidazole are frequently used.
Vancomycin resistance evolving in other microorganisms is a
cause for concern in using this antibiotic for treatment, as it is
the only effective treatment for infection with other microor-
ganisms (Gerding, Curr. Top. Microbiol. Immunol., 250:127-
39, 2000). Probiotic approaches, in which a subject is admin-
istered non-pathogenic microorganisms that presumably
compete for niches with the pathogenic bacteria, are also
used. For example, treatment with a combination of vanco-
mycin and Saccharomyces boulardii has been reported (Mc-
Farland et al., JAMA., 271(24):1913-8, 1994. Erratum in:
JAMA, 272(7):518, 1994).

[0008] Vaccines have been developed that protect animals
from lethal challenge in infectious models of disease (Torres
et al., Infect. Immun. 63(12):4619-27, 1995). In addition,
polyclonal antibodies have been shown to protect hamsters
from disease when administered by injection or feeding (Gi-
annasca et al., Infect. Immun. 67(2):527-38, 1999; Kink and
Williams, Infect. Immun., 66(5):2018-25, 1998). Murine
monoclonal antibodies have been isolated that bind to C.
difficile toxins and neutralize their activities in vivo and in
vitro (Corthier et al., Infect. Immun., 59(3):1192-5, 1991).
There are some reports that human polyclonal antibodies
containing toxin neutralizing antibodies can prevent C. diffi-
cile relapse (Salcedo et al., Gut., 41(3):366-70, 1997). Anti-
body response against toxin A has been correlated with dis-
ease outcome, indicating the efficacy of humoral responses in
controlling infection. Individuals with robust toxin A ELISA
responses had less severe disease compared to individuals
with low toxin A antibody levels (Kyne et al., Lancet, 357
(9251):189-93, 2001).

[0009] The individual role of toxin A and toxin B in disease
pathogenesis, and the role of anti-toxin antibodies in protec-
tion from C. difficile disease are controversial and may
depend on the host. In humans, the anti-toxin A antibody
response has been correlated to disease outcome, suggesting
a requirement for anti-toxin A response for protection. This
observation is in contrast with reports of disease-causing C.
difficile organisms that express only toxin B, implying that
toxin B can contribute to disease in humans. These toxin
A-negative strains can also cause disease in hamsters (Sam-
bol et al., J. Infect. Dis., 183(12):1760-6, 2001).

SUMMARY OF THE INVENTION

[0010] This invention is based, in part, on the discovery that
administration of antibodies against C. difficile toxin A to a
subject can protect the subject from relapse of C. difficile-
mediated disease in vivo. Administration of antibodies to one
orboth oftoxin A and toxin B can prevent primary C. difficile-
mediated disease. High affinity antibodies against C. difficile
toxins can be produced, e.g., in mice, such as transgenic mice
expressing human immunoglobulin gene segments. These
antibodies can neutralize toXin cytotoxicity in vitro, and neu-
tralize toxin enterotoxicity in vivo. Antibodies that recognize
toxin A and/or toxin B can inhibit and protect from disease in
vivo.

[0011] Inone aspect, the invention features isolated human
monoclonal antibodies or antigen binding portions thereof
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that specifically bind to an exotoxin of Clostridium difficile
(C. difficile). In certain embodiments, the antibodies or anti-
gen binding portions thereof specifically bind to C. difficile
toxin A (toxin A). In other embodiments, the antibody or
antigen binding portions thereof specifically bind to C. diffi-
ciletoxin B (toxin B). In other embodiments, the antibodies or
antigen binding portions thereof specifically bind to both
toxin A and toxin B.

[0012] In certain embodiments, the antibodies or antigen
binding portions thereof neutralize toxin A in vitro, inhibit
binding of toxin A to mammalian cells, and/or inhibit C.
difficile-mediated disease in vivo.

[0013] In various embodiments, the antibodies or antigen
binding portions thereof have one or more of the following
characteristics: when administered to a mouse, they protect
the mouse against administration of a C. difficile toxin in an
amount that would be fatal to a control mouse not adminis-
tered the antibody; protect from or inhibit C. difficile-medi-
ated colitis, antibiotic-associated colitis, or pseudomembra-
nous colitis (PMC) in a subject; protect from or inhibit
diarrhea in a subject; and/or inhibit relapse of C. difficile-
mediated disease.

[0014] The antibodies or antigen binding portions thereof
can specifically bind to an epitope within the N-terminal half
of toxin A, e.g., an epitope between amino acids 1-1256 of
toxin A. In other embodiments, the antibodies or antigen
binding portions thereof specifically bind to an epitope within
the C-terminal receptor binding domain of toxin A, e.g., an
epitope between amino acids 1852-2710 of toxin A, or an
epitope between amino acids 659-1852; e.g., an epitope
within amino acid residues 900-1852, 900-1200, or 920-1033
of toxin A. In other embodiments, the antibodies or antigen
binding portions thereof specifically bind an epitope within
amino acids 1-600, 400-600, or 415-540 of toxin A. Other
particular antibodies or antigen binding portions thereof, can
specifically bind to an epitope within amino acid residues
1-100, 100-200, 200-300, 300-400, 400-500, 500-600, 600-
700, 700-800, 900-1000, 1100-1200, 1200-1300, 1300-1400,
1400-1500, 1500-1600, 1600-1700, 1800-1900, 1900-200,
2100-2200 or 2200-2300, 2300-2400, 2400-2500, 2500-
2600, 2600-2710 of toxin A, or any interval, portion or range
thereof.

[0015] In certain embodiments, the antibodies or antigen
binding portions thereof specifically bind to toxin A witha K,
of less than about 20x10~° M. In a particular embodiment, the
antibody, or antigen binding portion thereof, specifically
binds to toxin A with a K, of less than about 10x1077 M, less
than about 10x10™% M, less than about 10x10° M, or less
than about 10x107'° M. In other particular embodiments, the
antibody, or antigen binding portion thereof, specifically
binds to toxin A with a K, of M, less than about 50x107'° m
less than about 20x107'° M, less than about 15x107*° M, less
than about 8x107° M, or less than about 5x1071° M.

[0016] In various other embodiments, the antibodies or
antigen binding portions thereof include a variable heavy
chain region including an amino acid sequence at least 80%,
85%, 90%, 95%, 98%, 99%, or more identical to a variable
heavy chain region amino acid sequence of the antibody
produced by clone 3D8 (SEQ ID NO:1), 1B11 (SEQ ID
NO:2), or 3H2 (SEQ ID NO:3).

[0017] In certain embodiments, the antibodies or antigen
binding portions thereof include a variable light chain region
comprising an amino acid sequence at least 80%, 85%, 90%,
95%, 98%, 99%, or more identical to a variable light chain
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region amino acid sequence of the antibody produced by
clone 3D8 (SEQ ID NO:4), 1B11 (SEQ ID NO:5), or 3H2
(SEQ ID NO:6).

[0018] In certain embodiments, the antibodies or antigen
binding portions thereof each include both a variable heavy
chain region including an amino acid sequence at least 80%,
85%, 90%, 95%, 98%, 99%, or more identical to a variable
heavy chain region amino acid sequence of the antibody
produced by clone 3D8 (SEQ ID NO:1), 1B11 (SEQ ID
NO:2), or 3H2 (SEQ ID NO:3), and a variable light chain
region including an amino acid sequence at least 80%, 85%,
90%, 95%, 98%, 99%, or more identical to a variable light
chain amino acid sequence of clone 3D8 (SEQ ID NO:4),
1B11 (SEQ ID NO:5), or 3H2 (SEQ ID NO:6).

[0019] In various embodiments, the antibodies or antigen
binding portions thereof specifically bind to an epitope that
overlaps with an epitope bound by an antibody produced by
clone 3D8, 1B11, or 3H2 and/or compete for binding to toxin
A with an antibody produced by clone 3D8, 1B11, or 3H2.
[0020] A variable heavy chain region of the antibodies or
antigen binding portions thereof can include one or more
complementarity determining regions (CDRs) that are at least
80%, 85%, 90%, 95%, or 99%, or more identical to a CDR of
the antibody produced by clone 3D8 (SEQ ID NOs:7-9),
1B11 (SEQ ID NOs:10-12), or 3H2 (SEQ ID NOs:13-15)
(also shown in Table 1).

[0021] A variable light chain region of the antibodies or
antigen binding portions thereof can include one or more
CDRs that are at least 80%, 85%, 90%, 95%, or 99%, or more
identical to a CDR of a variable light chain region of the
antibody produced by clone 3D8 (SEQ ID NOs:16-18), 1B11
(SEQ ID NOs:19-21), or 3H2 (SEQ ID NOs:22-24) (also
shown in Table 2).

[0022] A variable heavy chain region of the antibodies or
antigen binding portions thereof can include one or more
complementarity determining regions (CDRs) that are at least
80%, 85%, 90%, 95%, or 99%, or more identical to a CDR of
the antibody produced by clone 3D8 (SEQ ID NOs:7-9),
1B11 (SEQ ID NOs:10-12), or 3H2 (SEQ ID NOs:13-15),
and a variable light chain region of the antibodies or antigen
binding portions thereof can include one or more CDRs that
are at least 80%, 85%, 90%, 95%, 99%, or more identical to
a CDR of a variable light chain region of the antibody pro-
duced by clone 3D8 (SEQ ID NOs:16-18), 1B11 (SEQ ID
NOs:19-21), or 3H2 (SEQ ID NOs:22-24).

[0023] A variable heavy chain region of the antibodies or
antigen binding portions thereof can include three CDRs that
are at least 80%, 85%, 90%, 95%, or 99%, or more identical
to a CDR of a variable heavy chain region of the antibody
produced by clone 3D8 (SEQ ID NOs:7-9), 1B11 (SEQ ID
NOs:10-12), or 3H2 (SEQ ID NOs:13-15).

[0024] Insome embodiments, a variable light chain region
of'the antibodies or antigen binding portions thereof includes
three CDRs that are at least 80%, 85%, 90%, 95%, 99%, or
more identical to a CDR of a variable light chain region of the
antibody produced by clone 3D8 (SEQ ID NOs:16-18), 1B11
(SEQ ID NOs:19-21), or 3H2 (SEQ ID NOs:22-24).

[0025] Insome embodiments, a variable light chain region
of'the antibodies or antigen binding portions thereof includes
one or more CDRs that are at least 80%, 85%, 90%, 95%, or
99%, or more identical to a CDR of a variable light chain
region of the antibody produced by clone 3D8 (SEQ ID
NOs:16-18), 1B11 (SEQ ID NOs:19-21), or 3H2 (SEQ ID
NOs:22-24), and a variable heavy chain region of the anti-
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bodies or antigen binding portions thereof includes three
CDRs that are at least 80%, 85%, 90%, 95%, or 99%, or more
identical to a CDR of a variable heavy chain region of the
antibody produced by clone 3D8 (SEQ ID NOs:7-9), 1B11
(SEQ ID NOs:10-12), or 3H2 (SEQ ID NOs:13-15). The
variable light chain region can include three CDRs that are at
least 80%, 85%, 90%, 95%, or 99%, or more identical to a
CDR ofavariable light chain region of the antibody produced
by clone 3D8 (SEQ ID NOs:16-18), 1B11 (SEQ ID NOs:19-
21), or 3H2 (SEQ ID NOs:22-24).

[0026] In certain embodiments, a variable heavy chain
region of the antibodies or antigen binding portions thereof
includes three CDRs that are identical to a CDR of a variable
heavy chain region of the antibody produced by clone 3D8
(SEQIDNOs:7-9), 1B11 (SEQIDNOs:10-12), or 3H2 (SEQ
1D NOs:13-15), and a variable light chain region of the anti-
bodies or antigen binding portions thereof includes three
CDRs that are identical to a CDR of a variable light chain
region of the antibody produced by clone 3D8 (SEQ ID
NOs:16-18), 1B11 (SEQ ID NOs:19-21), or 3H2 (SEQ ID
NOs:22-24), e.g., a variable light chain region and variable
heavy chain region of the antibody or antigen binding portion
thereof are identical to a variable light chain region and vari-
able heavy chain region of the antibody produced by clone
3D8 (SEQ ID NO:1, SEQ ID NO:4), 1B11 (SEQ ID NO:2,
SEQ ID NO:5), or 3H2 (SEQ ID NO:3, SEQ ID NO:6).

[0027] In some embodiments, the antibodies or antigen
binding portions thereof neutralize toxin B in vitro, inhibit
binding of toxin B to mammalian cells, and/or neutralize
toxin B in vivo.

[0028] In some embodiments, the antibodies or antigen
binding portions thereof specifically bind to an epitope in a
C-terminal portion of toxin B (e.g., between amino acids
1777-2366 of toxin B). Other particular antibodies or antigen
binding portions thereof, can specifically bind to an epitope
within amino acid residues 1-100, 100-200, 200-300, 300-
400, 400-500, 500-600, 600-700, 700-800, 900-1000, 1100-
1200, 1200-1300, 1300-1400, 1400-1500, 1500-1600, 1600-
1700, 1800-1900, 1900-200, 2100-2200 or 2200-2366 of
toxin B, or any interval, portion or range thereof.

[0029] In certain embodiments, the antibodies or antigen
binding portions thereof specifically bind to toxin B witha K,
ofless than about 20x10~° M. In a particular embodiment, the
antibody, or antigen binding portion thereof, specifically
binds to toxin B with a K, of less than about 10x1077 M, less
than about 10x107® M, less than about 10x10~° M, or less
than about 10x107'° M. In other particular embodiments, the
antibody, or antigen binding portion thereof, specifically
binds to toxin B with a K, of less than about 50x107'° M, less
than about 20x1071° M, less than about 15x1071° M, less than
about 8x107'° M, or less than about 5x107'° M.

[0030] In various other embodiments, the antibodies or
antigen binding portions thereof include a variable heavy
chain region including an amino acid sequence that is at least
80%, 85%, 90%, 95%, 98%, 99%, or more identical to a
variable heavy chain region amino acid sequence of the anti-
body produced by clone 124-152 (i.e., the amino acid
sequence shown in SEQ ID NO:54), 2A11, or 1G10.

[0031] In certain embodiments, the antibodies or antigen
binding portions thereof include a variable light chain region
comprising an amino acid sequence that is at least 80%, 85%,
90%, 95%, 98%, 99%, or more identical to a variable heavy
chain region amino acid sequence of the antibody produced
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by clone 124-152 (i.e., the amino acid sequence shown in
SEQ ID NO:58), 2A11, or 1G10.

[0032] In certain embodiments, the antibodies or antigen
binding portions thereof each include both a variable heavy
chain region including an amino acid sequence at least 80%,
85%, 90%, 95%, 98%, 99%, or more identical to a variable
heavy chain region amino acid sequence of the antibody
produced by clone 124-152 (i.e., the amino acid sequence
shownin SEQ IDNO:54),2A11, or 1G10, and avariable light
chain region including an amino acid sequence that is at least
80%, 85%, 90%, 95%, 98%, 99%, or more identical to a
variable light chain amino acid sequence of the antibody
produced by clone 124-152 (i.e., the amino acid sequence
shown in SEQ ID NO:58), 2A11, or 1G10.

[0033] In various embodiments, the antibodies or antigen
binding portions thereof specifically bind to an epitope that
overlaps with an epitope bound by an antibody produced by
clone 124-152, 2A11, or 1G10 and/or compete for binding to
toxin B with an antibody produced by clone 124-152, 2A11,
or 1G10.

[0034] A variable heavy chain region of the antibodies or
antigen binding portions thereof can include one or more
complementarity determining regions (CDRs) that are at least
80%, 85%, 90%, 95%, or 99%, or more identical to a CDR of
the antibody produced by clone 124-152 (SEQ ID NOs: 62,
64, or 66), 2A11, or 1G10 (Table 3).

[0035] A variable light chain region of the antibodies or
antigen binding portions thereof can include one or more
complementarity determining regions (CDRs) that are at least
80%, 85%, 90%, 95%, or 99%, or more identical to a CDR of
the antibody produced by clone 124-152 (SEQ ID NOs: 68,
70, or 72), 2A11, or 1G10 (Table 4).

[0036] A variable heavy chain region of the antibodies or
antigen binding portions thereof can include one or more
complementarity determining regions (CDRs) that are at least
80%, 85%, 90%, 95%, or 99%, or more identical to a CDR of
the antibody produced by clone 124-152 (SEQ ID NOs: 62,
64,0r66), 2A11, or 1G10, and a variable light chain region of
the antibodies or antigen binding portions thereof can include
one or more CDRs that are at least 80%, 85%, 90%, 95%,
99%, or more identical to a CDR of a variable light chain
region of the antibody produced by clone 124-152 (SEQ ID
NOs: 68, 70, or 72), 2A11, or 1G10.

[0037] A variable heavy chain region of the antibodies or
antigen binding portions thereof can include three CDRs that
are at least 80%, 85%, 90%, 95%, or 99%, or more identical
to a CDR of a variable heavy chain region of the antibody
produced by clone 124-152 (SEQ ID NOs: 62, 64, or 66),
2A11, or 1G10.

[0038] In certain embodiments, the variable light chain
region of the antibodies or antigen binding portions thereof
includes three CDRs that are at least 80%, 85%, 90%, 95%,
99%, or more identical to a CDR of a variable light chain
region of the antibody produced by clone 124-152 (SEQ ID
NOs: 68, 70, or 72), 2A11, or 1G10.

[0039] In other embodiments, the variable light chain
region of the antibodies or antigen binding portions thereof
includes one or more CDRs that are at least 80%, 85%, 90%,
95%, or 99%, or more identical to a CDR of a variable light
chain region of the antibody produced by clone 124-152
(SEQ ID NOs: 68, 70, or 72), 2A11, or 1G10, and a variable
heavy chain region of the antibodies or antigen binding por-
tions thereof includes three CDRs that are at least 80%, 85%,
90%, 95%, or 99%, or more identical to a CDR of a variable
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heavy chain region of the antibody produced by clone 124-
152 (SEQ ID NOs: 62, 64, or 66), 2A11, or 1G10. The
variable light chain region can include three CDRs that are at
least 80%, 85%, 90%, 95%, or 99%, or more identical to a
CDR ofavariable light chain region of the antibody produced
by clone 124-152 (SEQ ID NOs: 68, 70, or 72), 2A11, or
1G10.

[0040] Instill other embodiments, the variable heavy chain
region of the antibodies or antigen binding portions thereof
includes three CDRs that are identical to a CDR of a variable
heavy chain region of the antibody produced by clone 124-
152 (SEQ ID NOs: 62, 64, or 66), 2A11, or 1G10, and a
variable light chain region of the antibodies or antigen bind-
ing portions thereof includes three CDRs that are identical to
a CDR of a variable light chain region of the antibody pro-
duced by clone 124-152 (SEQ ID NOs: 68, 70, or 72), 2A11,
or 1G10, e.g., a variable light chain region and variable heavy
chain region of the antibody or antigen binding portion
thereof are identical to a variable light chain region and vari-
able heavy chain region of the antibody produced by clone
124-152 (SEQ ID NOs: 62, 64, or 66), 2A11, or 1G10.
[0041] The antibodies or antigen binding portions thereof
can be full-length antibodies, can include an effector domain,
e.g., an Fc domain, can be immunoglobulin gamma isotype
antibodies, single-chain antibodies, or Fab fragments. The
antibodies or antigen binding portions thereof can further
include a pharmaceutically acceptable carrier and/or a label.
[0042] In various embodiments, compositions including
the antibodies or antigen binding portions thereof are free of
other human polypeptides (e.g., they contain less than 5%
human polypeptides other than the antibodies or antigen
binding portions thereof).

[0043] Inyet another aspect, the invention features compo-
sitions including: (a) an isolated human monoclonal antibody
or antigen binding portion thereof that specifically binds to an
exotoxin of C. difficile; and (b) a polyclonal antibody or
antigen binding portion thereof that specifically binds to an
exotoxin of C. difficile.

[0044] In one embodiment, the human monoclonal anti-
body or antigen binding portion thereof specifically binds to
C. difficile toxin A, and the polyclonal antibody or antigen
binding portion thereof specifically binds to C. difficile toxin
B. In one embodiment, the human monoclonal antibody or
antigen binding portion thereof specifically binds to C. diffi-
cile toxin B, and the polyclonal antibody or antigen binding
portion thereof specifically binds to C. difficile toxin A. The
antibodies can include other features described herein.
[0045] In another aspect, the invention features isolated
human monoclonal antibodies or antigen binding portions
thereof that specifically bind to an exotoxin of Clostridium
difficile (C. difficile), wherein the antibodies: (a) include a
heavy chain variable region that is the product of or derived
from a human VH 3-33 gene; and/or (b) include a light chain
variable region that is the product of or derived from a human
Vk gene selected from the group consisting of Vk .19, Vi L6
and Vk L15. The antibodies or antigen binding portions
thereof can include other features described herein.

[0046] In another aspect, the invention features isolated
human monoclonal antibodies or antigen binding portions
thereof that specifically bind to an exotoxin of Clostridium
difficile (C. difficile), wherein the antibodies: (a) include a
heavy chain variable region that is the product of or derived
from a human VH 5-51 gene; and/or (b) include a light chain
variable region that is the product of or derived from a human
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Vk A27 gene. The antibodies or antigen binding portions
thereof also can include other features described herein.

[0047] In another aspect, the invention features isolated
polypeptides that include an antigen binding portion of an
antibody produced by hybridoma clone 3D8, 1B11, or 3H2
(also referred to herein as “3D8”, “1B11”, and “3H2”).

[0048] In another aspect, the invention features isolated
polypeptides that include an antigen binding portion of an
antibody produced by hybridoma clone 124-152, 2A11, or
1G10 (also referred to herein as “124-152”, “2A11”, and
“1G107).

[0049] In another aspect, the invention features isolated
monoclonal antibodies or antigen binding portions thereof
that specifically bind to an exotoxin of C. difficile, neutralize
the toxin, inhibit, and/or protect from C. difficile-mediated
disease. In one embodiment, the antibodies or antigen bind-
ing portions thereof are mammalian (e.g., human) antibodies
or antigen binding portions thereof. The antibodies or antigen
binding portions thereof can include other features described
herein.

[0050] In another aspect, the invention features composi-
tions including: (a) an isolated human monoclonal antibody
orantigen binding portion thereof that specifically binds to C.
difficile toxin A; and (b) an isolated human monoclonal anti-
body or antigen binding portion thereof that specifically binds
to C. difficile toxin B.

[0051] In another aspect, the invention features isolated
nucleic acids including a sequence encoding polypeptides at
least 75%, 80%, 85%, 90%, 95%, 99%, or more identical to
SEQID NOs:1, 2,3, 4, 5, or 6; e.g., wherein the nucleic acid
sequence is at least 75%, 80%, 85%, 90%, 95%, 99%, or more
identical to SEQ ID NOs:38, 39, 40, 35, 36, or 37. The
invention also features expression vectors including a nucleic
acid encoding a polypeptide at least 75%, 80%, 85%, 90%,
95%, 99%, or more identical to SEQ ID NOs:1, 2, 3,4, 5, or
6; e.g., wherein the nucleic acid sequence is at least 75%,
80%, 85%, 90%, 95%, 99%, or more identical to SEQ ID
NOs:38, 39, 40, 35, 36, or 37, as well as host cells, e.g.,
bacterial cells, e.g., E. coli cells, including a nucleic acid
encoding a polypeptide at least 75%, 80%, 85%, 90%, 95%,
99%, or more identical to SEQ ID NOs:1, 2,3, 4, 5, or 6; e.g.,
wherein the nucleic acid sequence is at least 75%, 80%, 85%,
90%, 95%, 99%, or more identical to SEQ ID NOs:38, 39, 40,
35, 36, or 37.

[0052] In another aspect, the invention features isolated
nucleic acids including a sequence encoding a polypeptide
that is at least 75%, 80%, 85%, 90%, 95%, 99%, or more
identical to SEQ ID NOs: 54, 56, 58, or 60, for example,
wherein the nucleic acid sequence is at least 75%, 80%, 85%,
90%, 95%, 99%, or more identical to SEQ ID NOs: 55,57, 59,
or 61. The invention also features expression vectors includ-
ing a nucleic acid encoding a polypeptide at least 75%, 80%,
85%, 90%, 95%, 99%, or more identical to SEQ ID NOs: 54,
56, 58, or 60, for example, wherein the nucleic acid sequence
is at least 75%, 80%, 85%, 90%, 95%, 99%, or more identical
to SEQID NOs: 55, 57, 59, or 61. The invention also provides
host cells, e.g., bacterial cells, e.g., E. coli cells, that include
a nucleic acid encoding a polypeptide that is at least 75%,
80%, 85%, 90%, 95%, 99%, or more identical to SEQ ID
NOs: 54, 56, 58, or 60, for example, wherein the nucleic acid
sequence is at least 75%, 80%, 85%, 90%, 95%, 99%, or more
identical to SEQ ID NOs: 55, 57, 59, or 61.
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[0053] The host cells can also be eukaryotic cells, e.g.,
yeast cells, mammalian cells, e.g., Chinese hamster ovary
(CHO) cells, NSO cells, or myeloma cells.

[0054] Inanother aspect, the invention features kits includ-
ing an isolated human monoclonal antibody or antigen bind-
ing portion thereof that specifically binds to an exotoxin of
Clostridium difficile (C. difficile), e.g., an antibody or antigen
binding portion thereof described herein. The kit can include
instructions for use in preventing or treating C. difficile-me-
diated disease.

[0055] The kit can further include a polyclonal antibody or
antigen binding portion thereof that specifically binds an
exotoxin of C. difficile. In one embodiment, the human mono-
clonal antibody or antigen binding portion thereof specifi-
cally binds to C. difficile toxin A. In one embodiment, the
polyclonal antibody or antigen binding portion thereof spe-
cifically binds to C. difficile toxin B.

[0056] Inanotheraspect, the invention features kits includ-
ing: (a) an isolated human monoclonal antibody that specifi-
cally binds to C. difficile toxin A; and (b) an isolated human
monoclonal antibody that specifically binds to C. difficile
toxin B.

[0057] The invention also features methods of treating C.
difficile disease in a subject by administering to the subject an
isolated human monoclonal antibody or antigen binding por-
tion thereof that specifically binds to an exotoxin of
Clostridium difficile (C. difficile) in an amount effective to
inhibit C. difficile disease, e.g., C. difficile-mediated colitis,
antibiotic-associated  colitis, C. difficile-mediated
pseudomembranous colitis (PMC), or diarrhea, or relapse of
C. difficile-mediated disease. The antibody or antigen binding
portion thereof can be administered, e.g., intravenously, intra-
muscularly, or subcutaneously, to the subject.

[0058] The antibody or antigen binding portion thereof can
be administered alone or in combination with another thera-
peutic agent, e.g., a second human monoclonal antibody or
antigen binding portion thereof. In one example, the antibody
or antigen binding portion thereof specifically binds to C.
difficile toxin A, and the second human monoclonal antibody
or antigen binding portion thereof specifically binds to C.
difficile toxin B. In another example, the second agent is an
antibiotic, e.g., vancomycin or metronidazole. The second
agent can be polyclonal gamma-globulin (e.g., human
gamma-globulin).

[0059] In a particular embodiment, an antibody or antigen
binding portion thereof is administered which includes a vari-
able light chain region and a variable heavy chain region
identical to the variable light chain region and variable heavy
chain region of the antibody produced by clone 3D8 (i.e.,
including a variable light chain region sequence identical to
SEQ ID NO:4 and a variable heavy chain region sequence
identical to SEQ ID NO:1.

[0060] In another embodiment, this antibody or antigen
binding portion thereof is administered in combination with
anantibody or antigen binding portion thereof which includes
avariable light chain region and a variable heavy chain region
identical to the variable light chain region and variable heavy
chain region of the antibody produced by clone 124-152 (i.e.,
including a variable light chain region sequence identical to
SEQ ID NO:58 and a variable heavy chain region sequence
identical to SEQ ID NO:54).

[0061] In yet another embodiment, an antibody or antigen
binding portion produced by clone 3D8 (i.e., including a
variable light chain region sequence identical to SEQ ID
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NO:4 and a variable heavy chain region sequence identical to
SEQ ID NO:1), is administered in combination with an anti-
body or antigen binding portion thereof produced by clone
124-152 (i.e., including a variable light chain region sequence
identical to SEQ ID NO:58 and a variable heavy chain region
sequence identical to SEQ ID NO:54).

[0062] Inanotheraspect,theinvention features methods for
making an antibody or antigen binding portion thereof that
specifically binds to an exotoxin of C. difficile, by immuniz-
ing a transgenic non-human animal having a genome com-
prising a human heavy chain transgene and a human light
chain transgene with a composition that includes an inacti-
vated exotoxin, and isolating an antibody from the animal.
The exotoxin can be inactivated, for example, by treatment
with UDP-dialdehyde or by mutation (e.g., using recombi-
nant methods). The method can further include evaluating
binding of the antibody to the exotoxin.

[0063] The invention also features methods for making a
human monoclonal antibody or antigen binding portion
thereof by providing a nucleic acid encoding a human mono-
clonal antibody or antigen binding portion thereof that spe-
cifically binds to an exotoxin of C. difficile, and expressing the
nucleic acid in a host cell.

[0064] Inyetanother aspect, the invention features a hybri-
doma or transfectoma including a nucleic acid encoding anti-
gen binding portions (e.g., CDRs, or variable regions) of the
antibody produced by clone 3D8, 1B11, or 3H2.

[0065] Inyetanother aspect, the invention features a hybri-
doma or transfectoma including a nucleic acid encoding anti-
gen binding portions (e.g., CDRs, or variable regions) of the
antibody produced by clone 124-152, 2A11, or 1G10.
[0066] Inaddition, the invention features a method for mak-
ing a hybridoma that expresses an antibody that specifically
binds to an exotoxin of C. difficile by immunizing a transgenic
non-human animal having a genome that includes a human
heavy chain transgene and a human light chain transgene,
with a composition that includes the exotoxin, wherein the
toxin is inactivated; isolating splenocytes from the animal;
generating hybridomas from the splenocytes; and selecting a
hybridoma that produces an antibody that specifically binds
to the exotoxin.

[0067] Treatment of humans with human monoclonal anti-
bodies offers several advantages. For example, the antibodies
are likely to be less immunogenic in humans than non-human
antibodies. The therapy is rapid; toxin inactivation can occur
as soon as the antibody reaches sites of infection and directly
neutralizes the disease-causing toxin(s). Human antibodies
localize to appropriate sites in humans more efficiently than
non-human antibodies. Furthermore, the treatment is specific
for C. difficile, and is unlikely to disrupt normal gut flora,
unlike traditional antibiotic therapies.

[0068] Other features and advantages of the invention will
be apparent from the following detailed description, and from
the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0069] FIG. 1 is atable listing the amino acid sequences of
the VH and VL chains encoded by mRNA sequences from
each clone. Lowercase letters represent amino acids in the
leader peptide. CDRs are underlined. Clone 3D8, which
expresses 6 unique light chain V regions, only expressed the
group I amino acid sequence.

[0070] FIG. 2A is a representation of the amino acid and
nucleic acid sequences of the VL chain expressed by clone
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3D8. The V-segment and J-segment genes are listed above the
amino acid and nucleic acid sequences. The CDRs are over-
lined.

[0071] FIG. 2B is a representation of the amino acid and
nucleic acid sequences of the VH chain expressed by clone
3D8. The V-segment, D-segment and J-segment genes are
listed above the amino acid and nucleic acid sequences. The
CDRs are overlined.

[0072] FIG. 3A is a representation of the amino acid and
nucleic acid sequences of the VL chain expressed by clone
1B11. The V-segment and J-segment genes are listed above
the amino acid and nucleic acid sequences. The CDRs are
overlined.

[0073] FIG. 3B is a representation of the amino acid and
nucleic acid sequences of the VH chain expressed by clone
1B11. The V-segment, D-segment, and J-segment genes are
listed above the amino acid and nucleic acid sequences. The
CDRs are overlined.

[0074] FIG. 4A is a representation of the amino acid and
nucleic acid sequences of the VL chain expressed by clone
33.3H2 (referred to herein as 3H2; 33.3H2 and 3H2 are used
interchangeably herein). The V-segment and J-segment genes
are listed above the amino acid and nucleic acid sequences.
The CDRs are overlined.

[0075] FIG. 4B is a representation of the amino acid and
nucleic acid sequences of the VH chain expressed by clone
33.3H2. The V-segment and J-segment genes are listed above
the amino acid and nucleic acid sequences. The CDRs are
overlined.

[0076] FIG. 5 is a graph depicting the results of ELISA
assays, which measured binding of anti-toxin A monoclonal
antibodies to toxin A.

[0077] FIGS. 6A-B are a set of graphs depicting results of
in vitro neutralization assays in the presence and absence of
anti-toxin A monoclonal antibodies. FIG. 6A depicts results
for assays performed with IMR-90 cells. FIG. 6B depicts
results for assays performed with T-84 cells.

[0078] FIG. 7 is a schematic representation of the toxin A
polypeptide, indicating fragments that were analyzed for
epitope mapping studies.

[0079] FIG. 8A-B are schematic representations of toxin A
fragments analyzed for epitope mapping studies.

[0080] FIG. 9 is a table listing the results of in vivo assays
to determine mouse protection from lethal challenge with
toxin A by anti-toxin A monoclonal antibodies.

[0081] FIG. 10 is a graph depicting the results of mouse
ileal loop fluid accumulation assays to measure efficacy of
anti-toxin antibody neutralization in vivo.

[0082] FIG. 11A is a schematic diagram of the timeline of
administration of various agents to hamsters in a hamster
relapse model.

[0083] FIG. 11B is a graph depicting the results of the
assays as the percentage of hamsters surviving clindamycin
treatment followed by C. difficile challenge.

[0084] FIG. 12 is a graph depicting results of hamster
relapse assays as the percentage of hamsters surviving clin-
damycin treatment followed by C. difficile challenge.

[0085] FIG. 13 is a graph depicting results of assays in
which in vitro neutralization of toxin A and toxin B was
measured in the presence and absence of polyclonal antisera
from goats immunized with toxoid B. “G330” refers to
samples in which sera from goat #330 were tested. “G331”
refers to samples in which sera from goat #331 were tested.
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[0086] FIG. 14 is a schematic diagram of the timeline of
administration of various agents to hamsters in a hamster
relapse model.

[0087] FIG. 15 is a graph depicting the results of hamster
relapse assays as the percentage of hamsters surviving clin-
damycin treatment followed by C. difficile challenge. Ham-
sters were treated with vancomycin, vancomycin and 3D8,
vancomycin and antisera from goat #331, or vancomycin,
3D8, and antisera from goat #331.

[0088] FIG. 16 is a graph depicting the results of hamster
relapse assays as the percentage of healthy animals after
clindamycin treatment followed by C. difficile challenge.
“Goat 331" refers to antisera from goat #331.

[0089] FIG. 17 is a graph depicting the results of hamster
relapse assays as the percentage of hamsters surviving clin-
damycin treatment followed by C. difficile challenge. Ham-
sters were immunized with a fragment of toxin B prior to
clindamycin treatment. Hamsters were treated with vanco-
mycin, vancomycin and 3D8, or received no treatment.
[0090] FIG. 18 is a graph depicting the results of hamster
relapse assays as the percentage of healthy animals after
clindamycin treatment followed by C. difficile challenge.
Hamsters were immunized with a fragment of toxin B prior to
clindamycin treatment.

[0091] FIG. 19 is a schematic diagram of the timeline of
administration of various agents to hamsters in a C. difficile
direct challenge model. “331” refers to antisera from goat
#331. “Clinda” refers to treatment with clindamycin.

[0092] FIG. 20 is a graph depicting the results of direct
challenge assays as the percentage of hamsters surviving
direct C. difficile challenge.

[0093] FIG. 21 is a graph depicting the results of direct
challenge assays as the percentage of healthy animals after
direct challenge with C. difficile.

[0094] FIG. 22 is a representation of the amino acid
sequence of C. difficile toxin A.

[0095] FIG. 23 is a representation of the amino acid
sequence of C. difficile toxin B.

[0096] FIG. 24 is a graph depicting the results of primary
challenge assays as the percentage of hamsters surviving
direct C. difficile challenge.

[0097] FIG. 25 is a graph depicting the results of primary
challenge assays as the percentage of hamsters surviving
direct C. difficile challenge.

[0098] FIG. 26 is a graph depicting the results of primary
challenge assays as the percentage of hamsters surviving
direct C. difficile challenge.

[0099] FIG. 27 is a graph depicting results of assays in
which in vitro neutralization of toxin A and toxin B was
measured in the presence of monoclonal antibodies to toxin B
or goat polyclonal sera against toxin B.

[0100] FIG. 28 is a representation of the amino acid and
nucleic acid sequences of the VH chain expressed by clone
124-152. The V-segment, D-segment and J-segment genes are
listed above the amino acid and nucleic acid sequences. The
CDRs are overlined.

[0101] FIG. 29 is a representation of the amino acid and
nucleic acid sequences of the VL chain expressed by clone
124-152. The V-segment and J-segment genes are listed
above the amino acid and nucleic acid sequences. The CDRs
are overlined.

[0102] FIG. 30 is a representation of the amino acid and
related germline sequence of the VH chain expressed by clone
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124-152. The V-segment, D-segment and J-segment genes are
listed above the amino acid sequences. The CDRs are over-
lined.

[0103] FIG. 31 is a representation of the amino acid and
related germline sequences of the VL chain expressed by
clone 124-152. The V-segment and J-segment genes are listed
above the amino acid sequences. The CDRs are overlined.
[0104] FIG. 32 is a schematic representation of the toxin B
polypeptide, indicating fragments that were analyzed for
epitope mapping studies.

[0105] Like reference symbols in the various drawings
indicate like elements.

DETAILED DESCRIPTION OF THE INVENTION

[0106] In order to provide a clear understanding of the
specification and claims, the following definitions are conve-
niently provided below.

DEFINITIONS

[0107] The term “toxin A” refers to the toxin A protein
encoded by C. difficile. The amino acid sequence of C. difficile
toxin A (SEQ ID NO:41) is provided in GenBank® under
accession number A37052, version GI 98593 (see also FIG.
22). “Toxin B” refers to the toxin B protein encoded by C.
difficile. The amino acid sequence of C. difficile toxin B (SEQ
1D NO: 42) is provided in GenBank® under accession num-
ber 570172, version GI 7476000 (see also FIG. 23). “Protein”
is used interchangeably with “polypeptide.”

[0108] An “anti-C. difficile antibody” is an antibody that
interacts with (e.g., binds to) a protein or other component
produced by C. difficile bacteria. An “anti-toxin antibody” is
an antibody that interacts with a toxin produced by C. difficile
(e.g., toxin A or toxin B). An anti-toxin protein antibody may
bind to an epitope, e.g., a conformational or a linear epitope,
or to a fragment of the full-length toxin protein.

[0109] A “human antibody,”is an antibody that has variable
and constant regions derived from human germline immuno-
globulin sequences. The human antibodies described herein
may include amino acid residues not encoded by human
germline immunoglobulin sequences (e.g., mutations intro-
duced by random or site-specific mutagenesis in vitro or by
somatic mutation in vivo).

[0110] An anti-toxin antibody, or antigen binding portion
thereof, can be administered alone or in combination with a
second agent. The subject can be a patient infected with C.
difficile, or having a symptom of C. difficile-associated dis-
ease (“CDAD”; e.g., diarrhea, colitis, abdominal pain) or a
predisposition towards C. difficile-associated disease (e.g.,
undergoing treatment with antibiotics, or having experienced
C. difficile-associated disease and at risk for relapse of the
disease). The treatment can be to cure, heal, alleviate, relieve,
alter, remedy, ameliorate, palliate, improve, or affect the
infection and the disease associated with the infection, the
symptoms of the disease, or the predisposition toward the
disease.

[0111] An amount of an anti-toxin antibody effective to
treat a CDAD, or a “therapeutically effective amount,” is an
amount of the antibody that is effective, upon single or mul-
tiple dose administration to a subject, in inhibiting CDAD in
a subject. A therapeutically effective amount of the antibody
or antibody fragment may vary according to factors such as
the disease state, age, sex, and weight of the individual, and
the ability of the antibody or antibody portion to elicit a
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desired response in the individual. A therapeutically effective
amount is also one in which any toxic or detrimental effects of
the antibody or antibody portion is outweighed by the thera-
peutically beneficial effects. The ability of an antibody to
inhibit a measurable parameter can be evaluated in an animal
model system predictive of efficacy in humans. For example,
the ability of an anti-toxin antibody to protect mice from
lethal challenge with C. difficile can predict efficacy in
humans. Other animal models predictive of efficacy are
described herein, such as the intestinal ligation model
described in the Examples. Alternatively, this property of an
antibody or antibody composition can be evaluated by exam-
ining the ability of the compound to modulate, such modula-
tion in vitro by assays known to the skilled practitioner. In
vitro assays include binding assays, such as ELISA, and
neutralization assays.

[0112] An amount of an anti-toxin antibody effective to
prevent a disorder, or a “a prophylactically effective amount,”
of'the antibody is an amount that is effective, upon single- or
multiple-dose administration to the subject, in preventing or
delaying the occurrence of the onset or recurrence of CDAD,
or inhibiting a symptom thereof. However, if longer time
intervals of protection are desired, increased doses can be
administered.

[0113] The terms “agonize,” “induce,” “inhibit,” “potenti-
ate,” “elevate,” “increase,” “decrease,” or the like, e.g., which
denote quantitative differences between two states, refer to a
difference, e.g., a statistically or clinically significant difter-
ence, between the two states.

[0114] As used herein, “specific binding” or “specifically
binds to” refers to the ability of an antibody to: (1) bind to a
toxin of C. difficile with an affinity of at least 1x10” M, and
(2) bind to a toxin of C. difficile with an affinity that is at least
two-fold greater than its affinity for a nonspecific antigen.
[0115] An “antibody” is a protein including at least one or
two, heavy (H) chain variable regions (abbreviated herein as
VHC), and at least one or two light (L) chain variable regions
(abbreviated herein as VL.C). The VHC and VLC regions can
be further subdivided into regions of hypervariability, termed
“complementarity determining regions” (“CDR”), inter-
spersed with regions that are more conserved, termed “frame-
work 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 Edi-
tion, U.S. Department of Health and Human Services, NIH
Publication No. 91-3242, 1991, and Chothia, C. et al., J. Mol.
Biol. 196:901-917, 1987, which are incorporated herein by
reference). Preferably, each VHC and VL.C is composed of
three CDRs and four FRs, arranged from amino-terminus to
carboxy-terminus in the following order: FR1, CDR1, FR2,
CDR2, FR3, CDR3, FRA4.

[0116] The VHC or VLC chain of the antibody can further
include all or part of a heavy or light chain constant region. In
one embodiment, the antibody is a tetramer of two heavy
immunoglobulin chains and two light immunoglobulin
chains, wherein the heavy and light immunoglobulin chains
are inter-connected by, e.g., disulfide bonds. The heavy chain
constant region includes three domains, CH1, CH2 and CH3.
The light chain constant region is comprised of one domain,
CL. The variable region of the heavy and light chains contains
a binding domain that interacts with an antigen. The constant
regions of the antibodies typically mediate the binding of the
antibody to host tissues or factors, including various cells of
the immune system (e.g., effector cells) and the first compo-
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nent (Clq) of the classical complement system. The term
“antibody” includes intact immunoglobulins of types IgA,
1gG, IgE, IgD, IgM (as well as subtypes thereof), wherein the
light chains of the immunoglobulin may be of types kappa or
lambda.

[0117] “Immunoglobulin” refers to a protein consisting of
one or more polypeptides substantially encoded by immuno-
globulin genes. The recognized human immunoglobulin
genes include the kappa, lambda, alpha (IgAl and IgA2),
gamma (IgG1l, 1gG2, 1gG3, IgG4), delta, epsilon, and mu
constant region genes, as well as the myriad immunoglobulin
variable region genes. Full-length immunoglobulin “light
chains” (about 25 KD and 214 amino acids) are encoded by a
variable region gene at the NH,-terminus (about 110 amino
acids) and a kappa or lambda constant region gene at the
COOH-terminus. Full-length immunoglobulin “heavy
chains” (about 50 KD and 446 amino acids), are similarly
encoded by a variable region gene (about 116 amino acids)
and one of the other aforementioned constant region genes,
e.g., gamma (encoding about 330 amino acids). The term
“immunoglobulin” includes an immunoglobulin having:
CDRs from a human or non-human source. The framework of
the immunoglobulin can be human, humanized, or non-hu-
man, e.g., a murine framework modified to decrease antige-
nicity in humans, or a synthetic framework, e.g., a consensus
sequence.

[0118] As used herein, “isotype” refers to the antibody
class (e.g., IgM or IgG,) that is encoded by heavy chain
constant region genes.

[0119] The term “antigen binding portion™ of an antibody
(or simply “antibody portion,” or “portion”), as used herein,
refers to a portion of an antibody that specifically binds to a
toxin of C. difficile (e.g., toxin A), e.g., 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 “antigen-binding por-
tion” of an antibody include (i) a Fab fragment, a monovalent
fragment consisting of the VL.C, VHC, CL. and CH1 domains;
(i) a F(ab'), fragment, a bivalent fragment comprising two
Fab fragments linked by a disulfide bridge at the hinge region;
(iii) a Fd fragment consisting of the VHC and CH1 domains;
(iv) aFv fragment consisting of the VL.C and VHC domains of
a single arm of an antibody, (v) a dAb fragment (Ward et al.,
Nature 341:544-546, 1989), which consists of a VHC
domain; and (vi) an isolated complementarity determining
region (CDR) having sufficient framework to specifically
bind, e.g., an antigen binding portion of a variable region. An
antigen binding portion of a light chain variable region and an
antigen binding portion of a heavy chain variable region, e.g.,
the two domains of the Fv fragment, VL.C and VHC, can be
joined, using recombinant methods, by a synthetic linker that
enables them to be made as a single protein chain in which the
VLC and VHC regions pair to form monovalent molecules
(known as single chain Fv (scFv); see e.g., Bird et al. (1988)
Science 242:423-426; and Huston et al. (1988) Proc. Natl.
Acad. Sci. USA 85:5879-5883). Such single chain antibodies
are also encompassed within the term “antigen binding por-
tion” of an antibody. These antibody portions are obtained
using conventional techniques known to those with skill in the
art, and the portions are screened for utility in the same
manner as are intact antibodies.

[0120] The term “monospecific antibody” refers to an anti-
body that displays a single binding specificity and affinity for
a particular target, e.g., epitope. This term includes a “mono-

Jun. 2, 2016

clonal antibody” or “monoclonal antibody composition,”
which as used herein refer to a preparation of antibodies or
portions thereof with a single molecular composition.
[0121] The term “recombinant” antibody, as used herein,
refers to antibodies that are prepared, expressed, created, or
isolated by recombinant means, such as antibodies expressed
using a recombinant expression vector transfected into a host
cell, antibodies isolated from a recombinant, combinatorial
antibody library, antibodies isolated from an animal (e.g., a
mouse) that is transgenic for human immunoglobulin genes
or antibodies prepared, expressed, created, or isolated by any
other means that involves splicing of human immunoglobulin
gene sequences to other DNA sequences. Such recombinant
antibodies include humanized, CDR grafted, chimeric, in
vitro generated (e.g., by phage display) antibodies, and may
optionally include constant regions derived from human ger-
mline immunoglobulin sequences.

[0122] As used herein, the term “substantially identical”
(or “substantially homologous”) refers to a first amino acid or
nucleotide sequence that contains a sufficient number ofiden-
tical or equivalent (e.g., with a similar side chain, e.g., con-
served amino acid substitutions) amino acid residues or
nucleotides to a second amino acid or nucleotide sequence
such that the first and second amino acid or nucleotide
sequences have similar activities. In the case of antibodies,
the second antibody has the same specificity and has at least
50% of the affinity of the first antibody.

[0123] Calculations of “homology” between two
sequences are performed as follows. The sequences are
aligned for optimal comparison purposes (e.g., gaps can be
introduced in one or both of a first and a second amino acid or
nucleic acid sequence for optimal alignment and non-ho-
mologous sequences can be disregarded for comparison pur-
poses). The length of a reference sequence aligned for com-
parison purposes is at least 50% of the length of the reference
sequence. The amino acid residues or nucleotides at corre-
sponding amino acid positions or nucleotide positions are
then compared. When a position in the first sequence is occu-
pied by the same amino acid residue or nucleotide as the
corresponding position in the second sequence, then the mol-
ecules are identical at that position (as used herein amino acid
or nucleic acid “identity” is equivalent to amino acid or
nucleic acid “homology”). The percent identity between the
two sequences is a function of the number of identical posi-
tions shared by the sequences, taking into account the number
of gaps, and the length of each gap, which need to be intro-
duced for optimal alignment of the two sequences.

[0124] The comparison of sequences and determination of
percent homology between two sequences can be accom-
plished using a mathematical algorithm. The percent homol-
ogy between two amino acid sequences is determined using
the Needleman and Wunsch, J. Mol. Biol. 48:444-453, 1970,
algorithm which has been incorporated into the GAP program
in the GCG software package, using a Blossum 62 scoring
matrix with a gap penalty of 12, a gap extend penalty of 4, and
a frameshift gap penalty of 5.

[0125] As used herein, the term “hybridizes under low
stringency, medium stringency, high stringency, or very high
stringency conditions” describes conditions for hybridization
and washing. Guidance for performing hybridization reac-
tions can be found in Current Protocols in Molecular Biol-
ogy, John Wiley & Sons, N.Y. 6.3.1-6.3.6, 1989, which is
incorporated herein by reference. Aqueous and nonaqueous
methods are described in that reference and either can be
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used. Specific hybridization conditions referred to herein are
as follows: 1) low stringency hybridization conditions: 6x
sodium chloride/sodium citrate (SSC) at about 45° C., fol-
lowed by two washes in 0.2xSSC, 0.1% SDS at least at 50° C.
(the temperature of the washes can be increased to 55° C. for
low stringency conditions); 2) medium stringency hybridiza-
tion conditions: 6xSSC at about 45° C., followed by one or
more washes in 0.2xSSC, 0.1% SDS at 60° C.; 3) high strin-
gency hybridization conditions: 6xSSC at about 45° C., fol-
lowed by one or more washes in 0.2xSSC, 0.1% SDS at 65°
C.; and 4) very high stringency hybridization conditions: 0.5
M sodium phosphate, 7% SDS at 65° C., followed by one or
more washes at 0.2xSSC, 1% SDS at 65° C.

[0126] Itisunderstoodthat the antibodies and antigen bind-
ing portions thereof described herein may have additional
conservative or non-essential amino acid substitutions, which
do not have a substantial effect on the polypeptide functions.
Whether or not a particular substitution will be tolerated, i.e.,
will not adversely affect desired biological properties, such as
binding activity, can be determined as described in Bowie et
al., Science, 247:1306-1310, 1990. A “conservative amino
acid substitution” is one in which an amino acid residue is
replaced with an amino acid residue having a similar side
chain. Families of amino acid residues having similar side
chains have been defined in the art. These families include
amino acids with basic side chains (e.g., lysine, arginine,
histidine), acidic side chains (e.g., aspartic acid, glutamic
acid), uncharged polar side chains (e.g., asparagine,
glutamine, serine, threonine, tyrosine, cysteine), nonpolar
side chains (e.g., glycine, alanine, valine, leucine, isoleucine,
proline, phenylalanine, methionine, tryptophan), beta-
branched side chains (e.g., threonine, valine, isoleucine) and
aromatic side chains (e.g., tyrosine, phenylalanine, tryp-
tophan, histidine).

[0127] A “non-essential” amino acid residue is a residue
that can be altered from the wild-type sequence of a polypep-
tide, such as a binding agent, e.g., an antibody, without sub-
stantially altering a biological activity, whereas an “essential”
amino acid residue results in such a change.

[0128] Unless otherwise defined, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Although methods and materials similar or
equivalent to those described herein can be used in the prac-
tice or testing of the present invention, suitable methods and
materials are described below. All publications, patent appli-
cations, patents, and other references mentioned herein are
incorporated by reference in their entirety. In case of conflict,
the present specification, including definitions, will control.
In addition, the materials, methods, and examples are illus-
trative only and not intended to be limiting.

Overview

[0129] C. difficile is a gram positive, toxin-producing bac-
terium that causes antibiotic-associated diarrhea and colitis in
humans. Provided herein are methods and compositions for
treatment and prevention of C. difficile-associated disease
(CDAD). The compositions include antibodies that recognize
proteins and other molecular components (e.g., lipids, carbo-
hydrates, nucleic acids) of C. difficile bacteria, including anti-
bodies that recognize toxins produced by C. difficile (e.g.,
toxin A and toxin B). In particular, human monoclonal anti-
bodies are provided. In certain embodiments, these human
monoclonal antibodies are produced in mice expressing
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human immunoglobulin gene segments (described below).
Combinations of anti-toxin antibodies are also provided.
[0130] The new methods include administering antibodies
(and antigen-binding portions thereof) that bind to a C. diffi-
cile toxin to a subject to inhibit CDAD in the subject. For
example, human monoclonal anti-toxin A antibodies
described herein can neutralize toxin A and inhibit relapse of
C. difficile-mediated disease. In other examples, combina-
tions of anti-toxin A antibodies (e.g., anti-toxin A monoclonal
antibodies) and anti-toxin B antibodies can be administered
to inhibit primary disease and reduce the incidence of disease
relapse. The human monoclonal antibodies may localize to
sites of disease (e.g., the gut) in vivo.

1. Generation of Antibodies

Immunogens

[0131] In general, animals are immunized with antigens
expressed by C. difficile to produce antibodies. For producing
anti-toxin antibodies, animals are immunized with inacti-
vated toxins, or toxoids. Toxins can be inactivated, e.g., by
treatment with formaldehyde, glutaraldehyde, peroxide, or
oxygen treatment (see, e.g., Relyveld et al., Methods in Enzy-
mology, 93:24, 1983; Woodrow and Levine, eds., New Gen-
eration Vaccines, Marcel Dekker, Inc., New York, 1990).
Mutant C. difficile toxins with reduced toxicity can be pro-
duced using recombinant methods (see, e.g., U.S. Pat. Nos.
5,085,862; 5,221,618; 5,244,657, 5,332,583; 5,358,868; and
5,433,945). For example, mutants containing deletions or
point mutations in the toxin active site can be made. Recom-
binant fragments of the toxins can be used as immunogens.
Another approach is to inactivate the toxin by treatment with
UDP-dialdehyde (Genth et al., Inf. and Immun., 68(3):1094-
1101, 2000). This method preserves the native structure of the
toxin more readily than other treatments, and thus can elicit
antibodies more reactive to the native toxin. This method is
also described in Example 1, below.

[0132] Anti-toxin antibodies that bind and neutralize toxin
A can interact with specific epitopes of toxin A. For example,
an anti-toxin A antibody can bind an epitope in an N-terminal
region of toxin A (e.g., between amino acids 1-1033 of toxin
A), or a C-terminal region (e.g., between amino acids 1853-
2710 of toxin A). In one example, an antibody that binds and
neutralizes toxin A binds to an epitope within amino acids
1853-2710 of toxin A.

[0133] Similarly, anti-toxin B antibodies can recognize a
specific epitope of toxin B, e.g., an N-terminal epitope, or a
C-terminal epitope. In one example, an antibody that binds
and neutralizes toxin B binds to an epitope within amino acids
1777-2366 of toxin B.

Generation of Human Monoclonal Antibodies in HuMAb
Mice

[0134] Monoclonal antibodies can be produced in a manner
not possible with polyclonal antibodies. Polyclonal antisera
vary from animal to animal, whereas monoclonal prepara-
tions exhibit a uniform antigenic specificity. Murine animal
systems are useful to generate monoclonal antibodies, and
immunization protocols, techniques for isolating and fusing
splenocytes, and methods and reagents for producing hybri-
domas are well known. Monoclonal antibodies can be pro-
duced by a variety of techniques, including conventional
monoclonal antibody methodology, e.g., the standard somatic
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cell hybridization technique of Kohler and Milstein, Nature,
256: 495, 1975. See generally, Harlow, E. and Lane, D. Anti-
bodies: A Laboratory Manual, Cold Spring Harbor Labora-
tory Press, Cold Spring Harbor, N. Y., 1988.

[0135] Although these standard techniques are known, it is
desirable to use humanized or human antibodies rather than
murine antibodies to treat human subjects, because humans
mount an immune response to antibodies from mice and other
species. The immune response to murine antibodies is called
a human anti-mouse antibody or HAMA response (Schroff,
R. et al., Cancer Res., 45, 879-885, 1985) and is a condition
that causes serum sickness in humans and results in rapid
clearance of the murine antibodies from an individual’s cir-
culation. The immune response in humans has been shown to
be against both the variable and the constant regions of
murine immunoglobulins. Human monoclonal antibodies are
safer for administration to humans than antibodies derived
from other animals and human polyclonal antibodies.

[0136] One useful type of animal in which to generate
human monoclonal antibodies is a transgenic mouse that
expresses human immunoglobulin genes rather than its own
mouse immunoglobulin genes. Such transgenic mice, e.g.,
“HuMAb™” mice, contain human immunoglobulin gene
miniloci that encode unrearranged human heavy (1 and y) and
K light chain immunoglobulin sequences, together with tar-
geted mutations that inactivate the endogenous 1.1 and x
chain loci (see e.g., Lonberg, N. et al., Nature 368(6474):
856-859, 1994, and U.S. Pat. No. 5,770,429). Accordingly,
the mice exhibit reduced expression of mouse IgM or k, and
in response to immunization, the introduced human heavy
and light chain transgenes undergo class switching and
somatic mutation to generate high affinity human IgGk
monoclonal antibodies (Lonberg, N. et al., supra; reviewed in
Lonberg, N. Handbook of Experimental Pharmacology 113:
49-101,1994; Lonberg, N. and Huszar, D., Intern. Rev. Immu-
nol., 13: 65-93, 1995, and Harding, F. and Lonberg, N., Ann.
N.Y. Acad. Sci., 764:536-546, 1995).

[0137] The preparation of such transgenic mice is
described in further detail in Taylor, L. et al., Nucleic Acids
Research, 20:6287-6295, 1992; Chen, 1. et al., International
Immunology 5: 647-656, 1993; Tuaillon et al., Proc. Natl.
Acad. Sci., USA 90:3720-3724, 1993; Choi et al., Nature
Genetics, 4:117-123, 1993; Chen, J. et al.,, EMBO J., 12:
821-830, 1993; Tuaillon et al., J. Immunol., 152:2912-2920,
1994; Taylor, L. et al., International Immunology, 6: 579-591,
1994; and Fishwild, D. et al., Nature Biotechnology, 14: 845-
851, 1996. See further, U.S. Pat. No. 5,545,806; U.S. Pat. No.
5,569,825, U.S. Pat. No. 5,625,126, U.S. Pat. No. 5,633,425,
U.S. Pat. No. 5,661,016, U.S. Pat. No. 5,770,429, U.S. Pat.
No. 5,789,650, U.S. Pat. No. 5,814,318, U.S. Pat. No. 5,874,
299 and U.S. Pat. No. 5,877,397, all by Lonberg and Kay, and
PCT Publication Nos. WO 01/14424, WO 98/24884, WO
94/25585, WO 93/1227, and WO 92/03918.

[0138] To generate fully human monoclonal antibodies to
an antigen, HUMAb mice can be immunized with an immu-
nogen, as described by Lonberg, N. et al. Nature, 368(6474):
856-859, 1994; Fishwild, D. et al., Nature Biotechnology, 14:
845-851, 1996 and WO 98/24884. Preferably, the mice will
be 6-16 weeks of age upon the first immunization. For
example, a purified preparation of inactivated toxin A can be
used to immunize the HUMAb mice intraperitoneally. To
generate antibodies against C. difficile proteins, lipids, and/or
carbohydrate molecules, mice can be immunized with killed
or nonviable C. difficile organisms.
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[0139] HuMAD transgenic mice respond best when ini-
tially immunized intraperitoneally (IP) with antigen in com-
plete Freund’s adjuvant, followed by IP immunizations every
other week (up to a total of 6) with antigen in incomplete
Freund’s adjuvant. The immune response can be monitored
over the course of the immunization protocol with plasma
samples being obtained by retroorbital bleeds. The plasma
can be screened, for example by ELISA or flow cytometry,
and mice with sufficient titers of anti-toxin human immuno-
globulin can be used for fusions. Mice can be boosted intra-
venously with antigen 3 days before sacrifice and removal of
the spleen. It is expected that 2-3 fusions for each antigen may
need to be performed. Several mice are typically immunized
for each antigen.

[0140] The mouse splenocytes can be isolated and fused
with PEG to a mouse myeloma cell line based upon standard
protocols. The resulting hybridomas are then screened for the
production of antigen-specific antibodies. For example,
single cell suspensions of splenic lymphocytes from immu-
nized mice are fused to one-sixth the number of P3X63-Ag8.
653 nonsecreting mouse myeloma cells (ATCC, CRL 1580)
with 50% PEG. Cells are plated at approximately 2x10° in flat
bottom microtiter plate, followed by a two week incubation in
selective medium containing 20% fetal Clone Serum, 18%
“653” conditioned media, 5% origin (IGEN), 4 mM
L-glutamine, 1 mM L-glutamine, 1 mM sodium pyruvate, 5
mM HEPES, 0.055 mM 2-mercaptoethanol, 50 units/ml
penicillin, 50 mg/ml streptomycin, 50 mg/ml gentamycin and
1x HAT (Sigma; the HAT is added 24 hours after the fusion).
After two weeks, cells are cultured in medium in which the
HAT is replaced with HT. Supernatants from individual wells
are then screened by ELISA for human anti-toxin cell mono-
clonal IgM and IgG antibodies. The antibody secreting hybri-
domas are replated, screened again, and if still positive for
human IgG, anti-toxin monoclonal antibodies, can be sub-
cloned at least twice by limiting dilution. The stable sub-
clones are then cultured in vitro to generate small amounts of
antibody in tissue culture medium for characterization.

[0141] In one embodiment, the transgenic animal used to
generate human antibodies to the toxin contains at least one,
typically 2-10, and sometimes 25-50 or more copies of the
transgene described in Example 12 of WO 98/24884 (e.g.,
pHC1 or pHC2) bred with an animal containing a single copy
of'a light chain transgene described in Examples 5, 6, 8, or 14
of WO 98/24884, and the offspring bred with the J,, deleted
animal described in Example 10 of WO 98/24884, the con-
tents of which are hereby expressly incorporated by refer-
ence. Animals are bred to homozygosity for each of these
three traits. Such animals have the following genotype: a
single copy (per haploid set of chromosomes) of a human
heavy chain unrearranged mini-locus (described in Example
12 of WO 98/24884), a single copy (per haploid set of chro-
mosomes) of a rearranged human K light chain construct
(described in Example 14 of WO 98/24884), and a deletion at
each endogenous mouse heavy chain locus that removes all of
the functional J,, segments (described in Example 10 of WO
98/24884). Such animals are bred with mice that are homozy-
gous for the deletion of the J; segments (Examples 10 of WO
98/24884) to produce offspring that are homozygous for the
J; deletion and hemizygous for the human heavy and light
chain constructs. The resultant animals are injected with anti-
gens and used for production of human monoclonal antibod-
ies against these antigens.
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[0142] B cells isolated from such an animal are monospe-
cific with regard to the human heavy and light chains because
they contain only a single copy of each gene. Furthermore,
they will be monospecific with regard to human or mouse
heavy chains because both endogenous mouse heavy chain
gene copies are nonfunctional by virtue of the deletion span-
ning the J, region introduced as described in Examples 9 and
12 0f WO 98/24884. Furthermore, a substantial fraction of the
B cells will be monospecific with regards to the human or
mouse light chains, because expression of the single copy of
the rearranged human kappa light chain gene will allelically
and isotypically exclude the rearrangement of the endog-
enous mouse kappa and lambda chain genes in a significant
fraction of B-cells.

[0143] In one embodiment, the transgenic mouse will
exhibit immunoglobulin production with a significant reper-
toire, ideally substantially similar to that of a native mouse.
Thus, for example, in embodiments where the endogenous Ig
genes have been inactivated, the total immunoglobulin levels
will range from about 0.1 to 10 mg/ml of serum, e.g.,0.5t0 5
mg/ml, or at least about 1.0 mg/ml. When a transgene capable
of effecting a switch to IgG from IgM has been introduced
into the transgenic mouse, the adult mouse ratio of serum IgG
to IgM is preferably about 10:1. The IgG to IgM ratio will be
much lower in the immature mouse. In general, greater than
about 10%, e.g., about 40 to 80% of the spleen and lymph
node B cells will express exclusively human IgG protein.

[0144] The repertoire in the transgenic mouse will ideally
approximate that shown in a non-transgenic mouse, usually at
least about 10% as high, preferably 25 to 50% or more as
high. Generally, at least about a thousand different immuno-
globulins (ideally IgG), preferably 10* to 10° or more, will be
produced, depending primarily on the number of different V,
J, and D regions introduced into the mouse genome. Typi-
cally, the immunoglobulins will exhibit an affinity for prese-
lected antigens of at least about 10’M~, 10°M™, 10*°M™,
10MM™1, 10"*M™Y, or greater, e.g., up to 10"*M™! or greater.
[0145] HuMADb mice can produce B cells that undergo
class-switching via intratransgene switch recombination (cis-
switching) and express immunoglobulins reactive with the
toxin. The immunoglobulins can be human sequence antibod-
ies, wherein the heavy and light chain polypeptides are
encoded by human transgene sequences, which may include
sequences derived by somatic mutation and V region recom-
binatorial joints, as well as germline-encoded sequences.
These human sequence immunoglobulins can be referred to
as being substantially identical to a polypeptide sequence
encoded by ahuman VL or VH gene segment and a human JL.
or JL. segment, even though other non-germline sequences
may be present as a result of somatic mutation and differential
V-I and V-D-J recombination joints. With respect to such
human sequence antibodies, the variable regions of each
chain are typically at least 80 percent encoded by human
germline V, J, and, in the case of heavy chains, D, gene
segments. Frequently at least 85 percent of the variable
regions are encoded by human germline sequences present on
the transgene. Often 90 or 95 percent or more of the variable
region sequences are encoded by human germline sequences
present on the transgene. However, since non-germline
sequences are introduced by somatic mutation and VJ and
VDI joining, the human sequence antibodies will frequently
have some variable region sequences (and less frequently
constant region sequences) that are not encoded by human 'V,
D, or J gene segments as found in the human transgene(s) in
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the germline of the mice. Typically, such non-germline
sequences (or individual nucleotide positions) will cluster in
or near CDRs, or in regions where somatic mutations are
known to cluster.

[0146] The human sequence antibodies that bind to the
toxin can result from isotype switching, such that human
antibodies comprising a human sequence gamma chain (such
as gamma 1, gamma 2, or gamma 3) and a human sequence
light chain (such as K) are produced. Such isotype-switched
human sequence antibodies often contain one or more
somatic mutation(s), typically in the variable region and often
in or within about 10 residues of a CDR) as a result of affinity
maturation and selection of B cells by antigen, particularly
subsequent to secondary (or subsequent) antigen challenge.
These high affinity human sequence antibodies have binding
affinities of at least about 1x10° M, typically at least 5x10°
M, frequently more than 1x10'° M~!, and sometimes
5x10™° M~ to 1x10** M~ or greater.

[0147] Anti-toxin antibodies can also be raised in other
mammals, including non-transgenic mice, humans, rabbits,
and goats.

Anti-Toxin A Antibodies

[0148] Human monoclonal antibodies that specifically
bind to toxin A include antibodies produced by the 3DS,
1B11, and 3H2 clones described herein. Antibodies with vari-
able heavy chain and variable light chain regions that are at
least 80%, or more, identical to the variable heavy and light
chain regions 0of3D8, 1B11, and 3H2 can also bind to toxin A.
In related embodiments, anti-toxin A antibodies include, for
example, the complementarity determining regions (CDR) of
variable heavy chains and/or variable light chains of 3DS,
1B11, or 3H2. The CDRs of the variable heavy chain regions
from these clones are shown in Table 1, below.

TABLE 1

Variable Hea Chain CDR 2Amino Acid Sequences

SE
Clone Chain CDR Amino Acid Sequence ID N%:
3D8 H CDRL NYGMH 7
1B11 H CDRL SYGMH 10
3H2 H CDRL KYGMH 13
3D8 H CDR2 LIWYDGSNEDYTDSVKG 8
1B11 H CDR2 VIWASGNKKYYIESVEG 11
3H2 H CDR2 VIWYDGTNKYYADSMKG 14
3D8 H CDR3 WGMVRGVIDVFDI 9
1B11 H CDR3 ANFDY 12
3H2 H CDR3 DPPTANY 15
[0149] The CDRs of the variable light chain regions from

these clones are shown in table 2, below.
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TABLE 2

Variable Light Chain CDR Amino Acid Sequences

Clone Chain CDR Amino Acid Sequence IDSEI:\(IQO:
3D8 L CDR1 RASQGISSWLA 16
1B11 L CDR1 RASQSVSSYLA 19
3H2 L CDR1 RASQGISSWLA 22
3D8 L CDR2 AASSLOS 17
1B11 L CDR2 DASNRAT 20
3H2 L CDR2 AASSLOS 23
3D8 L CDR3  QQANSFPWT 18
1B11 L CDR3  QQRSNWSQFT 21
3H2 L CDR3  QQYKSYPVT 24
[0150] CDRs are the portions of immunoglobulins that

determine specificity for a particular antigen. In certain
embodiments, CDRs corresponding to the CDRs in tables 1
and 2 having sequence variations (e.g., conservative substi-
tutions) may bind to toxin A. For example, CDRs, in which 1,
23, 4, or 5 residues, or less than 20% of total residues in the
CDR, are substituted or deleted can be present in an antibody
(or antigen binding portion thereof) that binds toxin A.
[0151] Similarly, anti-toxin antibodies can have CDRs con-
taining a consensus sequence, as sequence motifs conserved
amongst multiple antibodies can be important for binding
activity. For example, CDR1 of a variable light chain region
of the antibodies or antigen binding portions thereof can
include the amino acid sequence R-A-S-Q-X-X-S-S-X-[.-A
(SEQID NO: 25), CDR2 of avariable light chain region of the
antibodies or antigen binding portions thereof can include the
amino acid sequence A-S-X-X-X-S/T (SEQ ID NO:26), and/
or CDR3 of a variable light chain region of the antibodies or
antigen binding portions thereof can include the amino acid
sequence Q-Q-X-X-S/N-X-P/S (SEQ ID NO:27), wherein X
is any amino acid.

[0152] In some embodiments, CDR1 of a variable heavy
chain region of the antibodies or antigen binding portions
thereof includes the amino acid sequence Y-G-M-H (SEQ ID
NO:28), and/or CDR2 of a variable heavy chain region of the
antibodies or antigen binding portions thereof includes the
amino acid sequence [-W-X-X-G-X-X-X-Y-X-X-S-X-X-G
(SEQ ID NO:29), wherein X is any amino acid.

[0153] Human anti-toxin antibodies can include variable
regions that are the product of, or derived from, specific
human immunoglobulin genes. For example, the antibodies
can include a variable heavy chain region that is the product
of, or derived from a human VH3-33 gene. Numerous
sequences for antibodies derived from this gene are available
in GenBank® (see, e.g., Acc. No: AJ555951, GI
No0:29836865; Acc. No:AJ556080, GI No.:29837087; Acc.
No.: AI556038, GI No0.:29837012, and other human VH3-33
rearranged gene segments provided in GenBank®). The anti-
bodies can also, or alternatively, include a light chain variable
region that is the product of, or derived from a human Vk [.19
gene (see, e.g., GenBank® Acc. No. AJ556049, GI
No0:29837033 for a partial sequence of a rearranged human
Vk L19 gene segment). As known in the art, and described in
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this section, above, variable immunoglobulin regions of
recombined antibodies are derived by a process of recombi-
nation in vivo in which variability is introduced to genomic
segments encoding the regions. Accordingly, variable regions
derived from a human VH-33 or Vk L19 gene can include
nucleotides that are different that those in the gene found in
non-lymphoid tissues. These nucleotide differences are typi-
cally concentrated in the CDRs.

Anti-Toxin B Antibodies

[0154] Human monoclonal antibodies that specifically
bind to toxin B include antibodies produced by the 124-152,
2A11, and 1G10 clones described herein. Antibodies with
variable heavy chain and variable light chain regions that are
at least 80%, or more, identical to the variable heavy and light
chain regions of -152, 2A11, and 1G10 can also bind to toxin
B. In related embodiments, anti-toxin B antibodies include,
for example, the complementarity determining regions
(CDR) of variable heavy chains and/or variable light chains of
-152,2A11, or 1G10. The CDRs of the variable heavy chain
regions from these clones are shown in Table 3, below.

TABLE 3

Variable Hea Chain CDR Amino Acid Sequences

SEQ  SEQ

ID NO: ID NO:

Clone ChainCDR Amino Acid Sequence (a.a.) (n.t.)
124-152 H CDRl SYWIG 62 63
124-152 H CDR2 IFYPGDSSTRYSPSFQG 64 65
124-152 H CDR3 RRNWGNAFDI 66 67

[0155] The CDRs of the variable light chain regions from

these clones are shown in Table 4, below.

TABLE 4

Variable Light Chain CDR 2Amino Acid Sequencesg

SEQ SEQ
ID NO: ID NO:
Clone ChainCDR Amino Acid Sequence (a.a.) (n.t.)
124-152 L CDR1 RASQSVSSSYLAW 68 69
124-152 L CDR2 GASSRAT 70 71
124-152 L CDR3 QQYGSSTWT 72 73

[0156] CDRs are the portions of immunoglobulins that
determine specificity for a particular antigen. In certain
embodiments, CDRs corresponding to the CDRs in Tables 3
and 4 having sequence variations (e.g., conservative substi-
tutions) may bind to toxin B. For example, CDRs, in which 1,
2,3, 4, or 5 residues, or less than 20% of total residues in the
CDR, are substituted or deleted can be present in an antibody
(or antigen binding portion thereof) that binds toxin B.

[0157] Human anti-toxin B antibodies can include variable
regions that are the product of, or derived from, specific
human immunoglobulin genes (see FIGS. 28-31). For
example, the antibodies can include a variable heavy chain
region thatis the product of, or derived from a human VH 5-51
gene. The antibodies can also, or alternatively, include a light
chain variable region that is the product of, or derived from a



US 2016/0152694 Al

human Vk A27 gene and/or JK1 gene. As known in the art,
and described in this section, above, variable immunoglobu-
lin regions of recombined antibodies are derived by a process
of recombination in vivo in which variability is introduced to
genomic segments encoding the regions. Accordingly, vari-
able regions derived from a human VH-5-51 or Vk A27/JK1
gene can include nucleotides that are different that those in
the gene found in non-lymphoid tissues. These nucleotide
differences are typically concentrated in the CDRs.

2. Production and Modification of Antibodies

[0158] Many different forms of anti-toxin antibodies can be
useful in the inhibition of CDAD. The antibodies can be of the
various isotypes, including: IgG (e.g., IgG1, 1gG2, 1gG3,
1gG4), 1gM, IgA1, 1gA2, IgD, or IgE. Preferably, the antibody
is an IgG isotype, e.g., IgG1. The antibody molecules can be
full-length (e.g., an IgG1 or IgG4 antibody) or can include
only an antigen-binding fragment (e.g., a Fab, F(ab"),, Fvora
single chain Fv fragment). These include monoclonal anti-
bodies (e.g., human monoclonal antibodies), recombinant
antibodies, chimeric antibodies, and humanized antibodies,
as well as antigen-binding portions of the foregoing.

[0159] Anti-toxin antibodies or portions thereof useful in
the present invention can also be recombinant antibodies
produced by host cells transformed with DNA encoding
immunoglobulin light and heavy chains of a desired antibody.
Recombinant antibodies may be produced by known genetic
engineering techniques. For example, recombinant antibod-
ies can be produced by cloning a nucleotide sequence, e.g., a
c¢DNA or genomic DNA, encoding the immunoglobulin light
and heavy chains of the desired antibody. The nucleotide
sequence encoding those polypeptides is then inserted into an
expression vector so that both genes are operatively linked to
their own transcriptional and translational expression control
sequences. The expression vector and expression control
sequences are chosen to be compatible with the expression
host cell used. Typically, both genes are inserted into the same
expression vector. Prokaryotic or eukaryotic host cells may
be used.

[0160] Expression in eukaryotic host cells is preferred
because such cells are more likely than prokaryotic cells to
assemble and secrete a properly folded and immunologically
active antibody. However, any antibody produced thatis inac-
tive due to improper folding can be renatured according to
well known methods (Kim and Baldwin, Ann. Rev. Biochem.,
51:459-89, 1982). Itis possible that the host cells will produce
portions of intact antibodies, such as light chain dimers or
heavy chain dimers, which also are antibody homologs
according to the present invention.

[0161] The antibodies described herein also can be pro-
duced in a host cell transfectoma using, for example, a com-
bination of recombinant DNA techniques and gene transfec-
tion methods as is well known in the art (Morrison, S.,
Science, 229:1202, 1985). For example, in one embodiment,
the gene(s) of interest, e.g., human antibody genes, can be
ligated into an expression vector such as a eukaryotic expres-
sion plasmid such as used in a GS gene expression system
disclosed in WO 87/04462, WO 89/01036 and EP 338 841, or
in other expression systems well known in the art. The puri-
fied plasmid with the cloned antibody genes can be intro-
duced in eukaryotic host cells such as CHO-cells or NSO-
cells or alternatively other eukaryotic cells like a plant derived
cells, fungi or yeast cells. The method used to introduce these
genes can be any method described in the art, such as elec-
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troporation, lipofectine, lipofectamine or ballistic transfec-
tion, in which cells are bombarded with microparticles car-
rying the DNA of interest (Rodin, et al. Immunol. Lett., 74(3):
197-200, 2000). After introducing these antibody genes in the
host cells, cells expressing the antibody can be identified and
selected. These cells represent the transfectomas which can
then be amplified for their expression level and upscaled to
produce antibodies. Recombinant antibodies can be isolated
and purified from these culture supernatants and/or cells
using standard techniques.

[0162] It will be understood that variations on the above
procedures are useful in the present invention. For example, it
may be desired to transform a host cell with DNA encoding
either the light chain or the heavy chain (but not both) of an
antibody. Recombinant DNA technology may also be used to
remove some or all of the DNA encoding either or both of the
light and heavy chains that is not necessary for binding, e.g.,
the constant region may be modified by, for example, deleting
specific amino acids. The molecules expressed from such
truncated DNA molecules are useful in the methods described
herein. In addition, bifunctional antibodies can be produced
in which one heavy and one light chain bind to a toxin, and the
other heavy and light chain are specific for an antigen other
than the toxin, or another epitope of the toxin.

[0163] Chimeric antibodies can be produced by recombi-
nant DNA techniques known in the art. For example, a gene
encoding the Fc constant region of a murine (or other species)
monoclonal antibody molecule is digested with restriction
enzymes to remove the region encoding the murine Fc, and
the equivalent portion of a gene encoding a human Fc con-
stant region is substituted (see Robinson et al., International
Patent Publication PCT/US86/02269; Akira, et al., European
Patent Application 184, 187; Taniguchi, M., European Patent
Application 171,496; Morrison et al., European Patent Appli-
cation 173,494; Neuberger et al., International Application
WO 86/01533; Cabilly et al. U.S. Pat. No. 4,816,567; Cabilly
et al,, European Patent Application 125,023; Better et al.
(1988 Science, 240:1041-1043); Liu et al. (1987) PNAS,
84:3439-3443; Liu et al., 1987, J. Immunol., 139:3521-3526;
Sun et al. (1987) PNAS 84:214-218; Nishimura et al., 1987,
Canc. Res., 47:999-1005; Wood et al. (1985) Nature, 314:
446-449; and Shaw et al., 1988, J Natl. Cancer Inst.,
80:1553-1559). Chimeric antibodies can also be created by
recombinant DNA techniques where DNA encoding murine
V regions can be ligated to DNA encoding the human con-
stant regions.

[0164] An antibody or an immunoglobulin chain can be
humanized by methods known in the art. For example, once
murine antibodies are obtained, variable regions can be
sequenced. The location ofthe CDRs and framework residues
can be determined (see, Kabat, E. A, et al. (1991) Sequences
of Proteins of Immunological Interest, Fifth Edition, U.S.
Department of Health and Human Services, NIH Publication
No. 91-3242, and Chothia, C. et al. (1987) J. Mol. Biol.,
196:901-917). The light and heavy chain variable regions
can, optionally, be ligated to corresponding constant regions.
Indeed, it is understood that any of the antibodies described
herein, including fully human antibodies, can be altered (e.g.,
by mutation, substitution) to contain a substitute constant
region, e.g., Fc region, or portion(s) thereof to achieve, for
example, a desired antibody structure, function (e.g., effector
function), subtype, allotype, subclass, or the like. Anti-toxin
antibodies can be sequenced using art-recognized techniques.
CDR-grafted antibody molecules or immunoglobulins can be
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produced by CDR-grafting or CDR substitution, wherein
one, two, or all CDRs of an immunoglobulin chain can be
replaced. Seee.g., U.S. Pat. No. 5,225,539; Jones et al., 1986,
Nature, 321:552-525; Verhoeyan et al., 1988, Science, 239:
1534; Beidler et al., 1988, J. Immunol., 141:4053-4060; and
Winter, U.S. Pat. No. 5,225,539.

[0165] Winter describes a CDR-grafting method that may
be used to prepare the antibodies of the present invention (UK
Patent Application GB 2188638A, filed on Mar. 26, 1987;
Winter U.S. Pat. No. 5,225,539), the contents of which is
expressly incorporated by reference. For example, all of the
CDRs of a particular antibody may be replaced with at least a
portion of a human CDR (e.g., a CDR from clone 3D8, as
shown in Tables 1 and 2, and/or clone 124-152, as shown in
Tables 3 and 4, above) or only some of the CDRs may be
replaced. It is only necessary to replace the number of CDRs
required for binding of the antibody to a predetermined anti-
gen (e.g., an exotoxin of C. difficile).

[0166] Humanized antibodies can be generated by replac-
ing sequences of the Fv variable region that are not directly
involved in antigen binding with equivalent sequences from
human Fv variable regions. General methods for generating
humanized antibodies are provided by Morrison, S. L., 1985,
Science, 229:1202-1207, by Oi et al., 1986, BioTechniques,
4:214, and by Queen et al. U.S. Pat. No. 5,585,089, U.S. Pat.
No. 5,693,761 and U.S. Pat. No. 5,693,762. Those methods
include isolating, manipulating, and expressing the nucleic
acid sequences that encode all or part of immunoglobulin Fv
variable regions from at least one of a heavy or light chain.
Sources of such nucleic acid are well known to those skilled
in the art and, for example, may be obtained from a hybri-
doma producing an antibody against a predetermined target,
as described above. The recombinant DNA encoding the
humanized antibody, or fragment thereof, can then be cloned
into an appropriate expression vector. Other techniques for
humanizing antibodies are described in Padlan et al. EP
519596 Al, published on Dec. 23, 1992.

[0167] Also within the scope of the invention are antibodies
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 antigen. For example, a selected, small number
of'acceptor framework residues of the immunoglobulin chain
can be replaced by the corresponding donor amino acids.
Preferred locations of the substitutions include amino acid
residues adjacent to the CDR, or which are capable of inter-
actingwitha CDR (seee.g., U.S. Pat. No. 5,585,089). Criteria
for selecting amino acids from the donor are described in U.S.
Pat. No. 5,585,089 (e.g., columns 12-16), the contents of
which are hereby incorporated by reference. The acceptor
framework can be a mature human antibody framework
sequence oOr a consensus sequence.

[0168] A “consensus sequence” is a sequence formed from
the most frequently occurring amino acids (or nucleotides) in
a family of related sequences (See e.g., Winnaker, From
Genes to Clones (Verlagsgesellschaft, Weinheim, Germany
1987). In a family of proteins, each position in the consensus
sequence is occupied by the amino acid occurring most fre-
quently at that position in the family. If two amino acids occur
equally frequently, either can be included in the consensus
sequence. A “consensus framework” of an immunoglobulin
refers to a framework region in the consensus immunoglobu-
lin sequence.
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[0169] An anti-toxin antibody, or antigen-binding portion
thereof, can be derivatized or linked to another functional
molecule (e.g., another peptide or protein). For example, an
antibody can be functionally linked (by chemical coupling,
genetic fusion, noncovalent association or otherwise) to one
or more other molecular entities, such as another antibody, a
detectable agent, a cytotoxic agent, a pharmaceutical agent,
and/or a protein or peptide that can mediate association with
another molecule (such as a streptavidin core region or a
polyhistidine tag).

[0170] One type of derivatized protein is produced by
crosslinking two or more proteins (of the same type or of
different types). Suitable crosslinkers include those that are
heterobifunctional, having two distinct reactive groups sepa-
rated by an appropriate spacer (e.g., m-maleimidobenzoyl-N-
hydroxysuccinimide ester) or homobifunctional (e.g., disuc-
cinimidyl suberate). Such linkers are available from Pierce
Chemical Company, Rockford, I11.

[0171] Useful detectable agents with which a protein can be
derivatized (or labeled) include fluorescent compounds, vari-
ous enzymes, prosthetic groups, luminescent materials,
bioluminescent materials, and radioactive materials. Exem-
plary fluorescent detectable agents include fluorescein, fluo-
rescein isothiocyanate, rhodamine, and, phycoerythrin. A
protein or antibody can also be derivatized with detectable
enzymes, such as alkaline phosphatase, horseradish peroxi-
dase, p-galactosidase, acetylcholinesterase, glucose oxidase
and the like. When a protein is derivatized with a detectable
enzyme, it is detected by adding additional reagents that the
enzyme uses to produce a detectable reaction product. For
example, when the detectable agent horseradish peroxidase is
present, the addition of hydrogen peroxide and diaminoben-
zidine leads to a colored reaction product, which is detect-
able. A protein can also be derivatized with a prosthetic group
(e.g., streptavidin/biotin and avidin/biotin). For example, an
antibody can be derivatized with biotin, and detected through
indirect measurement of avidin or streptavidin binding.

[0172] Labeled proteins and antibodies can be used, for
example, diagnostically and/or experimentally in a number of
contexts, including (i) to isolate a predetermined antigen by
standard techniques, such as affinity chromatography or
immunoprecipitation; and (ii) to detect a predetermined anti-
gen (e.g., atoxin, e.g., in a cellular lysate or a patient sample)
in order to monitor protein levels in tissue as part of a clinical
testing procedure, e.g., to determine the efficacy of a given
treatment regimen.

[0173] An anti-toxin antibody or antigen-binding fragment
thereof may be conjugated to another molecular entity, such
as a label.

3. Screening Methods

[0174] Anti-toxin antibodies can be characterized for bind-
ing to the toxin by a variety of known techniques. Antibodies
are typically characterized by ELISA first. Briefly, microtiter
plates can be coated with the toxin or toxoid antigen in PBS,
and then blocked with irrelevant proteins such as bovine
serum albumin (BSA) diluted in PBS. Dilutions of plasma
from toxin-immunized mice are added to each well and incu-
bated for 1-2 hours at 37° C. The plates are washed with
PBS/Tween 20 and then incubated with a goat-anti-human
IgG Fe-specific polyclonal reagent conjugated to alkaline
phosphatase for 1 hour at 37° C. After washing, the plates are
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developed with ABTS substrate, and analyzed at OD of 405.
Preferably, mice which develop the highest titers will be used
for fusions.

[0175] An ELISA assay as described above can be used to
screen for antibodies and, thus, hybridomas that produce
antibodies that show positive reactivity with the toxin. Hybri-
domas that produce antibodies that bind, preferably with high
affinity, to the toxin can than be subcloned and further char-
acterized. One clone from each hybridoma, which retains the
reactivity of the parent cells (by ELISA), can then be chosen
for making a cell bank, and for antibody purification.

[0176] To purify the anti-toxin antibodies, selected hybri-
domas can be grown in roller bottles, two-liter spinner-flasks
or other culture systems. Supernatants can be filtered and
concentrated before affinity chromatography with protein
A-Sepharose (Pharmacia, Piscataway, N.J.) to purify the pro-
tein. After buffer exchange to PBS, the concentration can be
determined by spectrophotometric methods.

[0177] To determine if the selected monoclonal antibodies
bind to unique epitopes, each antibody can be biotinylated
using commercially available reagents (Pierce, Rockford,
111.). Biotinylated MAb binding can be detected with a
streptavidin labeled probe. Anti-toxin antibodies can be fur-
ther tested for reactivity with the toxin by Western blotting.
[0178] Other assays to measure activity of the anti-toxin
antibodies include neutralization assays. In vitro neutraliza-
tion assays can measure the ability of an antibody to inhibit a
cytopathic effect on cells in culture (see Example 3, below).
Invivo assays to measure toxin neutralization are described in
Examples 5, 6, and 7, below.

4. Pharmaceutical Compositions and Kits

[0179] In another aspect, the present invention provides
compositions, e.g., pharmaceutically acceptable composi-
tions, which include an antibody molecule described herein
or antigen binding portion thereof, formulated together with a
pharmaceutically acceptable carrier.

[0180] “Pharmaceutically acceptable carriers” include any
and all solvents, dispersion media, isotonic and absorption
delaying agents, and the like that are physiologically compat-
ible. The carriers can be suitable for intravenous, intramus-
cular, subcutaneous, parenteral, rectal, spinal, or epidermal
administration (e.g., by injection or infusion).

[0181] The compositions of this invention may be in a
variety of forms. These include, for example, liquid, semi-
solid and solid dosage forms, such as liquid solutions (e.g.,
injectable and infusible solutions), dispersions or suspen-
sions, liposomes and suppositories. The preferred form
depends on the intended mode of administration and thera-
peutic application. Useful compositions are in the form of
injectable or infusible solutions. A useful mode of adminis-
tration is parenteral (e.g., intravenous, subcutaneous, intrap-
eritoneal, intramuscular). For example, the antibody or anti-
gen binding portion thereof can be administered by
intravenous infusion or injection. In another embodiment, the
antibody or antigen binding portion thereof is administered
by intramuscular or subcutaneous injection.

[0182] The phrases “parenteral administration” and
“administered parenterally” as used herein mean modes of
administration other than enteral and topical administration,
usually by injection, and include, without limitation, intrave-
nous, intramuscular, intraarterial, intrathecal, intracapsular,
intraorbital, intracardiac, intradermal, intraperitoneal, tran-
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stracheal, subcutaneous, subcuticular, intraarticular, subcap-
sular, subarachnoid, intraspinal, epidural, and intrasternal
injection and infusion.

[0183] Therapeutic compositions typically should be ster-
ile and stable under the conditions of manufacture and stor-
age. The composition can be formulated as a solution, micro-
emulsion, dispersion, liposome, or other ordered structure
suitable to high antibody concentration. Sterile injectable
solutions can be prepared by incorporating the active com-
pound (i.e., antibody or antibody portion) in the required
amount in an appropriate solvent with one or a combination of
ingredients enumerated above, as required, followed by fil-
tered sterilization. Generally, dispersions are prepared by
incorporating the active compound into a sterile vehicle that
contains a basic dispersion medium and the required other
ingredients from those enumerated above. In the case of ster-
ile powders for the preparation of sterile injectable solutions,
the useful methods of preparation are vacuum drying and
freeze-drying that yields a powder of the active ingredient
plus any additional desired ingredient from a previously ster-
ile-filtered solution thereof. The proper fluidity of a solution
can be maintained, for example, by the use of a coating such
as lecithin, by the maintenance of the required particle size in
the case of dispersion and by the use of surfactants. Prolonged
absorption of injectable compositions can be brought about
by including in the composition an agent that delays absorp-
tion, for example, monostearate salts and gelatin.

[0184] The antibodies and antibody portions described
herein can be administered by a variety of methods known in
the art, and for many therapeutic applications. As will be
appreciated by the skilled artisan, the route and/or mode of
administration will vary depending upon the desired results.

[0185] In certain embodiments, an antibody, or antibody
portion thereof may be orally administered, for example, with
an inert diluent or an assimilable edible carrier. The com-
pound (and other ingredients, if desired) may also be enclosed
in a hard or soft shell gelatin capsule, compressed into tablets,
or incorporated directly into the subject’s diet. For oral thera-
peutic administration, the compounds may be incorporated
with excipients and used in the form of ingestible tablets,
buccal tablets, troches, capsules, elixirs, suspensions, syrups,
wafers, and the like. To administer a compound of the inven-
tion by other than parenteral administration, it may be neces-
sary to coat the compound with, or co-administer the com-
pound with, a material to prevent its inactivation. Therapeutic
compositions can be administered with medical devices
known in the art.

[0186] Dosage regimens are adjusted to provide the opti-
mum desired response (e.g., a therapeutic response). For
example, a single bolus may be administered, several divided
doses may be administered over time, or the dose may be
proportionally reduced or increased as indicated by the exi-
gencies of the therapeutic situation. It is especially advanta-
geous to formulate parenteral compositions in dosage unit
form for ease of administration and uniformity of dosage.
Dosage unit form as used herein refers to physically discrete
units suited as unitary dosages for the subjects to be treated;
each unit contains a predetermined quantity of active com-
pound calculated to produce the desired therapeutic effect in
association with the required pharmaceutical carrier. The
specification for the dosage unit forms of the invention are
dictated by and directly dependent on (a) the unique charac-
teristics of the active compound and the particular therapeutic
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effect to be achieved, and (b) the limitations inherent in the art
of compounding such an active compound for the treatment
of sensitivity in individuals.

[0187] An exemplary, non-limiting range for a therapeuti-
cally or prophylactically effective amount of an antibody or
antibody portion of the invention is 0.1-60 mg/kg, e.g., 0.5-25
mg/kg, 1-2 mg/kg, or 0.75-10 mg/kg. It is to be further under-
stood that for any particular subject, specific dosage regimens
should be adjusted over time according to the individual need
and the professional judgment of the person administering or
supervising the administration of the compositions, and that
dosage ranges set forth herein are exemplary only and are not
intended to limit the scope or practice of the claimed compo-
sition.

[0188] Also within the scope of the invention are kits
including an anti-toxin antibody or antigen binding portion
thereof. The kits can include one or more other elements
including: instructions for use; other reagents, e.g., a label, a
therapeutic agent, or an agent useful for chelating, or other-
wise coupling, an antibody to a label or therapeutic agent, or
other materials for preparing the antibody for administration;
pharmaceutically acceptable carriers; and devices or other
materials for administration to a subject.

[0189] Various combinations of antibodies can be pack-
aged together. For example, a kit can include antibodies that
bind to toxin A (e.g., antibodies that include the variable
heavy and light chain regions of 3D8) and antibodies that bind
to toxin B (e.g., human monoclonal anti-toxin B antibodies,
e.g., 124-152, 2A11, and/or 1G10, or polyclonal antisera
reactive with toxin B). The antibodies can be mixed together,
or packaged separately within the kit.

[0190] Instructions for use can include instructions for
therapeutic application including suggested dosages and/or
modes of administration, e.g., in a patient with a symptom of
CDAD. Other instructions can include instructions on cou-
pling of the antibody to a chelator, a label or a therapeutic
agent, or for purification of a conjugated antibody, e.g., from
unreacted conjugation components.

[0191] The kit can include a detectable label, a therapeutic
agent, and/or a reagent useful for chelating or otherwise cou-
pling a label or therapeutic agent to the antibody. Coupling
agents include agents such as N-hydroxysuccinimide (NHS).
In such cases the kit can include one or more of a reaction
vessel to carry out the reaction or a separation device, e.g., a
chromatographic column, for use in separating the finished
product from starting materials or reaction intermediates.
[0192] The kit can further contain at least one additional
reagent, such as a diagnostic or therapeutic agent, e.g., a
diagnostic or therapeutic agent as described herein, and/or
one or more additional anti-toxin or anti-C. difficile antibod-
ies (or portions thereof), formulated as appropriate, in one or
more separate pharmaceutical preparations.

[0193] Other kits can include optimized nucleic acids
encoding anti-toxin antibodies, and instructions for expres-
sion of the nucleic acids.

5. Therapeutic Methods and Compositions

[0194] The new proteins and antibodies have in vitro and in
vivo therapeutic, prophylactic, and diagnostic utilities. For
example, these antibodies can be administered to cells in
culture, e.g., in vitro or ex vivo, or to a subject, e.g., in vivo, to
treat, inhibit, prevent relapse, and/or diagnose C. difficile and
disease associated with C. difficile.
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[0195] As used herein, the term “subject” is intended to
include human and non-human animals. The term “non-hu-
man animals” includes all vertebrates, e.g., mammals and
non-mammals, such as non-human primates, chickens, mice,
dogs, cats, pigs, cows, and horses.

[0196] The proteins and antibodies can be used on cells in
culture, e.g., in vitro or ex vivo. For example, cells can be
cultured in vitro in culture medium and the contacting step
can be effected by adding the anti-toxin antibody or fragment
thereof, to the culture medium. The methods can be per-
formed on virions or cells present in a subject, as part of an in
vivo (e.g., therapeutic or prophylactic) protocol. For in vivo
embodiments, the contacting step is effected in a subject and
includes administering an anti-toxin antibody or portion
thereof to the subject under conditions effective to permit
binding of the antibody, or portion, to any toxin expressed by
bacteria in the subject, e.g., in the gut.

[0197] Methods of administering antibody molecules are
described herein. Suitable dosages of the molecules used will
depend on the age and weight of the subject and the particular
drug used. The antibody molecules can be used as competi-
tive agents for ligand binding to inhibit or reduce an undesir-
able interaction, e.g., to inhibit binding of toxins to the gas-
trointestinal epithelium.

[0198] The anti-toxin antibodies (or antigen binding por-
tions thereof) can be administered in combination with other
anti-C. difficile antibodies (e.g., other monoclonal antibodies,
polyclonal gamma-globulin). Combinations of antibodies
that can be used include an anti-toxin A antibody or antigen
binding portion thereof and an anti-toxin B antibody or anti-
gen binding portion thereof. The anti-toxin A antibody can be
3D8, an antibody that includes the variable regions of 3D8, or
an antibody with variable regions at least 90% identical to the
variable regions of 3D8. The anti-toxin B antibody can be
124-152,2A11, 1G10, or an antibody with variable regions at
least 90% identical to the variable regions of the foregoing,
e.g., 124-152. Combinations of anti-toxin A (e.g., 3D8) and
anti-toxin B antibodies (e.g., 124-152) can provide potent
inhibition of CDAD.

[0199] It is understood that any of the agents of the inven-
tion, for example, anti-toxin A or anti-toxin B antibodies, or
fragments thereof, can be combined, for example in different
ratios or amounts, for improved therapeutic effect. Indeed, the
agents of the invention can be formulated as a mixture, or
chemically or genetically linked using art recognized tech-
niques thereby resulting in covalently linked antibodies (or
covalently linked antibody fragments), having both anti-toxin
A and anti-toxin B binding properties. The combined formu-
lation 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. The
agents of the invention can also be administered in combina-
tion with other agents that enhance access, half-life, or sta-
bility of the therapeutic agent in targeting, clearing, and/or
sequestering C. difficile or an antigen thereof.

[0200] Such combination therapies are preferably additive
and even 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 (see, e.g., Example 16
which shows the efficacy of single and combined antibody
therapies). Administering such combination therapies can
decrease the dosage of the therapeutic agent (e.g., antibody or
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antibody fragment mixture, or cross-linked or genetically
fused bispecific antibody or antibody fragment) needed to
achieve the desired effect.

[0201] Immunogenic compositions that contain an immu-
nogenically effective amount of a toxin, or fragments thereof,
are described herein, and can be used in generating anti-toxin
antibodies. Immunogenic epitopes in a toxin sequence can be
identified according to methods known in the art, and pro-
teins, or fragments containing those epitopes can be delivered
by various means, in a vaccine composition. Suitable com-
positions can include, for example, lipopeptides (e.g., Vitiello
et al., J. Clin. Invest. 95:341 (1995)), peptide compositions
encapsulated in poly(DL-lactide-co-glycolide) (“PLG”)
microspheres (see, e.g., Eldridge et al., Molec. Immunol.
28:287-94 (1991); Alonso et al., Vaccine 12:299-306 (1994);
Jonesetal., Vaccine 13:675-81 (1995)), peptide compositions
contained in immune stimulating complexes (ISCOMS) (see,
e.g., Takahashi et al., Nature 344:873-75 (1990); Hu et al.,
Clin. Exp. Immunol. 113:235-43 (1998)), and multiple anti-
gen peptide systems (MAPs) (see, e.g., Tam, Proc. Natl.
Acad. Sci. U.S.A. 85:5409-13 (1988); Tam, J. Immunol. Meth-
ods 196:17-32 (1996)).

[0202] Useful carriers that can be used with immunogenic
compositions of the invention are well known, and include,
for example, thyroglobulin, albumins such as human serum
albumin, tetanus toxoid, polyamino acids such as poly
L-lysine, poly r-glutamic acid, influenza, hepatitis B virus
core protein, and the like. The compositions can contain a
physiologically tolerable (i.e., acceptable) diluent such as
water, or saline, typically phosphate buffered saline. The
compositions and vaccines also typically include an adjuvant.
Adjuvants such as incomplete Freund’s adjuvant, aluminum
phosphate, aluminum hydroxide, or alum are examples of
materials well known in the art. Additionally, CTL responses
can be primed by conjugating toxins (or fragments, inactive
derivatives or analogs thereof) to lipids, such as tripalmitoyl-
S-glycerylcysteinyl-seryl-serine (P;CSS).

[0203] The anti-toxin antibodies can be administered in
combination with other agents, such as compositions to treat
CDAD. For example, therapeutics that can be administered in
combination with anti-toxin antibodies include antibiotics
used to treat CDAD, such as vancomycin, metronidazole, or
bacitracin. The antibodies can be used in combination with
probiotic agents such as Saccharomyces boulardii. The anti-
bodies can also be administered in combinations with a C.
difficile vaccine, e.g., a toxoid vaccine.

6. Other Methods

[0204] An anti-toxin antibody (e.g., monoclonal antibody)
can be used to isolate toxins by standard techniques, such as
affinity chromatography or immunoprecipitation. Moreover,
an anti-toxin antibody can be used to detect the toxin (e.g., in
a stool sample), e.g., to screen samples for the presence of C.
difficile. Anti-toxin antibodies can be used diagnostically to
monitor levels of the toxin in tissue as part of a clinical testing
procedure, e.g., to, for example, determine the efficacy of a
given treatment regimen.

Exemplification

[0205] Throughout the examples, the following materials
and methods were used unless otherwise stated.
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Materials and Methods

[0206] In general, the practice of the present invention
employs, unless otherwise indicated, conventional tech-
niques of chemistry, molecular biology, recombinant DNA
technology, immunology (especially, e.g., antibody technol-
ogy), and standard techniques in polypeptide preparation.
See, e.g., Sambrook, Fritsch and Maniatis, Molecular Clon-
ing: Cold Spring Harbor Laboratory Press (1989); Antibody
Engineering Protocols (Methods in Molecular Biology), 510,
Paul, S., Humana Pr (1996); Antibody Engineering: A Prac-
tical Approach (Practical Approach Series, 169), McCafferty,
Ed., Irl Pr (1996); Antibodies: A Laboratory Manual, Harlow
et al., C.S.H.L. Press, Pub. (1999); and Current Protocols in
Molecular Biology, eds. Ausubel et al., John Wiley & Sons
(1992).

EXAMPLES

[0207] The invention is further described in the following
examples, which do not limit the scope of the invention
described in the claims.

Example 1

Generation of Anti-Toxin A Monoclonal Antibodies

[0208] C. difficile toxin A was obtained either from
Techlab, Inc. (Blacksburg, Va.), or by recombinant produc-
tion. The toxin was purified and inactivated prior to immuni-
zation. Inactivation was performed by treatment with reactive
UDP-dialdehyde, which results in alkylation of catalytic resi-
dues while preserving native toxin structure. For the detailed
protocol, see Genth et al., Inf and Immun. 68(3):1094-1101,
2000. Briefly, purified toxin A was incubated with UDP-2',
3'-dialdehyde (0.1-1.0 mM) in buffer for 18 hours at 37° C.,
filtered through a 100 kDa-cutoft filter to remove unreacted
UDP-2',3'-dialdehyde, and washed with buffer. Inactivated
toxin A (toxoid A) was used for immunization.

[0209] HCo7 transgenic mice, generated as described
above in the section entitled “Generation of Human Mono-
clonal Antibodies in HuMAb Mice” and supplied by
Medarex, Milpitas, Calif., were immunized intraperitoneally
6-12 times each with 10 pg of toxoid in RIBI adjuvant. In the
HCo7 transgenic mice, the endogenous mouse kappa light
chain gene has been homozygously disrupted as described in
Chen et al. (1993) EMBO J. 12:811-820 and the endogenous
mouse heavy chain gene has been homozygously disrupted as
described in Example 1 of PCT Publication WO 01/09187.
The HCo7 transgenic mice carry a human kappa light chain
transgene, KCo5, as described in Fishwild et al. (1996)
Nature Biotechnology 14:845-851, and the HCo7 human
heavy chain transgene as described in U.S. Pat. Nos. 5,545,
806; 5,625,825, and 5,545,807. Serum was collected from
each mouse and tested for reactivity to toxin A by ELISA and
neutralization of cytotoxicity on IMR-90 cells. Mice that
tested positive for toxin A-reactive and neutralizing antise-
rum were injected with 5-10 ng toxoid A through the tail vein.
Mice were sacrificed and spleens were isolated for fusion to
hybridomas approximately 3 days after tail vein injection was
performed.

[0210] Clonal hybridomas were generated and screened by
ELISA. Percentages of kappa/gamma light chain positive,
antigen-specific, and neutralizing clones identified by screen-
ing clones generated from four separate hybridoma fusions
are listed in Table 5.
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TABLE §

% kappa/gamma

Fusion positive % antigen specific % neutralizing

1 5.7 (94/1632) 3.4 (56/1632) 0.7 (12/1632)

2 0.2(1/384) 0 (0/384) 0 (0/384)

3 1.8 (14/768) 0.39 (3/768)

4 4.4 (43/960) 1.7 (17/960)
[0211] Three hybridoma clones were selected for further

analysis: 3D8, 1B11, and 33.3H2. CDNAs from each clone
were amplified by RT-PCR from mRNA, cloned, and
sequenced. One heavy chain V region consensus sequence
was found for each clone. All three clones utilized a VH
region derived from the same germline V region gene (VH
3-33), but utilized different J sequences. The amino acid
sequences of the VH and VL regions from each clone are
shown in FIG. 1 (SEQ ID NOs: 1-6). The complementarity
determining regions (CDRs) are overlined in the Figure.
[0212] Sequence analysis of the kappa V (Vi light chain)
genes revealed that HuMAb 1B11 and 33.3H2 each express
one consensus kappa chain V sequence. The 1B11 hybridoma
expressed a Vi light chain derived from the Vk L6 germline
gene, whereas the 33.3H2 hybridoma expresses a Vi light
chain derived from the Vk .15 germline gene. Upon analysis
of'the Vi clones from HuMAb 3D8, 6 (I-V]) light chains were
expressed at the mRNA level (FIG. 1). To determine which of
the light chains were expressed at the protein level, mass
spectroscopy and N-terminal sequencing of the purified 3D8
antibody were performed. When light chains were isolated
from cellular protein and analyzed by mass spectroscopy, a
single light chain was seen with a mass of 23,569 Daltons.
This corresponded to the light chain with the group I amino
acid sequence depicted in FIG. 1, which is derived from the
Vk L19 germline gene. N-terminal sequencing of the light
chain confirmed this result. FIGS. 2A, 3A, and 4A depict the
nucleotide and the amino acid sequences of the Vk of each
3D8 (group I; SEQ ID NOs: 4, and 30-34), 1B11 (SEQ ID
NO: 5), and 33.3H2 (SEQ ID NO:6) respectively. The CDRs
are overlined and the germline Vi and Jx are shown.

[0213] Thus, the 3D8 antibody comprises a heavy chain
variable region that is the product of or derived from a human
VH 3-33 gene and a light chain variable region that is the
product of or derived from a human Vi [.19 gene. The 1B11
antibody comprises a heavy chain variable region that is the
product of or derived from a human VH 3-33 gene and a light
chain variable region that this the product of or derived from
a human Vi L6 gene. The 33.3H2 antibody comprises a
heavy chain variable region that is the product of or derived
from a human VH 3-33 gene and a light chain variable region
that this the product of or derived from a human Vk [L15 gene.
[0214] The antibodies 3D8 and 1B11 express human [gG1
constant regions, and antibody 33.3H2 expresses human
1gG3 constant regions. The antibodies described in Examples
2-7 were isolated from these hybridomas, and thus express
the variable sequences shown in FIG. 1 along with human
constant regions. DNA encoding the antigen binding portion
of each clone was cloned into a vector to be expressed as a
human antibody for administration to humans.

Example 2

Binding Activity of Anti-Toxin A Antibodies

[0215] Binding of each antibody to toxin A was determined
by ELISA using standard techniques. The results of this assay
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are depicted in FIG. 5. Antibodies produced by 3D8, 1B11,
and 33.3H2 were compared to a fourth human monoclonal
antibody with toxin A binding activity, 8E6. FIG. 5 shows that
the antibodies bind toxin A with comparable affinities.
[0216] The affinity of the 3D8 and 1B11 antibodies for
toxin A was also measured with Biacore® instrument, which
detects biomolecular binding interactions with surface plas-
mon resonance technology. Each antibody was added to pro-
tein A-coated sensor chips, and toxin A was allowed to flow
over the chip to measure binding. 3D8 had a K, of 14.6x10~
10M. 1B11 had a K, of 7.38x107'°M. Thus, the antibodies
bind with high affinity to toxin A. These binding constants
indicate that the antibodies have affinities suitable for use in
human therapy.

Example 3

Toxin Neutralization by Anti-Toxin A Antibodies

[0217] Antibodies expressed by 1B11, 3D8, and 33.3H2
hybridomas were tested for toxin A neutralization activity in
vitro. Cells were incubated in the presence of varying con-
centrations of toxin A, which causes cells to round up and lose
adherence to cell culture dishes. Cytopathic eftect (CPE) was
determined by visual inspection of cells. A CPE score from
0-4 was determined, based on the results of the visual inspec-
tion (4=100% cytotoxicity, 0=0% toxicity). The results of
these assays are depicted in FIGS. 6 A and 6B. Neutralization
of toxicity against a human lung fibroblast cell line, IMR-90,
and a human gut epithelial cell line, T-84, was determined.
FIG. 6A shows that all of the antibodies had neutralizing
capacity towards IMR-90 cells. The relative neutralizing
activity of toxin A cytotoxicity on IMR-90 cells was
1B11>3H2>3D8. Interestingly, the relative neutralizing
activity was 3D8=1B11>3H2 against T-84 cells, which are
human colonic epithelial cells (FIG. 6A). T-84 cells are
believed to be more sensitive to toxin A than other cell types.
T-84 cells may provide a more relevant target cell to deter-
mine toxin A cytotoxicity.

Example 4

Epitope Mapping of Anti-Toxin A Antibodies

[0218] The epitope of toxin A bound by each monoclonal
antibody was determined by western blotting. Recombinant
E. coli clones were constructed which express four fragments
of toxin A representing the enzymatic domain (i.e., amino
acids 1-659 of toxin A), the receptor binding domain (i.e.,
amino acids 1853-2710 of toxin A), and the two regions in
between (i.e., amino acids 660-1255 and 1256-1852 of toxin
A). The appropriate segments of the toxin A gene were PCR-
amplified from genomic DNA prepared from C. difficile strain
ATCC 43255. The fragments were cloned using a pET vector
and transformed into BL.21 DE3 cells for expression. The
vector provides inducible expression and affinity domains for
purification (i.e., a His-tag) and detection (i.e., a V5 epitope
tag). Expression was induced with IPTG and fragments were
purified by affinity chromatography. Binding to four different
fragments of toxin A was measured: fragment 1 corresponded
to amino acids 1-659; fragment 2 corresponded to amino
acids 660-1255; fragment 3 corresponded to amino acids
1256-1852; and fragment 4 corresponded to amino acids
1853-2710 (FIG. 7). 1B11 reacted with fragments 1 and 2.
33.3H2 reacted with fragment 2. 3D8 and another human
monoclonal antibody, 6B4, reacted with fragment 4 (the
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receptor binding domain). A polyclonal antiserum from rab-
bits immunized with toxoid A reacted with all four fragments.
[0219] The 1B11 and 33.3H2 epitopes were mapped in
further detail. To map the 1B11 epitope, subfragments of
fragment 1 (amino acids 1-659) corresponding to amino acids
1-540, 1-415, 1-290, and 1-165, were generated (FIG. 8A).
1B11 bound to fragment 1 and to the fragment containing
amino acids 1-540. 1B11 did not bind to the other subfrag-
ments. Therefore, the epitope bound by 1B11 maps between
amino acids 415-540 of toxin A.

[0220] To map the 33.3H2 epitope, subfragments of frag-
ment 2 (amino acids 660-1255) corresponding to amino acids
660-1146, 660-1033, 660-920, and 660-807, were generated
(FIG. 8B). 33.3H2 bound to the fragments corresponding to
amino acids 660-1255, 660-1146, and 660-1033. 33.3H2 did
not bind to the other subfragments. Therefore, the epitope
bound by 33.3H2 maps between amino acids 920-1033 of
toxin A.

Example 5

Protection of Mice from Lethal Toxin a Challenge by
Administration of Anti-Toxin A Antibodies

[0221] Each antibody was tested for the ability to protect
mice from challenge with a lethal dose of toxin A. Swiss
Webster female mice, each weighing 10-20 grams, were
injected intraperitoneally with up to 250 ug of 3D8, 1B11, or
33.3H2, ora control antibody (anti-respiratory syncytial virus
antibody, Medlmmune) prior to challenge with toxin A.
Approximately 24 hours after injection, mice were chal-
lenged with a dose of toxin A greater than 10 times the lethal
dose (LDs,), typically 100 ng. Animals were observed for
signs of toxicity for the next 7 days. The results of these
experiments are summarized in FIG. 9. The data is expressed
as percentage survival. Numbers in parenthesis refer to anti-
body dose, if a dose other than 250 pug was given. FIG. 9
shows that each of the antibodies was able to protect mice
from lethal toxin A challenge to some extent. The percentage
of' mice surviving when treated with 3D8 ranged from 10-100
percent. The percentage of mice surviving when treated with
33.3H2 ranged from 20-100 percent. The percentage of mice
surviving when treated with 1B11 ranged from 0-60 percent.
The relative ability of these monoclonals to protect mice was
3H2=3D8>1B11.

Example 6

Neutralization of Toxin a Enterotoxicity in Ligated
Mouse Intestinal Loops with Anti-Toxin A
Antibodies

[0222] 3D8 and 33.3H2 antibodies were tested for neutral-
ization of toxin A enterotoxicity in a mouse ileal loop model.
This model measures toxin A-induced fluid accumulation in
mouse intestine. To perform these experiments, each mouse
was starved for 16 hours, anesthetized, and the ileum next to
the cecum was exposed. A loop of 3 to 5 centimeters was
doubly ligated at each end and injected with 10 pg of toxin A.
The ileal loop was returned to the abdominal cavity, the
wound was closed, and the animal was allowed to recover.
Four hours after surgery, the animal was euthanized and the
loop was removed from the animal. The length of each seg-
ment was remeasured, and the intraluminal fluid was
extracted. The volume of the fluid and the volume-to-length
(V:L) ratio in milliliters per centimeter was calculated for

Jun. 2, 2016

each loop. Test mice were injected with antibody parenterally
1-2 days before surgery. The results of these experiments are
depicted in FIG. 10. Injection with toxin A increased the
weight to length ratio of intestinal fluid by 50%. Both 3D8
and 33.3H2 prevented this increase in fluid accumulation.
Mice administered either antibody had a weight to length
ratio comparable to mice that did not receive any toxin A
injection. Therefore, 3D8 and 33.3H2 protect from intestinal
fluid accumulation in vivo.

[0223] These results indicate that the anti-toxin A mono-
clonal antibodies protect from toxin A-mediated enterotoxic-
ity in vivo. The mouse ligated loop data shows that these
monoclonal antibodies can protect from mucosal damage
when administered systemically.

Example 7

Protection of Hamsters from C. difficile Relapse with
Anti-Toxin A Antibodies

[0224] 3D8 was tested in a hamster relapse model. Ham-
sters are sensitive to the toxic effects of C. difficile toxins, and
typically die within 2-3 days of receiving a single dose of
clindamycin in the presence of C. difficile. To test the efficacy
of'3D8 in hamsters, a relapse model was used. In this model,
hamsters were given a dose of clindamycin and a dose of C.
difficile B1 spores one day later. One set of control hamsters
received no additional antibiotic or antibody. A second set of
control hamsters were treated with 10 mg/kg/day vancomy-
cin. Vancomycin is an antibiotic used in the treatment of C.
difficile disease. As shown in FIG. 11A, a test set of hamsters
received 10 mg/kg/day vancomycin and 2 mg/kg/day of a
rabbit polyclonal antiserum raised against toxin A each day
for seven days after C. difficile exposure, as indicated by the
arrows in the figure. A second test set of hamsters received 10
mg/kg/day vancomycin and 50 mg/kg/day 3D8 at the same
time intervals. Hamster survival was plotted versus time and
is shown in FIG. 11B.

[0225] FIG.11B shows that all of the hamsters that received
only clindamycin and C. difficile (diamonds) died within two
days of challenge with the bacteria. Twelve percent (2/17) of
hamsters treated with vancomycin (squares) survived chal-
lenge with bacteria; eighty-eight percent (15/17) died within
eight days. Forty-one percent (7/17) of hamsters treated with
vancomycin and 3D8 (crosses) survived challenge; fifty-nine
(10/17) percent died within seven days. Sixty-four percent
(7/11) of hamsters treated with vancomycin and polyclonal
rabbit serum (triangles) survived the challenge with bacteria;
thirty-six percent (4/11) died within nine days. These data are
also depicted in FIG. 12 as the percentage of total survivors in
each treatment group. As shown in the figure, the percentage
of survivors was highest (sixty-four percent) in the group
receiving vancomycin and polyclonal rabbit serum. The
group receiving 3D8 and vancomycin had the second highest
rate of survival (forty-one percent). Only twelve percent of
vancomycin-treated hamsters survived. Those with no treat-
ment all died. These data show that polyclonal and mono-
clonal anti-toxin antibodies protect from relapse of C. difficile
disease in vivo when administered after infection.

Example 8

Production of Anti-Toxin A Antibodies for
Administration in Humans

[0226] Nucleic acid sequences encoding the variable heavy
chain and light chains of the 3D8 antibody were cloned into a
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pIE-UgammalF vector using standard recombinant DNA
methodology. The vector was amplified in E. coli, purified,
and transfected into CHO-dg44 cells. Transfected cells were
plated at 4x10° cells per well in a 96-well dish and selected for
vector transfection with G418. One clone, designated 1D3,
was originally selected by G418 resistance, then assayed
along with other transfectomas for production of IgG. 1D3
had a higher level of IgG production relative to other trans-
fectants during several rounds of expansion. The expression
of'the 3D8 antibody was amplified by growth in the presence
of increasing concentrations of methotrexate. A culture
capable of growth in 175 nM methotrexate was chosen for
cloning single cells for further development. Plating the cul-
ture in 96 well plates at low density allowed generation of
cultures arising from a single cell or clones. The cultures were
screened for production of human IgG, and the cell that
produced the highest level of IgG was selected for further use.
The methotrexate-amplified clone was expanded to produce a
cell bank including multiple frozen vials of cells.

[0227] To prepare antibodies from transfected cells, cells
from a clone isolated in the previous steps are cultured and
expanded as inoculum for a bioreactor. The bioreactor typi-
cally holds a 500 liter volume of culture medium. The cells
are cultured in the bioreactor until cell viability drops, which
indicates a maximal antibody concentration has been pro-
duced in the culture. The cells are removed by filtration. The
filtrate is applied to a protein A column. Antibodies bind to the
column, and are eluted with a low pH wash. Next, the anti-
bodies are applied to a Q-Sepharose column to remove
residual contaminants, such as CHO cell proteins, DNA, and
other contaminants (e.g., viral contaminants, if present).
Antibodies are eluted from the Q-Sepharose column, nano-
filtered, concentrated, and washed in a buffer such as PBS.
The preparation is then aseptically aliquoted into vials for
administration.

Example 9

Preparation and Characterization of Polyclonal
Anti-Toxin B Antibodies

[0228] Two Nubian goats (#330 and #331) were injected
intramuscularly with 50 pg UDP dialdehyde-inactivated
toxin B (Techlab) and complete Freund’s adjuvant. Booster
doses of 25 pg toxoid B with Freund’s incomplete adjuvant
were given intramuscularly at two-week intervals. Test bleeds
were obtained after 4 immunizations. ELISA reactivity and
neutralization of cytotoxicity against both toxin A and toxin B
were assayed to measure the specificity and cross reactivity of
the sera.

[0229] Both animals responded well to toxin B and to a
lesser extent to toxin A as measured by ELISA. Sera from
goat#331 had less toxin A cross-reactivity and was chosen for
the majority of the subsequent experiments. Neutralization of
cytotoxicity to IMR-90 cells was determined as described in
Example 3. The results of cytotoxicity neutralization are
depicted in FIG. 13, which shows that sera from both animals
exhibited good toxin B neutralizing antibody titers and very
low, but detectable, toxin A neutralizing antibody titers. The
ability of the goat sera to protect mice from a lethal intraperi-
toneal challenge with toxin B (100 ng) was also confirmed
(data not shown).
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Example 10

Protection of Hamsters from C. difficile Relapse with
Anti-Toxin A and Anti-Toxin B Antibodies

[0230] Groups of hamsters (n=20) were challenged with
clindamycin and C. difficile, and then treated with vancomy-
cin as described in the hamster model of relapse in Example
7. Antibodies (either 3D8, serum from goat #331, or 3D8 and
serum from goat #331) were given twice daily after vanco-
mycin treatment (FIG. 14). Animals were monitored for sur-
vival (FIG. 15) or illness (FIG. 16). Antibody doses were 1 ml
twice daily for serum from goat #331 and 3 mg for 3D8 given
twice daily. Animals receiving vancomycin only (i.e., no anti-
body treatment) served as a negative controls. As observed
previously, 3D8 and vancomycin treatment alone demon-
strated a partial protective effect, in which 10 out of 20 ani-
mals were protected from lethality (FIG. 15). Fifty percent of
animals in this group remained healthy (FIG. 16). Six out of
20 animals receiving vancomycin treatment alone were pro-
tected (FIG. 15). Thirty percent remained healthy (FIG. 16).
Partial protection (9/20 animals protected) was also observed
when the goat serum was used alone (FIG. 15). Forty percent
remained healthy. Protection was increased to nearly 100%
when both goat serum and 3D8 were given together (18/20)
and disease onset was delayed (FIG. 15). Ninety percent of
these animals remained healthy (FIG. 16). Clearly, protection
from illness followed a pattern similar to protection from
lethality. These data demonstrate that 3D8 can be fully pro-
tective in the hamster disease model when toxin B is also
neutralized.

Example 11

Protection of Hamsters from C. difficile Relapse in
Hamsters Immunized with Toxin B

[0231] Hamsters were immunized intraperitoneally with
10 pg of the COOH-terminal fragment of toxin B (corre-
sponding to amino acids 1777-2366 of toxin B) expressed in
E. coli and using RIBI as adjuvant. Animals received 7 doses
of toxin B antigen. Neutralizing antibody responses were
observed in the animals that were tested. Groups of immu-
nized hamsters were challenged with clindamycin and C.
difficile then treated with vancomycin as described in the
hamster model of relapse in Example 7. Antibody (3D8, 3
mg/dose) was given twice daily after vancomycin treatment
to 19 animals and compared to a negative control group
(n=20) that received no treatment (FIGS. 17 and 18). Six
animals were challenged without vancomycin treatment to
ensure that hamsters immunized with toxin B antigen were
susceptible to C. difficile infection. Animals were monitored
for survival (FIG. 17) or illness (FIG. 18). FIG. 17 shows that
immunized animals that were not given 3D8 relapsed at a
similar rate to that observed previously (65% relapse). Toxin
B-immunized animals receiving 3D8 were more fully pro-
tected from relapse than observed previously (10% relapse, as
compared to approximately 50% relapse in animals not pre-
viously immunized with toxin B in other experiments).

[0232] FIG. 18 shows that some of the immunized animals
receiving 3D8 became ill but recovered from their diarrhea.
Thirty five percent of immunized animals receiving vanco-
mycin alone remained healthy. In experiments in which toxin
B reactive sera were not present in animals, virtually all
animals that had diarrhea later died. These data provide fur-
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ther evidence that 3D8 can be fully protective in the hamster
disease model when toxin B is also neutralized. Neutraliza-
tion of toxin B in addition to toxin A was required for optimal
protection from C. difficile disease in this model.

Example 12

Protection of Hamsters from Primary C. difficile
Challenge Using 3D8 in Hamsters Treated with Goat
Anti-Toxin B Sera

[0233] Prevention of relapse of C. difficile disease in the
hamsters was easier to demonstrate than protection from
direct challenge (i.e., challenge without vancomycin admin-
istration). Experiments with rabbit sera demonstrated only
weak protection from direct challenge and 3D8 had no detect-
able affect on direct challenge. Since 3D8 was more protec-
tive in a background of toxin B neutralizing antibodies, it was
determined whether the combined administration of 3D8 and
anti-toxin B antisera could prevent disease due to direct chal-
lenge. Groups of 5 hamsters were challenged after receiving
once daily doses of 3D8 (3 mg), combined 3D8 (3 mg) and
goat #331 (1 ml) sera, or no antibodies for the 3 days prior to
challenge as depicted in FIG. 19. The data in FIG. 20 shows
that animals receiving no antibodies or either 3D8 or goat sera
alone all died with 48 hours of C. difficile challenge. Most
animals (80%) receiving both 3D8 and goat sera survived and
the affected animals survived for 10 days after challenge.
FIG. 21 shows that animals treated with 3D8 and goat sera
became ill but recovered. These data provide further evidence
that 3D8 can be fully protective in the hamster disease model
when toxin B is also neutralized. Neutralization of toxin B in
addition to toxin A was required for optimal protection from
C. difficile disease in this model.

[0234] The successful protection of hamsters directly chal-
lenged with C. difficile offers several advantages to the
screening of new toxin B candidates. Smaller numbers of
animals can be used since 100% of untreated animals die.
Antibodies, such as monoclonal antibodies (e.g., human
monoclonal antibodies) can be screened directly in hamsters
because the procedure requires 100 mg or less of the test
antibody. Other modes of testing, such as the relapse model,
require the effort of producing gram quantities due to the low
attack rate in the relapse model, which necessitates testing
larger numbers of animals. Direct challenge experiments are
also shorter in duration with a definitive read out within 3-4
days of C. difficile challenge compared to 7-10 in the relapse
model. In addition, the elimination of vancomycin treatment
from the screening method reduces the number of times ani-
mals are handled.

Example 13

Generation of Anti-Toxin B Monoclonal Antibodies

[0235] C. difficile toxin B was obtained either from
Techlab, Inc. (Blacksburg, Va.), or by recombinant produc-
tion. The toxin was purified and inactivated prior to immuni-
zation. Inactivation was performed by treatment with reactive
UDP-dialdehyde, which results in alkylation of catalytic resi-
dues while preserving native toxin structure. Briefly, purified
toxin B was incubated with UDP-2'.3'-dialdehyde (0.1-1.0
mM) in buffer for 18 hours at 37° C., filtered through a 100
kDa-cutoft filter to remove unreacted UDP-2',3'-dialdehyde,
and washed with buffer. Inactivated toxin B (toxoid B) or
recombinant toxin B fragments were used as immunogens. A
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toxin B receptor binding domain (amino acid residues 1777-
2366) was expressed in E. coli as a fusion protein containing
an immunotag (hexahistadine) for affinity purification using
nickel chelate affinity chromatography (designated fragment
4; see Example 11).

[0236] Hcol2 transgenic mice, generated as described
above in the section entitled “Generation of Human Mono-
clonal Antibodies in HuMAb Mice” and supplied by
Medarex, Milpitas, Calif., were immunized intraperitoneally
6-12 times each with 10 pg of toxoid in RIBI adjuvant. In the
Hcol2 transgenic mice, the endogenous mouse kappa light
chain gene has been homozygously disrupted as described in
Chen et al. (1993) EMBO J. 12:811-820 and the endogenous
mouse heavy chain gene has been homozygously disrupted as
described in Example 1 of PCT Publication WO 01/09187.
The Heol2 transgenic mice carry a human kappa light chain
transgene, KCo5, as described in Fishwild et al. (1996)
Nature Biotechnology 14:845-851, and the Hcol2 human
heavy chain transgene as described in U.S. Pat. Nos. 5,545,
806; 5,625,825, and 5,545,807. Serum was collected from
each mouse and tested for reactivity to toxin B by ELISA and
neutralization of cytotoxicity on IMR-90 cells. Mice that
tested positive for toxin B-reactive and neutralizing antise-
rum were injected with 5-10 pg toxoid B or fragment 4
through the tail vein. Mice were sacrificed and spleens were
isolated for fusion to hybridomas approximately 3 days after
tail vein injection was performed.

[0237] Clonal hybridomas were generated and screened by
ELISA. Three hybridoma clones were selected for further
analysis: 124-152; 2A11; and 1G10. In particular, cDNAs
from the 124-152 clone were amplified by RT-PCR from
mRNA, cloned, and sequenced. The heavy chain V region
was determined to be derived from the germline sequence VH
5-51, the D region derived from the germline sequence 7-27,
and the J sequence from the germline region JH3b. The light
chain (kappa) regions were determined to be derived from
A27 and the J region from JK1. The isotype of the 124-152
clone was determined to be IgG1. The amino acid sequences
of'the VH and VL regions of the 124-152 clone are shown in
FIGS. 27-28. The complementarity determining regions
(CDRs) are indicated in the Figures. The related germline
sequences of the VH and VL regions are shown in FIGS.
30-31.

[0238] The antibodies 124-152; 2A11; and 1G10 were iso-
lated from corresponding hybridomas and tested for their
binding characteristics (infra). DNA encoding the 124-152
clone was cloned into a vector to be expressed as a human
antibody for administration to humans.

Example 14

Binding Activity of Anti-Toxin B Antibodies

[0239] Binding of each antibody to toxin B was determined
by Biacore using standard techniques. The results of this
assay are depicted in Table 6. Antibodies produced by 124-
152;2A11; and 1G10 were compared to appropriate controls.
[0240] In particular, the affinity of the 124-152; 2A11; and
1G10 antibodies for toxin B was measured with Biacore®
instrument, which detects biomolecular binding interactions
with surface plasmon resonance technology. Each antibody
was added to protein A-coated sensor chips, and toxin B was
allowed to flow over the chip to measure binding. 124-152
had a K, of 1.64x107'°M; 2A11 had a K, of 0.24x107'°M;
and 1G10 had a K, of 2.98x107'°M. Thus, the antibodies
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bind with high affinity to toxin B. These binding constants
indicate that the antibodies have affinities suitable for use in
vivo application, for example, human therapy.

TABLE 6
Kpx 10710 k, x 10° kyx 1072
Sample ID M) (1/Ms) (1/s)
2A11 0.24 21 5.07
124.152 1.64 34.5 56.4
51.1G10 2.98 1.31 3.89
Example 15

Toxin Neutralization by Anti-Toxin B Antibodies

[0241] Antibodies expressed by 124-152;2A11; and 1G10
hybridomas were tested for toxin B neutralization activity in
vitro. Cells were incubated in the presence of varying con-
centrations of a monoclonal antibody specific to toxin B
which would prevent cells from rounding up after exposure to
toxin B. Cytopathic effect (CPE) was determined by visual
inspection of cells. A CPE score from 0-4 was determined,
based on the results of the visual inspection (4=100% cyto-
toxicity, 0=0% toxicity). The results of these assays are
depicted in FIG. 27. Neutralization of toxicity against a
human lung fibroblast cell line, IMR-90. FIG. 27 shows that
all of the antibodies had neutralizing capacity towards IMR-
90 cells. The relative neutralizing activity of toxin A cytotox-
icity on IMR-90 cells was 124-152>1G10>2A11.

Example 16

Protection of Hamsters from Primary C. difficile
Challenge Using Anti-Toxin B Antibodies

[0242] Protection from direct challenge of an inoculum of
C. difficile (clindamycin on day -1 and C. difficile spores on
day 0 (1/100,000 dilution) was performed over a period of 4
to 10 days in the presence or absence of anti-toxin B antibod-
ies. Groups of 5 hamsters were challenged after receiving
once daily doses of 3D8 (20 mg total over 4 days), combined
3D8 (I1d.) and goat #331 (3 ml) sera, 3D8 in combination with
anti-toxin B antibodies 124-152 (18 mg total over 4 days),
2A11 (20 mg total over 4 days), or 1G10 (20 mg total over 4
days) or no antibodies for 3 days prior to challenge as
depicted in FIG. 24. The data in FIG. 24 shows that animals
receiving no antibodies or either 3D8 or goat sera alone all
died within 72 hours of C. difficile challenge whereas animals
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receiving 3D8 and an anti-toxin B antibody, and preferably in
combination with 124-152, had a 40% survival rate (F1G. 24).
A 10 day study similar to the foregoing (but using a more
dilute C. difficile inoculum) was performed with increasing
amounts of the anti-toxin B antibody 124-152 (0.56 mg, 1.7
mg, or 5.0 mg given at days -3, -2, -1, and 0). Animals
receiving both 3D8 and goat sera survived and most animals
(60%-70%) survived for 10 days after challenge if given 3D8
in combination with 124-152. Even the lowest dosage of the
anti-toxin B antibody 124-152 (0.56 mg in combination with
3D8) was highly effective (70% survival; see FIG. 25).
Results show that 124-152 and 3D8, alone, are less effective
then when used in combination where a more than additive,
indeed, synergistic therapeutic result is achieved (FIGS.
24-26). These data provide further evidence that the anti-
toxin B antibody is highly effective, especially in combina-
tion with the anti-toxin A antibody 3D8. Neutralization of
toxin B in addition to toxin A was determined to provide for
protection from C. difficile disease in this model.

Example 17

Epitope Mapping of Anti-Toxin B Antibodies

[0243] The epitope of toxin B bound by each monoclonal
antibody was determined by western blotting. Recombinant
E. coli clones were constructed which express fragments of
toxin B representing different domains of toxin B. The appro-
priate segments ofthe toxin B gene were PCR-amplified from
DNA prepared from an appropriate C. difficile strain. The
fragments were cloned into an expression vector and
expressed in E. coli. Human monoclonal antibody 152 was
used to probe toxin B fragment in western blots in order to
map the binding epitope. Toxin B protein fragments were
isolated from F. coli containing a portion of the toxin B genes
and separated using SDS-PAGE. After electrophoresis, the
toxin B fragments were transferred to nitrocellulose and
probed with monoclonal antibody 152 followed by alkaline
phosphatase conjugated goat anti human to detect MAb 152
binding. HuMab 152 was determined to bind to the —COOH
fragment portion of toxin B between amino acids 1777 and
2366 (see, for example, FIG. 32).

Other Embodiments

[0244] A number of embodiments of the invention have
been described. Nevertheless, it will be understood that vari-
ous modifications may be made without departing from the
spirit and scope of the invention. Accordingly, other embodi-
ments are within the scope of the following claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 83

<210> SEQ ID NO 1

<211> LENGTH: 122

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

Gln Val Gln Leu Val Glu Ser Gly Gly Gly Val Val Gln Pro Gly Arg

1 5 10

15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Ser Phe Ser Asn Tyr
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-continued

20 25 30

Gly Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ala Leu Ile Trp Tyr Asp Gly Ser Asn Glu Asp Tyr Thr Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Trp Gly Met Val Arg Gly Val Ile Asp Val Phe Asp Ile Trp
100 105 110

Gly Gln Gly Thr Val Val Thr Val Ser Ser
115 120

<210> SEQ ID NO 2

<211> LENGTH: 114

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

Gln Met Gln Leu Val Glu Ser Gly Gly Gly Val Val Gln Pro Gly Arg
1 5 10 15

Ser Leu Arg Leu Ser Cys Glu Ala Ser Gly Phe Ser Phe Asn Ser Tyr
20 25 30

Gly Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Val Ile Trp Ala Ser Gly Asn Lys Lys Tyr Tyr Ile Glu Ser Val
50 55 60

Glu Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys

Ala Arg Ala Asn Phe Asp Tyr Trp Gly Gln Gly Thr Leu Val Thr Val
100 105 110

Ser Ser

<210> SEQ ID NO 3

<211> LENGTH: 116

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

Gln Val Gln Leu Val Glu Ser Gly Gly Gly Val Val Gln Pro Gly Arg
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Asn Lys Tyr
20 25 30

Gly Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ala Val Ile Trp Tyr Asp Gly Thr Asn Lys Tyr Tyr Ala Asp Ser Met
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Met Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95
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-continued
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Ala Arg Asp Pro Pro Thr Ala Asn Tyr Trp Gly Gln Gly Thr Leu Val
100 105 110

Thr Val Ser Ser
115

<210> SEQ ID NO 4

<211> LENGTH: 107

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Val Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Gly Ile Ser Ser Trp
20 25 30

Leu Ala Trp Tyr Gln His Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
Tyr Ala Ala Ser Ser Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Ala Asn Ser Phe Pro Trp
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 105

<210> SEQ ID NO 5

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 5

Glu Ile Val Leu Thr Gln Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly
1 5 10 15

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gln Ser Val Ser Ser Tyr
20 25 30

Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Arg Leu Leu Ile
35 40 45

Tyr Asp Ala Ser Asn Arg Ala Thr Gly Ile Pro Ala Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Glu Pro
Glu Asp Phe Ala Val Tyr Tyr Cys Gln Gln Arg Ser Asn Trp Ser Gln
85 90 95

Phe Thr Phe Gly Pro Gly Thr Lys Val Asp Ile Lys
100 105

<210> SEQ ID NO 6

<211> LENGTH: 107

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15
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-continued

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Gly Ile Ser Ser Trp
20 25 30

Leu Ala Trp Tyr Gln Gln Lys Pro Glu Lys Ala Pro Lys Ser Leu Ile
35 40 45

Tyr Ala Ala Ser Ser Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Lys Ser Tyr Pro Val
85 90 95

Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Lys
100 105

<210> SEQ ID NO 7

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 7

Asn Tyr Gly Met His
1 5

<210> SEQ ID NO 8

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 8

Leu Ile Trp Tyr Asp Gly Ser Asn Glu Asp Tyr Thr Asp Ser Val Lys
1 5 10 15

Gly

<210> SEQ ID NO 9

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 9
Trp Gly Met Val Arg Gly Val Ile Asp Val Phe Asp Ile

1 5 10

<210> SEQ ID NO 10

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 10

Ser Tyr Gly Met His
1 5

<210> SEQ ID NO 11

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 11

Val Ile Trp Ala Ser Gly Asn Lys Lys Tyr Tyr Ile Glu Ser Val Glu
1 5 10 15

Gly
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-continued

<210> SEQ ID NO 12

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 12

Ala Asn Phe Asp Tyr
1 5

<210> SEQ ID NO 13

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 13

Lys Tyr Gly Met His
1 5

<210> SEQ ID NO 14

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 14

Val Ile Trp Tyr Asp Gly Thr Asn Lys Tyr Tyr Ala Asp Ser Met Lys
1 5 10 15

Gly

<210> SEQ ID NO 15

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 15

Asp Pro Pro Thr Ala Asn Tyr
1 5

<210> SEQ ID NO 16

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 16

Arg Ala Ser Gln Gly Ile Ser Ser Trp Leu Ala
1 5 10

<210> SEQ ID NO 17

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 17
Ala Ala Ser Ser Leu Gln Ser

1 5

<210> SEQ ID NO 18

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 18
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Gln Gln Ala Asn
1

<210> SEQ ID NO

<211> LENGTH: 11

<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:
Arg Ala Ser Gln

1

<210> SEQ ID NO
<211> LENGTH: 7
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:
Asp Ala Ser Asn

1

<210> SEQ ID NO

<211> LENGTH: 10

<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:
Gln Gln Arg Ser

1

<210> SEQ ID NO

<211> LENGTH: 11

<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:
Arg Ala Ser Gln

1

<210> SEQ ID NO
<211> LENGTH: 7
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:
Ala Ala Ser Ser

1

<210> SEQ ID NO
<211> LENGTH: 9
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:
Gln Gln Tyr Lys

1

<210> SEQ ID NO

<211> LENGTH: 11

<212> TYPE: PRT
<213> ORGANISM:
<220> FEATURE:

Ser Phe Pro Trp Thr
5

19

Homo sapiens
19

Ser Val Ser Ser Tyr Leu Ala
5 10

20

Homo sapiens
20

Arg Ala Thr
5

21

Homo sapiens
21

Asn Trp Ser Gln Phe Thr
5 10

22

Homo sapiens
22

Gly Ile Ser Ser Trp Leu Ala
5 10

23

Homo sapiens
23
Leu Gln Ser
5

24

Homo sapiens

24

Ser Tyr Pro Val Thr
5

25

Homo sapiens
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<221> NAME/KEY: MOD_RES

<222> LOCATION: (5)..(6)

<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: Any amino acid

<400> SEQUENCE: 25

Arg Ala Ser Gln Xaa Xaa Ser Ser Xaa Leu Ala
1 5 10

<210> SEQ ID NO 26

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (3)..(5)

<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: Ser or Thr

<400> SEQUENCE: 26

Ala Ser Xaa Xaa Xaa Xaa
1 5

<210> SEQ ID NO 27

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (3)..(4)

<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: Ser or Asn
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (7)..(7)

<223> OTHER INFORMATION: Pro or Ser

<400> SEQUENCE: 27

Gln Gln Xaa Xaa Xaa Xaa Xaa
1 5

<210> SEQ ID NO 28

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 28

Tyr Gly Met His
1

<210> SEQ ID NO 29

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<220> FEATURE:
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<221> NAME/KEY: MOD_RES

<222> LOCATION: (3)..(4)

<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (6)..(8)

<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (10)..(11)

<223> OTHER INFORMATION: Any amino acid
<220> FEATURE:

<221> NAME/KEY: MOD_RES

<222> LOCATION: (13)..(14)

<223> OTHER INFORMATION: Any amino acid

<400> SEQUENCE: 29

Ile Trp Xaa Xaa Gly Xaa Xaa Xaa Tyr Xaa Xaa Ser Xaa Xaa Gly
1 5 10 15

<210> SEQ ID NO 30

<211> LENGTH: 107

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 30

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Gly Ile Ser Ser Trp
20 25 30

Leu Ala Trp Tyr Gln Gln Lys Pro Glu Lys Ala Pro Lys Ser Leu Ile
35 40 45

Tyr Ala Ala Ser Ser Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Asn Ser Tyr Pro Trp
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 105

<210> SEQ ID NO 31

<211> LENGTH: 107

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 31

Val Ile Trp Met Thr Gln Ser Pro Ser Leu Leu Ser Ala Ser Thr Gly
1 5 10 15

Asp Arg Val Thr Ile Ser Cys Arg Met Ser Gln Gly Ile Ser Ser Tyr
20 25 30

Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Glu Leu Leu Ile
35 40 45

Tyr Ala Ala Ser Thr Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Asn Ser Tyr Pro Trp
85 90 95
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Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 105

<210> SEQ ID NO 32

<211> LENGTH: 107

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 32

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Val Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Gly Ile Ser Ser Trp
20 25 30

Leu Ala Trp Tyr Gln His Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Ala Ala Ser Ser Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Asn Ser Tyr Pro Trp
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 105

<210> SEQ ID NO 33

<211> LENGTH: 107

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 33

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Val Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Gly Ile Ser Ser Trp
20 25 30

Leu Ala Trp Tyr Gln Gln Lys Pro Glu Lys Ala Pro Lys Ser Leu Ile
35 40 45

Tyr Ala Ala Ser Ser Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Asn Ser Tyr Pro Trp
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 105

<210> SEQ ID NO 34

<211> LENGTH: 107

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 34

Asp Ile Gln Met Thr Gln Ser Leu Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Gly Ile Ser Ser Trp
20 25 30

Leu Ala Trp Tyr Gln Gln Lys Pro Glu Lys Ala Pro Lys Ser Leu Ile
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35 40 45

Tyr Ala Ala Ser Ser Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Ala Asn Ser Phe Pro Trp
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 105

<210> SEQ ID NO 35

<211> LENGTH: 321

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(321)

<400> SEQUENCE: 35

gac atc cag atg acc cag tct cca tet tee gtg tet gea tet gta gga 48
Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Val Ser Ala Ser Val Gly
1 5 10 15

gac aga gtc acc atc act tgt cgg geg agt cag ggt att agc age tgg 96
Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Gly Ile Ser Ser Trp
20 25 30

tta gcc tgg tat cag cat aaa cca ggg aaa gec cct aag cte ctg atc 144
Leu Ala Trp Tyr Gln His Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

tat gct gca tcc agt ttg caa agt ggg gtc cca tca agg ttc agc ggc 192
Tyr Ala Ala Ser Ser Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

agt gga tct ggg aca gat ttc act ctc acc atc agc agc ctg cag cct 240
Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

gaa gat ttt gca act tac tat tgt caa cag gct aat agt ttc cct tgg 288
Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Ala Asn Ser Phe Pro Trp
85 90 95

acg ttc ggc caa ggg acc aag gtg gaa atc aaa 321
Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 105

<210> SEQ ID NO 36

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(324)

<400> SEQUENCE: 36

gaa att gtg ttg aca cag tct cca gece ace ctg tet ttg tet cca ggg 48
Glu Ile Val Leu Thr Gln Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly
1 5 10 15
gaa aga gcc acc ctc tee tge agg gec agt cag agt gtt agce age tac 96
Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gln Ser Val Ser Ser Tyr

20 25 30
tta gcc tgg tac caa cag aaa cct ggce cag get cee agg cte cte atc 144

Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Arg Leu Leu Ile
35 40 45
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tat gat gca tcc aac agg gcc act ggce atc cca gee agg tte agt ggce 192
Tyr Asp Ala Ser Asn Arg Ala Thr Gly Ile Pro Ala Arg Phe Ser Gly
50 55 60

agt ggg tct ggg aca gac ttc act cte acc ate age age cta gag cct 240
Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Glu Pro
65 70 75 80

gaa gat ttt gca gtt tat tac tgt cag cag cgt agc aac tgg tct caa 288
Glu Asp Phe Ala Val Tyr Tyr Cys Gln Gln Arg Ser Asn Trp Ser Gln

ttc act ttc ggc cct ggg acc aaa gtg gat atc aaa 324
Phe Thr Phe Gly Pro Gly Thr Lys Val Asp Ile Lys
100 105

<210> SEQ ID NO 37

<211> LENGTH: 321

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(321)

<400> SEQUENCE: 37

gac atc cag atg acc cag tct cca tece tca ctg tet gea tet gta gga 48
Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

gac aga gtc acc atc act tgt cgg geg agt cag ggt att agc age tgg 96
Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Gly Ile Ser Ser Trp
20 25 30

tta gcc tgg tat cag cag aaa cca gag aaa gcc cct aag tee ctg atce 144
Leu Ala Trp Tyr Gln Gln Lys Pro Glu Lys Ala Pro Lys Ser Leu Ile
35 40 45

tat gct gca tcc agt ttg caa agt ggg gtc cca tca agg ttc agc ggc 192
Tyr Ala Ala Ser Ser Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

agt gga tct ggg aca gat ttc act ctc acc atc agc agc ctg cag cct 240
Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro

gaa gat ttt gca act tat tac tgc caa cag tat aag agt tac ccg gtc 288
Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Lys Ser Tyr Pro Val
85 90 95

act ttc ggc gga ggg acc aag gtg gag atc aaa 321
Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Lys
100 105

<210> SEQ ID NO 38

<211> LENGTH: 366

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(366)

<400> SEQUENCE: 38

cag gtg cag ctg gtg gag tct ggg gga ggc gtg gte cag cct gge agg 48
Gln Val Gln Leu Val Glu Ser Gly Gly Gly Val Val Gln Pro Gly Arg
1 5 10 15

tce ctg aga cte tee tgt geg geg tet gga tte age tte agt aac tat 96
Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Ser Phe Ser Asn Tyr
20 25 30

gge atg cac tgg gtc cgc cag gect cca ggce aag ggg ctg gag tgg gtg 144
Gly Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
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35 40 45

gca ctt ata tgg tat gat gga agt aat gag gac tat aca gac tcc gtg 192
Ala Leu Ile Trp Tyr Asp Gly Ser Asn Glu Asp Tyr Thr Asp Ser Val
50 55 60

aag ggc cga ttc acc atc tcce aga gac aat tec aag aac acg ctg tat 240
Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

ctg caa atg aac agc ctg aga gec gag gac acg gct gtg tat tac tgt 288
Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

gcg aga tgg ggg atg gtt c¢gg gga gtt atc gat gtt ttt gat atc tgg 336
Ala Arg Trp Gly Met Val Arg Gly Val Ile Asp Val Phe Asp Ile Trp
100 105 110

ggc caa ggg aca gtg gtc acc gtc tct tca 366
Gly Gln Gly Thr Val Val Thr Val Ser Ser
115 120

<210> SEQ ID NO 39

<211> LENGTH: 342

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(342)

<400> SEQUENCE: 39

cag atg cag ctg gtg gag tct ggg ggc ggce gtg gte cag cct ggg agg 48
Gln Met Gln Leu Val Glu Ser Gly Gly Gly Val Val Gln Pro Gly Arg
1 5 10 15

tce ctg aga cte tee tgt gaa geg tet gga tte tee tte aat age tat 96
Ser Leu Arg Leu Ser Cys Glu Ala Ser Gly Phe Ser Phe Asn Ser Tyr
20 25 30

gge atg cac tgg gtc cgc cag gect cca ggce aag ggg ctg gag tgg gtg 144
Gly Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

tca gtc ata tgg gcc agt gga aat aag aaa tat tat ata gaa tcc gtg 192
Ser Val Ile Trp Ala Ser Gly Asn Lys Lys Tyr Tyr Ile Glu Ser Val
50 55 60

gag ggc cga ttc acc atc tee aga gac aat tcce aag aac acg ctg tat 240
Glu Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

ctg caa atg aac agc ctg aga gec gag gac acg gct gtg tat tac tgt 288
Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys

gcg aga gec aat ttt gac tac tgg ggce cag gga acc ctg gtc acc gte 336
Ala Arg Ala Asn Phe Asp Tyr Trp Gly Gln Gly Thr Leu Val Thr Val
100 105 110

tce tca 342
Ser Ser

<210> SEQ ID NO 40

<211> LENGTH: 348

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(348)

<400> SEQUENCE: 40

cag gtg cag Ctg gtg gag tct ggg gga ggc gtg gtC cag cct ggg agg 48
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Gln Val Gln Leu Val Glu Ser Gly Gly Gly Val Val Gln Pro Gly Arg
1 5 10 15

tce ctg aga cte tee tgt gca geg tet gga tte ace ttce aat aaa tat 96
Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Asn Lys Tyr
20 25 30

gge atg cac tgg gtc cgc cag gect cca ggce aag ggg ctg gag tgg gtg 144
Gly Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val

gca gtt ata tgg tat gat gga act aat aaa tac tat gca gac tcc atg 192
Ala Val Ile Trp Tyr Asp Gly Thr Asn Lys Tyr Tyr Ala Asp Ser Met
50 55 60

aag ggc cga ttc acc atc tcc aga gac aat tcc aag aat atg ctg tat 240
Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Met Leu Tyr
65 70 75 80

ctg caa atg aac agc cta aga gec gag gac acg gct gtg tat tac tgt 288
Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys

gcg aga gat ccc ccc act get aac tac tgg ggce cag gga acc ctg gte 336
Ala Arg Asp Pro Pro Thr Ala Asn Tyr Trp Gly Gln Gly Thr Leu Val
100 105 110

acc gte tce tca 348

Thr Val Ser Ser
115

<210> SEQ ID NO 41

<211> LENGTH: 2710

<212> TYPE: PRT

<213> ORGANISM: Clostridium difficile
<400> SEQUENCE: 41

Met Ser Leu Ile Ser Lys Glu Glu Leu Ile Lys Leu Ala Tyr Ser Ile
1 5 10 15

Arg Pro Arg Glu Asn Glu Tyr Lys Thr Ile Leu Thr Asn Leu Asp Glu
20 25 30

Tyr Asn Lys Leu Thr Thr Asn Asn Asn Glu Asn Lys Tyr Leu Gln Leu
35 40 45

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

Ser Ser Arg Asn Arg Ala Leu Ser Asn Leu Lys Lys Asp Ile Leu Lys
65 70 75 80

Glu Val Ile Leu Ile Lys Asn Ser Asn Thr Ser Pro Val Glu Lys Asn

Leu His Phe Val Trp Ile Gly Gly Glu Val Ser Asp Ile Ala Leu Glu
100 105 110

Tyr Ile Lys Gln Trp Ala Asp Ile Asn Ala Glu Tyr Asn Ile Lys Leu
115 120 125

Trp Tyr Asp Ser Glu Ala Phe Leu Val Asn Thr Leu Lys Lys Ala Ile
130 135 140

Val Glu Ser Ser Thr Thr Glu Ala Leu Gln Leu Leu Glu Glu Glu Ile
145 150 155 160

Gln Asn Pro Gln Phe Asp Asn Met Lys Phe Tyr Lys Lys Arg Met Glu
165 170 175

Phe Ile Tyr Asp Arg Gln Lys Arg Phe Ile Asn Tyr Tyr Lys Ser Gln
180 185 190

Ile Asn Lys Pro Thr Val Pro Thr Ile Asp Asp Ile Ile Lys Ser His



US 2016/0152694 Al Jun. 2, 2016
35

-continued

195 200 205

Leu Val Ser Glu Tyr Asn Arg Asp Glu Thr Val Leu Glu Ser Tyr Arg
210 215 220

Thr Asn Ser Leu Arg Lys Ile Asn Ser Asn His Gly Ile Asp Ile Arg
225 230 235 240

Ala Asn Ser Leu Phe Thr Glu Gln Glu Leu Leu Asn Ile Tyr Ser Gln
245 250 255

Glu Leu Leu Asn Arg Gly Asn Leu Ala Ala Ala Ser Asp Ile Val Arg
260 265 270

Leu Leu Ala Leu Lys Asn Phe Gly Gly Val Tyr Leu Asp Val Asp Met
275 280 285

Leu Pro Gly Ile His Ser Asp Leu Phe Lys Thr Ile Ser Arg Pro Ser
290 295 300

Ser Ile Gly Leu Asp Arg Trp Glu Met Ile Lys Leu Glu Ala Ile Met
305 310 315 320

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

Leu Asp Gln Gln Leu Lys Asp Asn Phe Lys Leu Ile Ile Glu Ser Lys
340 345 350

Ser Glu Lys Ser Glu Ile Phe Ser Lys Leu Glu Asn Leu Asn Val Ser
355 360 365

Asp Leu Glu Ile Lys Ile Ala Phe Ala Leu Gly Ser Val Ile Asn Gln
370 375 380

Ala Leu Ile Ser Lys Gln Gly Ser Tyr Leu Thr Asn Leu Val Ile Glu
385 390 395 400

Gln Val Lys Asn Arg Tyr Gln Phe Leu Asn Gln His Leu Asn Pro Ala
405 410 415

Ile Glu Ser Asp Asn Asn Phe Thr Asp Thr Thr Lys Ile Phe His Asp
420 425 430

Ser Leu Phe Asn Ser Ala Thr Ala Glu Asn Ser Met Phe Leu Thr Lys
435 440 445

Ile Ala Pro Tyr Leu Gln Val Gly Phe Met Pro Glu Ala Arg Ser Thr
450 455 460

Ile Ser Leu Ser Gly Pro Gly Ala Tyr Ala Ser Ala Tyr Tyr Asp Phe
465 470 475 480

Ile Asn Leu Gln Glu Asn Thr Ile Glu Lys Thr Leu Lys Ala Ser Asp
485 490 495

Leu Ile Glu Phe Lys Phe Pro Glu Asn Asn Leu Ser Gln Leu Thr Glu
500 505 510

Gln Glu Ile Asn Ser Leu Trp Ser Phe Asp Gln Ala Ser Ala Lys Tyr
515 520 525

Gln Phe Glu Lys Tyr Val Arg Asp Tyr Thr Gly Gly Ser Leu Ser Glu
530 535 540

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

Leu Leu Asn Asn Lys Ile Pro Ser Asn Asn Val Glu Glu Ala Gly Ser
565 570 575

Lys Asn Tyr Val His Tyr Ile Ile Gln Leu Gln Gly Asp Asp Ile Ser
580 585 590

Tyr Glu Ala Thr Cys Asn Leu Phe Ser Lys Asn Pro Lys Asn Ser Ile
595 600 605
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Ile Ile Gln Arg Asn Met Asn Glu Ser Ala Lys Ser Tyr Phe Leu Ser
610 615 620

Asp Asp Gly Glu Ser Ile Leu Glu Leu Asn Lys Tyr Arg Ile Pro Glu
625 630 635 640

Arg Leu Lys Asn Lys Glu Lys Val Lys Val Thr Phe Ile Gly His Gly
645 650 655

Lys Asp Glu Phe Asn Thr Ser Glu Phe Ala Arg Leu Ser Val Asp Ser
660 665 670

Leu Ser Asn Glu Ile Ser Ser Phe Leu Asp Thr Ile Lys Leu Asp Ile
675 680 685

Ser Pro Lys Asn Val Glu Val Asn Leu Leu Gly Cys Asn Met Phe Ser
690 695 700

Tyr Asp Phe Asn Val Glu Glu Thr Tyr Pro Gly Lys Leu Leu Leu Ser
705 710 715 720

Ile Met Asp Lys Ile Thr Ser Thr Leu Pro Asp Val Asn Lys Asn Ser
725 730 735

Ile Thr Ile Gly Ala Asn Gln Tyr Glu Val Arg Ile Asn Ser Glu Gly
740 745 750

Arg Lys Glu Leu Leu Ala His Ser Gly Lys Trp Ile Asn Lys Glu Glu
755 760 765

Ala Ile Met Ser Asp Leu Ser Ser Lys Glu Tyr Ile Phe Phe Asp Ser
770 775 780

Ile Asp Asn Lys Leu Lys Ala Lys Ser Lys Asn Ile Pro Gly Leu Ala
785 790 795 800

Ser Ile Ser Glu Asp Ile Lys Thr Leu Leu Leu Asp Ala Ser Val Ser
805 810 815

Pro Asp Thr Lys Phe Ile Leu Asn Asn Leu Lys Leu Asn Ile Glu Ser
820 825 830

Ser Ile Gly Asp Tyr Ile Tyr Tyr Glu Lys Leu Glu Pro Val Lys Asn
835 840 845

Ile Ile His Asn Ser Ile Asp Asp Leu Ile Asp Glu Phe Asn Leu Leu
850 855 860

Glu Asn Val Ser Asp Glu Leu Tyr Glu Leu Lys Lys Leu Asn Asn Leu
865 870 875 880

Asp Glu Lys Tyr Leu Ile Ser Phe Glu Asp Ile Ser Lys Asn Asn Ser
885 890 895

Thr Tyr Ser Val Arg Phe Ile Asn Lys Ser Asn Gly Glu Ser Val Tyr
900 905 910

Val Glu Thr Glu Lys Glu Ile Phe Ser Lys Tyr Ser Glu His Ile Thr
915 920 925

Lys Glu Ile Ser Thr Ile Lys Asn Ser Ile Ile Thr Asp Val Asn Gly
930 935 940

Asn Leu Leu Asp Asn Ile Gln Leu Asp His Thr Ser Gln Val Asn Thr
945 950 955 960

Leu Asn Ala Ala Phe Phe Ile Gln Ser Leu Ile Asp Tyr Ser Ser Asn
965 970 975

Lys Asp Val Leu Asn Asp Leu Ser Thr Ser Val Lys Val Gln Leu Tyr
980 985 990

Ala Gln Leu Phe Ser Thr Gly Leu Asn Thr Ile Tyr Asp Ser Ile Gln
995 1000 1005
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Leu Val Asn Leu Ile Ser Asn Ala Val Asn Asp Thr Ile Asn Val
1010 1015 1020

Leu Pro Thr Ile Thr Glu Gly Ile Pro Ile Val Ser Thr Ile Leu
1025 1030 1035

Asp Gly Ile Asn Leu Gly Ala Ala Ile Lys Glu Leu Leu Asp Glu
1040 1045 1050

His Asp Pro Leu Leu Lys Lys Glu Leu Glu Ala Lys Val Gly Val
1055 1060 1065

Leu Ala 1Ile Asn Met Ser Leu Ser Ile Ala Ala Thr Val Ala Ser
1070 1075 1080

Ile Val Gly Ile Gly Ala Glu Val Thr Ile Phe Leu Leu Pro Ile
1085 1090 1095

Ala Gly 1Ile Ser Ala Gly Ile Pro Ser Leu Val Asn Asn Glu Leu
1100 1105 1110

Ile Leu His Asp Lys Ala Thr Ser Val Val Asn Tyr Phe Asn His
1115 1120 1125

Leu Ser Glu Ser Lys Lys Tyr Gly Pro Leu Lys Thr Glu Asp Asp
1130 1135 1140

Lys Ile Leu Val Pro Ile Asp Asp Leu Val Ile Ser Glu Ile Asp
1145 1150 1155

Phe Asn Asn Asn Ser Ile Lys Leu Gly Thr Cys Asn Ile Leu Ala
1160 1165 1170

Met Glu Gly Gly Ser Gly His Thr Val Thr Gly Asn Ile Asp His
1175 1180 1185

Phe Phe Ser Ser Pro Ser Ile Ser Ser His Ile Pro Ser Leu Ser
1190 1195 1200

Ile Tyr Ser Ala Ile Gly Ile Glu Thr Glu Asn Leu Asp Phe Ser
1205 1210 1215

Lys Lys Ile Met Met Leu Pro Asn Ala Pro Ser Arg Val Phe Trp
1220 1225 1230

Trp Glu Thr Gly Ala Val Pro Gly Leu Arg Ser Leu Glu Asn Asp
1235 1240 1245

Gly Thr Arg Leu Leu Asp Ser Ile Arg Asp Leu Tyr Pro Gly Lys
1250 1255 1260

Phe Tyr Trp Arg Phe Tyr Ala Phe Phe Asp Tyr Ala Ile Thr Thr
1265 1270 1275

Leu Lys Pro Val Tyr Glu Asp Thr Asn Ile Lys Ile Lys Leu Asp
1280 1285 1290

Lys Asp Thr Arg Asn Phe Ile Met Pro Thr Ile Thr Thr Asn Glu
1295 1300 1305

Ile Arg Asn Lys Leu Ser Tyr Ser Phe Asp Gly Ala Gly Gly Thr
1310 1315 1320

Tyr Ser Leu Leu Leu Ser Ser Tyr Pro Ile Ser Thr Asn Ile Asn
1325 1330 1335

Leu Ser Lys Asp Asp Leu Trp Ile Phe Asn Ile Asp Asn Glu Val
1340 1345 1350

Arg Glu Ile Ser Ile Glu Asn Gly Thr Ile Lys Lys Gly Lys Leu
1355 1360 1365

Ile Lys Asp Val Leu Ser Lys Ile Asp Ile Asn Lys Asn Lys Leu
1370 1375 1380

Ile Ile Gly Asn Gln Thr Ile Asp Phe Ser Gly Asp 1Ile Asp Asn
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1385 1390 1395

Lys Asp Arg Tyr Ile Phe Leu Thr Cys Glu Leu Asp Asp Lys Ile
1400 1405 1410

Ser Leu Ile Ile Glu Ile Asn Leu Val Ala Lys Ser Tyr Ser Leu
1415 1420 1425

Leu Leu Ser Gly Asp Lys Asn Tyr Leu Ile Ser Asn Leu Ser Asn
1430 1435 1440

Thr Ile Glu Lys Ile Asn Thr Leu Gly Leu Asp Ser Lys Asn Ile
1445 1450 1455

Ala Tyr Asn Tyr Thr Asp Glu Ser Asn Asn Lys Tyr Phe Gly Ala
1460 1465 1470

Ile Ser Lys Thr Ser Gln Lys Ser Ile Ile His Tyr Lys Lys Asp
1475 1480 1485

Ser Lys Asn Ile Leu Glu Phe Tyr Asn Asp Ser Thr Leu Glu Phe
1490 1495 1500

Asn Ser Lys Asp Phe Ile Ala Glu Asp Ile Asn Val Phe Met Lys
1505 1510 1515

Asp Asp Ile Asn Thr Ile Thr Gly Lys Tyr Tyr Val Asp Asn Asn
1520 1525 1530

Thr Asp Lys Ser Ile Asp Phe Ser Ile Ser Leu Val Ser Lys Asn
1535 1540 1545

Gln Val Lys Val Asn Gly Leu Tyr Leu Asn Glu Ser Val Tyr Ser
1550 1555 1560

Ser Tyr Leu Asp Phe Val Lys Asn Ser Asp Gly His His Asn Thr
1565 1570 1575

Ser Asn Phe Met Asn Leu Phe Leu Asp Asn Ile Ser Phe Trp Lys
1580 1585 1590

Leu Phe Gly Phe Glu Asn Ile Asn Phe Val Ile Asp Lys Tyr Phe
1595 1600 1605

Thr Leu Val Gly Lys Thr Asn Leu Gly Tyr Val Glu Phe Ile Cys
1610 1615 1620

Asp Asn Asn Lys Asn Ile Asp Ile Tyr Phe Gly Glu Trp Lys Thr
1625 1630 1635

Ser Ser Ser Lys Ser Thr Ile Phe Ser Gly Asn Gly Arg Asn Val
1640 1645 1650

Val Val Glu Pro Ile Tyr Asn Pro Asp Thr Gly Glu 2Asp Ile Ser
1655 1660 1665

Thr Ser Leu Asp Phe Ser Tyr Glu Pro Leu Tyr Gly 1Ile Asp Arg
1670 1675 1680

Tyr Ile Asn Lys Val Leu Ile Ala Pro Asp Leu Tyr Thr Ser Leu
1685 1690 1695

Ile Asn Ile Asn Thr Asn Tyr Tyr Ser Asn Glu Tyr Tyr Pro Glu
1700 1705 1710

Ile Ile Val Leu Asn Pro Asn Thr Phe His Lys Lys Val Asn Ile
1715 1720 1725

Asn Leu Asp Ser Ser Ser Phe Glu Tyr Lys Trp Ser Thr Glu Gly
1730 1735 1740

Ser Asp Phe Ile Leu Val Arg Tyr Leu Glu Glu Ser Asn Lys Lys
1745 1750 1755

Ile Leu Gln Lys Ile Arg Ile Lys Gly Ile Leu Ser 2Asn Thr Gln
1760 1765 1770
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Ser Phe Asn Lys Met Ser Ile Asp Phe Lys Asp Ile Lys Lys Leu
1775 1780 1785

Ser Leu Gly Tyr Ile Met Ser Asn Phe Lys Ser Phe Asn Ser Glu
1790 1795 1800

Asn Glu Leu Asp Arg Asp His Leu Gly Phe Lys Ile Ile Asp Asn
1805 1810 1815

Lys Thr Tyr Tyr Tyr Asp Glu Asp Ser Lys Leu Val Lys Gly Leu
1820 1825 1830

Ile Asn Ile Asn Asn Ser Leu Phe Tyr Phe Asp Pro 1Ile Glu Phe
1835 1840 1845

Asn Leu Val Thr Gly Trp Gln Thr Ile Asn Gly Lys Lys Tyr Tyr
1850 1855 1860

Phe Asp 1Ile Asn Thr Gly Ala Ala Leu Thr Ser Tyr Lys Ile Ile
1865 1870 1875

Asn Gly Lys His Phe Tyr Phe Asn Asn Asp Gly Val Met Gln Leu
1880 1885 1890

Gly Val Phe Lys Gly Pro Asp Gly Phe Glu Tyr Phe Ala Pro Ala
1895 1900 1905

Asn Thr Gln Asn Asn Asn Ile Glu Gly Gln Ala Ile Val Tyr Gln
1910 1915 1920

Ser Lys Phe Leu Thr Leu Asn Gly Lys Lys Tyr Tyr Phe Asp Asn
1925 1930 1935

Asn Ser Lys Ala Val Thr Gly Trp Arg Ile Ile Asn 2Asn Glu Lys
1940 1945 1950

Tyr Tyr Phe Asn Pro Asn Asn Ala Ile Ala Ala Val Gly Leu Gln
1955 1960 1965

Val Ile Asp Asn Asn Lys Tyr Tyr Phe Asn Pro Asp Thr Ala Ile
1970 1975 1980

Ile Ser Lys Gly Trp Gln Thr Val Asn Gly Ser Arg Tyr Tyr Phe
1985 1990 1995

Asp Thr Asp Thr Ala Ile Ala Phe Asn Gly Tyr Lys Thr Ile Asp
2000 2005 2010

Gly Lys His Phe Tyr Phe Asp Ser Asp Cys Val Val Lys Ile Gly
2015 2020 2025

Val Phe Ser Thr Ser Asn Gly Phe Glu Tyr Phe Ala Pro Ala Asn
2030 2035 2040

Thr Tyr Asn Asn Asn Ile Glu Gly Gln Ala Ile Val Tyr Gln Ser
2045 2050 2055

Lys Phe Leu Thr Leu Asn Gly Lys Lys Tyr Tyr Phe Asp Asn Asn
2060 2065 2070

Ser Lys Ala Val Thr Gly Trp Gln Thr Ile Asp Ser Lys Lys Tyr
2075 2080 2085

Tyr Phe Asn Thr Asn Thr Ala Glu Ala Ala Thr Gly Trp Gln Thr
2090 2095 2100

Ile Asp Gly Lys Lys Tyr Tyr Phe Asn Thr Asn Thr Ala Glu Ala
2105 2110 2115

Ala Thr Gly Trp Gln Thr Ile Asp Gly Lys Lys Tyr Tyr Phe Asn
2120 2125 2130

Thr Asn Thr Ala Ile Ala Ser Thr Gly Tyr Thr Ile 1Ile Asn Gly
2135 2140 2145
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Lys His Phe Tyr Phe Asn Thr Asp Gly Ile Met Gln Ile Gly Val
2150 2155 2160

Phe Lys Gly Pro Asn Gly Phe Glu Tyr Phe Ala Pro Ala Asn Thr
2165 2170 2175

Asp Ala Asn Asn Ile Glu Gly Gln Ala Ile Leu Tyr Gln Asn Glu
2180 2185 2190

Phe Leu Thr Leu Asn Gly Lys Lys Tyr Tyr Phe Gly Ser Asp Ser
2195 2200 2205

Lys Ala Val Thr Gly Trp Arg Ile Ile Asn Asn Lys Lys Tyr Tyr
2210 2215 2220

Phe Asn Pro Asn Asn Ala Ile Ala Ala Ile His Leu Cys Thr Ile
2225 2230 2235

Asn Asn Asp Lys Tyr Tyr Phe Ser Tyr Asp Gly Ile Leu Gln Asn
2240 2245 2250

Gly Tyr 1Ile Thr Ile Glu Arg 2Asn Asn Phe Tyr Phe Asp Ala Asn
2255 2260 2265

Asn Glu Ser Lys Met Val Thr Gly Val Phe Lys Gly Pro Asn Gly
2270 2275 2280

Phe Glu Tyr Phe Ala Pro Ala Asn Thr His Asn Asn Asn Ile Glu
2285 2290 2295

Gly Gln Ala Ile Val Tyr Gln 2Asn Lys Phe Leu Thr Leu Asn Gly
2300 2305 2310

Lys Lys Tyr Tyr Phe Asp Asn Asp Ser Lys Ala Val Thr Gly Trp
2315 2320 2325

Gln Thr 1Ile Asp Gly Lys Lys Tyr Tyr Phe Asn Leu Asn Thr Ala
2330 2335 2340

Glu Ala Ala Thr Gly Trp Gln Thr Ile Asp Gly Lys Lys Tyr Tyr
2345 2350 2355

Phe Asn Leu Asn Thr Ala Glu Ala Ala Thr Gly Trp Gln Thr Ile
2360 2365 2370

Asp Gly Lys Lys Tyr Tyr Phe Asn Thr Asn Thr Phe Ile Ala Ser
2375 2380 2385

Thr Gly Tyr Thr Ser Ile Asn Gly Lys His Phe Tyr Phe Asn Thr
2390 2395 2400

Asp Gly Ile Met Gln Ile Gly Val Phe Lys Gly Pro Asn Gly Phe
2405 2410 2415

Glu Tyr Phe Ala Pro Ala Asn Thr Asp Ala Asn Asn Ile Glu Gly
2420 2425 2430

Gln Ala 1Ile Leu Tyr Gln Asn Lys Phe Leu Thr Leu Asn Gly Lys
2435 2440 2445

Lys Tyr Tyr Phe Gly Ser Asp Ser Lys Ala Val Thr Gly Leu Arg
2450 2455 2460

Thr Ile Asp Gly Lys Lys Tyr Tyr Phe Asn Thr Asn Thr Ala Val
2465 2470 2475

Ala Val Thr Gly Trp Gln Thr Ile Asn Gly Lys Lys Tyr Tyr Phe
2480 2485 2490

Asn Thr Asn Thr Ser Ile Ala Ser Thr Gly Tyr Thr Ile Ile Ser
2495 2500 2505

Gly Lys His Phe Tyr Phe Asn Thr Asp Gly Ile Met Gln Ile Gly
2510 2515 2520

Val Phe Lys Gly Pro Asp Gly Phe Glu Tyr Phe Ala Pro Ala Asn
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2525 2530 2535

Thr Asp Ala Asn Asn Ile Glu Gly Gln Ala Ile Arg Tyr Gln Asn
2540 2545 2550

Arg Phe Leu Tyr Leu His Asp Asn Ile Tyr Tyr Phe Gly Asn Asn
2555 2560 2565

Ser Lys Ala Ala Thr Gly Trp Val Thr Ile Asp Gly Asn Arg Tyr
2570 2575 2580

Tyr Phe Glu Pro Asn Thr Ala Met Gly Ala Asn Gly Tyr Lys Thr
2585 2590 2595

Ile Asp Asn Lys Asn Phe Tyr Phe Arg Asn Gly Leu Pro Gln Ile
2600 2605 2610

Gly Val Phe Lys Gly Ser Asn Gly Phe Glu Tyr Phe Ala Pro Ala
2615 2620 2625

Asn Thr Asp Ala Asn Asn Ile Glu Gly Gln Ala Ile Arg Tyr Gln
2630 2635 2640

Asn Arg Phe Leu His Leu Leu Gly Lys Ile Tyr Tyr Phe Gly Asn
2645 2650 2655

Asn Ser Lys Ala Val Thr Gly Trp Gln Thr Ile Asn Gly Lys Val
2660 2665 2670

Tyr Tyr Phe Met Pro Asp Thr Ala Met Ala Ala Ala Gly Gly Leu
2675 2680 2685

Phe Glu 1Ile Asp Gly Val Ile Tyr Phe Phe Gly Val Asp Gly Val
2690 2695 2700

Lys Ala Pro Gly Ile Tyr Gly
2705 2710

<210> SEQ ID NO 42

<211> LENGTH: 2367

<212> TYPE: PRT

<213> ORGANISM: Clostridium difficile

<400> SEQUENCE: 42

Met Ser Leu Val Asn Arg Lys Gln Leu Glu Lys Met Ala Asn Val Arg
1 5 10 15

Phe Arg Val Gln Glu Asp Glu Tyr Val Ala Ile Leu Asp Ala Leu Glu
20 25 30

Glu Tyr His Asn Met Ser Glu Asn Thr Val Val Glu Lys Tyr Leu Lys
35 40 45

Leu Lys Asp Ile Asn Ser Leu Thr Asp Thr Tyr Ile Asp Thr Tyr Lys
50 55 60

Lys Ser Gly Arg Asn Lys Ala Leu Lys Lys Phe Lys Glu Tyr Leu Val
65 70 75 80

Ile Glu Ile Leu Glu Leu Lys Asn Ser Asn Leu Thr Pro Val Glu Lys
85 90 95

Asn Leu His Phe Ile Trp Ile Gly Gly Gln Ile Asn Asp Thr Ala Ile
100 105 110

Asn Tyr Ile Asn Gln Trp Lys Asp Val Asn Ser Asp Tyr Asn Val Asn
115 120 125

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

Ile Ile Glu Ser Ala Ser Asn Asp Thr Leu Glu Ser Phe Arg Glu Asn
145 150 155 160
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Leu Asn Asp Pro Glu Phe Asn His Thr Ala Phe Phe Arg Lys Arg Met
165 170 175

Gln Ile Ile Tyr Asp Lys Gln Gln Asn Phe Ile Asn Tyr Tyr Lys Ala
180 185 190

Gln Lys Glu Glu Asn Pro Asp Leu Ile Ile Asp Asp Ile Val Lys Thr
195 200 205

Tyr Leu Ser Asn Glu Tyr Ser Lys Asp Ile Asp Glu Leu Asn Ala Tyr
210 215 220

Ile Glu Glu Ser Leu Asn Lys Val Thr Glu Asn Ser Gly Asn Asp Val
225 230 235 240

Arg Asn Phe Glu Glu Phe Lys Thr Gly Glu Val Phe Asn Leu Tyr Glu
245 250 255

Gln Glu Ser Val Glu Arg Trp Asn Leu Ala Gly Ala Ser Asp Ile Leu
260 265 270

Arg Val Ala Ile Leu Lys Asn Ile Gly Gly Val Tyr Leu Asp Val Asp
275 280 285

Met Leu Pro Gly Ile His Pro Asp Leu Phe Lys Asp Ile Asn Lys Pro
290 295 300

Asp Ser Val Lys Thr Ala Val Asp Trp Glu Glu Met Gln Leu Glu Ala
305 310 315 320

Ile Met Lys His Lys Glu Tyr Ile Pro Glu Tyr Thr Ser Lys His Phe
325 330 335

Asp Thr Leu Asp Glu Glu Val Gln Ser Ser Phe Glu Ser Val Leu Ala
340 345 350

Ser Lys Ser Asp Lys Ser Glu Ile Phe Leu Pro Leu Gly Asp Ile Glu
355 360 365

Val Ser Pro Leu Glu Val Lys Ile Ala Phe Ala Lys Gly Ser Ile Ile
370 375 380

Asn Gln Ala Leu Ile Ser Ala Lys Asp Ser Tyr Cys Ser Asp Leu Leu
385 390 395 400

Ile Lys Gln Ile Gln Asn Arg Tyr Lys Ile Leu Asn Asp Thr Leu Gly
405 410 415

Pro Ile Ile Ser Gln Gly Asn Asp Phe Asn Thr Thr Met Asn Asn Phe
420 425 430

Gly Glu Ser Leu Gly Ala Ile Ala Asn Glu Glu Asn Ile Ser Phe Ile
435 440 445

Ala Lys Ile Gly Ser Tyr Leu Arg Val Gly Phe Tyr Pro Glu Ala Asn
450 455 460

Thr Thr Ile Thr Leu Ser Gly Pro Thr Ile Tyr Ala Gly Ala Tyr Lys
465 470 475 480

Asp Leu Leu Thr Phe Lys Glu Met Ser Ile Asp Thr Ser Ile Leu Ser
485 490 495

Ser Glu Leu Arg Asn Phe Glu Phe Pro Lys Val Asn Ile Ser Gln Ala
500 505 510

Thr Glu Gln Glu Lys Asn Ser Leu Trp Gln Phe Asn Glu Glu Arg Ala
515 520 525

Lys Ile Gln Phe Glu Glu Tyr Lys Lys Asn Tyr Phe Glu Gly Ala Leu
530 535 540

Gly Glu Asp Asp Asn Leu Asp Phe Ser Gln Asn Thr Val Thr Asp Lys
545 550 555 560

Glu Tyr Leu Leu Glu Lys Ile Ser Ser Ser Thr Lys Ser Ser Glu Gly
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565 570 575

Gly Tyr Val His Tyr Ile Val Gln Leu Gln Gly Asp Lys Ile Ser Tyr
580 585 590

Glu Ala Ala Cys Asn Leu Phe Ala Lys Asn Pro Tyr Asp Ser Ile Leu
595 600 605

Phe Gln Arg Asn Ile Glu Asp Ser Glu Val Ala Tyr Tyr Tyr Asn Pro
610 615 620

Thr Asp Ser Glu Ile Gln Glu Ile Asp Lys Tyr Arg Ile Pro Asp Arg
625 630 635 640

Ile Ser Asp Arg Pro Lys Ile Lys Leu Thr Phe Ile Gly His Gly Lys
645 650 655

Ala Glu Phe Asn Thr Asp Ile Phe Ala Gly Leu Asp Val Asp Ser Leu
660 665 670

Ser Ser Glu Ile Glu Thr Ala Ile Gly Leu Ala Lys Glu Asp Ile Ser
675 680 685

Pro Lys Ser Ile Glu Ile Asn Leu Leu Gly Cys Asn Met Phe Ser Tyr
690 695 700

Ser Val Asn Val Glu Glu Thr Tyr Pro Gly Lys Leu Leu Leu Arg Val
705 710 715 720

Lys Asp Lys Val Ser Glu Leu Met Pro Ser Met Ser Gln Asp Ser Ile
725 730 735

Ile Val Ser Ala Asn Gln Tyr Glu Val Arg Ile Asn Ser Glu Gly Arg
740 745 750

Arg Glu Leu Leu Asp His Ser Gly Glu Trp Ile Asn Lys Glu Glu Ser
755 760 765

Ile Ile Lys Asp Ile Ser Ser Lys Glu Tyr Ile Ser Phe Asn Pro Lys
770 775 780

Glu Asn Lys Ile Ile Val Lys Ser Lys Asn Leu Pro Glu Leu Ser Thr
785 790 795 800

Leu Leu Gln Glu Ile Arg Asn Asn Ser Asn Ser Ser Asp Ile Glu Leu
805 810 815

Glu Glu Lys Val Met Leu Ala Glu Cys Glu Ile Asn Val Ile Ser Asn
820 825 830

Ile Glu Thr Gln Val Val Glu Glu Arg Ile Glu Glu Ala Lys Ser Leu
835 840 845

Thr Ser Asp Ser Ile Asn Tyr Ile Lys Asn Glu Phe Lys Leu Ile Glu
850 855 860

Ser Ile Ser Glu Ala Leu Cys Asp Leu Lys Gln Gln Asn Glu Leu Glu
865 870 875 880

Asp Ser His Phe Ile Ser Phe Glu Asp Ile Ser Glu Thr Asp Glu Gly
885 890 895

Phe Ser Ile Arg Phe Ile Asn Lys Glu Thr Gly Glu Ser Ile Phe Val
900 905 910

Glu Thr Glu Lys Thr Ile Phe Ser Glu Tyr Ala Asn His Ile Thr Glu
915 920 925

Glu Ile Ser Lys Ile Lys Gly Thr Ile Phe Asp Thr Val Asn Gly Lys
930 935 940

Leu Val Lys Lys Val Asn Leu Asp Thr Thr His Glu Val Asn Thr Leu
945 950 955 960

Asn Ala Ala Phe Phe Ile Gln Ser Leu Ile Glu Tyr Asn Ser Ser Lys
965 970 975
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Glu Ser Leu Ser Asn Leu Ser Val Ala Met Lys Val Gln Val Tyr Ala
980 985 990

Gln Leu Phe Ser Thr Gly Leu Asn Thr Ile Thr Asp Ala Ala Lys Val
995 1000 1005

Val Glu Leu Val Ser Thr Ala Leu Asp Glu Thr Ile Asp Leu Leu
1010 1015 1020

Pro Thr Leu Ser Glu Gly Leu Pro Ile Ile Ala Thr 1Ile Ile Asp
1025 1030 1035

Gly Val Ser Leu Gly Ala Ala Ile Lys Glu Leu Ser Glu Thr Ser
1040 1045 1050

Asp Pro Leu Leu Arg Gln Glu Ile Glu Ala Lys Ile Gly Ile Met
1055 1060 1065

Ala Val Asn Leu Thr Thr Ala Thr Thr Ala Ile Ile Thr Ser Ser
1070 1075 1080

Leu Gly 1Ile Ala Ser Gly Phe Ser Ile Leu Leu Val Pro Leu Ala
1085 1090 1095

Gly Ile Ser Ala Gly Ile Pro Ser Leu Val Asn Asn Glu Leu Val
1100 1105 1110

Leu Arg Asp Lys Ala Thr Lys Val Val Asp Tyr Phe Lys His Val
1115 1120 1125

Ser Leu Val Glu Thr Glu Gly Val Phe Thr Leu Leu Asp Asp Lys
1130 1135 1140

Val Met Met Gln Gln Asp Asp Leu Val Ile Ser Glu Ile Asp Phe
1145 1150 1155

Asn Asn Asn Ser Ile Val Leu Gly Lys Cys Glu Ile Trp Arg Met
1160 1165 1170

Glu Gly Gly Ser Gly His Thr Val Thr Asp Asp Ile Asp His Phe
1175 1180 1185

Phe Ser Ala Pro Ser Ile Thr Tyr Arg Glu Pro His Leu Ser Ile
1190 1195 1200

Tyr Asp Val Leu Glu Val Gln Lys Glu Glu Leu Asp Leu Ser Lys
1205 1210 1215

Asp Leu Met Val Leu Pro Asn Ala Pro Asn Arg Val Phe Ala Trp
1220 1225 1230

Glu Thr Gly Trp Thr Pro Gly Leu Arg Ser Leu Glu Asn Asp Gly
1235 1240 1245

Thr Lys Leu Leu Asp Arg Ile Arg Asp Asn Tyr Glu Gly Glu Phe
1250 1255 1260

Tyr Trp Arg Tyr Phe Ala Phe Ile Ala Asp Ala Leu Ile Thr Thr
1265 1270 1275

Leu Lys Pro Arg Tyr Glu Asp Thr Asn Ile Arg Ile Asn Leu Asp
1280 1285 1290

Ser Asn Thr Arg Ser Phe Ile Val Pro Ile Ile Thr Thr Glu Tyr
1295 1300 1305

Ile Arg Glu Lys Leu Ser Tyr Ser Phe Tyr Gly Ser Gly Gly Thr
1310 1315 1320

Tyr Ala Leu Pro Leu Ser Gln Tyr Asn Met Gly Ile Asn Ile Glu
1325 1330 1335

Leu Ser Glu Ser Asp Val Trp Ile Ile Asp Val Asp Asn Val Val
1340 1345 1350
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Arg Asp Val Thr Ile Glu Ser Asp Lys Ile Lys Lys Gly Asp Leu
1355 1360 1365

Ile Glu Gly Ile Leu Ser Thr Leu Ser Ile Glu Glu Asn Lys Ile
1370 1375 1380

Ile Leu Asn Ser His Glu Ile Asn Phe Ser Gly Glu Val Asn Gly
1385 1390 1395

Ser Asn Gly Phe Val Ser Leu Thr Phe Ser Ile Leu Glu Gly Ile
1400 1405 1410

Asn Ala Ile Ile Glu Val Asp Leu Leu Ser Lys Ser Tyr Lys Leu
1415 1420 1425

Leu Ile Ser Gly Glu Leu Lys Ile Leu Met Leu Asn Ser Asn His
1430 1435 1440

Ile Gln Gln Lys Ile Asp Tyr 1Ile Gly Phe Asn Ser Glu Leu Gln
1445 1450 1455

Lys Asn Ile Pro Tyr Ser Phe Val Asp Ser Glu Gly Lys Glu Asn
1460 1465 1470

Gly Phe 1Ile Asn Gly Ser Thr Lys Glu Gly Leu Phe Val Ser Glu
1475 1480 1485

Leu Pro Asp Val Val Leu Ile Ser Lys Val Tyr Met Asp Asp Ser
1490 1495 1500

Lys Pro Ser Phe Gly Tyr Tyr Ser Asn Asn Leu Lys Asp Val Lys
1505 1510 1515

Val Ile Thr Lys Asp Asn Val Asn Ile Leu Thr Gly Tyr Tyr Leu
1520 1525 1530

Lys Asp Asp Ile Lys Ile Ser Leu Ser Leu Thr Leu Gln Asp Glu
1535 1540 1545

Lys Thr Ile Lys Leu Asn Ser Val His Leu Asp Glu Ser Gly Val
1550 1555 1560

Ala Glu Ile Leu Lys Phe Met Asn Arg Lys Gly Ser Thr Asn Thr
1565 1570 1575

Ser Asp Ser Leu Met Ser Phe Leu Glu Ser Met Asn Ile Lys Ser
1580 1585 1590

Ile Phe Val Asn Phe Leu Gln Ser Asn Ile Lys Phe 1Ile Leu Asp
1595 1600 1605

Ala Asn Phe Ile Ile Ser Gly Thr Thr Ser Ile Gly Gln Phe Glu
1610 1615 1620

Phe Ile Cys Asp Glu Asn Asn Asn Ile Gln Pro Tyr Phe Ile Lys
1625 1630 1635

Phe Asn Thr Leu Glu Thr Asn Tyr Thr Leu Tyr Val Gly Asn Arg
1640 1645 1650

Gln Asn Met Ile Val Glu Pro 2Asn Tyr Asp Leu Asp Asp Ser Gly
1655 1660 1665

Asp Ile Ser Ser Thr Val Ile Asn Phe Ser Gln Lys Tyr Leu Tyr
1670 1675 1680

Gly Ile Asp Ser Cys Val Asn Lys Val Val Ile Ser Pro Asn Ile
1685 1690 1695

Tyr Thr Asp Glu Ile Asn Ile Thr Pro Val Tyr Glu Thr Asn Asn
1700 1705 1710

Thr Tyr Pro Glu Val Ile Val Leu Asp Ala Asn Tyr Ile Asn Glu
1715 1720 1725

Lys Ile Asn Val Asn Ile Asn Asp Leu Ser Ile Arg Tyr Val Trp
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1730 1735 1740

Ser Asn Asp Gly Asn Asp Phe Ile Leu Met Ser Thr Ser Glu Glu
1745 1750 1755

Asn Lys Val Ser Gln Val Lys Ile Arg Phe Val Asn Val Phe Lys
1760 1765 1770

Asp Lys Thr Leu Ala Asn Lys Leu Ser Phe Asn Phe Ser Asp Lys
1775 1780 1785

Gln Asp Val Pro Val Ser Glu Ile Ile Leu Ser Phe Thr Pro Ser
1790 1795 1800

Tyr Tyr Glu Asp Gly Leu Ile Gly Tyr Asp Leu Gly Leu Val Ser
1805 1810 1815

Leu Tyr Asn Glu Lys Phe Tyr Ile Asn Asn Phe Gly Met Met Val
1820 1825 1830

Ser Gly Leu Ile Tyr Ile Asn Asp Ser Leu Tyr Tyr Phe Lys Pro
1835 1840 1845

Pro Val Asn Asn Leu Ile Thr Gly Phe Val Thr Val Gly Asp Asp
1850 1855 1860

Lys Tyr Tyr Phe Asn Pro Ile Asn Gly Gly Ala Ala Ser Ile Gly
1865 1870 1875

Glu Thr 1Ile Ile Asp Asp Lys 2Asn Tyr Tyr Phe Asn Gln Ser Gly
1880 1885 1890

Val Leu Gln Thr Gly Val Phe Ser Thr Glu Asp Gly Phe Lys Tyr
1895 1900 1905

Phe Ala Pro Ala Asn Thr Leu Asp Glu Asn Leu Glu Gly Glu Ala
1910 1915 1920

Ile Asp Phe Thr Gly Lys Leu 1Ile Ile Asp Glu Asn Ile Tyr Tyr
1925 1930 1935

Phe Glu Asp Asn Tyr Arg Gly Ala Val Glu Trp Lys Glu Leu Asp
1940 1945 1950

Gly Glu Met His Tyr Phe Ser Pro Glu Thr Gly Lys Ala Phe Lys
1955 1960 1965

Gly Leu Asn Gln Ile Gly Asp Asp Lys Tyr Tyr Phe Asn Ser Asp
1970 1975 1980

Gly Val Met Gln Lys Gly Phe Val Ser Ile Asn Asp Asn Lys His
1985 1990 1995

Tyr Phe Asp Asp Ser Gly Val Met Lys Val Gly Tyr Thr Glu Ile
2000 2005 2010

Asp Gly Lys His Phe Tyr Phe Ala Glu Asn Gly Glu Met Gln Ile
2015 2020 2025

Gly Val Phe Asn Thr Glu Asp Gly Phe Lys Tyr Phe Ala His His
2030 2035 2040

Asn Glu Asp Leu Gly Asn Glu Glu Gly Glu Glu Ile Ser Tyr Ser
2045 2050 2055

Gly Ile Leu Asn Phe Asn Asn Lys Ile Tyr Tyr Phe Asp Asp Ser
2060 2065 2070

Phe Thr Ala Val Val Gly Trp Lys Asp Leu Glu Asp Gly Ser Lys
2075 2080 2085

Tyr Tyr Phe Asp Glu Asp Thr Ala Glu Ala Tyr Ile Gly Leu Ser
2090 2095 2100

Leu Ile Asn Asp Gly Gln Tyr Tyr Phe Asn Asp Asp Gly Ile Met
2105 2110 2115
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Gln Val Gly Phe Val Thr Ile 2Asn Asp Lys Val Phe Tyr Phe Ser
2120 2125 2130

Asp Ser Gly Ile Ile Glu Ser Gly Val Gln Asn Ile Asp Asp Asn
2135 2140 2145

Tyr Phe Tyr Ile Asp Asp Asn Gly Ile Val Gln Ile Gly Val Phe
2150 2155 2160

Asp Thr Ser Asp Gly Tyr Lys Tyr Phe Ala Pro Ala 2Asn Thr Val
2165 2170 2175

Asn Asp Asn Ile Tyr Gly Gln Ala Val Glu Tyr Ser Gly Leu Val
2180 2185 2190

Arg Val Gly Glu Asp Val Tyr Tyr Phe Gly Glu Thr Tyr Thr Ile
2195 2200 2205

Glu Thr Gly Trp Ile Tyr Asp Met Glu Asn Glu Ser Asp Lys Tyr
2210 2215 2220

Tyr Phe Val Pro Glu Thr Lys Lys Ala Cys Lys Gly 1Ile Asn Leu
2225 2230 2235

Ile Asp Asp Ile Lys Tyr Tyr Phe Asp Glu Lys Gly Ile Met Arg
2240 2245 2250

Thr Gly Leu Ile Ser Phe Glu Asn Asn Asn Tyr Tyr Phe Asn Glu
2255 2260 2265

Asn Gly Glu Ile Gln Phe Gly Tyr Ile Asn Ile Glu Asp Lys Met
2270 2275 2280

Phe Tyr Phe Gly Glu Asp Gly Val Met Gln Ile Gly Val Phe Asn
2285 2290 2295

Thr Pro Asp Gly Phe Lys Tyr Phe Ala His Gln Asn Thr Leu Asp
2300 2305 2310

Glu Asn Phe Glu Gly Glu Ser Ile Asn Tyr Thr Gly Trp Leu Gly
2315 2320 2325

Leu Asp Glu Lys Arg Tyr Tyr Phe Thr Asp Glu Tyr Ile Ala Ala
2330 2335 2340

Thr Gly Ser Val Ile Ile Asp Gly Glu Glu Tyr Tyr Phe Asp Pro
2345 2350 2355

Asp Thr Ala Gln Leu Val Ile Ser Glu
2360 2365

<210> SEQ ID NO 43

<211> LENGTH: 129

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 43

Met Asp Met Met Val Pro Ala Gln Leu Leu Gly Leu Leu Leu Leu Trp
1 5 10 15

Phe Pro Gly Ser Arg Cys Asp Ile Gln Met Thr Gln Ser Pro Ser Ser
20 25 30

Val Ser Ala Ser Val Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser
35 40 45

Gln Gly Ile Ser Ser Trp Leu Ala Trp Tyr Gln His Lys Pro Gly Lys
50 55 60

Ala Pro Lys Leu Leu Ile Tyr Ala Ala Ser Ser Leu Gln Ser Gly Val
65 70 75 80

Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr
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85 90 95

Ile Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln
100 105 110

Ala Asn Ser Phe Pro Trp Thr Phe Gly Gln Gly Thr Lys Val Glu Ile
115 120 125

Lys

<210> SEQ ID NO 44

<211> LENGTH: 129

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 44

Met Asp Met Arg Val Leu Ala Gln Leu Leu Gly Leu Leu Leu Leu Cys
1 5 10 15

Phe Pro Gly Ala Arg Cys Asp Ile Gln Met Thr Gln Ser Pro Ser Ser
Leu Ser Ala Ser Val Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser
35 40 45

Gln Gly Ile Ser Ser Trp Leu Ala Trp Tyr Gln Gln Lys Pro Glu Lys
50 55 60

Ala Pro Lys Ser Leu Ile Tyr Ala Ala Ser Ser Leu Gln Ser Gly Val
65 70 75 80

Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr
Ile Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln
100 105 110

Tyr Asn Ser Tyr Pro Trp Thr Phe Gly Gln Gly Thr Lys Val Glu Ile
115 120 125

Lys

<210> SEQ ID NO 45

<211> LENGTH: 129

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 45

Met Asp Met Arg Val Pro Ala Gln Leu Leu Gly Leu Leu Leu Leu Trp
1 5 10 15

Leu Pro Gly Ala Arg Cys Val Ile Trp Met Thr Gln Ser Pro Ser Leu

Leu Ser Ala Ser Thr Gly Asp Arg Val Thr Ile Ser Cys Arg Met Ser
35 40 45

Gln Gly Ile Ser Ser Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys
50 55 60

Ala Pro Glu Leu Leu Ile Tyr Ala Ala Ser Thr Leu Gln Ser Gly Val
65 70 75 80

Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr
85 90 95

Ile Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln
100 105 110

Tyr Asn Ser Tyr Pro Trp Thr Phe Gly Gln Gly Thr Lys Val Glu Ile
115 120 125
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Lys

<210> SEQ ID NO 46

<211> LENGTH: 129

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 46

Met Asp Met Met Val Pro Ala Gln Leu Leu Gly Leu Leu Leu Leu Trp
1 5 10 15

Phe Pro Gly Ser Arg Cys Asp Ile Gln Met Thr Gln Ser Pro Ser Ser
20 25 30

Val Ser Ala Ser Val Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser
35 40 45

Gln Gly Ile Ser Ser Trp Leu Ala Trp Tyr Gln His Lys Pro Gly Lys
50 55 60

Ala Pro Lys Leu Leu Ile Tyr Ala Ala Ser Ser Leu Gln Ser Gly Val
65 70 75 80

Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr
85 90 95

Ile Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln
100 105 110

Tyr Asn Ser Tyr Pro Trp Thr Phe Gly Gln Gly Thr Lys Val Glu Ile
115 120 125

Lys

<210> SEQ ID NO 47

<211> LENGTH: 129

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 47

Met Asp Met Arg Val Pro Ala Gln Leu Leu Gly Leu Leu Leu Leu Cys
1 5 10 15

Phe Pro Gly Ala Arg Cys Asp Ile Gln Met Thr Gln Ser Pro Ser Ser
20 25 30

Val Ser Ala Ser Val Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser
35 40 45

Gln Gly Ile Ser Ser Trp Leu Ala Trp Tyr Gln Gln Lys Pro Glu Lys
50 55 60

Ala Pro Lys Ser Leu Ile Tyr Ala Ala Ser Ser Leu Gln Ser Gly Val
65 70 75 80

Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr
85 90 95

Ile Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln
100 105 110

Tyr Asn Ser Tyr Pro Trp Thr Phe Gly Gln Gly Thr Lys Val Glu Ile
115 120 125

Lys

<210> SEQ ID NO 48

<211> LENGTH: 129

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
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<400> SEQUENCE: 48

Met Asp Met Arg Val Leu Ala Gln Leu Leu Gly Leu Leu Leu Leu Cys
1 5 10 15

Phe Pro Gly Ala Arg Cys Asp Ile Gln Met Thr Gln Ser Leu Ser Ser
20 25 30

Leu Ser Ala Ser Val Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser
Gln Gly Ile Ser Ser Trp Leu Ala Trp Tyr Gln Gln Lys Pro Glu Lys
50 55 60

Ala Pro Lys Ser Leu Ile Tyr Ala Ala Ser Ser Leu Gln Ser Gly Val
65 70 75 80

Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr
85 90 95

Ile Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln
100 105 110

Ala Asn Ser Phe Pro Trp Thr Phe Gly Gln Gly Thr Lys Val Glu Ile
115 120 125

Lys

<210> SEQ ID NO 49

<211> LENGTH: 141

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 49

Met Glu Phe Gly Leu Ser Trp Val Phe Leu Val Ala Leu Leu Arg Gly
1 5 10 15

Val Gln Cys Gln Val Gln Leu Val Glu Ser Gly Gly Gly Val Val Gln
20 25 30

Pro Gly Arg Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Ser Phe
35 40 45

Ser Asn Tyr Gly Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu
50 55 60

Glu Trp Val Ala Leu Ile Trp Tyr Asp Gly Ser Asn Glu Asp Tyr Thr
65 70 75 80

Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn
85 90 95

Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val
100 105 110

Tyr Tyr Cys Ala Arg Trp Gly Met Val Arg Gly Val Ile Asp Val Phe
115 120 125

Asp Ile Trp Gly Gln Gly Thr Val Val Thr Val Ser Ser
130 135 140

<210> SEQ ID NO 50

<211> LENGTH: 128

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 50

Met Glu Ala Pro Ala Gln Leu Leu Phe Leu Leu Leu Leu Trp Leu Pro
1 5 10 15

Asp Thr Thr Gly Glu Ile Val Leu Thr Gln Ser Pro Ala Thr Leu Ser
20 25 30
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Leu Ser Pro Gly Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gln Ser
35 40 45

Val Ser Ser Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro
50 55 60

Arg Leu Leu Ile Tyr Asp Ala Ser Asn Arg Ala Thr Gly Ile Pro Ala
65 70 75 80

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser

Ser Leu Glu Pro Glu Asp Phe Ala Val Tyr Tyr Cys Gln Gln Arg Ser
100 105 110

Asn Trp Ser Gln Phe Thr Phe Gly Pro Gly Thr Lys Val Asp Ile Lys

115 120 125

<210> SEQ ID NO 51

<211> LENGTH: 133

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 51

Met Glu Phe Gly Leu Ser Trp Val Phe Leu Val Ala Leu Leu Arg Gly
1 5 10 15

Val Gln Cys Gln Met Gln Leu Val Glu Ser Gly Gly Gly Val Val Gln
20 25 30

Pro Gly Arg Ser Leu Arg Leu Ser Cys Glu Ala Ser Gly Phe Ser Phe
Asn Ser Tyr Gly Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu
50 55 60

Glu Trp Val Ser Val Ile Trp Ala Ser Gly Asn Lys Lys Tyr Tyr Ile
65 70 75 80

Glu Ser Val Glu Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn
85 90 95

Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val
100 105 110

Tyr Tyr Cys Ala Arg Ala Asn Phe Asp Tyr Trp Gly Gln Gly Thr Leu
115 120 125

Val Thr Val Ser Ser
130

<210> SEQ ID NO 52

<211> LENGTH: 129

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 52

Met Asp Met Arg Val Leu Ala Gln Leu Leu Gly Leu Leu Leu Leu Cys
1 5 10 15

Phe Pro Gly Ala Arg Cys Asp Ile Gln Met Thr Gln Ser Pro Ser Ser
20 25 30

Leu Ser Ala Ser Val Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser
35 40 45

Gln Gly Ile Ser Ser Trp Leu Ala Trp Tyr Gln Gln Lys Pro Glu Lys
50 55 60

Ala Pro Lys Ser Leu Ile Tyr Ala Ala Ser Ser Leu Gln Ser Gly Val
65 70 75 80
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Pro Ser Arg Phe

Ile Ser Ser Leu
100

Tyr Lys Ser Tyr
115

Lys

<210> SEQ ID NO
<211> LENGTH:
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Met Glu Phe Gly
1
Val

Gln Gln

20

Cys

Pro Gly Arg Ser

35
Asn Lys
50

Tyr Gly

Glu
65

Trp Val Ala

Asp Ser Met Lys

Met Leu

100

Leu Tyr

Tyr Tyr Cys Ala

115
Thr Val

Leu Thr

130

<210> SEQ ID NO
<211> LENGTH:
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Glu Val
1

Gln Leu

Ile
20

Ser Leu Lys

Trp Ile Gly

35

Trp

Ile
50

Gly Phe Tyr

Gln
65

Gly Gln Val

Leu Gln Trp Ser

Ala Arg Arg Arg

100

Ser Gly Ser Gly
85

Gln Pro Glu Asp
Pro Val Thr Phe

120

53

135

Homo sapiens
53

Leu Ser Trp Val

Val Gln Leu Val

Ser
40

Leu Arg Leu

Met His Trp Val

55

Val Ile Trp Tyr

Gly Phe Thr

85

Arg

Gln Met Asn Ser

Pro
120

Arg Asp Pro

Val Ser

135

Ser

54

119

Homo sapiens
54

Val Gln Ser Gly

Ser Cys Lys Gly

Val Gln Met

40

Arg

Pro Gly Asp Ser

55
Thr Ile
70

Ser Ala

Ser Leu Ala

85

Lys

Asn Trp Gly Asn

Ser
Phe
105

Gly

Phe

Glu

25

Cys

Arg

Asp

Ile

Leu

105

Thr

Ala

Ser
25

Pro

Ser

Asp

Ser

Ala
105

Gly Thr Asp Phe
90

Ala Thr Tyr Tyr

Gly Gly Thr Lys
125

Leu Val Ala Leu

10

Ser Gly Gly Gly

Ala Ala Ser Gly

45
Gln

Ala Pro

60

Gly

Thr
75

Gly Asn Lys

Ser Asn

90

Arg Asp

Arg Ala Glu Asp

Ala Asn Tyr Trp

125

Glu
10

Val Lys Lys

Gly Tyr Ser Phe

Leu
45

Gly Lys Gly

Thr Arg Tyr Ser

60
Val

Ser Asn

75

Lys

Asp Thr Ala Met

90

Phe Asp Ile Trp

Thr
Cys
110

Val

Leu

Val

30

Phe

Lys

Tyr

Ser

Thr

110

Gly

Ser

Thr

30

Glu

Pro

Thr

Tyr

Gly
110

Leu
95
Gln

Glu

Arg

Val

Thr

Gly

Tyr

Lys

95

Ala

Gln

Gly

Ser

Trp

Ser

Ala

Tyr

95

Gln

Thr

Gln

Ile

Gly

Gln

Phe

Leu

Ala

Asn

Val

Gly

Glu

Tyr

Met

Phe

Tyr

Cys

Gly

Jun. 2, 2016
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Thr Met Val Thr Val Ser Ser
115

<210> SEQ ID NO 55

<211> LENGTH: 357

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(357)

<400> SEQUENCE: 55

gag gtg cag ctg gtg cag tct gga gca gag gtg aaa aag tcc ggg gag 48
Glu Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Ser Gly Glu
1 5 10 15

tet ctg aag atc tee tgt aag ggt tcet gga tac age ttt acc age tac 96
Ser Leu Lys Ile Ser Cys Lys Gly Ser Gly Tyr Ser Phe Thr Ser Tyr
20 25 30

tgg atc ggc tgg gtg cge cag atg cce ggg aag ggce ctg gag tgg atg 144
Trp Ile Gly Trp Val Arg Gln Met Pro Gly Lys Gly Leu Glu Trp Met
35 40 45

ggg atc ttc tat cct ggt gac tct agt acc aga tac age ccg tece tte 192
Gly Ile Phe Tyr Pro Gly Asp Ser Ser Thr Arg Tyr Ser Pro Ser Phe
50 55 60

caa ggc cag gtc acc atc tca gec gac aag tee gte aac acc gee tac 240
Gln Gly Gln Val Thr Ile Ser Ala Asp Lys Ser Val Asn Thr Ala Tyr
65 70 75 80

ctg cag tgg agc age ctg aag gec teg gac acce gece atg tat tac tgt 288
Leu Gln Trp Ser Ser Leu Lys Ala Ser Asp Thr Ala Met Tyr Tyr Cys
85 90 95

gcg aga cgt cga aac tgg gga aat get ttt gat ate tgg ggc caa ggg 336
Ala Arg Arg Arg Asn Trp Gly Asn Ala Phe Asp Ile Trp Gly Gln Gly
100 105 110

aca atg gtc acc gtc tct tca 357
Thr Met Val Thr Val Ser Ser
115

<210> SEQ ID NO 56

<211> LENGTH: 138

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 56

Met Gly Ser Thr Ala Ile Leu Ala Leu Leu Leu Ala Val Leu Gln Gly
1 5 10 15

Val Cys Ala Glu Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys
20 25 30

Ser Gly Glu Ser Leu Lys Ile Ser Cys Lys Gly Ser Gly Tyr Ser Phe
35 40 45

Thr Ser Tyr Trp Ile Gly Trp Val Arg Gln Met Pro Gly Lys Gly Leu
50 55 60

Glu Trp Met Gly Ile Phe Tyr Pro Gly Asp Ser Ser Thr Arg Tyr Ser
65 70 75 80

Pro Ser Phe Gln Gly Gln Val Thr Ile Ser Ala Asp Lys Ser Val Asn
85 90 95

Thr Ala Tyr Leu Gln Trp Ser Ser Leu Lys Ala Ser Asp Thr Ala Met
100 105 110

Tyr Tyr Cys Ala Arg Arg Arg Asn Trp Gly Asn Ala Phe Asp Ile Trp
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115 120 125
Gly Gln Gly Thr Met Val Thr Val Ser Ser
130 135
<210> SEQ ID NO 57
<211> LENGTH: 414
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 57
atggggtcaa ccgccatcct cgeccctecte ctggetgtte tcecaaggagt ctgtgecgag 60
gtgcagetygyg tgcagtctgg agcagaggtg aaaaagtccg gggagtctcet gaagatctece 120
tgtaagggtt ctggatacag ctttaccage tactggateg getgggtgeyg ccagatgece 180
gggaagggcce tggagtggat ggggatctte tatcctggtyg actctagtac cagatacage 240
cegtecttee aaggccaggt caccatctca gecgacaagt cegtcaacac cgcectacctg 300
cagtggagca gcctgaaggce ctcggacacce gecatgtatt actgtgcgag acgtcgaaac 360
tggggaaatg cttttgatat ctggggccaa gggacaatgyg tcaccgtcte ttca 414
<210> SEQ ID NO 58
<211> LENGTH: 108
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 58
Glu Ile Val Leu Thr Gln Ser Pro Gly Thr Leu Ser Leu Ser Pro Gly
1 5 10 15
Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gln Ser Val Ser Ser Ser
20 25 30
Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Arg Leu Leu
35 40 45
Ile Tyr Gly Ala Ser Ser Arg Ala Thr Gly Ile Pro Asp Arg Phe Ser
50 55 60
Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Arg Leu Glu
65 70 75 80
Pro Glu Asp Phe Ala Val Tyr Tyr Cys Gln Gln Tyr Gly Ser Ser Thr
85 90 95
Trp Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 105
<210> SEQ ID NO 59
<211> LENGTH: 324
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<220> FEATURE:
<221> NAME/KEY: CDS
<222> LOCATION: (1)..(324)
<400> SEQUENCE: 59
gaa att gtg ttg acg cag tct cca gge acc ctg tet ttg tet cca ggg 48
Glu Ile Val Leu Thr Gln Ser Pro Gly Thr Leu Ser Leu Ser Pro Gly
1 5 10 15
gaa aga gcc acc ctc tee tge agg gec agt cag agt gtt agc age age 96
Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gln Ser Val Ser Ser Ser
20 25 30
tac tta gcc tgg tac cag cag aaa cct ggce cag gct ccc agg cte cte 144
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Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Arg Leu Leu
35 40 45

atc tat ggt gca tcec age agg gec act gge ate cca gac agg tte agt 192
Ile Tyr Gly Ala Ser Ser Arg Ala Thr Gly Ile Pro Asp Arg Phe Ser
50 55 60

gge agt ggg tct ggg aca gac ttc act cte acce atc age aga ctg gag 240
Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Arg Leu Glu

cct gaa gat ttt gca gtg tat tac tgt cag cag tat ggt agc tca acg 288
Pro Glu Asp Phe Ala Val Tyr Tyr Cys Gln Gln Tyr Gly Ser Ser Thr
85 90 95

tgg acg ttc ggc caa ggg acc aag gtg gaa atc aaa 324
Trp Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 105

<210> SEQ ID NO 60

<211> LENGTH: 128

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 60

Met Glu Thr Pro Ala Gln Leu Leu Phe Leu Leu Leu Leu Trp Leu Pro
1 5 10 15

Asp Thr Thr Gly Glu Ile Val Leu Thr Gln Ser Pro Gly Thr Leu Ser
20 25 30

Leu Ser Pro Gly Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gln Ser
35 40 45

Val Ser Ser Ser Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ala
50 55 60

Pro Arg Leu Leu Ile Tyr Gly Ala Ser Ser Arg Ala Thr Gly Ile Pro
65 70 75 80

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile
85 90 95

Ser Arg Leu Glu Pro Glu Asp Phe Ala Val Tyr Tyr Cys Gln Gln Tyr
100 105 110

Gly Ser Ser Thr Trp Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
115 120 125

<210> SEQ ID NO 61

<211> LENGTH: 384

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 61

atggaaaccce cagcgcagcet tctcttecte ctgctactet ggetcccaga taccaccgga 60
gaaattgtgt tgacgcagtc tccaggcacce ctgtctttgt ctecagggga aagagccacce 120
ctetectgea gggcecagtca gagtgttage agcagctact tagectggta ccagcagaaa 180
cctggecagg ctcccagget cctcatctat ggtgcatcca gcagggccac tggcatccca 240
gacaggttca gtggcagtgg gtctgggaca gacttcactce tcaccatcag cagactggag 300
cctgaagatt ttgcagtgta ttactgtcag cagtatggta gctcaacgtyg gacgttcgge 360
caagggacca aggtggaaat caaa 384

<210> SEQ ID NO 62
<211> LENGTH: 5
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<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 62

Ser Tyr Trp Ile Gly
1 5

<210> SEQ ID NO 63

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1).. (15

<400> SEQUENCE: 63

agce tac tgg atc gge
Ser Tyr Trp Ile Gly
1 5

<210> SEQ ID NO 64

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 64

Ile Phe Tyr Pro Gly Asp Ser Ser Thr Arg Tyr Ser Pro Ser Phe Gln
1 5 10 15

Gly

<210> SEQ ID NO 65

<211> LENGTH: 51

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(51

<400> SEQUENCE: 65

atc ttc tat cct ggt gac tct agt acc aga tac agce ccg tee tte caa
Ile Phe Tyr Pro Gly Asp Ser Ser Thr Arg Tyr Ser Pro Ser Phe Gln
1 5 10 15

gge
Gly

<210> SEQ ID NO 66

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 66

Arg Arg Asn Trp Gly Asn Ala Phe Asp Ile
1 5 10

<210> SEQ ID NO 67

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(30)

<400> SEQUENCE: 67

15

48

51
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cgt cga aac tgg gga aat gct ttt gat atc 30
Arg Arg Asn Trp Gly Asn Ala Phe Asp Ile
1 5 10

<210> SEQ ID NO 68

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 68

Arg Ala Ser Gln Ser Val Ser Ser Ser Tyr Leu Ala
1 5 10

<210> SEQ ID NO

<211> LENGTH: 36

<212> TYPE: DNA
<213> ORGANISM:
<220> FEATURE:

<221> NAME/KEY :
<222> LOCATION:

<400> SEQUENCE:

agg gcc agt cag
Arg Ala Ser Gln
1

<210> SEQ ID NO
<211> LENGTH: 7
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:
Gly Ala Ser Ser

1

<210> SEQ ID NO

<211> LENGTH: 21

<212> TYPE: DNA
<213> ORGANISM:
<220> FEATURE:

<221> NAME/KEY :
<222> LOCATION:

<400> SEQUENCE:
ggt gca tce age

Gly Ala Ser Ser
1

<210> SEQ ID NO
<211> LENGTH: 9
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:
Gln Gln Tyr Gly

1

<210> SEQ ID NO

<211> LENGTH: 27

<212> TYPE: DNA
<213> ORGANISM:
<220> FEATURE:

<221> NAME/KEY :
<222> LOCATION:

69

Homo sapiens

cDs
(1) .. (36)

69
agt gtt agc agc agce tac tta gecc

Ser Val Ser Ser Ser Tyr Leu Ala
5 10

70

Homo sapiens
70
Arg Ala Thr
5

71

Homo sapiens

cDs
(1) ..(21)

71
agg gcc act

Arg Ala Thr
5

72

Homo sapiens

72

Ser Ser Thr Trp Thr
5

73

Homo sapiens

cDs
(1) .. (27)

36

21
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<400> SEQUENCE: 73

cag cag tat ggt agc tca acg tgg acg 27
Gln Gln Tyr Gly Ser Ser Thr Trp Thr
1 5

<210> SEQ ID NO 74

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 74

Ala Phe Asp Ile Trp Gly Gln Gly Thr Met Val Thr Val Ser Ser
1 5 10 15

<210> SEQ ID NO 75

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 75

Ser Tyr Trp Ile Gly
1 5

<210> SEQ ID NO 76

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 76

Ile Ile Tyr Pro Gly Asp Ser Asp Thr Arg Tyr Ser Pro Ser Phe Gln
1 5 10 15

Gly

<210> SEQ ID NO 77

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 77
Ala Arg Arg Arg Asn Trp Gly Asn Ala Phe

1 5 10

<210> SEQ ID NO 78

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 78
Arg Ala Ser Gln Ser Val Ser Ser Ser Tyr Leu Ala

1 5 10

<210> SEQ ID NO 79

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 79
Trp Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys

1 5 10

<210> SEQ ID NO 80
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<211> LENGTH: 7
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 80

Gln Gln Tyr Gly Ser Ser Pro
1 5

<210> SEQ ID NO 81

<211> LENGTH: 98

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 81

Glu Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Glu
1 5 10 15

Ser Leu Lys Ile Ser Cys Lys Gly Ser Gly Tyr Ser Phe Thr Ser Tyr
20 25 30

Trp Ile Gly Trp Val Arg Gln Met Pro Gly Lys Gly Leu Glu Trp Met
35 40 45

Gly Ile Ile Tyr Pro Gly Asp Ser Asp Thr Arg Tyr Ser Pro Ser Phe
50 55 60

Gln Gly Gln Val Thr Ile Ser Ala Asp Lys Ser Ile Ser Thr Ala Tyr
65 70 75 80

Leu Gln Trp Ser Ser Leu Lys Ala Ser Asp Thr Ala Met Tyr Tyr Cys
85 90 95

Ala Arg

<210> SEQ ID NO 82

<211> LENGTH: 96

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 82

Glu Ile Val Leu Thr Gln Ser Pro Gly Thr Leu Ser Leu Ser Pro Gly
1 5 10 15

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gln Ser Val Ser Ser Ser
20 25 30

Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Arg Leu Leu
35 40 45

Ile Tyr Gly Ala Ser Ser Arg Ala Thr Gly Ile Pro Asp Arg Phe Ser
50 55 60

Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Arg Leu Glu
65 70 75 80

Pro Glu Asp Phe Ala Val Tyr Tyr Cys Gln Gln Tyr Gly Ser Ser Pro
85 90 95

<210> SEQ ID NO 83

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
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-continued

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

6xHis tag
<400> SEQUENCE: 83

His His His His His His
1 5

What is claimed is:
1. An isolated monoclonal antibody that binds to
Clostridium difficile (C. difficile) toxin A, or an antigen bind-
ing portion thereof, wherein the antibody, or antigen binding
portion thereof, comprises:
(1) a heavy chain variable region CDR1 comprising SEQ
ID NO: 7,

a heavy chain variable region CDR2 comprising SEQ ID
NO: 8;

a heavy chain variable region CDR3 comprising SEQ ID
NO: 9;

a light chain variable region CDR1 comprising SEQ ID
NO: 16;

a light chain variable region CDR2 comprising SEQ ID
NO: 17; and

a light chain variable region CDR3 comprising SEQ ID
NO: 18;

(ii) a heavy chain variable region CDR1 comprising SEQ
ID NO: 10;

a heavy chain variable region CDR2 comprising SEQ ID
NO: 11;

a heavy chain variable region CDR3 comprising SEQ ID
NO: 12;

a light chain variable region CDR1 comprising SEQ ID
NO: 19;

a light chain variable region CDR2 comprising SEQ ID
NO: 20; and

a light chain variable region CDR3 comprising SEQ ID
NO: 21; or

(iii) a heavy chain variable region CDR1 comprising SEQ
ID NO: 13;

a heavy chain variable region CDR2 comprising SEQ ID
NO: 14,

a heavy chain variable region CDR3 comprising SEQ ID
NO: 15;

a light chain variable region CDR1 comprising SEQ ID
NO: 22;

a light chain variable region CDR2 comprising SEQ ID
NO: 23; and

a light chain variable region CDR3 comprising SEQ ID
NO: 24.

2. The isolated monoclonal antibody, or an antigen binding
portion thereof, of claim 1, wherein the antibody, or antigen
binding portion thereof, comprises a heavy chain variable
region CDR1 comprising SEQ ID NO: 7, a heavy chain
variable region CDR2 comprising SEQ ID NO: 8, a heavy
chain variable region CDR3 comprising SEQ ID NO: 9, a
light chain variable region CDR1 comprising SEQ ID NO:
16, a light chain variable region CDR2 comprising SEQ ID
NO: 17, and a light chain variable region CDR3 comprising
SEQ ID NO: 18.

3. The isolated monoclonal antibody, or an antigen binding
portion thereof, of claim 1, wherein the antibody, or antigen

binding portion thereof, comprises a heavy chain variable
region CDR1 comprising SEQ ID NO: 10, a heavy chain
variable region CDR2 comprising SEQ ID NO: 11, a heavy
chain variable region CDR3 comprising SEQ ID NO: 12, a
light chain variable region CDR1 comprising SEQ ID NO:
19, a light chain variable region CDR2 comprising SEQ ID
NO: 20, and a light chain variable region CDR3 comprising
SEQ ID NO: 21.

4. The isolated monoclonal antibody, or an antigen binding
portion thereof, of claim 1, wherein the antibody, or antigen
binding portion thereof, comprises a heavy chain variable
region CDR1 comprising SEQ ID NO: 13, a heavy chain
variable region CDR2 comprising SEQ ID NO: 14, a heavy
chain variable region CDR3 comprising SEQ ID NO: 15, a
light chain variable region CDR1 comprising SEQ ID NO:
22, a light chain variable region CDR2 comprising SEQ ID
NO: 23, and a light chain variable region CDR3 comprising
SEQ ID NO: 24.

5. An isolated monoclonal antibody that binds to
Clostridium difficile (C. difficile) toxin A, or an antigen bind-
ing portion thereof, wherein the antibody, or antigen binding
portion thereof, comprises a heavy chain variable region hav-
ing an amino acid sequence at least 95% identical to the
amino acid sequence set forth in SEQ ID NO: 1, SEQ ID NO:
2,0r SEQ ID NO: 3 and/or a light chain variable region having
an amino acid sequence at least 95% identical to the amino
acid sequence set forth in SEQ ID NO: 4, SEQ ID NO: 5, or
SEQ ID NO: 6.

6. The isolated monoclonal antibody, or an antigen binding
portion thereof, of claim 5, wherein the antibody, or antigen
binding portion thereof, comprises a heavy chain variable
region having an amino acid sequence at least 95% identical
to the amino acid sequence set forth in SEQ ID NO: 1.

7. The isolated monoclonal antibody, or an antigen binding
portion thereof, of claim 5, wherein the antibody, or antigen
binding portion thereof, comprises a heavy chain variable
region having an amino acid sequence at least 95% identical
to the amino acid sequence set forth in SEQ ID NO: 2.

8. The isolated monoclonal antibody, or an antigen binding
portion thereof, of claim 5, wherein the antibody, or antigen
binding portion thereof, comprises a heavy chain variable
region having an amino acid sequence at least 95% identical
to the amino acid sequence set forth in SEQ ID NO: 3.

9. The isolated monoclonal antibody, or an antigen binding
portion thereof, of claim 5, wherein the antibody, or antigen
binding portion thereof, comprises a light chain variable
region having an amino acid sequence at least 95% identical
to the amino acid sequence set forth in SEQ ID NO: 4.

10. The isolated monoclonal antibody, or an antigen bind-
ing portion thereof, of claim 5, wherein the antibody, or
antigen binding portion thereof, comprises a light chain vari-
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able region having an amino acid sequence at least 95%
identical to the amino acid sequence set forth in SEQ ID NO:
5.

11. The isolated monoclonal antibody, or an antigen bind-
ing portion thereof, of claim 5, wherein the antibody, or
antigen binding portion thereof, comprises a light chain vari-
able region having an amino acid sequence at least 95%
identical to the amino acid sequence set forth in SEQ ID NO:
6.

12. The isolated monoclonal antibody, or an antigen bind-
ing portion thereof, of claim 5, wherein the antibody, or
antigen binding portion thereof, comprises heavy and light
chain variable regions comprising amino acid sequences at
least 95% identical to the amino acid sequences set forth in
SEQ ID NOs: 1 and 4, respectively.

13. The isolated monoclonal antibody, or an antigen bind-
ing portion thereof, of claim 5, wherein the antibody, or
antigen binding portion thereof, comprises heavy and light
chain variable regions comprising amino acid sequences at
least 95% identical to the amino acid sequences set forth in
SEQ ID NOs: 2 and 5, respectively.
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14. The isolated monoclonal antibody, or an antigen bind-
ing portion thereof, of claim 5, wherein the antibody, or
antigen binding portion thereof, comprises heavy and light
chain variable regions comprising amino acid sequences at
least 95% identical to the amino acid sequences set forth in
SEQ ID NOs: 3 and 6, respectively.

15. The isolated monoclonal antibody, or antigen binding
portion thereof, of claim 1, wherein the antibody is a human
antibody, a humanized antibody or a chimeric antibody.

16. The antigen binding portion of claim 1, wherein the
antigen binding portion is a Fab, Fab'2, ScFv, Fd, Fv or dAb.

17. The isolated monoclonal antibody of claim 1, wherein
the antibody is an IgG1 or 1gG3 isotype.

18. The isolated monoclonal antibody, or antigen binding
portion thereof, of claim 1, wherein the K, of the antibody, or
antigen binding portion thereof, is less than 20x107% M.

19. The isolated monoclonal antibody, or antigen binding
portion thereof, of claim 1, wherein the antibody, or antigen
binding portion thereof, neutralizes toxin A in vitro or in vivo.

#* #* #* #* #*



