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ANTIBODIES AGAINST CLOSTRIDIUM DIFFICILE
TOXINS AND METHODS OF USING THE SAME

CROSS REFERENCE TO RELATED APPLICATIONS
{0011  This application claims the benefit of, and relies on the fling date of, U.S.
provisional patent application number 61/794,071, filed 15 March 2013, the entire disclosure of

which is incorporated herein by reference.

SEQUENCE LISTING

[002]  The instant application contains a Sequence Listing which has been submitied
glectronically in ASCH format and is hereby incorporated by reference in its entivety, Said
ASCIE copy, created on March 14, 2014, is named $171.0002-PCT_SL.axt and is 231,155 bytes

in size.

FIELD
{003} This application relates generally to antibodies against Clostridium difficile (C.

difficile) toxins and methods of using the same to detect of treat O difficile infections and/or €
& T

difficile-associated disease.

BACKGROUND

[004] O difficile is a gram positive, anaerobic bacterium that causes gastrointestinal
disease in humans. The bacteria are transmitted through feces and spread to food and other
surfaces when people who are infected do not thoroughly wash their hands. C. difficile form
spores that can persist outside of a human body for weeks or even months, Symploms of C.
difficile infection can range from diarrhea to life-threatening inflanumation of the colon. €.
difficile infections are the most common cause of infectious diarrhea in the healtheare sefting
{Cohen SH et al., Infect Control Hosp Epidemiol 2010; 31:431-55).

[0051  C. difficile infections are more frequent in older adults in a hospital or long-term
care facility and commenly occur during or following antibiotic treatment, which disrupts the
normal flora of the gut and permits the opportunistic C, diffieile to colonize the gut. In more
severs infections, the colon can become inflamed (colitis) or form patches of raw tissue that can
bieed or produce pus (pseudomembranous colitis). Symptoms of severe C. difficile infection
include watery diarrhea, abdominal cramping and pain, nausca, fever, dehydration, and weight

ioss,
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[006] O difficile produces two cytotoxic enterotoxing, toxin A and toxin B, that have
been identified as targets for therapeutic intervention. Toxins A and B arc released by the
bacteria into the gut and believed to be involved in causing C. difficile-associated disease
{CDAD) or the symptoms associated with CDAD. Symptoms of CDAD can be reproduced in
animal models by transfer of the toxins, Toxins A and B have glucosyl transferase aclivity,
which is capable of transferring ghicose residues from UDP-glucose to Rho-GTPases, thereby
inactivating the GTPase proteins found inside the target host cell. Inhibition of the Rho-GTPases
results in depolymerization of actin filaments within the host cell, leading to dysregulation of
actin cytoskeleton and tight junction integrity, which in furn produces increased cell permeability
and loss of barrier function, diarrhes, inflammation, and an influx of molecules associated with
the Innate immune response, Toxins A and B are found in fecal samples and can be used to
diagnose C. difficile infection.

{0077 Oncea C difficile infection has been identified, it is best, if possible, to stop
taking the antibiotic that caused the infection. The typical treatment for C. difficile is another
antibiotic, usually metronidazole or fidaxomicin, for mild to moderate iliness, or vancomyein for
more severe symptoms. If effective, these antibiotics prevent C. difficile from growing and allow
the normal flora to return and colonize the gut. However, in recent years, strains resistant to
these antibiotics have been identified, as well as higher recurrence or reinfection rates. Another
approach is taking probiotics. Probiotics are non-pathogenic microorganisms, such as bacteria or
yeast that compete with C. difficile and help restore balance to the intestinal tract. For patients
with severe pain or inflammation, another option is surgery to remove the diseased portion of the
colon.

[008]  Therapeutic antibodies have been a rapidly emerging field in recent years and
provide another possible strategy for treating C. difficile infections. Patients infected with €.
difficile experience a wide range of symptoms, the reasons for which are not fully understood.
However, antibodies may play a role, as patients who experience milder symptoms tend 1o
possess high titers of anti-foxin A antibody sexum titers, while patients susceptible to recurring
infections have demonstrated low titers of circulating anti-toxin A antibodies (Hussack and
Tanha, Toxins, 2010, (21998-1018). US2012/269841 describes murine antibodies that bind
mutant C. difficile toxin-A or anti-toxin B. WO2011/130650 describes murine anti toxin-A and
anti-toxin B antibodies that were optionally humanized to reduce their immunogenicity,
including the lead anti-toxin A antibody, PA-50, and the lead anti-toxin B antibody, PA-41. U5,
Patent No. 8,257,709 describes anti toxin-A and anti-toxin B antibodjes that were generated in

transgenic mice, including the lead anti-toxin A antibody, 3D8, and the lead anti-toxin B
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antibody, 124-152. The transgenic mice contain human im‘mumg‘idbu}in genes encoding certain
unrearranged human heavy chain and kappa light chain sequences and, thus, are less
frmmunogenic than murine antibodies,

009}  There remains an unmet nead for effective treatment of C. difficife infection,
particularly non-invasive treatroents that ave effective against antiblotic-resistant strains of C.
difficile and/or against high-toxin producing strains, including therapeutic antibodies that present
reduced immunogenicity while providing high binding affinity for C. difficile toxin A or toxin B
and/or potent neutralization activity.

SUMMARY

[0010]  The present disclosure provides antibodies that bind to C. difficile toxin A or C.
difficile toxin B and can be used, for example, in methods of detecting or freating C. difficile
infection.

{00111  One embodiment is directed to monoclonal antibodies that bind to C. difficile
toxin A, The anti~toxin A antibodies are preferably human antibodies. In one embodiment, the
anti-toxin A antibodies are recombinant antibodies,

(00121  One embodiment is directed to an isolated monoclonal antibody that binds to an
epitope in the C-terminal receptor domain (CTI) of C. difficile toxin A, wherein the epitope
comprises the amino acid sequence X, TGWQTI (SEQ 1D NO:232), where Xy is A or V or the
amino acid sequence of X TOWQTIX;GKXYYE (SEQ ID NO:233), where Xpis A or V, X3 s
NorDand Xy is Ko V,

(00131 Another embodiment is divected to an isolated monocional antibody that binds to
C. difficile toxin A, wherein said antibody comprises a heavy chain variable domain and a light
chain variable domain, and

[0014] {(a) wherein the heavy chain variable domain comprises a complementarity
determining region 1 (CDR1) comprising the amino acid sequence of SEQ 1D NO:6; a CDR2
comprising the amino acid sequence of SEQ 1D NO:8; and a CDR3 comprising the amino acid
sequence of SEQ 1D N(»:10; and wherein the light chain variable domain comprises: a COR1
comprising the amino acid sequence of SEQ 1D NO:13; a CDR2 comprising the amino acid
sequence of SEGQ ID NO:15; and a CDR3 comprising the amino actd sequence of SEQ ID
NO:17;

{00151 (b) wherein the heavy chain variable domain comprises a CDRI comprising the
amino acid sequence of SEQ 1D NO:24; a CERZ comprising the amino acid sequence of SEQ ID
NO:26; and a COR3 comprising the amino acid sequence of SEQ 1D NO:28; and wherein the

fight chain variable domain comprises: a CDR1 comprising the amino acid sequence of SEQ ID

3
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NO:31; a CDRZ comprising the amino acid sequence of 8EQ ID NO:33; and a CDR3 comprising
the amine acid seqoence of SEQ {0 NO:35;

[0016] (c) wherein the heavy chain variable domain comprises a CORI comprising the
amino acid sequence of SEQ 1D N(:42; a CDR2 comprising the amino acid sequence of SEQ ID
N(O:44; and a CDR3 comprising the amino acid sequence of SEQ 1D NO:46; and wherein the
light chain variable domain comprises: a CDR1 comprising the amino acid sequence of SEQ D
NO:49; a CDR2 comprising the amino acid sequence of SEQ IDNG:51; and a CDR3 comprising
the amino acid sequence of SEQ 1D NOWS3:;

[00171  (d) wherein the heavy chain variable domain comprises a CDR1 comprising the
amino acid sequence of SEQ 1D NO:60; a CDR2 comprising the amino acid sequence of SEQ D
NO62; and 3 CDR3 comprising the amino acid sequence of SEQ 1D NO:64; and wherein the
light chain variable domain comprises: a CDR1 comprising the amino acid sequence of SEQ 1D
NO:47; 2 COR2 comprising the amino acid sequence of SEQ 1D N(O:69; and a CDR3 comprising
the amino acid sequence of SEQ ID NOG:7ior

{00181 (e) wherein the heavy chain variable domain comprises a COR1I comprising the
amine acid sequence of SEQ 1D NO:78; a CDR2 comprising the amino acid sequence of SEQ
NO:80; and & CDR3 comprising the amino acid sequence of SEQ 1D NO:82; and wherein the
light chain variable domain comprises: a CDR1 comprising the amino acid sequence of SEQ ID
NO:85; a CDR2 comprising the amino acid sequence of SEQ ID NO:87; and a CDR3 comprising
the amino acid sequence of SEQ 1D NO:89.

[0019]  Another embodiment is directed to an isolated monoclonal antibody that binds to
Clostridium difficile toxin A, wherein said antibody comprises a heavy chain variable domain
comptising the amino acid sequence of SEQ 1D NO:2, SEQ ID NO:20, SEQ ID NO:38, SEQ D
NO:36, or SEQ 1D NO:74 or a light chain variable domain comprising the amino acid sequence
of SEQ ID NO:4, SEQ 1D NO:22, SEQ 13 NO:40, SEQ ID NO:58, or SEQ 1D NO76.

{00201  Another embodiment is directed to an isolated monocional antibody that binds to
C. difficile toxin A, wherein said antibody compriscs 2 heavy chain variable domain and a light
chain variable domain, and

{00211 (&) wherein the heavy chain variable domain comprises the amino acid sequence
of SEQ 1D NOG:2 and the light chain variable domain comprises the amino acid sequence of SEQ
1D NO4,

{60221 (b) wherein the heavy chain variable domain comprises the amino acid sequence
of SEQ ID NO:120 and the light chain variable domain comprises the amino acid sequence of

SEQ H» NOG:22;
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[0023] (¢} wherein the heavy chain variable domain comprises the amino acid sequence
of SEQ ID NO:38 and the light chain variable domain comprises the amino acid sequence of
SEQ ID NO4d;

[0024] {d) wherein the heavy chain variable domain comprises the amine acid sequence
of SEQ 1D NO:56 and the light chain variable domain comprises the amino geid sequence of
SEQ D NOiS8; or

10025] {¢) wherein the heavy chain variable domain comprises the amino acid sequence
of SE 1D NO:74 and the light chain variable domain comprises the amino acid sequence of
SEQ ID NOT6.

{0026} Yet another embodiment is directed to an isolated, human monoclonal antibody
that binds to the same epitope of C. difficile toxin A recognized by:

[0027] (a) an antibody having a heavy chain variable domain comprising the amino acid
sequence of SEQ 1D NO:2 and a Hght chain variable domain comprising the amino acid sequence
of SEQ D NO:

[0028] (b) an antibody having a heavy chain variable domain comprising the amino acid
sequence of SEQ 1D NO:20 and a light chain variable domain comprising the amino acid
sequence of SEQ 1D NOG:22;

{00291 {c) an antibody having a heavy chain variable domain comprising the amino acid
sequence of SEQ ID NO:38 and a light chain variable domain comprising the aminoe acid
sequence of SEQ (D NOG:40;

[0030] (d) an antibody having a heavy chain variable domain comprising the amino acid
sequence of SEQ 1) NO:36 and a light chain variable domain comprising the amino acid
sequence of SEQ ID NO:58; or

[0031] (e) an antibody having a hegvy chain variable domain comprising the amino acid
sequence of SEQ 1D NO:74 and a light chain variable domain comprising the amino acid
sequence of SEQ I NO:76.

{0032] In another embodiment, the antibody is an isolated, human monoclonal antibody
comprising at least one of the following characteristics:

{a) the antibody binds to C. difficile toxin A with a dissociation constant (Kp)
oqual 10 or less than 10 pM (107M);
{t the antibody neutralizes the i vitro cytotoxicity of C. difficile toxin A in

the Vero monkey kidney cell line with an NT350 equal to or less than 3000 pM;
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(c} the antibody neutralizes the C. difficile toxin A induced loss of
{ransepithelial electrical resistance (TEER) in the T-84 cell line with an NT50 equal to or
iess than 6 nM; and/or

() the antibody binds to toxin A produced by the strains of toxinotypes 0, i,
K, and XV,
1

identificd characteristics.

Y,
[0033] The antibody may have at Jeast two, at least three, or all four of the above-

{00341 Another aspect is drawn to monocional antibodies that bind to C. difficile toxin B,
The anti-toxin B antibodies are preferably buman antibodies. In one embodiment, the anti-toxin
B antibodies are recombinant antibodies.

{00351  One embodiment is directed 1o an isolated monocional antibody that binds to an
epitope in the ghicosyl transferase domain of C, diffieile toxin B, wherein the epitope comprises
the amino acid sequence SGRNK (SEQ ID NO:234), amino acids 56-80 of SEQ 1D NO:231, or
amino acids 10-320 of SEQ D NO:23 L

[(036] Another embodiment is directed to an isolated monocional antibody that binds to
an epitope in the N-terminal translocation domain of C. difficile toxin B, wherein the epitope
comprises amino acids 1110-1530 of SEQ 1D NO:231.

[0037] Another embodiment is directed to an isolated monocloual antibody that binds to
an epitope in the receptor binding domain of C. difficde toxin B, wherein the epitope comprises
amine acids 1750-2360 of SEQ HY NG:231L

{0038] Yot another embodiment is divected to an isolated monoclonal antibody that binds
to C. difficile toxin B, wherein said antibody comprises a heavy chain variable domain and a light
chajn variable domain, and

[0039] (a) wherein the heavy chain variable domain comptises a complementarity
determining region 1 (CDR1) comprising the amino acid sequence of SEQ ID NO:96; a CDR2
comprising the amino acid sequence of SEQ 1D NO:98; and a CDR3 comprising the amino acid
sequence of SEQ 1D N(O:100; and wherein the light chain variable domain comprises: a COR1
comprising the amino acid sequence of SEQ 1D NO:103; a CDR2 comprising the amino acid
sequence of SEQ 1D NO:103; and a CDR3 comprising the amino acid sequence of SEQ 1D
NO:107;

00401 (b) wherein the heavy chain variable domain comprises a CDRI comprising the
amino acid sequence of SEQ 1D NO:114; a CDR2 comprising the amino acid sequence of SEQ
1D NO:116; and 2 CDR3 comprising the amino acid sequence of SEQ 1D NO:118; and wherein

the tight chain variable domain comprises: a CDR1 comprising the amino acid sequence of SEQ

bm
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ID NO:121: a CDR2 comprising the amino acid sequence of SEQ 1D NO:123; and a CDR3
comprising the amino acid sequence of SEQ 1D NO:125;

[0041] (¢} wherein the heavy chain variable domain comprises a CDR1 comprising the
amino acid sequence of SEQ 1D NO:132; a CDR2 comprising the amino acid sequence of SEQ
10 NO:134; and a CDR3 comprising the amino acid sequence of SEQ {D N(O:136; and wherein
the light chain variable domain comprises: a CDR1 comprising the amino acid sequence of 8EQ
1D NO:139; a CDR2 comprising the amino acid sequence of SEQ 1D NG:141; and a CDR3
comprising the amino acid sequence of SEQ 1D NO143;

{00421 () wherein the heavy chain variable domain comprises a COR1 comprising the
amino acid sequence of SEQ 1 NO:150; 2 CDR2 comprising the amino acid sequence of SEQ
ID NO:157: and a CDR3 comprising the amino acid sequence of SEQ ID NO:134; and whereln
the Hght chain vatiable domain comprises: a CDR1 comprising the amino acid sequence of SEQ
1D NO:157; a CDR2 comprising the amino acid sequence of SEQ ID NO:159; and a CDR3
comprising the amino acid sequence of SEQ ID NG:161;

{00431 (c) wherein the heavy chain variable domain comprises a CDRY comprising the
amino acid sequence of SEQ ID NO:168; 2 CDR2 comprising the amino acid sequence of SEQ
1D NO:170; and a CDR3 comprising the amino acid sequence of SEQ ID NO:172; and wherein
the light chain variable domain comprises: a CORY comprising the amino acid sequence of SEQ
10 NO:175; a CDR2 comprising the amino acid sequence of SEQ ID NO:77; and a CDR3
comprising the amino acid sequence of SEQ ID NO:179; or

[00441 (f) wherein the heavy chain variable domain comprises a CDR1 comprising the
amino acid sequence of SEQ ID NO:186; a CDR2 comprising the amino acid sequence of SEQ
D NO:188; and a CDYR3 comprising the amino acid sequence of SEQ ID NO:190; and wherein
the Hght chain variable domain comprises; 2 CDRI comprising the amino acid sequence of SEQ
D NO:193; a CDR2 comprising the amino acid sequence of SEQ I NO:195; and a CDR3
comprising the amino acid sequence of 8EQ 1D NO:197.

[0045] One embodiment is directed to an isolated, monoctonal antibody that binds to
Clostridium difficile toxin B, wherein said antibody comprises a beavy chain variable domain
comprising the amino acid sequence of SEQ 1D NO92, SEQ 1D NO:110, SEQ D NOu128, SEQ
1D NO: 146, SEQ 1D NO:164, or SEQ 1D NO:182 or a light chain variable domain comprising
the amino acid sequence of SEQ 1D NO:84, SEQ 1D NOu112, SEQ 1D NG:30, SEQ ID NQO:148,
SEQ ID NO:166, or SEQ I NO:184,
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[0046] Ancther embodiment is directed to an isolated. monoclonal antibody that binds to
C. difficile toxin B, wherein said antibody comprises a heavy chain variable domain and a light
chain variable domain, and

(0047} () wherein the heavy chain variable domain comprises the amino acid sequence
of SEQ D NO:92 and the light chain variable domain comprises the amino acid sequence of
SEQ ID NG9,

[0048] (b} wherein the heavy chain variable domain comprises the amino acid sequence
of SEQ 113 NO:110 and the light chain variable domain comprises the amino acid sequence of
SEQID NI

{00491 (¢} wherein the heavy chain variable domain comprises the amino acid sequence
of SEQ 1D NO:128 and the light chain variable domain comprises the amino acid sequence of
SEQ D NO130;

{0050} () wherein the heavy chain variable domain comprises the amino acid sequence
of SEQ 1D NO: 146 and the light chain variable domain comprises the amino acid sequence of
SEQ I NO: 148

[0051] (&) wherein the heavy chain variable dorsain comprises the amino acid sequence
of SEQ D NO:164 and the light chain variable domain comprises the amino acid sequence of
SEQ ID NO:166; or

[0052] () wherein the heavy chain variable domain comprises the amino acid sequence
of SEQ ID NO: 182 and the light chain variable domain comprises the amino acid sequence of
SEQ 1D NO:184,

[0053] Yet another embodiment is directed to an isolated monoclonal antibody that binds
to the same epitope of C. difficile toxin B recognized by:

{0054} (a) an antibody having 8 heavy chain variable domain comprising the amino acid
sequence of SEQ ID NO:92 and a light chain variable domais comprising the amino acid
sequence of SE(Q ID NQG:94;

[0055) (b} an antibody having a heavy chaln variable domain comprising the amino acid
sequence of SEQ 1D NO:110 and a light chain variable domain comprising the amino acid
sequence of SEQ 1D NO:112;

[0056]  (c) an antibody having a heavy chain varjable domain comprising the amino acid
sequence of SEQ 1D NO:128 and a light chain variable domain comprising the amino acid

sequence of SEQ D NO:134;
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f0057}  (d) an antibody having a heavy chain variable domain comprising the amino acid
sequence of SEQ 1D NO:146 and a light chain variable domain comprising the amino acid
sequence of 8EQ ID NO:148;

[0058] () an antibody having a heavy chain varigble domain comprising the amino acid
sequence of SEQ 1D NO:164 and a light chain variable domain comprising the amino acid
sequence of SEQ 1D NO:166; or

[0059]  (f) an antihody having a heavy chain variable domain comprising the amine acid
sequence of SEQ 1D NO:182 and a light chain variable domain comprising the amino acid
sequence of SEQ ID NO:184.

[0060] Tn another embodiment, the antibody s an isolated, human monoclonal antibody
conyprising at least one of the following characteristios:

(8) the antibody binds to C. difficile toxin B with a dissociation constant (Kp) equal to
or fess than 160 pM;

(b)  the antibody neutralizes the in vifro cytotoxicity of C. difficile toxin B in the Vero
monkey kidney cell line with an NT50 equal to or less than 1000 pM;

) the antibody neutralizes the C. difficile toxin B induced loss of transepithelial

resistance electrical (TEER) in the T-84 cell line with an NT50 equal to or less

than 200 pM; and/or

(d)  the antibody binds te toxin B produced by at least the strains of toxinotypes 0, i1,
and V.

{0061] The antibody may have at Jeast two, at least three, or alt four of the above-
identified characteristics.

(00621 In another embodiment, the antibody binds to toxin B produced by at least the
strains of toxinotypes 0, 11, V, and VI, In another embodiment, the antibody binds {otoxin B
produced by at least the strains of toxinotypes 0, If, V, VIII, and Xii. In another embodiment,
the antibody binds to toxin B produced by at least the strains of toxinotypes 0, 11, V, VHIL X1,
and XV,

{00631 In one embodiment, the antibody is a bispecific antibody, where the bispecific
antibody comprises 1} a first antigen binding site comprising the heavy chain variable domain
and light chain variable domain of an antibody that binds to C. difficile toxin A, as described
herein, and 2) a second antigen binding site comprising the heavy chain variable domain and
Heht chain variable domain of an antibody that binds to C. difficile toxin B, as described herein.
in an alternative embodiment, the antibody is a bispecific antibody, where the bispecific antibody

comprises two antigen binding sites, cach antigen binding site comprising the heavy chain

-G
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variable domain from an antibody that binds to C. difficile toxin A, as described herein, and the
light chain variable domain from an antibody that binds to C. difficile B, as described herein. In
a further alternative embodiment, the antibody is a bispecific antibody, where the bispeeific
antibody comprises two antigen binding sites, cach antigen binding site comprising the heavy
chain variable domain from an antibody that binds to . difficile toxin B, as described herein, and
the light chain variable domain from an antibody that binds to C. difficile toxin A, as described
herein. In a further alternative embodiment, the antibody is a bispecific antibody, where the
bispecific antibody comprises two antigen binding sites, each antigen binding site comprising the
heavy chaln variable domain from an antibody that binds to C. difficile toxin B, such as B1, and
as further described herein, and the light chain variable domain from an antibody that bindste a
different part of C. difficile toxin B, such as B2, and as further deseribed herein,

{0064} In one embodiment of the bispecific antibody, the first antigen binding site
comptises the heavy chain variable domain and Hght chain variable domain of the AL, A2, A3,
Ad, or A5 antibody. In another embodiment of the bispecific antibody, the second antigen
binding site comprises the heavy chain variable domain and light chain variable domain of the
B1. B2, B3. B4, BS, or B6 anttbody. In yet another embodiment of the bispeeific antibody, the
first antigen binding site comprises the heavy chain variable domain and light chain variable
domain of the A1, A2, A3, Ad, or A3 antibody and the second antigen binding site comprises the
heavy chain variable domain and light chain variable domain of the Bi, B2, B3, B4, B3, or B6
antibody.

[0065] In another embodiment, the antibody is a bispecific antibody, where the bispecific
antibody comprises 1) a fivst antigen binding site, wherein the first antigen binding site comprises
the heavy chain variable domain and light chain variable domain of an antibody that binds to C
difficile toxin B, as described herein and 2) a second antigen binding site, wherein the second
antigen binding site comprises the heavy chain variable domain and light chain vardable domain
of an antibody that binds to C. difficile toxin B, as described hereln, wherein the first and second
antigen binding sites are different. Preferably, the first and second antigen binding sites comprise
the heavy chain variable domain and light chain variable domain of the B, B2, B3, B4, BS, or
B6 antibody, wherein the first and second antigen binding sites are different. In yet snother
ernbodiment of the bispecific antibody, the first antigen binding site comprises the heavy chain
varigble domain and light chain variable domain of the B antibody and the second antigen
binding site comprises the heavy chain variable domain and light chain variable domain of the

B2 antibody.
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10066] In a further embodiment, the antibody is a bispecific antibody, whete the
bispecific antibody comprises 1) a first antigen binding site, wherein the first antigen binding site
comprises the heavy chain variable domain and light chain variable domain of an antibody that
binds to C. difficile toxin A, as described herein and 2) a second antigen binding site, wherein the
second antigen binding site comprises the heavy chain variable domain and light chain variable
domain of an antibody that binds to C. difficile toxin A, as described herein, wherein the first and
second antigen binding sites are different. Preferably, the first and second antigen binding sites
comptise the heavy chain variable domain and light chain variable domain of the A1, A2, A3,
Ad, or AS antibody, wherein the first and second antigen binding sites are different.

[0067) Another aspect is refated to compositions comprising one or more of the A, AZ,
A3, A4, A5, BY, B2, B3, B4, BS, or B6 antibodies, which compositions can be used, by way of
example, for treating a C. difficile infection. In certain embodiments, the composition comprises
one antibody that binds to C. difficile toxin A and one antibody that binds to C. difficile toxin B,
as described herein. In one embodiment, the composition comprises at least one auntibody that
binds to C' difficile toxin A and at least one antibody that binds to C. difficile toxin B, wherein
the at least one antibody that binds to C. difficile toxin A is preferably one or more of the Al, A2,
A3, A4, and AS antibodies. In another embodiment, the composition comprises at least one
antibody that binds to C, difficile toxin A and at least one antibody that binds to C. difficile toxin
3, wherein the at least one antibody that binds to C. difficile toxin B is preferably one or more of
the Bi, B2, B3, B4, BS, or B6 antibodies. In yet another embodiment, the at least one antibody
that hinds to €. difficile toxin A is preferably one or more of the Al, A2, A3, A4, and AS
antibodies and the at least one antibody that binds to C. difficile toxin B Is preferably one or more
of the B1, B2, B3, B4, B3, or B6 antibodies. These compositions can be used, by way of
example, for greating a C. diffierle infection, In one embodiment, the at least one antibody that
binds to O difficile toxin A is the A2 antibody and the at least one antibody that binds to C.
difficile toxin B is one or more of the B1, B2, B3, B4, B3, or B6 antibodies, preferably one or
more of B1, B2, B4 or B6. Thus, in certain emboediments, the composition comprises the A2 and
B1 antibodies, the AZ and B2 antibodics, the A2 and B4 antibodies, or the A2 and B6 antibodies.
in another embodiment, the at least one antibody that binds to C. difficile toxin A is the Al
antibody and the at least one antibody that binds to C. difficile toxin B is one or more of the B,
B2, B3, B4, B3, or B6 antibodies, preferably one or more of Bi, B2, B4 or B6. Thus, in certain
other embodiments, the comaposition comprises the Al and Bi antibodies, the Al and B2
antibodics, the Al and B4 antihodies, or the Al and B6 antibodies. In other embodiments, the

composition further comprises a pharmaceutically acceptable excipient.
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100687 in other embodiments, the composition comprises a combination of at least three
antibodies. In one embodiment, the compaosition comprises two antibodies that bind to C,
difficile toxin A, as described herein, and one antibody that binds to C. difficile toxin B, as
described herein. Alternatively, the composition comprises one antibody that binds to C. difficile
toxin A, as described herein, and two antibodies that bind to C. difficile toxin B, as described
herein.

{0069] In a further embodiment the composition comprises a three antibody combination
comprising one antibody that binds to C. difficife toxin A, as described herein, and preferably
selected from the Al, A2, A3, A4, and AS antibodies, and two antibodies that bind to C. difficile
toxin B, as described herein, which ave preferably selected from the B, B2, B3, B4, B3, or B6
antibodies. In one embodiment, the composition comprises the A2, Bl and B2 antibodies. In
another embodiment, the composition comprises the A2, B2, and B4 antibodies. in another
embodiment, the composition comprises the A2, B2, and B6 antibodies,

{00707 In avother embodiment, the composition comprises a first antibody that binds to
C. difficile toxin A, as described herein, which is preferably selected from the Al, A2, A3, A4,
and A5 antibodies, more preferably the A2 antibody. and a second antibody, wherein the second
antibody is a bispecific antibody that binds to C. difficile toxin B and wherein the bispecific
antibody comprises 1) a first antigen binding site, wherein the first antigen binding site comprises
the heavy chain variable domain and light chaiu variable domain of the B, B2, B3, B4, BS, or
B6 antibody and 2) a second antigen binding site, wherein the second antigen binding site
comprises the heavy chain variable domain and light chain variable domain of the B1, B2, B3,
B4, B3, or B6 antibody, wherein the first and second antigen binding sites are different. In one
embodiment, the composition comprises the A2 antibody and a bispecific B1 + B2 antibody, a
bispecific B2 + B4 antibody, or a bispecific B2 + B6 antibody. In avother embodiment, the
composition comprises the Al antibody and a bispecific Bl + B2 antibody, a bispecific B2 + B4
antibody, or a bispecific B2 + B6 antibody.

{00711  Another aspect is directed to methods of using antibodies that bind to C. difficile
toxin A and/or C. difficile toxin B to treat C. difficile infection. In one embodiment, the method
of treating a C. difficile infection comprises administering to a subject one or mose of the AL, A2,
A3, Ad, AS, B1, B2, B3, B4, BS, or B6 antibodies or a bispecific antibody derived therefrom,
including, for example, a bispecific BI + B2 antibody, a bispecific B2 + B4 antibody, ora
bispecific B2 + B6 antibody in an amount effective to treat the C. difficile infection. In another
embodiment, the method of treating a C. difficile infection comprises administering a

composition to the subject in an amount effective to treat the C. difficile infection, wherein the
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composition comprises at least one antibody that binds to €, d{'}j’i‘cﬂé toxin A selected from the
Al, A2, A3, A4, and A5 antibodies and at least one antibody that binds to . diffieile toxin B
selected from the B1, B2, B3, B4, B3, or B6 antibodies or a bispecific antibody derived
therefrom, including, for example, a bispecific B1 + B2 antibody, a bispecific B2 -+ B4 antibody,
or a bispecific B2 + B6 antibody. In one embodiment, the at least one antibody that binds to C.
difficile toxin A is the A2 antibody and the at least one antibody that binds to C. difficile toxin B
is one or move of the B1, B2, B3, B4, BS, or B6 antibodies or a bispecitic antibody derived
therefrom, preferably one or more of B1, B2, or B4, or a bispecific antibody selected from Bl +
B2 or B2 + B4,

{0072}  Another aspect is directed to nucleic acids that encode au antibody of interest, or
portion{s) thereof. One embodiment is directed to an isolated nucleic acid that encodes the
amino acid sequence of one or more of the CDRs of the light and/or heavy chain variable regions
of an A2, A2, A3, Ad, A5, B1, B2, B3, B4, BS, or B6 antibody, or a bispecific antibody derived
therefrom, including, for exampie, a bispecific B + B2 antibody, a bispecific B2 + B4 antibody,
or a bispecific B2 + B6 antibody. Another embodiment is directed to an isolated nucleic acid that
encodes an amino acid sequence of the light and/or heavy chain variable regions of the Al, A2,
A3, A4, A5, Bi, B2, B3, B4, B3, or B6 monoclonal antibody or a bispecific antibody derived
therefrom, including, for example, a bispecific B1 + B2 antibody, a bispecific B2 + B4 antibody,
or a bispecific B2 + B6 antibody. Other embodiments are directed to a recombinant expression
vector comprising the nucleic acid or an isolated host cell comprising the recombinant expression

vegtor,

BRIEF DESCRIPTION OF THE DRAWINGS

{00731 The accompanying drawings, which are incorporated in and constitute a part of
this specification, illustrate certain embodiments, and together with the written description, serve
to explain certain principles of the antibodies and methods disclosed herein.

[0074] Figure 1 shows the results of the Vero cell cytotoxicity assay for various
antibodies with potency (NT50) represented on the x-axis and percent completion represented on
the y-axis. Figure 1A shows the resuits for the anti-toxin A antibodies AL, A2, A3, A4, and AS
and Figure 1B shows the results for the anti-toxin B antibodies 81, B2, B3, BS, and B4 + B6
(tested as combination}.

[0075] Figure 2 shows the results of the T-84 cell TEER assay for various antibodies

Ty

with potency (NT50) represented on the x-axis and percent completion represented on the y-axis.

Figure 24 shows the results for the anti-toxin A antibodies Al A2, A3, Ad, and AJ while Figure
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28 shows the resulis for the antistoxin B antibodies B, B2, B3, 84; B5, and B6. The asterisks
(**} in Figure 2A indicates that the plateau for these antibodies was never reached and, thus,
these values (for % completion) represent minimum values.

{0076] Figare 3 shows that C. difficile toxin A CTD fragments from strains of
toxinotypes 0, I, V, X1, and XV inhibit the potent neutralization activity of the A2 antibody
against toxin A of toxinotype 0 in Vero cells, demonstrating that the A2 antibody recognizes
toxin A produced by the strains of toxinotypes 0, [I1, V, XII, and XV by this highly sensitive in
vitro functional assay.

[0077] Figure 4 shows the results of the T-84 cell THER assay. Figure 4A shows the
results for the A2 antibody and C. difficife toxin A CTD fragments from strains of toxinotypes 0,
HI, ¥, X3, and XV, while Figure 43 shows the resuits of the B6 antibody and . difficile toxin B
CTD fragments from strains of toxinotypes 0, B, V, VI, XII, and XV, with the CTD fragments
inhibiting the potent neutralization activity of the A2 antibody against toxin A of toxinotype 0
and the potent neutralization activity of the B6 antibody against toxin B of toxinotype 0 in T-84
cells.

0078} Figure 5 shows the therapeutic effects of antibody combinations A2 +B6 or A2 +
B4 at a dosage of 50 mg/kg In & hamster mode! of CDAD. Figure 3A shows the effects of the
antibody combinations on survival, while Figure 5B shows the effects on disease symptoms,
where 0 = no illness, 1 = loose feces, 2 = wet tail and perianal region, and 3 = wet tail and lower
abdomen. Figure 5C shows weight change post-challenge with C. difficile spores {(toxinotype 0
strain 630}.

(00791 Figure 6 shows the survival of hamsters treated with antibody combinations A2 +
Bi, A2+ B2, A2 + B4, or control (PBS) at an antibody dose of either 50 mg/kg (Figure 6A), or 6
mg/kg (Figure 6B) following an initial challenge with C. difficile spores (toxinotype 0 strain
6303,

f0080] Figure 7 shows the discase symptoms of hamsters treated with antibody
combinations A2 + B1, A2 + B2, A2 + B4, or control (PBS) al an antibody dose of either 50
mglkg (Figure 74}, or 6 mg/kg {Figure 7B) following an initial challenge with C. difficile spores
(toxinotype 0 strain 630), where 0 = no illness, 1 = loose feces, 2= wet tail and perianal region,
and 3 = wet tai} and lower abdomen.

100811 Figure 8 shows the mean weight change post-challenge with C. difficile spores
{toxinotype 0 strain 630y of hamsters treated with antibody combinations A2 + B1, A2 + B2, A2
+ R4, or control {PBS) at an antibody dose of either 50 mykg (Figure 8A), or 6 mg/kg (Figure
88).
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[0082] Figure 9 shows the . difficile load in fecal pellets (CFU/g) collected from
hamsters treated with antibody combinations (6 mg/kg) A2 + Bl or AZ + B2 at day 4 post
chailenge with C. difficile spores (toxinotype 0 strain 630) (Figure 9A), at day 7 post challenge
(Figure 9B), and as a time course (Figure 9C), showing that by day 13 none of the antibody-
treated hamsters showed any detectable fecal shedding.

00831 Figuve 10 shows the therapeutic effects of antibody combinations A2 + B2 ata
dosage of 6 mg/kg in a hamster model of CDAD using bighty virulent C. difficle strains. F igure
10A shows the effects of the A2 + B2 antibody combination on survival against infection with
the toxinotype O strain VPI10463. Figurc 10B shows the effects of the A2 + B2 antibody
combination on survival against infection with the toxinotype I {ribotype 027) strain 1369557,

{0084] Figure 11 shows the therapeutic effects of antibody combinations A2 + BZ; A2+
B1+B2; A2 + B2 + B4; and A2 + B2 + B6 in a hamster mode! of CDAD using the highly
virnlent toxinotype 11 (ribotype 027) strain 1369547, Figure 11A shows the effects of antibody
combinations at low dosage (6 mg/kg) on survival while Pigure 118 shows the effects of
antibody combinations at high dosage (50 mg/kg) on survival.

10085] Figure 12 shows the therapeutic effects of antibody combinations AZ + Bl + BZ;
AZ+ B2+ B4; and A2 + B2 + B6 in & hamster model of CDAD using the highly virulent
toxinotype 1l (ribotype 027} strain 13695#7. Figure 12A shows the effects of antibody
combinations at low dosage {6 mg/kg) on llness while Figure 128 shows the effects of antibody
combinations at high dosage (50 mg/kg) on illness, where 0 = no illness, 1 = loose feces, 2 = wet

tail and perianal region, and 3 = wet tail and lower abdomen.

DETAILED DESCRIPTION

[0086] Reference will now be made in detail to various exemplary embodiments,
examples of which are illustrated in the accompanying drawings. It is to be understood that the
following detailed description is provided to give the reader a fuller understanding of certain
embodiments, features, and details of aspects of the invention, and should not be interpreted as a
Himitation of the scope of the invention.

i. Pefinitions

{06871 In order that the present invention may be more readily understood, certain terms
are first defined. Additional definitions are set forth throughout the detailed description.

(00881 'The term “antibody” as used in this disclosure refers to an fmmunoglobulin or an
antigen-binding fragment thereof. Unless otherwise specified, the term includes, but is not

Himited to, polyclonal, monoclonal, monospecific, polyspecific, humanized, human, single-chain,
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chimeric. synthetic, recombinant, hybrid, mutated, grafted, and in vitro generated antibodies.
The antibody can include a constant region, or a portion thereof, such as the kappa, lambda,
alpha, gamma, delta, epsilon and mu constant reglon genes. For example, heavy chain constant
regions of the various isotypes can be used, ncluding: IgG), 1gG, 1gGa, 186y, IgM, IgAy, IgAy,
1gD, and IgE. By way of example, the light chain constant region can be kappa or lambda,

[0089] The terms “antigen-binding domain” and “antigen-binding fragment” referioa
part of an antibody molecule that comprises amino acids responsible for the specific binding
between antibody and antigen. For certain antigens, the antigen-binding domain or antigen-
binding fragment may only bind to a part of the antigen, The part of the antigen that is
specifically recognized and bound by the antibody is referrad to as the “epitope” or “antigenic
determinant.” Antigea-binding domains and antigen-binding fragments include Fab (Fragment
antigen-binding); a F(ab"); fragment, a bivalent fragment baving two Fab fragments linked by a
disuifide bridge at the hinge region; Fv fragment; a single chain Fv fragment (scFv) see e.g., Bird
et al. (1988) Science 242:423-426; and Huston et al. (1988} Proc. Nail. Acad. Sci. USA 85:5879-
5883); a Fd fragment having the two Vy and Cyl domains; dAb (Ward er al., (1989} Nature
341:544-546), and other antibody fragments that retain antigen-binding function. The Fab
fragment has Vu-Cyyl and Vi~C; domains covalently linked by a disulfide bond between the
constant regions. The F, fragment is smaller and has Vy and Vy, domaing non-covalently linked.
To overcome the tendency of non~covalently linked domains to dissociate, a soF, can be
constructed. The scF, contains a flexible polypeptide that Hinks (1) the C-terminus of Vi to the
N-terminus of Vy, or (2) the C-terminus of V,_ to the N-terminus of Vy. A 15-mer (Gly,Ser);
(SEQ ID NO:331) peptide may be used as a linker, but other linkers are known in the art. These
antibody fragments are obtained using conventional techniques known to those with skill in the
art, and the frapments are evaluated for function in the same manner as ave infact antibodies.

[0090] The terms “(cross)-block,” “(crossi-blocked,” “(cross)-blocking,” “competitive
binding,” “(cross)-compete,” “(eross)-competing,” and “(cross)-competition” are used
interchangeably herein to mean the ability of an antibody to interfere with the binding of other
antibodies to a given target. The extent to which one antibody s able to interfere with the binding
of another antibody to the target, and therefore whether it can be said o cross-block, as ysed
hevein, can be determined using competition binding assays. One particularly suitable
guantitative cross-blocking assay uses a Biacore instrument which can measure the extent of
interactions using surface plasmon resonance technology.

[0091] The following generally describes a suitable Biacore assay for determining

whether an antibody cross-blocks or is capable of eross-blocking. 1t will be appreciated that the
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assay can be used with any of antibodies described herein. The Hiacore instrument (for example
the Biacore 3000) is operated in line with the manufacturer’s recommendations. Thus in one
cross-blocking assay, the target protein (e.g. toxin A or toxin B) is coupled to a CMS Biacore
chip using standard amine coupling chemistry to generate a surface that is coated with the target.
Typically 200-800 resonance units of the targst would be coupled to the chip (an amount that
gives easily measurable levels of binding but that is readily saturable by the concentrations of test
reagent being used), Two test binding agents {termed A* and B¥ } to be assessed for their ability
to cross- block each other are mixed at a one to one molar ratio of binding sites in a suilable
buffer to create the test mixture. When calculating the concentrations on a binding site basis the
molecular weight of a binding agent is assumed to be the fotal molecular weight of the binding
agent divided by the number of target binding sites on that binding agent. The concentration of
each binding agent in the test mix should be high enough to readily saturate the binding sites for
that binding agent on the target molecules captured on the Biacore chip. The binding agents in
the mixture are at the same molar concentration {on a binding basis} and that concentration
would typically be between 1.00 and 1.5 micromolar {on a binding site basis). Separate solutions
containing A¥ alone and B* alone are also prepared. A¥ and B* in these solutions should be in
the same buffer and at the same concentration as in the test mix. The test mixture is passed over
the targei-coated Biacore chip and the total amount of binding recorded. The chip is then treated
in such a way as to remove the bound binding agents without damaging the chip-bound target.
Typically this is done by treating the chip with 30 mM HCI for 60 seconds. The solution of A*
alone is then passed over the target-coated surface aud the amount of binding recorded. The chip
is again treated to remove all of the bound binding agents without damaging the chip-bound
target. The solution of B* alone is then passed over the target~coaled surface and the amount of
binding recorded. The maximum theoretical binding of the mixture of A¥ and B¥ is next
calculated, and is the sum of the binding of each binding agent when passed over the target
surface a lone. If the actual recorded binding of the mixture is less thasn this theoretical roaximum
then the two binding agents are said to cross-block each other. Thus, in general, a cross-blocking
antibody is one which will bind to the target in the above Biacore cross-blocking assay such that
during the assay and in the presence of & second antibody the recorded binding is between 80%
and 0.1% of maximum theoretical binding {as defined above)} of the two antibodies in
combination. Other affinity assays may also be used, including the Octet assay, as described in

the examples that follow,
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00921 As used herein, a “therapeutically effective amount” of an antibody refers to an
amount of an antibody that is effective, upon single or multiple dose administration fo a subject
{such as a human patient) at treating C. difficile infection.

[0093] The terms “treatment of €, difficile infection” or “treating C. difficile
infection” and the like refer to any treatment of any disease {e.g., CDAD) or condition'in a
subject caused by C. difficile infection and inchudes inhibiting 8 disease, condition, or symptom
of a C. difficile infection, e.g., arresting its development and/or delaying or preventing its onset or
manifestation in the subject; relieving a disease, condition, or symptom of a C. difficile infection,
e.g., causing regression of the condition or disease and/or one or more of its symptoms (€.2.,
diarrhea, colitis, and/or abdominal pain}; or preventing or reducing the recurrence or relapse of a
disease, condition, or symptom of a C. difficile infection.

{00941 The terms “subject,” “host,” “patient,” and “individual” are nsed
interchangeably herein to vefer to any mammalian subject for whom diaguosis or thevapy is
desired, particularly humans.

[0095] The term “pharmaceutically acceptable excipient” means solvents, diluents,
dispersion media, coatings, antibacterial agents and antifungal agents, isotonic agents, solid and
Hquid fillers, and absorption delaying agents, and the Hke, that are suitable for administration into
a human. The use of such media and agents for pharmaceutically active sobstances is well known
in the art.

[0096] The term “human antibody™ refers to an antibody having variable and constant
regions corresponding substantiafly to human germline immunogiobulin sequences. A human
antibody may alse include amino acid residues not encoded by human germiine immusoglobulin
sequences {e.g., mutations introduced by random or site-specific mutagenesis in vitro or by
somatic mutation in vive), for example in the CDRs, and in particular, CDR3.

[0097] The term “recombinant antibody™ refers to an antibody produced or expressed
using a recombinant expression vector, where the expression vector compiises a nucleic acid
encoding the recombinant antibody, such that introduction of the expression veetor into an
appropriate host cell results In the production or expression of the recombinant antibody.

[0098]  The term “bispecific™ or “bifunctional antibody” refers to an artificial hybrid
antibody having two different heavy/light chain pairs and two different binding sites. Bispecific
antibodies can be produced by a variety of methods including fusion of hybridomas or linking of
Fab' fragments. See, e.g., Songsivilai & Lachmann, Clin. Exp. Immunol. 79:315-321 (1990);
Kostelny et al., J. Immumol. 148, 1547-1533 (1992). For example, the bispecific anttbody can

comprises a first antigen binding site, such as a Fab’® fragment, that binds to C. difficile toxin A
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and a second antigen binding site, such as a Fab’ fragment, that binds to C. difficile toxin B. The
first and second antigen binding site may be Hnked using any available technique, including, for
example, an immunoglobulin constant region,

[0099] The term “nentralizing antibody” refers to an antibody whose binding an antigen
resigdts in inhibition of the biclogical activity of that antigen, respectively. For example, “toxin A
neutralizing antibody “or “toxin B neutralizing antibody” (or an “antibody that newtyalizes toxin
A or toxin B activity™) refers to an antibody whose binding to toxin A or toxin B results i the
inhibition of the biological activity of toxin A or toxin B. This inhibition of the biological
activity of toxin A or toxin B can be assessed by measuring one or more indicators of toxin A or
toxin B biological activity, such as toxin A~ or toxin B-induced cylotoxicity or loss of
transepithelial electrical resistance (TEER), as demonstrated in the examples.

{00100] The term “isolated antibody,” refers to an antibody that is substantially free of its
natural environment, incluiding other antibodies having different antigenic specificities (e.g., an
isolated antibody that specifically binds C. difficile toxin A is substantially free of antibodies that
specifically bind antigens other than C. difficile toxin A, unless the isolated antibody is combined
with one or more isolated antibodies of Interest, such as an antibody that specifically binds C.
difficile toxin B},

001011 The term “isolated nucleic acid,” as used In the context of a nucleic acid
encoding an antibody, or antigen-binding fragment thereof, refers to a nucleic acid motecule in
which the nucleotide sequences encoding the antibody or antibody, or antigen-binding fragment
thereof, are free of other nucleotide sequences encoding antibodies or portions thereof that bind
antigens other than C, difficile toxin A or toxin B, which other sequences may naturally flank the
nucleic acid in human gepomic DNA. Thus, for example, an isolated nucleic acid encoding a
VH region of an anti-toxin A antibody contains no other sequences encoding other VH regions
that bind antigens other than C. difficile toxin A.

[00102] The term “identity,” as known in the art, is a relationship between two or more
polypeptide sequences or two or more polynucleotide sequences, as determined by comparing the
sequences. In the art, “identity” also means the degree of sequence relatedness between
polypeptide or polynucleotide sequences, as determined by the match between strings of such
sequences. “Identity” and “similarity” can be readily calculated by known methods, inchuding,
but not limited to, those described in Computational Molecular Biclogy, Lesk, AL M, ed., Oxford
University Press, New Yok, 1988; Bicconputing: Informatics and Genome Projects, Smith, D
W., ed., Academic Press, New York, 1993; Computer Analysis of Sequence Data, Part 1, Griffin,

A. M., and Griffin, H. G., eds., Humana Press, New Jersey, 1994; Sequence Analysis in
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Molecniar Biology, von Heinje, G., Academic Press, 1987; and Sequence Analysis Primer,
Gribskov, M. and Devereux, §., eds., M Stockton Press, New York, 1991; and Carillo, H., and
Lipman, 1), Slam J. Applied Math., 48:1073 {1988). In addition, values for percentage identity
can be obtained from amine acid and nucleotide sequence alignments generated using the default
settings for the AlignX component of Vector NTT Suite 8.0 (Informax, Frederick, Md.).

[00103] Preferred methods to determine identity are designed to give the largest match
hetween the sequences tested. Methods to determine identity and similarity are codified in
publicly available computer programs. Preferred computer program methods to determine
identity and similarity between two sequences include, but are not Himited 1o, the GCG program
package {Deverenx, J., et al., Nucleic Acids Research 12(1): 387 (1984)), BLASTP, BLASTN,
and FASTA (Atschud, 5. F. et al,, J. Molec. Biol. 215:403-410 (1990}. The BLAST X program is
publicly available from NCBU and other sources (BLAST Manual, Altschul, 8., et al,, NCBINLM
NIH Bethesda, Md. 20894: Altschul, 8., et al,, 1. Mol. Biol. 215:403-410 (1990). The well-
known Smith Waterman algorithm may also be used to determine identity,

2. Overview

{00104] The present application provides monoclonal antibodies that bind to either C.
difficile toxin A or C. difficile toxin B with high affinity and exhibit potent neutralizing activity
in both i vigro assays (Vero cell-based toxin neutralization assay and T-84 celi-based TEER
assay) and in an art-recognized, in vivo animal model for C. difficile infection. Using a unigue
antibody discovery strategy, tens of millions of antibody producing B lymphocytes from selected
human subjects were screened for binding to and/or neutralizing activity against C. difficile toxin
A or B, selected for cloning and recombinant expression, and further characterization to identify
specific human antibodies with high binding affinity for and strong neutralizing activity against
either C. difficile toxin A or C. difficile toxin B, preferably with a broad spectrum of binding to
various C. difficile toxinotypes, such as 0, Hi, V, VI X1 and XV. The human Al, AZ, A3,
A4, and AS antibodies bind and neutralize C. difficile toxin A of toxinotype O and also recognize
toxin A from toxinotypes i, V, XIi, and XV. The human B, B2, B3, B4, B5, and B
antibodies bind and neutralize €. difficile toxin B from toxinotype { and also recognize toxin B
from at least toxinotype Ui, and, in some instances, toxin B from at least toxinotypes, If, V, and
Vil These antibodies have therapeutic activity against active disease caused by or associated
with . difficile and can be used either singularly, ot in combination, to treat C. difficile
infections and/or to protect against the illness.

3. Asntibodics
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[(0105] Antibodies, also known as innunoglobulins, are typically tetrameric glycosylated
proteins composed of two light (L) chains of approximately 23 kDa cach and two heavy (H)
chains of approximately 50 kDa each. Two types of light chain, termed lambda and kappa, may
be found in antibodies. Depending on the amino acid sequence of the constant domain of heavy
chains, immunoglobulins can be assigned to five major classes: A, D, E, G, and M, and several of
these may be further divided into subclasses (isotypes), e.g., 1gGy, IgGs, 18Gs, 18G,, IgAy, and
TgAa. Each light chain includes an N-terminal variable (V) domain (VL) and a constant (C)
domain (CL). Each heavy chain includes an N-terminal V domain {VH), three or four C domains
{C¥s), and a hinge reglon, The CH domain most proximal to VH is designated as CH1. The VH
and VL domains consist of four regions of relatively conserved sequences called framework
regions {(FR1, FR2, FR3, and FR4), which form a scaffold for three regions of hypervariable
sequences (complementarity determining regions, CDRs). The CDRs contam most of the
residues responsible for specific interactions of the antibedy with the antigen. CDRs are referred
to as CDR1L, CDR2, and COR3. Accordingly, CDR constituents on the heavy chain are referred
to as H1, H2, and H3, while CDR constituents on the light chain are referred to as L1, L2, and
1.3, Identification and numbering of framework and CDR residues is as deseribed by Chothia et
al., Structural determinants in the sequences of immunoglobulin variable domain, J Mol Biol
1998, 278:457-79, which is hereby incorporated by reference in is entirety,

[00106] CDR3 is typically the greatest source of molecular diversity within the aniibody-
binding site. H3, for example, can be as short as two amine actd residues or greater than 26

mino acids. The subunit structures and three-dimensional configurations of different classes of
inymunoglobulins are well known in the art. For a review of the antibody structure, see
Amtibodies: 4 Laboratory Manual, Cold Spring Harbor Laboratory, eds. Harlow et al., 1988,
One of skill in the art will recognize that each subunit structure, e.g,, a CH, VH, CL, VL, CDR,
FR structure, comprises active fragments, e.g., the portion of the VH, VL, or CDR subunit the
binds to the antigen, i.e., the aniigen-binding fragment, or, e.g., the portion of the CH subunit that
binds to and/or activates, e.g., an Fc receptor and/or complement. The CDRs typically refer to
the Kabat CDRs, as described in Sequences of Proteins of Immunological Interest, US
Department of Health and Human Services (1991), eds. Kabat er al. Another standard for
characterizing the antigen binding site is to refer to the hypervariable loops as deseribed by
Chothia. See, e.g., Chothia, D. et ol. (1992) J Mol Biol 227:799-817; and Tomlinson ef al.
(1995} EMBO J. 14:4628-4638.  Still another standard is the AbM definition used by Oxford
Molecalar's AbM antibody modeling sofiware. See, generally, e.g., Protein Sequence and

Structure Analysis of Antibody Variable Domains. T Amtibody Engineering Lab Manudl (Ed.:

21-

L



WO 2014/144292 PCT/US2014/028637

Duebel, 8. and Kontermann, R, Springer-Verlag, Heidelberg), Embodiments described with
respect to Kabat CDRs can alternatively be implemented using similar described relationships
with respect to Chothia hypervariable loops or to the AbM-defined loops. Another standard for
residue numbering that can be used is IMGT (Lefranc et al, Dev & Comp Immunol, 27(1):55-77
{2003}

[60107] The Fab fragment (Fragment antigen-binding} consists of VipCyd and Vi-Cy
domains covalently linked by a disuifide bond between the constant regions. The F, fragment is
smaller and consists of Vy and V, domains non-covalently linked. To overcome the tendency of
non-covalently linked domains fo dissociate, a single chain F, fragment {s¢¥,) can be
constructed. The scF, contains a flexible connector, usually a polypeptide, that hinks (1} the C-
ferninus of Vy to the N-terminus of Vi, or (2) the C-terrainus of Vi to the Nterminus of Vi, A
{5-mer (GlyaSer)s (SEQ ID NO:331) peptide may be used as a linker, but other Hakers are
knows in the art.

{00108} Tt is possible to modify an antibody to increase productivity and/or when relevant,
to decrease possible immunogenicity. In addition, monocional antibodies may be modified at
gither the DNA sequence level to improve expression by removing hairpins or other secondary
structure, by optimizing codon utilization, or at the amino acid level to Improve expression or
stability. For example, it is possible {o remove residues such as unpaired cysteines to reduce
aggregation, to alter glycosylation sites, or to substitute residues prone to deamidation or
oxidization,

{00109} it may also be desirable to modify an antibody to improve effector function, e.g.,
s0 3s to enhance antigen~dependent cell-mediated cytotoxicity (ADCC) and/or complement
dependent cyiotoxicity (CDC) of the antagonist. One or more aminoe acid substitutions or the
introduction of cysteine in the Fe region may be made, thereby improving internalization
capability and/or increased complement-mediated cell killing and ADCC. See Caronetal, J. Bx.
Med, 176:1191-1195 (1991) and Shopes, B.L fovnunol. 148:2918-2022 {1992), incorporated
herein by reference in thelr entirety.  An antibody fusion protein may be prepared that has dual
Fe regions with both enhanced complement lysis and ADCC capabilities. Typical Fe receptors
that bind to an Fe region of an antibody (e.g., an IgG antibody) include, but are not Hmited to,
receptors of the FeyRY, FeyR, and FoyRIHM and FeRn subclasses, including allelic variants and
alternatively spliced forms of these receptors. Fo receptors are raviewed in Ravetch and Kinet,
Annu. Rev. Immamol 9:457-92, 1991; Capel et al., Inmunomethods 4:25-34,1994; and de Haas er
al., J. Lab. Clin. Med. 126:330-41, 1995). 1t is also possible to couple or join an antibody to

another agent, such as a cytotoxic agent, drug, or therapeutic.

27
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1001107 Anti-toxin A or anti-toxin B antibodies described in this application may
optionally comprise antibody constant regions or parts thereof. For example, a Vy, domaln may
be attached at its C-terminal end to a light chain constant domain like Cx or CA. Similarly, a Vi
domain or portion thereof may be attached to all or part of a heavy chain like IgA, IgDh, IgE, IgG,
and IgM, and any isotype subclass. Constant regions are known in the art {see, for example,
Kabat et al., Sequences of Proteins of Immunological Interest, No. 91-3242, National Institutes of
Health Publications, Bethesda, MD (1991)).

[001111 VHH molecules {or nanobodies), as known to the skilled artisan, are heavy chain
variable domains derived from immunoglobulins naturally devoid of light chains, such as those
derived from Camelidae as described in WO 9404678, incorporated herein by reference. Such a
VHH molecule can be derived from antibodies raised in Camelidae species, for example in
camel, llama, dromedary, aipaca and guanaco and is sometimes called a camelid or camelized
variable domain, See e.g., Muyldermans., J. Biotechnology (2001) 74(4):277-302, incorporated
herein by reference. Other species besides Cametidae may produce heavy chain antibodies
naturally devoid of light chain. VHH molecules are about 10 times smaller than IgG molecules.
They are single polypeptides and very stable, resisting extremne pH and temperature conditions.
Moreover, they are resistant to the action of proteases which is not the case for conventional
antibodies. Furthermore, in vitro expression of VHHs produces high yield, properly folded
functional VHHs, In addition, antibodies generated in Camelids will recognize epiiopes other
than those recognized by antibodies generated in vitro through the use of antibody libraries or via
immunization of mammals other than Camelids (see WO 9749805, which is incorporated herein
by reference).

{00112] The disclosed antibodies can be modified to alter their glycosylation; that is, at
least one carbolydrate molety can be deleted or added to the antibody. Deletion or addition of
glycosylation sites can be accomplished by changing amino acid sequence to delete or create
glycosylation consensus sites, which are well known in the art. Another means of adding
carbohydrate moieties is the chemical or enzymatic coupling of glycosides to amino acid residues
of the antibody {see WO 87/05330 and Aplin et al. (1981) CRC Crit. Rev. Biochem., 22:
259.306). Removal of carbohydrate moieties can also be accomplished chemically or
enzymatically (see Hakimuddin et al. (1987) dreh. Biochem. Biophys., 239: 52; Edge et al.
(1981) Anal. Biochem., 118: 131; Thotakura et al. (1987) Meth. Enzymol., 138: 350).

[00113] The antibodies of this invention ray be tagged with a detectable or functional

label. These labels include radiolabels (e.g., "*'Tor PTe), enzymatic labels (e.g., horseradish
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peroxidase or alkaline phosphatase), fluorescent labels, chemihminescent labels, bioluminescent
labels, and other chemical moieties {e.g., streptavidindiotin, avidin/biotin}.
4, . difficile Toxin A and Toxin B

{00114} C difficile produces two cytotoxic enterotoxins, toxins A and toxin B that are
released by the bacteria into the gut and believed to be involved in causing the symptoms
associated with C. difficile infection. The genes encoding toxins A and B, redd and fcdB,
respectively, are located in the 19.6 kb C difficile pathogenicity locus (PaLoc). Toxins A and B
are high molecular weight protetns {about 308 and 270 kDa, respectively) consisting of four
major structural domains, the N-terminal glucosy! transfergse domain, a protease domain, a
centyal, hydrophobic transiocation domain, and a C-terminal receptor binding domain, The C
terminus is responsible for toxin binding to the surface of epithelial cells and contains repeating
cligopeptides that mediate binding to sugar moicties on the surface of target cells. Afler binding
the cell surface receptor, the toxins enter the target cell via receptor-mediate endocytosis. The
aming terminal domain contains the glucosyl transferase active site that modifies and inactivates
the Rho/Ras superfamily of GTPase proteins found inside the target host cell. Inhibition of the
Rho-(GTPases results in depolymerization of actin filaments within the host cell, leading to
dysregulation of actin cytoskeleton and tight junction mtegrity, which in furn produces increased
cell permeability and loss of barrier function, resulling in diarrhea, inflanwpation, and an influx
of innate immune response molecules.

f00115] The amino acid sequences of C difficile toxin A are known. For example, the

amino acid sequence of toxin A from Strain VPI10463 is set forth below.
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001161 Similarly, the amino acid sequences of C. difficile toxin B are known. For

example, the amino acid sequence of toxin B from Strain VPI10463 is set forth below.
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[00117] C. difficile strains are classified into variant toxinotypes according to variations in
restriction sites within the DNA sequence of the Pal.oc encoding toxins A and B. Currently 27
such variant toxinotypes are recognized (I to XX V). Toxinotype 0 includes strains with
restriction patterns identical to the reference laboratory strain VP 10463 (ATCC43255) and 15
the most prevalent toxinotype. In a survey of strains in various culture collections worldwide,
the toxinotypes 8, I, V, and VII (toxin B only) arc the most comumon. {Rupaik, FEMS
Microbiol Rev 32 (2008) 541-555.)

5. Anti-Toxin A Antibodies
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{00118} This disclosure provides antibodies that bind to C. cﬁfﬁcilz toxin A, including
human, monoclonal antibodies having 1) high binding affinity, 2) potent /n vifro neutralization
activity, and 3) optionally with a broad spectrum of binding to various toxinotypes. Thus, in one
embodiment, the antibody has at least one of the following characteristies:

{a} the antibody binds to C. difficile toxin A with a dissociation constant (Kp) equal to
or less than 10 pM (107" M);

(by  the antibody neotralizes the i vitro cytotoxicity of €. difficile toxin A in the Vero
monkey kidney cell Hne with an NTS50 equal to or less than 3000 pM;

{c} the antibody neutralizes the C difficile toxin A induced loss of transepithelial

electrical resistance (TEER) in the T-84 cell Hne with an NTS50 equal to or less

than 6 aM; and/for
(dy  the antibody binds to toxin A produced by sirains of toxinotypes §, IIL, V, X1i, and
XV,

[00119] The antibody may have at least two, at least three, or all 4 of the above-identitied
characteristics.

{00120] In one embodiment, the human, monoclonal antibody binds to C. difficile toxin A
with a dissociation constant {Kp) equal to or less than 500 pM, 250 pM, 200 pM, 150 pM, 100
oM (107°M) 10 pM (107 M), IpM (1072M), 0.1 pM (107°M), 0.01 oM (1071M), or 0.001 pM
(107°M). The dissociation constant may be measured using techniques known in the art. In one
embodiment, the dissociation constant is measured using biolayer interferometry, as deseribed in
the examples of this application.

00121} In another embodiment, the human, monocional antibody neutralizes the in vitro
cytotoxicity of €. difficile toxin A at 2.4 ng/mL in the Vero monkey kidney cell line with an
NT30 equal to or less than 3000 pM, 2000 pM, 1000 pM, 100 pM, 60 pM, or 50 pM. For the
sake of consistency, when measuring the newtralizing activity in the Vero monkey kidney cell
line, Vero cells (2.5 x 10* celis/well with 5% heat-inactivated FBS) are seeded in a 96-well tissue
culture microtiter plates and incubated 37°C overnight. An equal volume (80ul) of 4.8 ng/mb
{(8=MC50) C. difficile toxin A solution and individnal ditutions of the antibody solutions {30ul)
in Yero cell mediunt are combined in a new 96-well plate, and incubated at 37°C, 5% COy for 1
hour betore 100 pl of the toxin/antibody solutions are added 1o the Vero eells, and incubated at
37°C for 72 hours. After incubating for 72 hours, the cells are washed twice with 120 pleach of
MEM medium that does nat contain phenol, L-glutamine and FRS before adding 100 ul MEM

medinm that does not contain phenol, L-glutamine and FBS and 10 gl of Alamar Blue® (Life
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Technologies) to sach well. The plates are lightly mixed and incubated at 37°C for 4 hours
before reading fluorescence at 560-590nm with a cut off at 590mmn.

[00122] In yet another embodiment, the human, monoclonal antibody neutralizes the C.
difficile toxin A {at 200 ng/mL applied apically) induced loss of ransepithelial electrical
resistance {TEER) in the T-84 cell line with an NT30 equal {o or less than 6 nM, 5 oM, 2aM, or
1.5 nM. For the sake of consistency, when measuring TEER, T-84 cells are sceded into 0.4
micron polyester transwell plates at a sceding density of 3.6x10° cells/om?® and maintained at
37°C, 5% COy in 10% heat-inactivated FBY in DMEM/F12 culture media for 10-12 davs nntil
stable THER achieved and media is replaced in both apical and basolateral compartments of the
transwells daily from day 6 and on the day of assay. The C. difficile toxin A {{inal concentration
of 200 ng/mL) is combined 111 with an antibody and incubated at 37°C with gentle rocking for
30 minutes before replacing the media in the apical compartment with the toxin/antibody
samples. Transepithelial electrical resistance of the T-84 cells is measured at To immediately
hefore sample addition and after 2.5 hours (T1s) Incubation at 37°C §% CO,.

[00123] In another embodiment, the human, monoclonal antibody binds to toxin A
produced by the strains of toxinotypes 8, 111, V, XII, and XV. Toxinotype binding may be
measured using techniques known in the art, including the techniques described in the examples
of this application, such as Western analysis. In another embodiment, for antibodies that bind to
an epitope in the C-terminal domain (CTD) of toxin A or toxin B, the toxinotype can be
measured using a CTD competition assay, as described in the examples of {his application.

00124} In ancther embodiment, the human, monoclonal anti-toxin A antibody has an on
rate constant (Kyq) 10 toxin A of at feast 10°M s, in another embodiment, the human,
monoclonal anti-toxin A antibody has an off rate constant (Kog) to toxin A of 1077, 1075, 107
01 1075 or 1077, or less. The Ky and Ko may be measured using techniques known in the
art. In one embodiment, the dissociation constant is measured using biolayer interferometry, as
described in the examples of this application.

(00125] In one embodiment, the antibody is an isolated Al antibody. As used herein, the
term “AY” refers to & monocional antibody, or antigen-binding fragment thereod, that binds to €
difficile toxin A, wherein the antibody comprises 1} a heavy chain variable domain comprising
the amino acid sequence of SEQ ID NO:20 and a light chain variable domain comprising the
amino acid sequence of SEQ 1D NO:22; or 2) a heavy chain variable domain cempﬁsing a COR1
comprising the amino acid sequence of SEQ ID NOG:24, a CDR2 comprising the amino acid
sequence of SEQ ID NO:26, and a CDR3 comprising the amino acid sequence of SEQ ID NO28

and a light chain variable domain comprising a CDR1 comprising the amino acid sequence of

228
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SEQ ID NO:31, a CDR2 comprising the amino acid sequence of SIE:'EQ D NO:33, and a CDR3
comprising the amino acid sequence of SEQ 1D NQO:35, In one embodiment, the monocional
antibody comprises g heavy chain variable domain comprising a2 FR1 comprising the amino acid
sequence SEQ ID NG:23, a CDRI comprising the amino acid sequence of SEQ ID NO:24, a FR2
comprising the amino acid sequence SEQ ID NO:25, a CDR2 comprising the amino acid
sequence of SEQ ID NO:26, a FR3 comprising the amino acid sequence SEQ ID NO:27, a CDR3
comprising the amino acid sequence of SEQ ID NO:28, and a FR4 comprising the amino acid
sequence SEQ 1D NO:29 and a light chain variable domain comprising & FR1 comprising the
amino acid sequence SEQ 1D NO39, a CDR1 comprising the amino acid sequence of SEQ ID
NO:31, 2 FR2 comprising the amino acid sequence SEQ 1D NO:32, 2 CDR2 comprising the
amino acid sequence of SEQ ID NO:33, a FR3 comprising the amino acid sequence SEQ ID
N34, a COR3 comprising the amino acid sequence of SEQ ID NO:33, and a FR4 comprising
the amino acid sequence SEQ ID NO:36. In yet another embodiment, the antibody is a
monocional antibody that binds to a C. difficile toxin A epitope that is recognized by the Al
antibody, such that the monoclonal antibody competitively inhibits, or eross-blocks, the binding
of the Al antibody to C. difficile toxin A.

{00126] In another embodiment, the antibody is an isolated A2 antibody. As used herein,
the term “AZ2” refers to a monoclonal antibody, or antigen-binding fragment thereof, that binds to
C. difficile toxin A, wherein the antibody comprises 1} a heavy chain variable domain comprising
the amino aeid sequence of SEQ 1D NO:2 and a light chain variable domain comprising the
amino acid sequence of SEQ 1D NO4; or 2) a heavy chain variable domain comprising a CDR1
comprising the amino acid sequence of SEQ 1D NO:6, a CDR2 comprising the amino acid
sequence of SEQ 1D NO:8, and a CDR3 comprising the amino acid sequence of SEQ ID NO:10
and a kight chain variable domain comprising a CDR1 comprising the amino acid sequence of
SEQ ¥ NO:13, a CDRZ comprising the amino scid sequence of SEQ 1D NG:15, and a CDR3
comprising the amino acld sequence of SEQ 1D NO:17. In one embodiment, the monocional
antibody comprises a heavy chain variable domain comprising a FR1 comprising the amino acid
sequence SEQ ID NG5, a CORI comprising the amino acid sequence of SEQ 1D N6, a FR2
gomprising the amino acid sequence SEQ ID NOW7, a CDRZ comprising the amino acid sequence
of SEQ 1D N8, 2 FR3 comprising the amino acid sequence SEQ 1D NOWY, a CDR3 comprising
the amino acid sequence of SEQ 1D NO:10, and a FR4 comprising the amino acid sequence SEQ
1D NO:1 and a light chain variable domain coraprising a FR1 comprising the amino acid
sequence SEQ 13 NO:12, a CDR1 comprising the aminoe acid sequence of SEQ ID NO:13, a2 FR2

comprising the amino acid sequence SEQ 1D NO: 14, 8 CDR2 comprising the amino acid
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seguence of SEQ 1D NO:15, a FR3 comprising the amino acid sequénce SEQ IDNO:16, a CDR3
comprising the amino acid sequence of SEQ 1D NO:17, and a FR4 comprising the amino acid
sequence SEQ ID NO:18. In yet another embodiment, the antibody is a monoclonal antibody
that binds to a C. difffcile toxin A epitope that is recogrized by the A2 antibody, such that the
monoclonal antibody competitively inhibits, or cross-blocks, the binding of the A2 antibody to C.
difficile toxin A.

{00127} The A2 antibody binds to an epitope in the C-terminal receptor domain of C.
difficile toxin A that comprises the amino acid sequence of Xy TGWQTI (SEQ ID NG:232),
where X 15 A or 'V or the amino acid seguence of X TOWQTRHLGKXGYYY (SEQ 1D NO:233),
where Xais A or YV, X isNor D and Xy is K or V.. Thus, another embodiment is divected to an
isolated monocional antibody that binds to an epitope in the Cerminal receptor domain of C
difficile toxin A that comprises the aminoe acid sequence of Xy TGWQTT{SEQ D NO:232),
where X 18 A or V or the amino acid sequence of XoTGWQTDGGKMYYE (SEQ D NO:233),
where XoisAor V, X isNorDand Xy isKor V.

{60128] In another embodiment, the antibody is an isolated A3 antibody. Asused herein,
the term “A3” refers to 8 monoclonal antibody, or antigen-binding fragment thereof, that binds to
C. difficile toxin A, wherein the antibody comprises 1) a heavy chain variable domain comprising
the amino acid sequence of SEQ 1D NO:38 and a light chain variable domain comprising the
amino acid sequence of SEQ ID NO:40; or 2) a heavy chain variable domain comprising a CDR1
comaprising the amino acid sequence of SEQ ID NO:42, a CDR2 comprising the amino acid
sequence of SEQ 11 N4, and a CDR3 comprising the aminoe acid sequence of SEQ D NO:46
and a light chain variable domain comprising a CDR1 comprising the amino acid sequence of
SEQ 1D N8, a CDR2Z comprising the amino acid sequence of SEQ ID NO:S 1, and a CDR3
comprising the amino acid sequence of SEQ ID NO:53. 1o one embodiment, the monoclonal
antibody cormprises g heavy chain variable domain comprising a FR1 cowprising the amino acid
sequence SEQ 1D NO:41, a CDRI comprising the amino acid sequence of SEQ ID NO:42, a FR2
comprising the amino acid sequence SEQ 1D NO:43, a CDR2 comprising the amino acid
sequence of SEQ 1D NOG:44, 2 FR3 comprising the amine acid sequence SEQ ID NO:w43, a CDR3
comprising the amino acid sequence of SEQ 1D NO:46, and a FR4 comprising the amino acid
sequence SEQ ID NO:47 and a light chaln variable domain comprising & FR1 comprising the
amino acid sequence SEQ ID NO:48, a CDR1 comprising the amino acid sequence of SEQ 1D
NO:49, 2 FR2 comprising the amine acid sequence SEQ D NG:50, a COR2 comprising the
amino acid sequence of SEQ ID N(:51, a FR3 comprising the amino acid sequence SEQ ID

NO:52, a CDR3 comprising the amino actd sequence of SEQ 1D NO:53, and a FR4 comprising
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the amino acid sequence SEQ 1D NOG:34. In yet another cmbodime%xt‘, the antibody is a
monocional antibody that binds to a C. difficile toxin A epitope that is recognized by the A3
antibody, such that the monoclonal antibody competitively inhibits, or cross-blocks, the binding
of the A3 antibody to C. difficile toxin A.

{00129} In another embodiment, the antibody is an isolated A4 antibody. As used herein,
the term “Ad4” refers to a monoclonal antibody, or antigen-binding fragment thereof, that binds to
C. difficile toxtin A, wherein the antibody comprises 1) a heavy chain variable domain comprising
the amino acid sequence of SEQ 1D NO:50 and & light chain variable domain comprising the
amiino acid sequence of SEQ ID NO:58B; or 2) a heavy chain variable domain comprising a CR1
comprising the amino acid sequence of SEQ 1D NO:w60, a CDR2 comprising the amino acid
sequence of SEQ D NO:62, and a CDR3 comprising the amino acid sequence of SEQ ID NO:64
and a tight chain variable domain comprising 2 CDR1I comprising the amino acid sequence of
SEQ 2 NO67, a CDR2 comprising the amine acid sequence of SEQ 1D N(n69, and a COR3
comprising the amino acid sequence of SEQ ID NO:7L. In one embodiment, the monoclonal
antibody comprises a heavy chain variable domain comprising a FR1 comprising the amino acid
sequence SEQ D NO:59, s CDR1 comprising the amino acid sequence of SEQ {1 NO:60, a FR2
comprising the amino acid sequence SEQ 1D NO:61, 2 CDRZ comprising the amino acid
sequence of SEQ ID NO:62, a FR3 comprising the aminoe acid sequence SEQ ID NO:63, a CDR3
comprising the amino acid sequence of SEQ 1D NO:64, and a FR4 comprising the amino acid
sequence SEQ 1D NOw65 and a light chain variable domain comprising a FR1 comprising the
amine acid sequence SEQ 1D NO:66, a CDRI comprising the amino acid sequence of SEQ ID
NO:67, a FR2 comprising the amino acid sequence SEQ 1D NO:68, a CDR2 comprising the
amino acid sequence of SEQ 1D NOG:69, a FR3 comprising the amino acid sequence SEQ ID
N{»70, a CDR3 comprising the amino acid sequence of SEQ ID NO:71, and 4 FR4 comprising
the amino acid sequence SEQ 1D NO:72. In vet another embodiment, the antibody s a
monocional antibody that binds to a €. difficile toxin A epitope that is recognized by the A4
antibody, such that the monoclonal antibody competitively inhibits, or cross-blocks, the binding
of the A4 antibody to C. difficile toxin A.

{00130 In another embodiment, the antibody is an isolated AS antibody. As used herein,
the tevm “AS” refers to 4 monoclonal antibody, or antigen-binding fragment thereof, that binds 1o
C. difficile toxin A, wherein the antibody comprises 1) & heavy chain variable domain comprising
the amino acid sequence of SEQ 1D NO174 and a light chain variable domain comprising the
amino acid sequence of SEQ 1D NO:76; or 2) a heavy chain varisble domain comprising a CDR1

comprising the amino acid sequence of SEQ ID NO:78, a CDR2 comprising the amino acid
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sequence of SEQ D NO:80, and a CDR3 comprising the amino acid sequence of SEQ 1D NO:82
and a light chain variable domain comprising a CDRI comprising the amino acid sequence of
SEQ 1D NO:8S, a CIDRZ comprising the amino acid sequence of SEQ ID NO:87, and a CDR3
comprising the amino acid sequence of SEQ 1D NO:8S. In one embodiment, the monoclonal
antibody comprises a heavy chain variable domain comprising a2 FR1 comprising the amino acid
sequence SEQ ID NO77, a CDRI comprising the amino acid sequence of SEQ ID NO:78, a FR2
comprising the amino acid sequence SEQ 1D NO:79, a CIDR2 comprising the amino acid
sequence of SEQ 1D NO:80, a FR3 comprising the amine acid sequence SEQ ID NO:81, a CDR3
comprising the amino acid sequence of SEQ 1D NOG:82, and a FR4 comprising the amino acid
sequence SEQ 1D NO:83 and a light chain variable domain comprising a FR1 comprising the
amino acid sequence SEQ ID NO:84, a CDRI comprising the amino acid sequence of 8EQ D
NO:83, a FR2 comprising the amino acid sequence SHQ 1D NO:86, a CDR2 comprising the
amino acid sequence of SEQ 13 NO:§7, a FR3 comprising the amino acid sequence SEQ 1D
NQO:88, a CDR3 comprising the aminoe acid sequence of SEQ ID NO:8S, and a FR4 comprising
the amino acid sequence SEQ 1D NO:90. In vet another embodiment, the antibody is a
raonocional antibody that binds to a C. difficile toxin A epitope that is recognized by the AS
antibody, such that the monocional antibody competitively inhibits, or cross-blocks, the binding
of the AS antibody to C difficile ioxin A,

{00131] Whether an antibody competitively inhibits the binding of an antibody to €.
difficile toxin A can be assessed using routine methods in the art, including, for example, the
Octet methods deseribed in the examples of this application and other routine quantitative
methods, such as the Biacore assay. In one embodiment, competitive binding is measured using
biolayer interferometry.

{00132} The amino acid and nucleotide sequences for the Vi and V), domains of the Al

antibody are as follows:

Al ATGRARCATCTGTEGTTCTTCCTTCTCCTGETGECACCCLUCAGATEEGTCCTHTLCCAGGTGOACCTS
CAGGAGTCGEECCCAGGACTEETGAACCCT TCEEAGACCCTGTCCCTCACLTECACTGTCTCCGETGAC
TCCATCAGTACTTACTACTGGAGCTRGAT CGECAGCLCCCAGGGARGGGAUTGEAGTGEATTGEETA
.| GTCTATTACACTGGEAGCACCAACTACAGCCCT TOCCTCGAGEETCERGTCACCTTATCAGTAGATACS
nucleic - TCCARGAACCAGTICTCCCTGAAGT TGRATTCTGTGAGT GOTGCGEACACEECCETHTATTACTGTGLG
acid BGAGGCGUGGCEEAGTEECTACGAT TCAGGEGET TCTT TGACTACTGEEGCCRGEEAATCCTCRTCTCC
GTCTCCTCAGCCTCCACCAAGGGCCCATCRGTCTICCCICTGECACCTTCOTCCRRGAGLACTTCTEEG
GGOACAGCEBUCCTEEGOTGCCTOGTTARGRACTACTTCCCUGAACCEETGACARTGTCGTGRRALTLE
GGCGCCCTGACCAGCGECHETGCACACCT ICCCEGCTETCOTACAGTCCTOAGEACTCTACTCCCTCRGS
AGCGTEETEACCGTGCCCTCCAGCAGCTTGEECACCCAGACCTRCATOTCCARCGT GAATCACAAGCCT
AGCARUACCABGETGOACAAGARAGT TGAGCCCARATUT TG TGACARARCTCACAUATGOCCACCHTGT
CCAGCACCTGAACTUCTGEGEGEACCETCAGTCITCCTOTTUCCCCCARRACCCARGOACACCCTOATS
ATCTCCCGRACCONTGAGGTCACATECE TGO TEGTCGACETGAGLCACCAAGRICCTGACET CARGT I
ARCTGETACGTCGACGECETEEAGCTCCATAATSCCAAGACARRGUCHCEGEAGCAGLAGTACAACAGE

heavy
chain
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ACGTACCGGETGET CAGCGT U TCACCETCO T GUACTAGGACTCOOTGAATGGCAAGGAGTACRAGTGE |
ARGGTOTCCARCARRGCCCTCONAGCCCCCATCGAGARARLCATC T COARRGCCAARGEGCAGCCCCGR
GARCCACAGG TG TACACCCTECOCCOATCOCOEEATGASCTEACCAAGAACCAGETCAGCCTGACCTER
CTEGTCARRGGO PTCTATCCCAGCGACATCGOOG TGEAGTGEGAGAGCAATECECAGUCGCAGRRCAAG

STGATGCATGAGGCTCTGCACARCCACTAL

AAGAGUAGGTGCECAGCAGEGGAACKETCTTCTCATG £
BQ OID NO:13)

ACGVADAh?AFpCTCTCLCTGTC:MLGCGMAA;TCA

{ TACARGACCACGCCTCOCETCCTGEACTCCEACGEUTCCTTOT C?CTﬁC&GC%AGﬁT”ACC’*GGAC
T

oy
N
C‘

Al
ight
chain

{ nuclelc
acid

ATCGRARCCOCRGLGCAGCT IO T T TCCTCCTRUTACTCTGGUT COCAGATACCACCEGAGAAGTTGIG
TTGACBCAGTCTCCAGGCACCCTETCTTRETCTCCAGGEGAAAGAGLCACCCTICTCCTETAGGRCCAGTY
CAGAGTGETTACCAACGECTTCTTAGCCTGETACCAGCAGARACCTGECCAGHITCCCAGEETCCTCATL

- TRTGETGCETCCAGCAGEECCACTGOUATCCCAGACAGET T CAGTGRCAGTEEETCTEEGACRGACT T

 ACTOTCACCATCAGCAGRACTAGAGCC TEAAGAT T TYGCARTG TATTACTGTCAGCAGTATGETOYUTCA
GGACTTTTGGUCAGGEGACCAAGCTEEAGRYCARACGRACTCTGCCICCACCATCTGTCTYTTCATOT T

CC“CCATC”(Al&AoLAGETGA&ATCTFG@A"T CCPCTEITOYEIGCCTGCTGAATARCTTCTATCCC
AGRCRGECCARAGTACAGTGGAAGGTGEATAALGUCCTCCAATCGGGTRACTCCCAGGAGAG TG TCALZA
GAGCAGGACAGCAAGGACAGCACTTACAGCCTCAGCAGCACCCTEACGCTCRAGCAARGCAGACTACGAG
ARARCACARNGTCTACGUCTECGAAGTCACCCATCAGEGCOTGAGUTCECUCETCACAAAGAGCTRCAAL
AGGGCAGAGTGTTAG {SEQ ID WO:21)

MEHLWFFLLLVARPRWVLEQVHEL Qm?CPFLvK“SLTLSLTCTG SGDSISTYYRSHIRDPPGRGLEWIGY
VY Y IGS TNY SPSLEGRVTLSVD I SKNOFSLKLNSVIAADTAVYYCARGAAEWLRFRGY PYWCOGILVS
VSSEQTKGLSVTPLAPqSKS”SFbTAﬁLSCLVW“YrEFPVlVSW;SGAITuyVHTEPAVIQSSGLYS 5

[ SVVTVERSSSLGTOTY IONVNHKPSNTRVDKEKVERKSCORTHRYCPPCPAPELLAGPSVELFPPPHPKUTLM

TERTPEVICVVVDVSHEDPEVEFNWYVDGVEVHENAKTKER EWQYNSTYRVVbVL”VT”OJVLVGKE¥KC
KVSHRAL AP IEKT I SRAKGOPREPOVY DL P PSRDELIRKNOVSLICLVRCEFY PEDIAVERRS RGO PENN
YRETPPVLOSDEE PP LYSKLTVBKSRWQOGNVESCS VWHVHLHNHfTQKSTqISPb\ {SEQ ID

N 203

Al
light
chain
amino
acid

METPAGLLELL

LLWLPDITEEVVLTQSE G“;SLSPGERAT LSCRASQSVINGELAW QAPGQQERV
VCASQQRTGLPDmbSob GSCTDETLTISRLER AMYV“QQYMLQQ thGTKLEIKQTVAAPQ“EIW
rHSQmQ*KQ FTASVY NNFYJRIAKVQWKVJ“ALQ GNSUESVITEQDSKDSTYSLSSTLTLSKADYE
E YACFVP“QCI&SDVT{QFNRGEG (SEQ ID WO:22)

{G{}'i’i?mjm'}""he aminoe acid sequences for the FR and CDR -sequeméé of the Al antibody are

as follows:

FRHI:
CDRHT:
FRHZ:
CDRHEZ:
FRHE3:
CDRH3:
FRH4 :
PRL1:
CDRLL:
FRLZ:2

CDRLZ:

QVHLOESGPGLVRPSETLSLYCTVS (SEQ ID NO:23)

SISTYYWS (SEQ ID NC:24)
WIRQPPGRGLENIG (SEQ ID NO:25)
YUYYTESTN (8BQ 1D NQ:26)
YSPSLEGRVELSVDTSKNQFSLKLNSVSAADTAVYYCAR  (SBQ ID NO:27)
GAREWLRFRGFFDY (SEQ ID NO:28)
WGOGILVEVSS (SEQ ID NO:29)
EVVLTOSPGTLSLS PGERATLSC (SEQ ID NC:30)
RASQSVINGFLA (SBQ ID NO:31)
BYQORPGOAPRVLIY (SEQ ID NO:32)
GASSRAT (SEQ ID NO:33)
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FRL3:

CBRL3:

FRLA:

GIFDRPIGSGSCTDFTLTISRLERPEDFAMYYC {SEQ ID NC:34)
DOYGLSGT {SEQ ID NC:35)
FGOGTRLEIX {SEQ ID NO:386)

{00134} One aspect is directed to an isolated polypeptide comprising one or more of the
CDR sequences of the Al antibody {i.e., one or more of SEQ 1D WOs. 24, 26, 28, 31, 33, or 35).

In certain embodiments, the isolated polypeptide further comprises additional amino acid

sequences, or other molecules, to form a molecule that binds toxin A, including, but not limited

10 an anti-toxin A antibody.

{00135} The amino acid and nucleotide sequences for the Vi and Vy, domains of the A2

anttbody are as follows:

Az
heavy

i chain
nueleic
acid

ATGAARCATCTETRET TP TCCTTOTCOTGETGEUASCT COCACATEGRTCCTETCCCRGGTHCAGCTE
CAGGAGTLGEGECCCAGGACTGETGARGCCYTUGEAGACCOTGTICCCTICACCTECACTSGTCPCTGETERE
TCCATCAGTACTTACTACTECGAGCTEGATCCGECAGYCOUCAGHEAAGGCACTEGACTEGATGREETAT
ATCTATTATAGTGEGAGCACCAACTACAACCCOTUCCTCCAGAGTCGGETCACCATAGCAGTGEACACE
TCCAAGAATCAGTTICTCCCIGCAGTIGACCICTETEACTSCTOLEEACACGECCETCTATTACTETICCG

{ AGRGGRGLGGCGEAGTEGCTACGETTCAGERGETTCTTIGACTCCTEGEECCAGGGARCCCTEETCACT

GTCTCOTCAGLCTCCACCAAGGGCCCATCGRYCTTCCCCUTGECACCCTCOTCCRAGAGCACCTUTEGE
GECACAGCEGCCCTREECTROCTGETCAAGGACTACT TCCOCGAACCEBTGACGETETLETGERACTCA
GECGTCCTEACCAGTEECETGCRCACCTTOLCEGCTETCCTACABTCCTCAGCACTOTACTCCCTCAGT
AGCEIGETCGRACCETGCCCTCCAGCACCTTCERCACCCAGRCCTACATCT GCARCGTGARTCACAAGTCC

| AGCRACACCRAGGTGGACAAGARAGTIGASCCCARATC YPETCACRRAACT CACACATEOCCACCGTGE

CUAGCACCTGAACYCOTGEGEGGACCETCAGTCITCCTCTICCCCOCCAAARACLCARGGACACCOUTCATS
ATCTCOGGACCCCTGAGGTCACATGCETERTGETECGADETGAGCCALGALGACCUTGAGGTCARGTEC
AACTCEIACCTEOACGGCGTGEAGSTGCATAATOICARGACABAGUCGCEGCAGGAGUAGTACARCAGT
ACCTACCOEEY GGTCAGLETCCTCACCETCC TGCACCAGGACTEGECTGAAT CGECARGGRAATACARGTSC
AAGGTCTCCAACAANGCCCTCCCAGCCOCCATCCGAGARARACCATO TCCARAGICARLAGGECAGLICUGA
GAACCACAGGTGTACACCCTGCCCCCATCCOGGEGATGRGCTCACCAAGRACCAGETCAGLCTGACCTRE
CTGETCARAGCCTTCTATCCCAGCGACATCGCCETGRAGT CEGAGAGUAR TGGECAGICGGAGRACAAC
TACAAGACCACGCOTCCCGTELTEGACTCCEBACGGCICCTTOTTCOTC T ACAGCAAGCTCACCGYGGAL
AAGARGCAGGTGECALCAGGGGAACGTCTTCICATCCTCCETGATGCATGAGECTCTGLACARCCACTAL

ACGCAGAAGAGLCTCTCCCTETOICCCRETARATGA {SEQ TD MO 1)

A2
fight

i chain
nocleic
acid

ATGEAAACUCCAGLECAGCTICICTICCYCCTGCTACTCTECCTCLCAGAGACCACCGGAGARAATGTG
TTEACGCAGTCTCCAGGGACCOTEYCTTTGCTOTCCAGGEEAAAGAGCCACCCTCTCOTGCAGGGCCAGT
CACRGTGTTACCAACAACTYCTTAGCCTGGTACCAGCARBAACCTEELCAGGUTCOCAGECTCCTCATC
TAYGGIGTGTCCAGCAGGGCCACTGECATCCCAGRCAGET TCAGTOCECAL THEETCTGEGACAGACTT

ACTCTCACCATCAGCAGRC TEEACCCYGAAGATTTTCCAGTCTATTACTEYCAGCARTATGGTGTCTCA
SOCRCTTTTGELCAGGEGACCAAGOTGGACATCAARLGRACTETGGCTGCACCATCTGTCT TCATCTIC
CCOCCATCTGATCAGCAGT TEABRAYCTCGAACTGUCTCTGTTETGTGCUTGCTGRATAACTTOTATLOC
AGAGAGGUCARAGTACAGTGGRAGGIGGATAACGCLCTCCAATCSEGTARCTCCLAGGAGAGTETCACA
GAGCAGGACAGCRAAGGACAGCACCTACAGCOTCAGCAGCACCUTGASGITGAGCARAGCAGALTACGAG
ARACACARAGECTACGCCTGCCARCTCACCCATCAGESCCTCAGCTOGCCCETCACARAGAGCTICAAL
AGGGGAGAGTETTAG {3EQ ID NG: 3}

.V
heavy
chain
AMINO

MKRLWFFLLLVAAPRWVESQVQLQESGPGLVKPSETﬁSLTCTVS§GSISTYYWSWIRQSPGKGLEIMGY
IYYSGESTNYNPELESRVEIAVDTSKNOFSLOLTEVIAADTAVY YCARGAAER LRFRGEFDINGQGTLVY
VESASTKGEEVIPLARSSKSTSGETAALGULVKDY FREPVTVSRNSGALTSGVHTFPAVLYSSGLY LS
VVIVPSESLETOTY IONVNHKPSNTRVDKKVERPKSCOKTHICPPCPAPELLGGRERVILFPPRERDTIM

.
w

4

P IBRTPEVICVVVIVEREDRDPEVKERWYVRGVEVERAK TR P REEQY NS TYRVV VLTV LAGURLRGKRYRC

IR
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acid

KUSNRALPAPIEKT I SRAKGOPRE POVYTLP P SRDELTKNQVSLTOLYKG Y PE DT AVER S SNGODENN

YRTTPRVLDSDEEP VLY SKLIVIKSRNQOONVEPSCSVMHEALINAY TORILSLSPOK {38D ID
-.r\,")}
NN D

light
chain
aming
acid

{

| PRAOEQLESGTASVVOLLNNEY PREAKVOWKY DNALOSGRSUESVTEQDSKOSTY SLSSTLTLSKADYE

METPAQLLFLLLLWLPETTGENVLTQSPGTLSLSPBERATLSCRASESVTNNFLRWYQQKPGQA?RLLI
YGVESRATGIFLRFSGEGSGTDF I LT ISRLEPEDFAVYYCOQYGVSGTFGUCTKLEIRRTVARPSVELF

KUKVYRCEVTHQGLISPVIRSFNRGEC (SBQ ID NO:4)

[00136] The amino acid sequences for the ER and CDR sequences of the A2 antibody are
q Y

as follows:

FREL:
CDREL:
FRHZ:
CDRHZ:
FRH3:
CDRHI:

QVQLOESGPGLVKPSETLISLTCTVS {SEQ ID NO:3)
GGSIBTYYWS {SEZQ ID RO:&)
WIRQSPGRGLEWMG {SEQ ID NO:T)
YIYYSGSTN {SEQ ID NQ:8B)

YNERSLESRVTIAVDTEXNQFSIOLTSVIAADTAVYYCAR (SEQ ID NO:9)
GAAEWLRERGFEDS {SBEQ ID NC:10}

WGQGETLVIVES {SEQ ID NO:11}

ENVLTQSPCTLSLIPCERATLSC {SEQ ID NO:123
RASHSVTNNFLA {SEQ ID ND:13)
WYQQRPGUAPRLLIY {SEQ ID NO:14)
EVSSRAT {SEQ ID NO:18)
GIPDRFSGSGSGTDFTLTISRLEFEDFAVYYC {SEQ ID NO:18)
APWDDBSIYGLYY (SEQ 1D KO:17}
FCTETRVIVLGOQPRANPTVTY (SEQ ID NO:18)

{00137} One aspect is directed to an isolated polypeptide comprising one or more of the

CDR sequences of the A2 antibody (1.e., one or more of SEQID NQs. 6, 8, 10, 13, 15, or 17). In

certain embodiments, the isolated polypeptide further comprises additional amino acid

sequences, or other molecules, to form a molecule that binds toxin A, including, but not imited

o an anti-toxin A antibody.

{00138} The amino acid and nucleotide sequences for the Vg and Vi domains of the A3

antibody are as folHows:

A3
heavy
chain
mucleic
acid

L GUCGCTATATTACTETACCACAGGTCCYCARATTETAGT TGTAGUAGG TOUTACCAGTCEEGACCABCCT

ATGCRACTGCT GGAGTCTOOGGGAGGCTTGETGARGE TGGGGGGTE“““TAGACTCTCCTGTGCAGC@W}
TCTRGATTCACTTICAGTAACGCUTGLATGAG T IRGETCCHICAGERTCCAGGGAAGGEECTEEAATES

GTTGECCETATTAAARG TARAACTGATGGT GREACRACAGRCTACGOCTGCRACCCOTOARAAGETAGATTT
AGCATCICAAGAAATGATTCARATAACACGUTGTT TOTCCARR T GRACAGTCTEARARSCTAGGACACA

BACTRCTACTACTACGETTTGEACGTCTREGECCTAGGGACCACGETCACCE TCTCCTCAGLUTCCACT
ARXRGEECCCATCGETCIICCCCOTRECACUCTCOTCCARSAGCALCTU I RREGEGCACARCGECCCTAGES
CAAGGACT? CCCGRACCGETERCGHTETCETEEARCTCAGGCGOCCTEACCAGLEET

CTECCCGRUTETCCTACAGTCOTCAGCACTCTACTUCUTCAGDASUG TS TEACCGTRRUS

GTGLACAD

A
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CPGTCTCCGEGTARATEA

FA&CA”CTTCGGLAbLCPLALCTALBPLTCCA&CGTGAATC \CARGCCCAGCAACACCAAGGTGGAL
AAGR@H;LTGAuC” ATCTTGIGACAARAUTCACACATGCCOACCET CFACQAVV“QAACmCPIG
GGﬁabAubeFAGTCTTCC: CTTCCCCCCAMARCCCAAGSACACCCTCATGRATCTCCUGGACCCCTGAS

GITCACATGUGTGEIGETGEACGTCAGUTACGAAGRCCCIGAGGTCAAG T FCAAC TGATACHY GHALGEE

;GW“”‘”GTFCATAE GCCAAGACARAGCCGERGGAGGACCAGTACAACAGCACETACCGEETEETOAGT
GTCC;CACCGm”““FFAC“Aug CTEGCTGAATGGCARGCAGTACAAGYGCARGGTCTCCAACARAGCS

CTCCCAGCCCCCATCGRGRAARICATC CCRXPF”CARKCLG AuCCCCCxGAAL{ﬁVAC TGTACACT
TGCCCCCATCCCGHEATEAGUTSACCRAGARCCAGETCAGCOTGACCTCCC TGG TCABAGGCTTOTAT
CCCAGCGACATCGUCETORRAGTRGE! uﬂbLAAT?:GG WGOUGGAG 3&”1AF1 CAAGACCRACECCTCCC
GTGCTSEACTCCEACGGUICCT ECTTCCTCTACAGCAAGUTCACCGTGCACAAGAGCAGETGGCAGCAS
GERAACGTCTTCTCATECTCCO T GATGCATCGAGRCTCTECACAACTAC TACACGLAGRASAGCOTCTCC
¢
A

e
G LD NO:37)

o~
Yt
SEQ

A3
light
chain

| nucleic
- acid

m“&CC%uC’TCCCIC&P“TFCTQACCCTCCTLBCECACTGTCC&GG@TCCTGCG”CPAGf“mGTGﬁTG
ACTCAGUCACCUTCRGCETOTGGEACCCCCEEGCAGAGGRY CACCATCTC I TET TUPGEAAGTAGETCC
RACATC““&ATPAATECTCTAAAFAbCFR""Q&CAQCTCC‘AGCRACGG?CCCCA&AV“PCTL ATRTAT
AAGAGYAATOTGCCGACCCTCAGGEETCOOTCACCGATTCTCTGECTCCARGTCIGECACCTDAGLOTLC
CTGGUCATCAGYEEEC ”CCGGTP”GPGLALCAJ&CZGATTAT“ ACTGYGCGECATEOGATGACAGICTG
ACHGGTOTITATGTCTTCGEAACTEEEACCARGETCACCETCCTIAGRTCABRCCCARGGUCRACCCOACT
GTCACTCTGTTCCCGCCCECCTCTGAGGAGLTCCARGCCAACAAGGCCACACTAGT TS TCTGATCAST
CFC””TT%CCCCGCAG TETGACAGTGGCTIGCAAGCCAGATRECAGCCCCGTCAAGGCGERAGTGGAG
CEACCAARCCCTCCARACRGAGCAACAACRAGTACCGUEGUCAGCAGCTACCTGAGCETGACGCCCHAR
VnuLbFPQCTCCCALA&AAGu4 CAGCTGCCAGETCACGCATEARGCCAGCACCETGEAGAAGACAGTS
GCCCOTACARGARTGTTCATAG (SEQ ID WG:r3%)

Ar!
ar
ie
o
[0

A3
heavy
chain
amino
agid

EWQI}FSG&&MVKPUGS)RkgCAAQGFTF SNAWN SHVRGGPGKELEWVERIKSKTDGGTTDY AABPVKGRE

SISRNDSHRTLFLOMNSLKTEDTAVYYCTTGRPY IJV\HGA*5~DQDQYYYYuLDVN”' STTVTVSSAST
KGPSVEPLARSSKSTSGETAALGCLVKDY FRPEPVTVSHNSGALT SGVHTPPAVLOSSGLYSLSSVYTYR
588 LCEQ“VIPDV JHEPSNTKVDRKVE PK“LWKTHTC9°CEAUE¢LC SESVELETPPRKPRKDTLMISRTPE
VICYVVDVSHE DPRVKENW Y VDGVEVHENAKTKPREEQYNETYRVVSVLTVLAGDW LNGKEYKCKVENKA
LRARIEK I'i.bKl‘x-\g Y PREPOVYTLERS PWE* TRNQVILICLVEGY Y RPODIAVERRSRGOPENNYKTTRP
VIDIDCSFFLY SKLIVEKERWQQGNVISCEVMHEEALANEYTOKSLSLEBGK {SRQ 1D NO:38}

A3
light
chain
amino
aecid

MASEPL LL*EL”UCAG»WA&“VL*JP*SAbGTPG IRV TISCEGSSENIGINTYNTY QQI?blAPKLLIV

KENLRPSGVPDRFSGESKEGTSA UAIthzQEDMA“YYuAAhDLJLTG TVFGYETRYPVLGOPRANPET
LEPPGSEELOANKATLVCLISDFY PGAVTVAWKADGS PVKAGVET TRESKOSHNKY AASSYLALTRE

QWKSHRSYSCQVTHEGSTVERTVAPTECS {SEQ ID NO:40)

{00139] The amino acid sequences for the FR and CDR sequences of the A3 antibody are

as follows:

FRHE1:
CDREL:
FRHZ
CDRHZ:
FRH3:
CDRH3:
FRH4:

MOLLESGGELVRPGGSLRLSCAAS {SEQ ID NO:41)
GETFSNARMS {SEQ ID NO:42)
WVRQGPGKGLEWVG {8EQ ID NO:43)
RIKSRTDGGETTD {SEQ 144)

w6
b3
O
o T o]
oo

YAAPVEGRY ST SKNDSNNTLFLOMNILRTEDTAVYYCTT NO:45)

GPQIVVVA (SEQ ID HNO:46)
GATSROQPNYYYYGLODVWELGEGTTVTIVSE {(SEQ ID NO:47)

-6~
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FTRLZ:
CORLZ2:
FRL3:
CDRL3:

PRL4:

GSVLTOPPSASGTPGQRVTISC {SEQ ID NO:48)
SGSSANIGINTVN {SEQ ID NHO:49)
WYQQLPGTAPKLLIY {8EQ ID NO:3508)
KSNLRPS {3EQ ID NCO:51)
GVPDRFBGSKSGYSASLATSGLRSEDEADYYC {SEQ ID NO:52)
AAWDDSLTGLYV {5BQ ID NO:53)
FGTGTRVIVLGQPRANPTVT {SBQ ID NQ:54)

[00140] One aspect is divected 1o an isolated polypeptide comprising one or more of the
CDR sequences of the A3 antibody (i.e., one or more of SEQ ID NOs. 42, 44, 46, 49, 51, or 53).

In certain embodiments, the isolated polypeptide further comprises additional amino acid

sequences, or other molecules, to form a molecule that binds toxin A, including, but not Hmited

to an anti-toxin A antibody.

[00141] The amino acid and nucleotide sequences for the Vi and Vi, domains of the A4

antibody are as follows:

Ad
heavy
chain
nucieis
goid

. ABGGAGTACARGT

ATAGAGTTTGGOCTGAGCTGRGTTTTCCTCG T GOTC T T T TARGAGG TG ICCAGT GTCAGOT GOACCTG

| GTGGRAGTOTGGGEEAGGNETCETCCARCOTGEEAGETCCCTGAGACTOTCCTGIGUAACC TPTGBACTC

AACTTCAGTGACTATGETTTTCACTGGETCCEICAGGCTCCAGGCAAGEEGLTGCAGT GO TGGCAGTT
ACATCATATGATGCGAAGCAACAAA TACTACGCACAATTCCTGAAGGECCGATTCACCATCTCCAGAGAC
ARTTACAAGAATADGEYGTATCTGCAAATCAACAGCUIGAGACTIGAGGACACGGCTETETATTACTGT
GCGAGAGRTCTCCCCCCATACAAT T T Y TGGAGTGOT I ATGCEARNTARTTGETTCGRLCCOTCEGGCIAG
GGRACCCTGGETCACCETCTCCTCASCUTUCACCRAGGECCCATCAGTCTTCCOLCYGGCACCOTCOYCC
BAGAGUACCTCTGEGGGCACAGCEGCECTERELTECCYIBETCAAGGACTACTTCCCCGAACCEETGALG
GTGTCGTEGAACTCAGGCSCCCTGACCAGCGEUETECACACCTTCCCEEUTGTCUTACAGTCCTCAGGA
CYOTACTCCCTCAGCAGUS TEE TEACCUTGUCCTCCAGCAGL T PEEECACCCAGACC TACATCTCCRAL
GTGARATCACARGCCCAGCRACACCEAGETGCACAASARARGTTCGARGLCCAARTCTTEY bAL&AARCT(ﬁf

RCATGCCCACCETECOCAGCACCYEAACTCC TRGEGECACCOTCAGTC I TCLTCTTCCOCLCARAALCO
ARGCACRCCCTCATGATCTCCCGGRALCCCTGAGETCACAT GCGTEATGLTCGACGTCAGCCACGAAGAC

COTGAGETCAAGTTCARCTOGTACETEGACGECATEGAGE THRLATAATCCCAAGACRAAGCCGCOGGAR
SAGCAGTACAACAGCACGTACCEGETHETCAGCSTCCTCACCGECCTECACCAGGACTGGCTGARTHEL
CAAGGTCTCCAACAARGCCCTOCCAGCOUCTUATCGAGAARACTATCTOCARRAGCC
ABRAGGGCAGCCCCCAGAACCACAGETETACACCUTGCCCCCATCCCEREATCAGUTGACCAAGARLCAG
GTCAGCCTGACCTECCTEETCARAGGCTTCTATCCCAGCGACATCGCCGTIGEAGTGGGAGAGTAATEGS
CAGCCGGAGAACAACTACAAGACCACCCCTCCLETECTGHACTCCGACGGCTCCTTCTTCC LU TACAGT
AAGCTCACCGTGCGACAAGAGCAGGTGGCAGCAGEGGAACGTCT IS TCATGCTCCETGATGCATGAGGLE
CTECACRACCACTACACGCAGRAGAGCCTCTCCOTGYCTCCGRETARATGA {380 ID NQ:1sH)

”)

TGR
TGG
C

A4
ight
chain
nucleic
acid

ATGGAAACCCCAGCHOAGCTICTCTTCCTCCTGCTACT CTGGCTCCCAGATACC ALCGGAGARAT TGTG
TTGACGCAGTOTCCAGSE ACCCm”mCTTTGTCTCLAGGPQAAAEAGCCACLCTC CCTECAGGECCAGT
CAGAGTETITACTGGCACCTCCTTAGCCTEGT PCCABCAGRAACCTGECCAGGUTCCCOGRCTONTCNTC
TATGEIGCATCTAGCAGGGUCACTGECATCCCAGACAGGTT CAGTECCAGTSGETCTIGGEACAGACTTC
CTCACCATYCAGCAGACTOCAGCCTGAACAT T TGUAGTETATTACT G ICAGCAGTATGETAGCTCA
CCT“”‘CTTF"””(GGC CEAGGGACCARCET GEACATCARACGARCTCTGGUIGCACCATO TG ICTTC
POTTCCCGCCAT CTbATQ%G RGTTC&AATCTGGAACTGCVELTGTTGIbTGCfTGCTGAATAAC””“
TATCCCAGAGAGGUCAAAGTACAGTGGERAGGTGEATAACGCCCTOCARTCHEETARCTCCCAGGAGASRT
GYCACAGAGCAGGACAGCAAG GALRGL WCCTACAGUCT CAGCAGCACCCTEACGCTEAGCARAGTLAGAC

TACURGAAAMAVAAAUPCT&CGCCTGJGARUlCACCCATbAG(CC:TG;UM*CCCVVGTCACAAAGAGC

237-
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TTCARCAGGGCACAGTGITAG (SEQ ID NO:57;
Ad MBFOLSWVFLVALLROVOCOVHLVE SGGOYVOPOROLR L CATT O LN FSDYCTHNVROA PEKGLEWVAY
peayy | TSYDGSNKYYARFVKGRETISRDNYKNTVYLOMNSLRLEDTAVYYCARDLAPYNEWSGYGNNETDERGO
.Y | GTLVTVSSARTKGPSVEPLAPSSKSTSHETAALGCLVKDYFRPERV TV SHNSGALTSGVHTFPAVIOSSE
Chéni LYSLISVVIVESISLGTOTY ICNVNEK P SNTKVDKKYE PKSCOKTH TGP B PARE L LGRSV FLYPPKE
anuno KDTIMI SRRV TOVVVDVSHEDPEVKFNE Y VDAVEVHNAK TKPREROY NS TYRVVSVLTVLAQDWLNG
acid | REYROKVANKALPAFIEKT I SKAKGOPREPOVY TLE PSRDELTRNOVSLTCLVKG Y PEDTAVENESNG
 QPERNYKTTERYLDSDOSFFLY SKLTVOKSRHOOGNVESCSVMEEALINEYTOKSLSLIPGK (SEQ
ID NQ:58)
A4 METPAQLLELLLLWLPDITGE I VLT OS PGT LS LS PORRAT LS CRASO VTG T LAN FOUKPEOAERLL T
fght YGASSRATEI PORFACIGSCTOFTLFISRLE EDkPVfYCQQkC SPRLTFGEGTKVE TKRTVAARSVE
) PP DEGLKSGTASVVCL LN Y PREAKYQOWKY DNALOSGNSOES Y EQNSKDETY LSS TLTLEKAD
ChaID | K YACEVTHOGLSSPVIKSFNRGES (SEQ 1D NO:538)
amino
acid

{00142] The amino acid sequences for the FR and CDR sequences of the A4 antibody are

as follows:

FRHI: QVHLVESGGGYVOPGRSLRLSCATF {SEQ ID NC:52)
CDRHL: GCLNFSDYGEH {SEQ ID NO:60)
FRHZ2: WVRQAPGKCGLEWVA {BEQ ID NO:&1)
CDRHZ ¢ VISYDGSNK {SEQ ID NO:e2:

FRH3I: YYAEFVRGRETISRDNYRNIVYLOMNILRLEDTAVYYCAR (SEQ ID NO:a3)

CLRHI: DLAPYNPWSGYGNNREDE {SEQ 1D NO:o4)
FRH4: WEQGTLVIVSS {3EQ ID NO:65}
FRLI: BIVLTQSPGCILSLSPGERATLSC {SEQ ID NG:68)
CDRL1: BASQSVIGTSLA {SEQ ID NO;&7;
FRLZ: WEQQRKPGOAPRLLIY {SEQ ID NO:68)
CDRLZ: GASSRAT {3EQ ID NO:69)
FRL3: GIPDRFSGSGSGTLFTLTISRLEPEDFAVYYC {SEQ ID NO:70)
CORL3: QOYGSSPRLY (SEQ TD NO:7L)
FRL4: FGGGTEVEIK {SEQ ID NO:7Z)

{00143} Oue aspect is directed to an isolated polypeptide comprising one or more of the
CDR sequences of the A4 antihady (.e., one or more of SEQ ID NOs, 60, 62, 64, 67, 69, or 7).
in certain embodiments, the isolated polypeptide further comprises additional amino acid
sequences, or other molecules, to form a molecule that binds toxin A, including, but not limited
to an anti-toxin A antibody.

00144} The amino acid and nucleotide sequences for the Vy and V domains of the AS

antibody are as follows:

38
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Loy

A
heavy
chain
nucleic
acid

| ARGBACARCCCTCATEAPCTCCCEBACCCCT

ATGCAGITTGGGCTGAGLTGGGTTTTCCTCGTT3CTCTTTTAACAGG”CWFFAGlG”“AWbTG olody

CIGGACTCTCEECEAGELETEETCUAGCCTEEGAGE T CCCTEAGATTCICC TG TGCAACCT TTGEALT C
ARCTTCAGTGACTATGGTTTTCACTGGGETCCGOCAGECTES AbGumAGGGGCTGGAGibbb CGCAGTT
ACATCATATCARGGRAGCAACAARTACTACGCAGARTTCGETGRAGEGLOGATTCACCATCPCCAGABAT
ARTTACAAGAATACGGIGTATCTGCARAATGARCAGCCTGACACTIGAGGACACGGUTGTETATTACTGT

GUGAGAGRTICTCCCCCCATACAAT TTTTGCGACTGETTATGGGRAATAARATTGGTTCGACCCCTRGERCCAL
GGARCCCTGGTCACCETCTCCTCAGCCTCCACCARGGELCCATCAGTUTTLCCCCTCGLACCCTICCTCD
AAGAGCACCTCTCCGEECACAGUGGUCCLGEECTGCCTAETCARS APWB”TTCCLCunRCCCGm”Apu
CW”ThGT”CPECTFA&GCGCCCTGAL AGCCGCETECACACCTTCCCERUPETCCTACARTCCTCAGGR
CPCTACTCCOTCAGCAGCETEGETGACCETACC beAuLAuCTTGGGCALCCPGPFPTACATC“GpAAV
CTGAATCACRAGCCCAG CAACﬁCLQACFT BGACAAGRAAGT TCAGCCCARATCTTGTCACAARACTCAL
ACATGCCCACCETGCCCAGTIACCTERALTCOCTGGEGGHACCETICAGTCTYCCICTTCCOULCAARALCC
GAGGTCACATECETSETCETGGACCTCAGCCACGARGALD
CCTGAGCTCARGTTCARCTGETACGTGEACGECETEEARGYCCATAATGUCAAGACARAGCCGCOOGAG
GAGCAGTACAACRGCACGTACCOBETGETCAGCEGTCUTCACCGTLCOTS CPCCASGACTGLCTSAATCwF
ARGGAGTACAAGYGCAAGLRYCTCCARCAARGCLCTCCCAGCCCCOATCCAGARAACCATCPCCABAGCT
AARGHGCAGCCUCRARAACCACAGGTGTACACCLTECCCCCATIIOGRER ‘PALC””ACCAA( ACCASG
GTCAGCCTGACCTECCTEET CARAGRCTTOTATCCCAGUGACATCECOGTGGAGTEECAGAGUAATGGE
CAGCCGGAGARCAACTACAAGACCACGCCTCCCETIGUTGEACTCCGRACEGUTCCTTUR TCOTOTACAGS
AAGCTCACCEYGRACAAGAGCAGETEECAGCAGGGGARCETCTTCICATGCTCOGTGATGCATGARGCT
CTGCACAACCACTACACGCAGAAGAGCUTUTCCOTETCTCCGRETARATGA (SBQ ID WO 73

A5
light
chain
aucleic
acid

ATGGAAGTCCCAGCGCAGLTTCTCTTCCTCOTG O ACTCTGGUTCCCAGATACCACTGGAGARATAGTS

ATGRCGCAGTCTLCAGCCACCCIRTCTGTCTCT CCAGEAGRAAGAGCCACTCTUTCCTECAGGGCCAGT
CAGAGT \mmAGCAGCﬁACT?AquIChTKCCAbL’”AAACLTGGCCA&‘CTCCCAGACICCTCRTCI,T
GATSCAYCCACCAGGECCACTCLTATCCCAGCCAGGTICAGTGECAGTEGETUTEEGACAGAGTTCALT
CTC%CCATL&CCAQCLTSCAG“‘TCP GATTTTGCAGTITATTACTETCAGCAARTACARTGACTGGCTY
GTG PCGECCAAGGGACCARACTGGAARTCARACGRACTAT GGCTEGCACCATCTGTC T TOATOTTC

SCGCCATCTGATCAGCAGTTGARAT CEGCAACTECCTCTETIGTETECCTECIAARTALC FECTATLCS
ACAGAGGCCARAAGTACAGTGGAAGRTGGATARCGLCCTCCARTLGGETARACTCOCAGGAGAGTGTCACK
udhbﬁub“CACﬁ AGGACAGCACCTACAGCOTCAGCAGLCACCCTCACGUTGAGCARAGTAGACTACGAG

ARCACARRAGTCTACGCCYGUGARGTCACCCATCAGGGUCTEAGLTCCCCCE TCACARAGAGC TICARS
AGGGGAGAGTGTTAG (SEQ ID NO:TER)

AS
heavy
chain
amino

acid

MEFGLESWVELVALLRCG VQCQVHIVpQGéGVV“PGRQLRﬁSCATWGZNES‘ YEFHAWY QAFFK SLERVAV
TEYDGENKY YAEFVKORET LSRN YN T VY LOMN SR LEDTAVY YCARDLAPY NEFHSCYCNNW D PWED
GTLVTVUDASFKGP~VWD1APQSKSTSCG“RﬁL”"VVDYWDF?VWVQﬂNgﬁRLTSbVﬁTﬁDAVLQ%SC
LYSLRBVVTVPSSSLEIQTY TCNVNHKPSh DRRVEPKSCDRTHTCPPCPAPELLOGRSVELIRPKP
RDTIMISRTPEVTICVVVDVSHEDPEVK FNWYVDFVhVHJAKTKPREEQYN YRV AVLIVLEODWLNG
KEYKCRVENKALPAPTEKTI SKARGQPREPQUYTLPESRDELTRNQVSLTOL VY

SEYPSDIAVEWESNG
QPEMNYKTTPEVLDSDESFFLY SKLTVDRERY QGNVFSCSVVHFAQHVHVTQKSLSLSPGK {350

I NG:74)

AS
light
chain

| amino
acid

ME%PQQLLFLLLEWL*DTTChIVE TOSPATLSVSPGERATLSCRASORIS S“MAWYQQKPGQAPRLLIV
DASTRATGI PARFSGSCGIGTEF T LT LSS LOSEDFAVY YCQOYNDWLVTFGOGTHVEI KRTVAARSVFIF
PPSDEQL&SGTEbV‘PLLNNFVP EARVOWRKVONALQSGNSQESVTEQDSKDSTY SLASTLTLIRADYE

| RHEVYACBEVTHOGLSSPVTKSENRGES (SEH ID NO: 78}

{00145} The amino acid sequences for the FR and CDR sequences of the AS antibody are

as follows:
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FRHLI: QVHLVESGGGVVQPGRSLRLSCATF (SEQ ID NO:77)
CDRH1: GLNF3DYGFH {SEQ ID NO:78)

FRH2 :  WVROAPGKGLEWVA {SEQ ID NO:7%)
CDRHZ: VISYDGESNE {SEQ ID MOBOY

FRH3: YYAEFVKGRFTISRDNYKNTVYLOMNSLRLEDTAVYYCAR (SEQ ID NG:81)
CDRH3: DLARYNFWSGYGNNWFDP (SEQ ID HO:82)
FRH4: WGQGTLVTVSS (SEQ ID NO:B3)
FRLL: RIVMTQOSFATLSVSPGERATLSC (SEQ ID NG:84)
CDRLLI: RASDSTISSNIA (SEQ ID NO:85)
FRLZ:  WYQOKPGQAPRLLIY {3EQ ID NO:BS)
CDRLZ: DASTRAT {SEQ ID NO:87)
FRLI: GIPARFSGSGSGTEFPTLTISSLOSEDFAVYYC {SEQ ID NO:88)
DRL3I: QUYNDWLVT {8RQ ID NO:89}|
FRLA: FGQGTRVEIR {SEQ ID NO:9D)

{00146] One aspect is directed to an isolated polypeptide comprising one or more of the
DR sequences of the AS antibody (i.e., one or more of SEQ 1D NQOs. 78, 80, 82, 83, 87, or §9).
In certain embodiments, the isolated polypeptide firther comprises additional amino acid
sequences, or other molecules, to form a molecule that binds toxin A, including, but not Hmited
to an anti-ioxin A antibody.

{00147] The SEQ ID NOs corresponding to the sequences of the A1, A2, A3, Ad, and A3,
antibodies are listed in Table 1.

Table 11 SEQ ID NOs of Anti-Toxin A Antibodies

. Region Type Al A2 A3 A4 AS
VH ' DNA 19 i 37 53 73
VH L AA 20 2 38 56 74
VL DNA 21 3 39 57 73
VL AA 22 4 40 58 176
FRHI 1 AA 23 5 41 1 59 77
CDRHI | AA 24 '3 42 60 7R
FRHZ AA 25 7 43 61 79
CDRH2 | AA 26 8 44 62 80
FRHS3 AA 27 g9 45 1 63 81
 CDRHI | AA 28 10 46 64 82
FRH4 AA 29 11 47 65 1 83
FRLI AA 30 1 12 48 66 84
CORLY AA 31 13 1 49 67 85
FRI2 AA 13 14 50 68 86
CDRL2 | AA 33 15 51 69 | 87
FRL3 | AA 34 16 2 170 88
[ CDRL3 1 AA 35 17 53 1 7 89
FRELA AA L 36 18 54 72 1 90
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6. Anti-Toxin B Antibodies
[00148] This disclosure provides antibodies that bind to C. difficile toxin B, including
human, monoclonal antihedies having 1) high binding affinity, 2) potent in virre neutralization
activity, and 3} optionally a broad spectrum of binding to the toxins of various toxinotypes.
Thus, in one embodiment, the antibody has at least one of the following characteristics:

(8} the antibody binds to C. difficile toxin B with a dissociation constant (Xp) equal to
or less than 100 pM;

{b)  the antibody neutralizes the fr vitre cytotoxicity of C. difficile toxin B in the Vero
monkey kidney cell line with an WTS0 equal to or less than 1000 pM;

{¢y  the antibody neutralizes the C. difficile toxin B induced loss of transepithelial
electrical resistance (TEER) in the T-84 cell line with an NT50 equal to or less
than 200 pM; and/or

(&)  the antibody binds to toxin B produced by at least the strains of toxinotypes 0, i,
and V.

{00149] The amibody may have at least two, at least three, or all 4 of the above-identified
characteristics.

f001501 In one embodiment, the human, monocional antibody binds to C difficile toxin B
with a dissociation constant (Kp) equal to or less than 500 pM, 250 pM, 200 pM, 150 pM, 100
oM (107°M), 50 pM, 30 pM, 10 pM (107'M), or T pM (107*M). The dissociation constant may
be measured using technigues known in the art. In one embodiment, the dissociation constant is
measured using blolayer interferometry, as described in the examples of this application.

f00151] In another embodiment, the human, monoclonal antibody neutralizes the in vitro
cytotoxicity of C. difficile toxin B at 17 pg/ml. in the Vero monkey kidney cell line with an
NT350¢ of equal to or less than 1000 pM, 500 pM, 100 pM, 60 pM, or 50 pM. For the sake of
consistency, when measuring the neutralizing activity in the Vero monkey kidney celi line, Vero
cells (2.5 x 10% cells/well with 5% heat-inactivated FBS) are seeded in 96-well tissue culture
microtiter plates and incubated 37°C overnight. An equal vohame (80u!) of 34.4 pg/mL
(8xMC50) C. difficile toxin B solution and individual dilutions of the antibedy solutions (80ul)
in Vero cell mediom are combined in a new 96-well plate, and incubated at 37°C, 5% CO» for 1
hour before 100 wd of the toxin/antibody solutions are added to the Vero cells, and incubated at
37°C for 72 hours, After incubating for 72 hours, the cells are washed twice with 120 ul/each of
MEM medium that does not contaia phenol, L-glutamine and FBS before adding 100 pl MEM

medinm that does not contain phenol, L-glatamine and FBS and 10 pl of Alamar Blue® (Life
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Technologies) to each well. The plates are lightly mixed and incubated at 37°C for 4 hours
before reading fluorescence at 560-5%0nm with a cut off at 5%0om.

[00152] In yet another embodiment, the human, monoclonal antibody neutralizes the C
difficile toxin B {at 73 ng/mL., applied basolaterally) induced loss of transepithelial electrical
resistance {TEER) in the T-84 cell line with an NTS0 equal to or less than 200 pM, 150 pM, 100
pM, or 70 pM. For the sake of consistency, when measuring TEER, T-84 cells are seeded into
(.4 micron polyester transwell plales at a seeding density of 3.6x10° cells/om® and maintained at
37°C, 5% CO, in 10% heat-inactivated FBS in DMEM/T 12 culture media for 10-12 days until
stable TEER is achieved and media is replaced in both apical and basolateral compartments of
ihe transwells daily from day 6 and on the day of assay. The C. difficile toxin B {final
concentration of 75 ng/mb.) is combined 111 with an antibody and incubated at 37°C with gentle
rocking for 30 mimutes before replacing the media in the basolateral compartment with the
toxin/antibody samples. Transepithelial electrical resistance of the T-84 cells is moeasured at Tg
immediately before sample addition and after 2.5 hours {T1so) incubation at 37°C 5% CQ,.

{001531 In another embodiment, the human, monocional anti-toxin B antibody binds to
toxin B produced by strains of at least toxinotypes 0, 11, and V, toxin B produced by strains of at
least toxinotypes 0, 1, V, and VI, toxin B produced by the strains of at least toxinotypes 0, i,
V, VI, and Xil, or toxin B produced by the strains of at least toxinotypes 0, I, V, VIII, XI1,
and XV. Toxinotype binding may be measured using technignes known in the art, including the
technigues described in the examples of this application, such as Western analysis. In another
embodiment, for antibodies that bind to an epitope in the C-terminal domain (CTD) of toxin A or
toxin B, the toxinotype can be measured using a CTD competition assay, as described in the
examples of this application.

{00154] Inanother embodiment, the human, monocional anti-toxin B antibody has an on
rate constant {Kg,) to toxin B of at feast 10°Ms™. In another embodiment, the human,
monocional anti-toxin B antibody has an off rate constant (K to toxin B of 1077, 1077 10
81 1077, or 10757, or less. The Ko, and Ko may be measured using techniques known in the
art. In one embodirnent, the dissociation constant is measured using biolayer interferometry, as
described in the examples of this application.

1001557 In one embodiment, the antibody is an isolated BY antibody. As used herein, the
term 817 refers to a monoclonal antibody, or antigen-binding fragment thereof, that binds to C.
difficife toxin B, wherein the antibody comprises 1} a heavy chain variable domain comprising
the amino acid sequence of SEQ 1D NO: 110 and a light chain variable domain comprising the

aming scid sequence of SEQ 1D N1 12; or 2) a heavy chain variable domain comprising a

A2
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CDR1 comprising the amino acid sequence of SEQ 1D NO:114, a CDR2 comprising the amino
acid sequence of SEQ ID NO:116, and a CDR3 comprising the amino acid sequence of SEQ 1D
N{:118 and a light chain variable domain comprising a CDRI comprising the amino acid
seguence of SEQ ID NOG:121, a CDR2 comprising the amino acid sequence of SEQ 1D N(O:123,
and a CDR3 comprising the amino acid sequence of SEQ ID NO:125. In one embodimoent, the
monoclonal antibody comprises a heavy chain variable domain comprising a FR1 comprising the
amino gcid sequence SEQ 1D NO:113, a CDR1 comprising the amino acid sequence of SEQ 1D
W14, a FR2 comprising the amino acid sequence SEQ ID NO:113, a CDR2 comprising the
amino actd sequence of SEQ ID NO:116, a FR3 comprising the amino acid sequence SEQ ID
NO117, a CDR3 comprising the amino acld sequence of SEQ ID NG:118, and a FR4
comprising the amino acid sequence SEQ 1D NQ:119 and & light chain variable domain
comprising a FR1 comprising the amino acid sequence SEQ I NO:120, a CDR1 comprising the
amino acid sequence of SEQ 1 NO:121, a FRZ comprising the amino acid sequence SEQ 1D
NO:122, a CDRZ comprising the amino acid sequence of SEQ ID NO:123, a FR3 comprising the
amino acid sequence SEQ 1D NO:124, a CDR3 comprising the amino acid sequence of SEQ ID
N{3:123, and a FR4 comprising the amino acid sequence SEQ IDNO:126. In vet another
embodiment, the antibody is a monoclonal antibody that binds to a C. difficile toxin B epitope
that is recognized by the B1 antibody, such that the monoclonal antibody competitively inhibits,
or cross-blocks, the binding of the B1 antibody to C. diffieile toxin B.

100156} In another embodiment, the antibody is an isolated B2 antibody. As used herein,
the term “B2" refers to a monoclonal antibody, or antigen-binding fragment thereof, that binds to
C. difficile toxin B, wherein the antibody comprises 1) a heavy chain variable domain comprising
the amino acid sequence of SEQ ID NO:92 and a light chain variable domain comprising the
amino acid sequence of SEQ ID NO:94; or 2) a heavy chain variable domain comprising a CDRI
comprising the amino geid sequence of SEQ 1D NG:96, a CDR2 comprising the amino acid
sequence of SEQ 1D NO:98, and a CDR3 comprising the amino acid sequence of SEQ 1D
NO:100 and a light chain variable domain comprising a CDR1 comprising the amino acid
sequence of SEQ 1D N{O:103, a CDR2Z comprising the amino acid sequence of SEQ ID NO:105,
and a CDR3 comprising the amino acid sequence of SEQ 1D NG:O7. In one embodiment, the
moneclonal antibody comprises a heavy chain variable domain comprising a FRI comprising the
amino acid sequence SEQ 1D NO:93, 3 CDRI comprising the amino acid sequence of SEQ ID
N(O:96, a FR2 comprising the amino acid sequence SEQ ID NO:97, a CER2 comprising the
amino acid sequence of SEQ 1D NO:98, a FR3 comprising the amino acid sequence SEQ ID

NO:99, a CDR3 comprising the amino acid sequence of SEG ID NO:100, and a FR4 comprising

3
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the amino acid sequence SEQ [ NO:101 and a light chain variable domain comprising a FR1
comprising the amino acid sequence SEQ ID N{O:102, a CDRI comprising the amino acid
sequence of SEQ 1D N(:103, a FR2 comprising the amino acid sequence SEQ ID NO:104, s
CDR? comprising the amino acid sequence of SEQ 1D NO:1035, a FR3 comprising the amino
acid sequence SEQ ID NO:106, a CDR3 comprising the amino acid sequence of SEQ ID
NO:107, and a FR4 comprising the amino acid sequence SEQ IDNG:108. In yet another
embodiment, the antibody is a monoclonal antibody that binds to a C. difficile toxin B epitope
that is recognized by the B2 antibody, such that the monoclonal sntibody competitively inhibits,
or cross-blocks, the binding of the B2 antibody to C. difficile toxin B.

{00157] In another embodiment, the antibody is an isolated B3 antibody. As used herein,
the term “B3” refers to a monoelonal antibody, or antigen-binding fragment thereof, that binds to
C. difficile toxin B, wherein the antibody comprises 1) a heavy chain variable domain comprising
the amino acid sequence of SEQ ID'NG:164 and a light chain variable domain comprising the
amino acid sequence of SEQ H3 NO:166; or 2) a heavy chain variable domain comprising a
CDRI comprising the amino acid sequence of SEQ 1D NO:168, a CDDR2 comprising the amino
acid sequence of SEQ D NO:170, and a CDR3 comprising the amino acid sequence of SEQ ID
NO:172 and a light chain variable domain comprising a CDR1 comprising the amino acid
sequence of SEQ ID NO:175, a CDR2 comprising the amino acid sequence of SEQ 13 NO:177,
and a CDR3 comprising the aminoe acid sequence of SEQ D NO:179. In one embodiment, the
monoclonal antibody comprises a heavy chain variable domain comprising a FR1 cemprising the
amine acid sequence SEQ 1D NO:167, a CDR1 comprising the amino acid sequence of SEQ (D
NO:168, a FR2 comprising the amino acid sequence SEQ ID NQO:169, a CDR2 comprising the
amine acid sequence of SEQ ID NO:178, a FR3 comprising the amino acid sequence SEQ ID
NO:171, a CDR3 comprising the amino acid sequence of SEQ ID NO:172, and a FR4
comprising the amine acid sequence SEQ IDNO:173 and a light chain variable domain
comprising a FR1 comprising the amino acid sequence SE(Q ID NO:174, a CDRY comprising the
amino acid sequence of SEQ 1D NO:175, a FR2 comprising the amino acid sequence SEQ ID
NO:176, a CDR2 comprising the amino acid sequence of SEQ ID NO:177, a FR3 comprising the
amino acid sequence SEQ ID NOG:178, 2 CDR3 comprising the amino acid sequence of SEQ 1D
NO:T9, and g FR4 comprising the amino acid sequence SEQ ID NO: 180, In yet another
embodiment, the antibody is 4 monoclonal antibody that binds to a C. difficile toxin B epitope
that is recognized by the B3 antibody, such that the monoclonal antibody competitively inhibits,

or cross-blocks, the binding of the B3 antibody to € difficile toxin B.
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{00158} In another embodiment, the antibody is an isolated B4 antibody. As used herein,
the term “B4” refers to a monoclonal antibody, or antigen-binding fragment thereof, that binds to
. difficile toxin B, wherein the antibody comprises 1) a heavy chain variable domain comprising
the amino acid sequence of SEQ ID NO:146 and a light chain variable domain comprising the
amino acid sequence of SEQ 1D NQO:148; or 2) a heavy chain variable domain comprising a

_CDR1I comprising the amino acid sequence of SEQ 1D NO:150, a CDR2 comprising the amino
acid sequence of SEQ ID NO:152, and a CDR3 comprising the amino acid sequence of SEQ {D
NO:154 and a light chain variable domain comprising 8 COR1 comprising the amino acid
sequence of SEQ 1D NO:157, a CORZ comprising the amino acid sequence of SEQ IDNO:159,
and a CDR3 comprising the amino acid sequence of SEQ 1D NO:161. In one embodiment, the
monoclonal antibody comprises a heavy chain variable domain comprising 8 FR1 comprising the
amino acid sequence SEQ 113 NO:149, a CDR1 comprising the amino acid sequence of SEQ ID
NO:156, a FR2 comprising the amino acid sequence SEQ ID NO:151, a CDR2 comprising the
amino acid sequence of SEQ 1D NO:182, a FR3 comprising the amino acid sequence SEQ 1D
NQO:153, a CDR3 comprising the amino acid sequence of SEQ ID NO: 154, and a FR4
comprising the amino acid sequence SEQ ID NO:155 and a light chain variable domain
comprising & FR1 comprising the amino acid sequence SEQ 1D NO:156, a CDR1 comprising the
amino acid sequence of SEQ 1D NO:157, a FR2 comprising the amino acid sequence SEQ 1D
NG:158, ¢ CDR2 comprising the amino acid sequence of SEQ 1D NO: 159, a FR3 comprising the
amino acid sequence SEQ 1D NO:160, a CDR3 comprising the amino acid sequence of SEQ 1D
NO:161, and a FR4 comprising the amino acid sequence SEQ ID NO:162. In yet another
embodiment, the antibody 15 a monoclonal antibody that binds to a €. difffcile toxin B epitope
that is recognized by the B4 antibody, such that the monoclonal antibody compstitively inhibits,
or cross-blocks, the binding of the B4 antibody to C. difficile toxin B.

[001591 In apother embodiment, the antibody is an isolated BS antibody. As used herein,
the term “BS” refers to a monoclonal antibody, or antigen-binding fragment thereof, that binds to
C. difficile 1oxin B, wherein the antibody comprises 1) a heavy chain variable domain comprising
the amino acid sequence of SEQ ID NO:182 and a light chain variable domain comprising the
amino acid sequence of SEQ 1D NO:184; or 2) a heavy chain variable domain comprising a
CDRI comprising the amine acld sequence of SEQ ID NO:186, a CDR2 comprising the amino
acid sequence of SEQ 1D NO:18§, and a CDR3 comprising the amino acid sequence of SEQ 1D
NO:190 and a Hght chain variable domain comprising a CDRI comprising the amino acid
sequence of SEQ 1D NO:193, a COR2 comprising the amino acid sequence of SEQ 113 NO: 195,

and a CDR3 comprising the amino acid sequence of SEQ 1D NO:197. In one embodiment, the
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monoclonal antibody comprises a heavy chain variable domain comprising a FR1 comprising the
aming acid sequence SEQ ID NO:185, a CDR1 comprising the amino acid sequence of SEQ ID
NGO:186, a FR2 comprising the amino acid sequence SEQ ID NO:187, a CDRZ comprising the
amino acid sequence of SEQ D NO:188, a FR3 comprising the amino acid sequence SEQ ID
MO:189, a COR3 comprising the amino acid sequence of SEQ ID NOG:190, and a FR4
comprising the amino acid sequence SEQ {D NO:191 and a light chain variable domain
comprising a FR1 comprising the amino acid sequence SEQ ID NO:192, 2 CDRI comprising the
amino acid sequence of SEQ ID NO:193, a FRZ comprising the amino acid sequence SEQ ID
NO:194, a CDR2 comprising the amino acid sequence of SEQ 1D NO:195, a FR3 comprising the
amino acid sequence SEQ 1D NO:1196, a CDR3 comprising the amino acid sequence of SEQ ID
N(O:197, and & FR4 comprising the amino acid sequence SEQ 1D NOG:198. In yet another
embodiment, the antibody is a monoclonal antibody that binds to a C. difficile toxin B epitope
that is recognized by the BS antibody, such that the monoclonal antibody competitively inhibits,
or cross-blocks, the binding of the B3 antibody to C. difficile toxin B.

{00160} In another embodiment, the antibody is an isclated B6 antibody. As used herein,
the term “B6” refers to a monoclonal antibody, or antigen-binding fragment thereof, that binds fo
C. difficile toxin B, wherein the antibody comprises 1) a heavy chain variable domain comprising
the amino acid sequence of SEQ 1D NO:128 and a Hight chain variable domain comprising the
amine acid sequence of SEQ ID NO:130; or 2) a heavy chain variable domain comprising a
CDRI comprising the amiuno acid sequence of SEQ ID NO:132, a CDR2 comprising the amino
acid sequence of SEQ 1D NO:134, and a CDR3 comprising the amino acid sequence of SEQ ID
NO:136 and a light chain variable domain comprising a CDR1 comprising the amino acid
sequence of SE(Q IDNO:139, a CDR2 comprising the amino acid sequence of SEQ D NO:141,
and a CDR3 comprising the amino acid sequence of SEQ 1D NO:143. In one embodiment, the
monoclonal antibody comprises a heavy chain variable domain comprising a FR1 comprising the
amino acid sequence SEQ IDNO:131, a CDR1 comprising the amino acid sequence of SEQ ID
NO:132, a FR2 comprising the amino acld sequence SEQ 1D NO:133, a CDR2 comprising the
amino acid sequence of SEQ ) NO:134, a FR3 comprising the amino acid sequence SEQ ID
NO:135, a CDR3 comprising the amino acid sequence of SEQ ID NO:136, and a FR4
comprising the amino acid sequence SEQ 1D NQ:137 and a light chain variable domain
comprising a FR1 comprising the amino acid sequence SEQ 1D NO:138, a CDRI comprising the
amino acid sequence of SEQ ID NO:139, a FR2 comprising the amino acid sequence SEQ ID
NO:140, a CDR2 comprising the amino acid sequence of SEQ 1D NO:141, a FR3 comprising the
amino acid sequence SEQ ID NO:142, a CDR3 comprising the amino acid sequence of SEQ ID
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N(O:143, and a FR4 comprising the amino acid sequence SEQ 1D NO:144. In yet another
embodiment, the antibody is a monoclonal antibody that binds to a C. difficile toxin B epitope
that is recognized by the B6 antibody, such that the mounocional antibody competitively inhibits,
or cross-blocks, the binding of the B6 antibody to C. difficile toxin B.

[00161] Whether an antibody competitively inhibits the binding of an antibody to C.
difficile toxin B can be assessed using routine methods in the art, including, for example, the
Octet methods described in the examples of this application or other routine quantitative binding
assays, such as the Biacore assay. In one embodiment, competitive binding is measured using
biolayer interferometry.

(001621 The B, B2, and B3 antibodies bind to an epitope within amino acids 10-528 of
SEQ 1D N(:231. Thus, one embodiment is divected to an isolated yuonoclonal antibody that
hinds to an epitope in the glucosyl transferase domain of C. difficile toxin B, wherein the epitope
comprises amino acids 10-320 of SEQ 1D N(:231, More specifically, the B and B3 antibodies
bind to an epitope comprising the amino acid sequence SGRNK (SEQ D N(O:234) or amino
acids 56-80 of SEQ ID NO:231. Thus, another embodiment is directed to an isolated monocional
antibody that binds to an epitope in the glacosyl transferase domain of C. difficile toxin B,
wherein the epitope comprises the amino scid sequence SGRINK (SEQ 1D NO:234) or amine
acids 56-80 of SEQ 1D NO:231.

{00163] The B4 antibody binds to an epitope in the N-terminal translocation domain of C.
difficile toxin B, wherein the epitope comprises amino acids 1110-1530 of SEQ 1D NO:231,
Thus, another embodiment is directed to an isolated monoclonal antibody that binds 1o an epitope
in the N-terminal transiocation domain of €. difficile toxin B, wherein the epitope comprises
amino geids 1110-1530 of SEQ 1D NO:231.

{00164] The B6 antibody binds to an epitope in the receptor binding domain of O difficile
toxin B, wherein the epitope comprises amine acids 1730-236{ of SEQ 1D NO:231. Thus,
another emabodiment s directed to an isolated monoclonal antibody that binds to an epitope in the
receptor binding domain of C. difficile toxin B, wherein the epiiope comprises amino acids 1750-
2360 of SEQ 1D NO:231,

{00165] The amino acid and nuclectide sequences for the Vi and V;, domaing of the B

antibody are as follows:

!

H

H
¥
H

'E

Bl | ATGGAGTTTGEECTGACC TEGGTTTTCO T TGT TECCAT T T TARRAGE TG TCCAGTGTGAGGTGCAGLTG
heavy EG’{,‘{5GAGTCCGGGGGAGGC FAGTTOAGCOTEOEAGG T COCTEAGACTCTCO TS TGCAGCOTE

. L RCT T ICAGRAS T TACTEGAT GOACTGRG T CCGCCAAGT TCCAGGEARGEEEUTGE TETECEIGTCATGEY
Cha"“‘ ATTARTARAGAAGEGAGT AGCACAACC Y ACGCGRAC T O THARGGECCERTT CACCATC IO AGAGAC
nClEiC | ARCECORRGAACRCECTOTAT T TEGARA TEAACAGTCTGAGAGCCCACCACACGECTGTATATTATTGT

! CTARGGOCGATACCGATETTGACTACTGECCECTAGESAACGUTGETCACCETCTICTCAGCCTCCACCAAG
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acid GGOCCATCEGTCTTCCCCC THECACCCTCOTCORAGA GCACCTCTRGEE CA&AGFGF CC?GGG mGL
CTEGTCAAGGACTACTTCCCCGRARCCOETCACGATETCOTRBAATCAGECGCCCTGACCAGCGECATE
CACACCTTCCOGRUTETCOTACAGTCCTCAGGACTCTALTCCC I CABCAGLGTEEIGRACOGTRCCCTCS
AGCAGCTTGEEECACCCAGACCTACATUTGUARCETGRATCACAAGCUCAGCRACACCEAGETGGACRAG
ARBGTTGAGCCCAAATCTIGTG AFaﬁﬁﬁCT:ACALﬂPCCLCX@C:TPCLCA CACCTERAACTCCTEEGS
GGACCETIAGTCTTCCTC T TCCCCCCARRACCCAAGGACACCC TCATGATOTCCCEGRACCCOTGAGETE
APAMHFG”GGTGCZGGACGTBA””CA@C\AGACLC”GxCG“uﬁAGTTLRAL“GbTACuTGC%CGGCuTG
GAGGTGCATARTGUCAAGACAMAGCCECEEGAGEAGCAGTACRACAGCACETACCEGETEETCAGLATD
{ CTCRCCETCOTGOALCAS GACTGGCTGARTGGUBAGGA GTACARGTECAAGETCTCOAACARAGCCCTC
- CCAGCUCCCATCGAGARARACCATCTCCARAGCORAMAGGOCAGCCCCGAGAACCACAGGTETACALCCTS
CCOCCATCCUGEEATGAGUTCALCARGAACCAGETCAGCOTGRACCTBOCT GO TCARAGOCTTOTATCCC
AGCGACATCRCCGTGEABYCECAGRECAATGEGOAGCUGEAGRACAACTACRAGRCCALACCTCOUGTS

CTARACTCCGACGGOTCOTTCTPOCTOTAL AQWAAbCTCACCGTGwALAﬁﬁ,.CACGTGGCAGCAGGGG
ARCGTUTTCTCAYGUITCEYGATGCATGAGGCTCTEIACAACCAC TACACGUAGAAGAGCCRCTCOOTG

P TCTCCGEETARBATGA (38Q ID NO:19%)

B light | ATGGCCTGEACTCCTCTCCTCCTECTGTION TOTCICACTGOACAGATTCOCECTCAOACGCTGTECTE
chain | ACTCAGCCETCOT UC“CmFTFLm{CTCF(C AGCATCAGTCAGTCT CACCTECACCTTA0GE CAGTGEC
.| ATCARTGTTGGTACCTACAGGATATACTGRTATCAGCAGARCCCAGEHAGTCCTCOOCETTATCTCOTG
Ul | AR ATCAG G TACAT AR ACA L CAGGGCTC T GGG TCCOCAGCCEC T T CTGOAT CCABAGAT
acid GATICGECCARTGCAGGGATTTTAT TCR T TTCTEEGCTICAGTC TG AGGATGAGGCTGAT TATTACTST
TTGATTTCGCACAGUAGCGCTGIGGTAT TCGGCEGAGEGACCARGCTGACLGTCOTAGETCAGCCCARG
GCTECCCCCTCRETOA FTC“”*ﬁFPWQyLCTCCTVJbAbHAﬁC”FCA.CCCQRCAAG& SCACACTAGT
TCTCTGATCAGTEACTICTACK GuG&CCTC’uﬂuAG””oCTTbxnnUuLFGATGGC% COOOGTORRG
GCGGGAGTGGRGACGATTARACCITCCARACACAGCARLARCARG TACGCEGCCAGCAGL TACCTRAGC
CTGACGCCCCACFA””"GAAG“'uvALAaAAG'TAJASCTQCCAGQTQACGCAT&AA GOAGCACCETS
GAGARGACAGTGGCCCCTACAGRATEYTCATAG (SEQ ID NO:111)

Y vw?@ié&V**VA LEGVOCEVQLVESGGOLYQPORSLRLECAASGFTFRS YWMHWY ROV POKG LY WY S0
heavy CGSSTTYADSVKGRET I SRONARNTLY LEMNSLRADDTAVY YCLRGY DVDYRGOGTLVIVSSAST
L GRSV P LAPS SRS TS GG T AR GCLVKDY FEEPY IV SHYSCALT SEVETF PAYLOS SGLY SLSSVVTVES
CRAIN | §or Ty TONVNHKR SN TKY DKKVEPKSCOKTH ICD PCRABE L UGGV L EPKEROTLMI SRTPEY
| aming TOVYVRVSHE DFEVKFRWYVDGVEVHRARTKPREEGYNS TYRVVSVLTVLEQDWLNGKE YRCKV SNKAL
acid | PAPIEKTISKA bQP”EPUVYWLp”SQ?Pu_RNQVSL~T’V& EY PSDIAVEWESRGQBENNYKTTRRY
LDSUGSFFLY SKLYVDKSRWOQONVESCSVMERALENEY TOKSLSLEFGK (SEQ ID NO:110)

B1 light | MAWTELLLLPLEHCTGELSQAVLY (PSS LEASPGASVELTCTLRSGINVGTYRT THYQUKPGS PFRYLL,
QVK‘”LDKHQSSQVPDRH%GwKJ§~ANAG=LI?‘“LngDmﬁﬁYYC*‘““%QAVVerﬁ”KLTvaQPK

chain ARPSVTLEPRSSEELOANKATLYCLI SDPY PGAVIVAWKADGS PUKAGYE T TKP SKOSNNKYAASS YL.S
aming | LTPEQRRSKRSYSCOUIHEGSTVEKTVAPTRCS (SEQ 1D NO:112)
acid

{00166] The amino acid sequences for the FR and CDR sequences of the B1 antibody are

as follows:
FREl: EVOLVESGGGLVQPEGSLRLSCAAS {BEQ
CDRHL: GFTFRSYWMH {SBg

-
]
o
o
et
w

bt
s
Z
o
s
o
e

FRHZ: WVRQVPGKGLVHVS {SEQ ID NO:115)
CORHZ2: CINKEGSSTT {SEQ ID NO:118)
FREI: YADSVEGRETISRDNAKNTLYLEMESLRADDTAVYYOLR {SEQ ID NO:l17T)
CDRHZ: GYDVDYWG {SEQ ID NO:118)
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FRE4:
FRLI:
CDRLY ;
FRLZ:
CDRLZ:
FRL3:
CDRL3:
FRL4 ¢

QGTLVTVSS {SEQ ID NO:119)
QAVLTQPSSLSASPGASVSLTCTLR {SEQ ID NO:1Z0)
SGINVGTYRIY {SEQ ID NO:121)
WYQQRPESPPRYLL {5BEQ ID NO:122)
RYKSGLDEH {SEQ ID NO:123)
DESGVPSRESCSKEDDSANAGILIISGLOSEDEADYYCT.I {SEQ ID NO:rlizZ4)
WHSSAVVE {SEQ ID NO:125)
GGETKLIVLGOPKAARSVT {SBQ ID NO:izZ&)

001671 Onc aspect is directed to an isolated polypeptide comprising one or more of the
. 4 poiypep P g

CDR sequences of the Bi antibody {i.e., one or more of SEQ ID NQs. 114, 116, 118, 121, 123,

or 125}

In certain embodiments, the isolated polypeptide further comprises additional amino

acid sequences, or other molecules, to form a molecule that binds toxin B, including, but not

limited 1o an anti-toxin B antibody.

[00168] The amino acid and nucleotide sequences for the Vi and V). domains of the R2

antibody are as follows:

B2
heavy

{ chain
nucleic
acid

ATGAAALAC?TG”GGTTCTTCGTCC;bC¢LG”””9AGu4\C AGATGGGTOCTGTCCCAGGTGCARCTA
CTGUAGCCGEECGCAGGACTGT TERAGCCTTLECAGATCNTYE fCCTW%CCIELbC GTCTATOCTGES
TCCITTAGTGAACACTATTGEAGTTGEATCCCCCACGCCCCCAGGEAAGEGGUTOGAGTREATTGGGEAR
;ATCAATTATCGTGGAAACB CAACTACAARCCCETCCCTCSAGRGTUGAATCTCCATUTCAGTGGACACA
TCABAGRACCAGGTCTTCCTCAGRGTRAGATTTETCACAGCTGCBEACACGELIGTETATTTITIATTCG

GGAGGLIGECEAGCAGTAGTACATEEC bbAC”TT”GCTETCPGGGGCCAAGGGACAATLCTCAC SLTE
mCmTCﬂC cTee AC”AKQGLLLLA’CGbT CCCTGECACCOTCOTCCARGAGCACOTCTGERGET

CARGEGECCCTEELUTECOTEETORAGGACTALT! CCBARCOCGETGACGETETCATRGARCTCAGHGS
CL(F;uALLA‘CSGCG '”ACAEFLTCCCFGCﬁ (CTALAu‘CCTCthQCW“MACTFCCT”PFCAf”
GTGETEACCEICCCITCCAGCABCTI TEGECACCCAGACCTACATCTGCAALGTGARTCACAAGCCCAGE
AACACCARGETGEACAALC AAKQTmf”bLLCiAe.LETGTGACAﬂAALTCAuACATFCLL CCETECCCh

GCACCTGARACTCCTCGGERGGACCETCAGTPCETCOTUTY TCCCCLCARAACCCARAGGACACCO TCATEATC
TCLUEEACCCOTERAGETCACATGUSTEETERT GGACETGAGLCACSAAGRALCCTEAGGTCAM TTCANG
TGETACGTGEACGEUGTEOAGGTCUATAATGCCAAGACARAGCCGCEEEAGBAGCAGTACAACAGLACE
TACCGGETEEICAGCGTCCTCACCETCCT GCACCAGGAL TEECTGAATGECARG CAGTACAAG TECANS
GTCTCCRACAAAGCCUTCCCAGCLCCCATOG GA,AASC TCTCCARAGUCAAAGGGCAGCOCCGAGARA
SCLACACSTBTACACCCTGCCCVS ATCCCOGEATGAGCTGACCRAGAACCAGETCAGLCTEACCTGLCTE
CRAAGGCTTCTATCCCAGUGACATLECCE TCCA T&GUHGAGVAA"GGGCAJLCCbAGAEOAACTAi
AAGACCACGUCTCICERTECTEEACTCCCATCECTCCT TCT YCCTCTACAG CTCACCGTIGGACRAS
AGCAGGTEECAGCAGEGGARCETOTTCTOATGCTICCETCATGCATGAGS ”“TCCACAP CACTACACG
CAGAAGAGCOTCTCCOTETCTCORGETAAATEA (SEQ ID NOsel)

| B2 light
- chain
nucleic
acid

-':uvs-xu TCCTGGGGU TGO TARTEOTCT GGG T T CCGeGTCOAGTGLGOATATTGTG

ATGAGGOTOCOTES
TGACGCAGTCTCCACTCTCCC TECCO G TCACECC T GEAGAGCCGECCTCUATCTCCTOOAGETECTAGT

CAGAGCCTGOTTCATACTARTGGRAMCRBL TATTIGE TATGETATCTGCAGRAGOCAGGECAGGLTCCE
CATCTLCTGATCTATCIGCEGATCTAATCGGECCTCUGERGTUCC TG CAGSTTCACTGCCAGTGEATCA
GGCACAGRITTTACACTGRARATCAGCAGAGTGEAGGTCGAGGATE I TGRS T T TATTACTGCATGEAR
TCTCTACARACTCCTCOCACT TTTGRCCAGEGGACCAAGC THGAGATCAAALGAAS TATGGUTGCACCA
TCIETCTTCATC T ICCCECCATORGATGAGTACT TGARATCTGGRACTGCUTCTGTTGYETECCTECTS
BATBACTTYCTYATCCCUAGAGRGGCCAALGTACRGTGCAAGGTGEATARCECCOLCCARTCHBGTARCTCC
| CAGGAGAG “GTCACAGAGCAGGR@AG“R“‘CALA CACCTACRGCCTOAGCAGCACCCTGACGCTGAGC
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AAAGCRGKCTACGAGAAACACAAAGTCTALGCCTCCGAASTC%CCCAILAGGG"ﬂ“LAuC¢v:mCéGwa
RCABRGAGCTICARCAGGECAGAGTATTAL (SEQ ID NO:92)

B2  MKHLWEFVLLVAAPRIVLSOVOLLOGGRGLLK PR LT AV GO S PR R T SN I HOPPORCT RN I

heayy | [NYGONTHYNPSIESRI .fg DT AKRQVFLRYREVIARDTAVY FUSGERRAAVHGR T FATRGOGTMY IV

. 3SR TKGESVFPLAPSSKETSEETAALGCLYKDY FRE PUTY SHNSCAL TS GVET FPAVLOS SELYATLAS

Ch%”l VVIVPSSSLATOTY TONY w%ru SNTKVDKRVEPKSCURTHTC P POPAPE LL GG RSV L FDPKPKDTIMT

| amine SR"PFVTC@VVDJ SHEDPEVKENRYVDGVEVENAKTK PREEQYNS TY RV VS VLIV LHODW LNGKE Y KOK

acid VSNKALPAF IEXT TS KAKGQEFREPOVY TLE P BRIE LTKNOVS LI CLVKGEY PEDTAVERE SNGOPENNY
KT PPVLDSDGS FELY SKLTVDRSRWQQGNVFSCS VMEEALINEY TOKSLSTSPCK  (SRO 1D
NO:92)

B2 light | MRLPAQLIGLIMLWVEGS G0 VMTOSPLAL SV TEGEPAS T SCRE 508 LTI NGIN T LTV L OKPEARD
. HLLIYLGENRASGYPGRFSGAGSCTUFTLKI SRVEVEDVGYY YOMOSLOTPP T FEOGTKLE TKRTVALR
Ch?“‘ EVFIFPPSDEQLKSGTASVVCLLNNEY PREAKVGWHKYDNA LGSR SORSYTEQDSKOSTY SLESTLILS
amine | KADYEKHKVYACEVTHQGLSSPYTKSFNRGEC (SEQ ID NO:94)

acid

{00169] The amino acid sequences for the FR and CDR sequences of the R2 antibody are

as foliows:

FREL:
COREL:
FRHZ:
CDREZ:
FRHE3:
CDRH3:
FRH4 :
FRLL:
CDRLI:
FRLZ:
CORLZ:
FRL3:
CRDRL3:

PRLY:

OVOLLOGGAGLLKPSETLSLTCAVY {SEQ ID N0:35%)
GGSFRIEHYWS {SEQ ID NO:566)
WIRDPRGKGLEWIG {SBQ IR NO:87)
EINYGGHNTN {SEQ ID NO:88)

YNPSLESRISESVDTSRKNQVFLRVREVTAADTAVYFCSG {8EQ ID NO:99y

GRRAAVHGRTFAL {SEQ ID NO:100)
FEQCTMVTVSS (SEQ ID NO:i0L)
DIVMTQSPLSLPVIPGEPASISC {SEQ ID NC:102)
RESQSLLHYNGNNYLV {(SEQ ID NO:103)
TYLORPGQAPHLLIY {SEQ ID NO:104)
LGESHRAS {SEQ ID BO:10%)
GVPGRFSGEGSGTDITLHISRVEVEDVGVYYD {SEQ ID NO:106)
MQSLOTPPT (8EQ ID NO:107)
GRGTRLEIR {SEQ ID NO:108)

[00170] One aspect is directed to an isolated polypeptide comprising one or more of the
CDR sequences of the B2 antibody (i.¢., one or more of SEQ 1D N(s.96, 98, 100, 103, 105, or

107). In certain cabodiments, the isolated polypeptide further comprises additional amino acid

sequences, or other molecules, to form a molecule that binds toxin B, including, but not limited

to an anti-toxin B antibody.

{00171} The amino acid and nucleotide sequences for the Vy and V. domains of the B3

antibody are as follows:

50~




WO 2014/144292 PCT/US2014/028637

B3
heavy
chain
nucleic
- acid

ATGEAGTITGGECTCGASCTEGEETIITCCTITETTGCORT YT AH&AGurbT CAGTGTGALGTECAGCTS
GIGGAGTCCGGGGGAQGCTTAGTTCAGCCTGGGGGGTL"C“GA@“ TCTCCTETTCAGCCTICTGEGRATTC
ACTTTCAGRAGTTACTGOATGCACTGGETCCGCCAAG T FCCAGGCAAGGGGLTCETATGGG TCTCATAT

ATTAAT AAAUAAGG:AGTPCCQPAALCTPMCC GACTCCGTERAAGGGUCEATTCACCATCTCCAGAEAL
AACGCCAAGAACACGCTSTAT T IGCARATGARCAGT U GAGAGCCRACGANACGGU TG TH TATTACTGT
CTAAGGGGATACGRTGTTGACTACTEEGECCASCEAACCLTGETCACCETCTCCTOAGCOTCCACCAAG
GECCCATCEETOPPCCCCCTEECACCOTCOTCCARGASCACCTC TEGRGHCACAGURGCCOTEEEOTGD
CTGETUARGGACTACTTCCCCEAACCGET GACEETETCATEERACTCAGGCECOCTEACCAGTEGEG TS
CA”ACC*TVVFQCGTbTLC”AuAGWCCTCAGGACTCTAC’CCCTLA@CBUUGTGB"GACC‘ GCCCTCC
AGCAGCTTIGEGCACCCAGACCTACATCTGCRACGTGART CACAAGCCCAGUARCACCAAGG TGGACAAG
QAA TTGAGCCCAAATCTTGTGACARRACTCACACATECCCACCETGCCCAGCACCTGAAL TCCTGAGSE
BACCETCAGTCITCCTCTTCCOUCCARARLCCARGEACACCCYCATEATOTCCUGGASCCUTEAGRTC
ALAIQQGQGETCGﬂbbépw;FAGCCﬁ“" AGACCCTGAGETCARGTTCRACTEGTACGTREACGEUGTS
GAGGTGCATAATECCRAGATAAASCCOUGGHAEEAGUAGTACAACAGLACGTACCOGRTCETCAGCETC
f"“CACCC TCOTGCACCAGGACTGECTGAATGECARGEASTACAAGTGCAAGETCTCCAACKAAGRCOTD
CCAGCTCCCATCHAGARRACCATCTCCARAGCCAAAGGECABUCCUGACARACCALAGETGTACADCCTS
CUCCCATCCUGEGAYGABCTGACCAAGAACCAGETCAGCOTGACCTSCCTRETCARAGGOTTOTATCOS
AGCGACATCECCGTGEAGTOGGACGAGCAATEEECAGCCGEASARCAACTACALGACCACGLCTOCOGTE
CIGCACTCOGACGECTICOTTCITCCTCTACAGCRASCTCALCE TEGACARGAGUAGGTOSCAGCAGGES
ARCHTCTTCTCATGUTCCCTGATGCATGAGGCTCTECACARCCACTACACGCAGRABAGCCTOTCCLTGE
TOTCCGGETARATGA (SEQ ID NO:162)

| B3 light
chain
nucleic
acid

QTFGCCTG ACTOCTCECCTOL TOC TG T ToC T CFCTOACTGCACAGG I TCOLTOT “GCAGGCTGTGOTG

T
L ACTCAGCCGTCOTCCCTCOrCTGCATCTCCCEGAGCATUAGTRAGTOICACCTECACCTTGCGCAGTRAGE

GTCAATGIIGETTCCTACAGCATATACT GG TATCAGCAGRAGCCAGGGASTCOTCCCCERIATOTOOTG

PGG“HCA&ATVAubCL1AGATAAALACCAGGG€T‘ TEGAGTOCCCAGCCATTTCICTGCATOCARBGAY
GATTCGECCAATGCAGEEAT TT TAT ¥ CAT T TC T GGG U T CCAS TCTRAGRARAT AT GO T GAT TATTAUTET
TPGATTTEECACRARCAGCGUTETEETAT TCGECHGACGEACCAAGUTOACCEPCCTAGGTCAGCCCAMG
GCTEECCCCTCEETCACTCTGTTCOCECCCTCOPC TG AGGAGC T TCARGCCAAC AAGGCCACAC TGO TS
TS?C;G TCAGPGACTICTACCCGEGAGCTGT GACAGTGEU T THEARGGCAGATEGCABCCCUSTCAAG
GOGEEAGTCEAGACGACCARACCCTCCARACAGRAGCAALARCAAGTACGCGECOAGCAGOTACCTGAGT
CTCACGCCCEAGCAGTGEAAGTCCCACRGAAGCTACASC TECCAGE TCACRCATGAAGERAGCACCSETS
GAGAAGACAGTGRUCCCTACAGAATGTTCATAG (8B ID NO:Lbb)

B3

MEPGLSWVFLVATLKGVQCEVQLS 'EdbbCIJVT’\’Jr\GqLQI)S‘ SASCEFTEFRSYWMHWVROVPGRGLVWVST
& ITSRONAKNTLY LOMNSLRADDTAVY Y CLRGYDVDYRGOGTLVTVSSASTE
08

heavy TNKRGSSTTYADSVKGRYTIS

) GRSVIRLARSSKSTSAGPARLCCLVKDY Pl PV TV SN SGAL T SGVATF RAV LOSSGLY S LESVY TV ES
Ch")tm SSLETQTY TCRVRARFANTKVDRRVEPKSC DR T HTCPPCPAPEL LOCESVFLFRRKPRDTLMIS RTPEV
arming TUYVVDVSH nyrjvxk'rcw‘«'w«ewm'\m TR PREEQY NS TYRVYSVLIVLEBODWLNGKEYKOKVSRKA
acid PAPIRKTISKAKGOPRE POVY T L e PSRDELTRNGV SLICIVEGFYPSD TAVERE SNGOPENNY mm«w

LOSDESPFLY SKLTVDKSRNC gew, SCSUMHEBLENEYTQKSLSLEPGK {(3EQ ID BO:i&4)

B3 light MARTE FLg K.TGSL.‘_‘;A\FL’IQ:SSLSASUG?S uL'l‘C,'l'thJv‘*&‘;’GSVR”VWYQQFP SEERYLL
1 . RYKSGL hQGS SRES GSr{JDbA’\TAbTLEISGpQ“PNDA YYCLIWENEAVVECCEIKLTVLEOPK
Ch‘i‘_m ARPSVTLE P PSSEELOANKATLYC LY SDEFY POAVTVARKADGS PVKAGYS T TR PSKOSNNKY ARSSY LS
aming LIPEOWKSHRSYSCQVTHEG ?:vgan,e FECE {SEQ ID NO:1866)
acid

{00172} The amino acid sequences for the FR and CDR sequences of the B3 antibody are

as follows:

FRHL1:

EVQLVESGGGELVOPGGESLRLSCEAS {58Q ID NO:167)
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CDRHI: GFTFRBYWMH {SEQ ID NO:168)
FRHZ: WVRQVFGKGLVWVS {SEQ ID NO:169)
CDRHZ: CINKEGSSTT {SED ID NO:L170)

FRH3: YADSVKGRPTISRDNAKNTLYLOMNSLRADDTAVYYCLE (8EQ ID WO:171)

CDRH3: GYDVDYHWG {SEQ ID NO:L72)
FRA4: QGTLVIVES (SEQ ID NC:173)
FRLL: QAVLTQPSSLSASPGASVSLYCTLR (SEQ ID 1174}
CPRLI: SGVNVESYRIY {8EQ ID NO:175)
FRLZ: WYQQRPGIPPRYLL {SEQ ID NO:176)
CDRLEZ: RYKSGLDEH {SEQ TD NO:177)
FRL3: QGSGVPSRESGEKDDSANAGILEISGLOSENDADYYCL.L {SEQ 1D NO:178)
CDRL3Z: WHNSAVVFEF (SEQ ID NO:178}
PRL4A: GEGTHLTVLGQPEKAAPSVT {SEQ ID NO:180)

{00173} One aspect is divected to an isolated polypeptide comprising one or more of the
CDR sequences of the B3 antibody (i.e., one or more of SEQ ID NOs 168, 170, 172, 175, 177, or
179). In certain embodiments, the isolated polypeptide further comprises additional amino acid
sequences, or other molecules, to form a molecule that binds foxin B, including, but not limited
to an anti-toxin B antibody.

{00174] The amino acid and nucleotide sequences for the Vi and Vi domains of the B4

antibody are as follows:

i B4 AT GGRACT CEEGCILLGUTGGGT T IO T TG T AL AT T T T AGAAGGT BT COAGT GLOAGL TOOAGE TG
heavy | GTGGAGTCTGEEGGAGGCCTEGT CRAGCCTEAGEGTCCCIGAGRRTCICCTGT GCAGCCTCTGRATIC

hai ACCTTCABTAGCTATAGCATAAACTGEATCCGON AGEC TCC AGEGAAGEEECTGEAGTGAGTCTCATCC
chain

. ATTAGWAGT%ATAGTAGTTACAT&TACLACGCAG CTCAGTYAAGGGCCEATTCANCATCTCCAGAGAL
nuelele | ARCHCCAAGARCTCAC TG TATCIGCANATGARCAR O TGAGARCCCACEACACGSCTET T TATTACTGY
aeid BCOASAGATCGEEACTACAGTARCTACCTTACOGUGTREEHCCAGGRRAACCOURSSTCACCOTCTCCTCR
GUCTCCACTARGGGOCONTCGETCTTCCCCCTGECACCOTCCTOCAAGAGCACCTC TG GGG CACAGCE

GCOOTRGECTGCOTEETUBAGGACTACT TCOCLGAACCEETEACGG IR TCGTEEAAC TCAGGCECOOTS
| ACCRGCGECATECACACCT TCCCCENTETCCTACAGTCOTCACCACTCTACTOCC TCAGCAGCETEETG

ACCGIGCCCTCCAGCAGCTTIGEGTACCUAGRCCTACATUTGLAAMCGTGAATCACAAGCOCAGCAACATT
ARGGTCEACARGAMAGT T GAGCCCARMATOTTE T GACARRACTCACACATECCCACCGTGCOCAGCACCT
GAACTCOTGGE GbGACCCT\AGTCTTCCT“””“””?CLWaAAL“CRAGGACACCCTCAT&ATCTCCCGG
ACCCCTEAGETCACATG! GTL‘”GGT SACGTGAGCUACGARGACCOTGAGGICAAGSTTCARCTGGTAC
GTCGACGGLETEGAGETCCATAATGCOARGACARRASCTGUGHEAGGAGCAGTACARCREUARGTACTGS
GIGETCAGCGTONTCRTC «?PCTG”A CAGGADTGECTGAATGGCANGGAGTACRRGTGCAAGGTOTCN
AACARRGCOC IO A GO O AT oA AR AR CC A TO T CUAR RSO AN AGOG U ACCCCCGACAACTACAG
GTCTACACCCTACCOUCATCCIGECATGAGUTGACCARGAACCAGE TEAGLUTCACCTGCCTGGTCARA
GGCTTCTATCCCAGCGACRTCGCCETCRAGT GOCAGASCAR TERECAGCCEGAGAACAAC TACARGALS
ACGUCTCOCGTGCIGRACTCCEACEECTCOTTOT PCCTCTACAGCARGO TCACCETGGACAAGAGCAGE

TGECAGCAGHGEARCETCTTCTCATGCTCCEYGATGCATGAGGCTUTGCACAALCALTACACGCAGAAG
AGCCTCTCCOTETCTCCGUGTABATEA {8EQ ID MO: 143}

B4 lght | ATGECCTEETCTCCTCTCCT COTCACTCICCTCGCTCACTGUACAGGGTCCTREGCCTAGTCTOTECTE
ACGCAGCCGRCCCTCAGTGTCT GREGCCCCAGOGCAGAGEUTCACTATC TCUTGCAC TERGRGCAGETCC

: cham
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nucleic
acid

AACAE”GGGGCAGGTTATGATGTACACTGGTACCGCCAACTTCCAGGAACEGCCCCCAAACTCCTCATC

TCCCTGGUCATCACTGGCCTCCAGGCTGAGGATGAGECTGATTATPACTGTCAGTCCTATGACAGCAGE
CIGAGTGETTCELTATTCGECGHAGGCACCAAGLTCACCETCCTAGETCAGCCCAAGROTGCCCCUTC
GTCACTOTGTTCCCGCCCTCCTUTGAGGAGCT TCANGCCAACARCSGLCACACTAGTE TG TCTGATCAGT
GACTTCTACCCCGEAGCTETGACAGTEECTYGRAAGGCAGATHGCAGCCCCETCARGGUGEEAGTGEAG
ACGRCCRARCCCTCCARRCAGRAGUARCAACAAGTACGCEGUCAGCAGCTACCTGAGCCTGACGCCOGRG
. CAGTGGRAGTCCCACAGAAGUTACAGCTGUCAGGTCACCCATGAAGGGAGCACCETGEAGAAGACAGTG
| GCCCCTACAGRATGTTICATAG (8EQ ID NG 14T

B4
heavy
chain

- amino
acid

MELGIRWVFLVAL LEGVQCEVQLVESGGGLUK?GGSLBVSCAASGVFT FOSYSMNWIRDAPGRGLERVSS
IEONSSY T YARSVRGRFT I SRONAKNS LY LOMNSLRARDTAVY YCARDRDY SNY LTANGQGTLVIVES
ASTKGPEVEPLAPS KT SGaT AALGCLVKDY F PR EVIVSWNSGALTSGVHTFPAVIQSSCLYSLIZVY
Y RS S S L GTOTY TN VNEKE S TRV DRV E PR OO TR C P PO PARE L LG R BVEL TR R PKDTIMY 3R
TREVTCVVVIVSREDREVREEFNWY VOGVEVHNAKTKPREEQYNSTYRVV VLT VLHEQDWLNGKEYKCKYS
NEALPAPIEK I SHAKGOPREPQVY TLPPSRDELTKNOVS L ICLVKGEY PSDIAVENE SNGOPENNYRT
TPPVLDSDGESPRLYSKLIVDKSRYGOGN VY SCSVMHEALENEYTOKBLSLEPGH. (SR ID
NC:il48)

B4 light
{ chain
amino
acid

MAWSPLLLTLLARCTGRWAQSVLIQPPSVSGAPCORVTISCTGERSS!
YGENHRPSGY PNRESGERECTSASLATTGLQAEDRADYYCOSYDEBLE
VILFPPSSERLGANKATLVC LI SDEY PGAVIVARKA DG S EVRAGVE T PR FSKOSNNRYRAASSYLSLTPE
| QWKSERSYSCOVIHEGSTVEKTVAPTECS (SEQ ID NO:1483

{00

FRHL:
CDRHL:
PRIZ:
CDRHZ2:

FRE3:

)]

DRH3:

H

1

ey
1=

vz}
oW

1751 The amino acid sequences for the FR and CDR sequences of the B4 antibody are

as follows:

EVOLVESGGELVKPGGSLEVSCAAS {S3EQ ID NC:149)
GFTFSSYSMN {SEQ ID NO:150}
WIRCQAPGRGLEWVS (5EQ TD NO:I51Y
SISBNSSYI {SEQ ID NO:152)
YYADSVEGREFTISRONAKNSLYLOMNSLEAEDTAVYYCAR  (8BG ID NO:153)

DROYSRYLTA {3EQ ID NO:154)
WGEQGTLVTVES {SEQ ID ND:155)
CEVLTQPPSVECGAPGORVTISC {BEQ ID NO:158)

|22
w2
4
o
O
o~
L
-3

TGISSNIGAGYDVH

W W
1

¥

4
eI
i

Q

[y

o

o

WYRQLPGTAPKILLIY
N&:159)
HO:160)
1T NO:lel)

GRNNEPS
VENRFSESKSGTSASLAITGLOAEDEADYYC

v W
oo
Tl
3- -
T

w
o
j

QSYDSSLBGHV

PEGGTRLTVLEQPKAARSVTY ID NO:162)

ﬂ
o
i

L)

[60176] One aspect is directed to an isolated polypeptide comprising one or more of the

CDR sequences of the B4 antibody (L.e., one or more of SEQ 1D NGs, 150, 152, 154, 157, 159,

or 161}

In certain embodiments, the isolated polypeptide further comprises additional amino
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acid sequences, or other molecules, to form a molecule that binds toxin B, including, but not

Hmited to an anti-toxin B antibody.

{00177} The amino acid and nucleotide sequences for the Vi and V. domains of the B3

antibody are as follows:

BS
heavy
chain
nucleic
acid

ATGARACACCTETCG T T T TCCTCCTCCTEETGLCAGCTCOCAGA "scsG-‘rcc*rGTt:"'csAGf:TG*ATCTG
CAGGASTCGGGCCCAGEACTGAT GAAGCCTTORGGEACCOTETCCOTR (,cr’*”cc
o6

TCCATCAGITACACTARC YGGTGGAGTPEGETCCECCTET LCqunC"GGF‘}\ GATAGGG

f‘)
-3

43

)

3
"2‘ Gy H3 o

ﬂ

,

L

: GAM TOTATCATAGTRGCAGCACCAACTACAACCCETCCCTCARGRGTCGAGT ,}’&"ZSICAATAC;

GTCCARGRATCTGTTCY CCCTCABBETCRACTCTIETEACCROOGUGE! u:*”Gw(‘CAiCTATT: ACTGET
GCTAAA@C(*C’CTTACAC&?\ SGGATGERATACAGICTTTTCACAACTEGGECCAGGGAACCCTERTCACT
GTCTICCTCAGLCTCCACTAAGGRCOCATCEEICTTCOCCOTGERACCOTCCTCCARGAGCACL TCTEREG
GGCACAGOGECCCTEECCTGLCTGETCARGHACTACTICCOCCAACCOGTEACGETG TS TEGAACTIA
GECGCCCTBACCAGCEECETECARCACCTICCLGECT S TCOTACAGTCOTCAGGAC T IALTCOOVCAGT

i F‘CEG“CCTGACCG?(-r(f”fCCAU(‘AC_«C"'H GEGCACCCAGACCTACATCTGCAACETGAATCACAAGCOO

AGCRACACCAAGGTGGACAAGRAACT TCGAGCCCARATU TG TCACARAACTCACACATGCCCACCE TG
CCAGCACCTGRALTCCTGOGEGEACCGTCAGTOTTCCTOTTCCCCCCRARACCCAMGS ALACLC"’“AT“
ATCTCCCGEACCCCTGAGGTCACATGCETGOTEGTEGACGTEAGCCACGAAGACCCYGAGETCARG!
ARCTGETACGTGCACGGLETGOAG (‘:’EQCATP\AY»J’- CCAAGECRARGCCGUCGEGAGEAGCAGTACARTAGE
ACGTACCGEETCETCAGCETCCTCACCETCOCTECACCAGGACTECCTCAAT GECARGEAG TACAAGTGE

| ARGGTOTCCAACARAGCCCTUCCAGCCCCCATOGAGAARAACCATCTCCARAGCCABRAGGGCAGCCTCEA

GARACCACAGGTETACACCCTGUCCCTATLCOGGGATY ACCTGﬂCC‘AAGZ—‘\}CCF-\GG’I‘LAGCCTGKCC’PGC
CIGGTCAARGGCTTCTATCCCAGLGACATCGUCGTGGAGTHEGAGAGE AA”’GG\;CI\GU‘G:CAGE\.ACAA{
TACAAGACCACGCCTCCLGTGUTGGACTOO GACCCC COTTCLTCOTCTACAGCAAGTTCRCCETGGAC
ARGRGCRGGIGECAGCAGCGEGAACGTICT TCTCATCCTCCETGATGCATSAGHUTUTECLACAACCACTAD
AL"‘"‘A”AE\GL\J‘(‘C’“" TCCOTETCTCCOLETARATGA {SEQ 1D NO:181%)

- BS light
- chain
nucleic
acid

ATGETETTGCACGACCCAGET ”“\‘(V‘VAT’"'T‘CTF‘TGTTCSC, "‘TC&:AT’C-("T(;QTGCCTﬁf‘frirGGGA"‘A‘TCG‘F G

ATGACCCAGTOTCCAGACTCCCTGGCTATGTCTC I GGEUGAGAGEECUACTATOARCTGCARGTCCAGT
CAGAGTETTTTARRG F\G""‘ CCARCAATAAGARCTACTTAGCDIGCTACCAGCAGARACCAGGACAGCCT
CC ‘””AA(“(’ PTECTCATTTITCTGEGCATCGACCCEECAATICGEEETCCOTGACCEATPCAGTRECAGLGEE
CTGGGRCAGATITCACTCTCACCATCAGCAGICTCCAGBCTGRAGA TG YGGCAGT T TATTAC TG TCAG
CAA ;.‘m‘J"L‘k,TP GTGCTCCTCGAACT T TCOACEGAGEEACCARACGTAGARATCAGACGARCTGTGEUTGCR
CCATCTGTOPTCATCTTCCCECCATCTGATCAGCAGTTGAAR YO TEGRALTGCUTCIGTIS TETGCLTS
CIGARATAACTTOTATCCCAGAGASGCCAAAGTACAGTSEARGETGEATAALGCCOTCCAATCEGGTAAL
TCCCAGGAGAGTGTCACAGAGCAGGACAGCARGGACAGUACL TACAGCCTCAGCAGCACCOTIGACECTG
AGCALAGCAGACTACGAGRAACACAARGTCTACGCCTECCRAAGTCACCOATCAGHGLUTGAGTTLACCT
GTCACARAGAGCTTCAACAGGGOAGAGTIGTTAG {SBEC ID NOr183)

BS
heavy
 chain
amino
acid

MERHLY FTTJM*:VAAPF WYLSOVH LQL’S("P\:#VKP SCTLSLTCAVSGGSISYTHW EGWVRLP POKGLEWRL
FIYHSRETNYNPSLKSRVIMS I DKSKN LY SLELNSVIAADTAI Y YCARBAY TROGIQPFDNWGQGETLVY
Ve S ASTRGESVEPLAPSSKS T SGETAALCCLVR DY FREPVTVSHNSCALTRGVHT FRAVILOSSEHLYSLS
SYVITVR S SSLE I T Y TN VNEK PSRN TRV DKV E PREC DR TRTC R VO PAPR L LECESVELYPEK PKDTLM
ISRTPEVICVVVOVSHEDPEVRENWY VDG VEVHNAKTKPREEQYNSTYRVVSVLIVLHODWLRGKE VKD
RV SNKALPAPIBR T I SKAKGUPREPOVYTLEPSROELIKNQVSLICLVEGF Y PANTAVEWESNGOPENN
YRTTPRVLDSDGSFPLY SKLTVDRERWOQQGNVFSCEVMEEALHNAY TORSLELSPGK (SEQ ID
NO:182)

chain
amino

B5Tight | »

L OVE IS LN I SGAY BRI VMTOS P DS LAVALGERATINCKSSOSVLKS SNNANY LAWY COKPGOR
P:{LLIL'YAA\ TRESGVRIRFSGSGSAT DR TLY I SO LOARNVAVY Y COQY SSAPRTFGCGTNVE TRRTVAR
PSVRIPEPSDEQLKSCTASVVCLLNNFYERER mmm\*vr AMQ:JKJNSQES\?,{LQ“SKL TYSLSSTLEL
SKADYEKHRVYACEVIHOGLSSPVIRSENRGEC (SBQ ID NO:184)
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acid

{00178} The amino acld sequences for the FR and CDR sequences of the BS antibody are

as follows:

FRH1:
CDRHEL:
FRHZ
CDREZ:
FRE3:
CDRE3:
FRH4
FRL
CDRL1:
FRLZ:
CDRLZ:

p«t

FPRL4:

o
£
x>
¥4
3

QVHLOESGPGLVEPSGTLSLTCAVS NO:185)

GGSISYTNRWS {SEQ I NO:188)
WYRLPPGEKGLEWIG {58 ID NO:187)
EIYHSRSTHN {SEQ ID NC:188)
YNEPSLRKSRVTMSIDESKNLFSLRKINSVTAADTATYYCAR {BEQ I NO:18%)
AAYTRDGIGPFDN {SEQ ID MNGC:190;}
WGOGTLVTIVES {SEQ ID NO:181)
DIVMTOSPDSLAVSLGERATING (BEQ ID NO:192)
KESQSVLKSENNKNYLA {SEQ ID NO:163)
WYQOKPGQPPKLLIF (SEQ ID NO:194)
WASTRES {SEQ ID NO:185;
GUPDRFSGEGEGCTRFTLYISSLQARDVAVYYC {SEQ ID MNO:136)
QOYSSAPRY (SEQ ID NC:197)
FGGEINVEIR {SEQ ID NO:188)

[001791 One aspect is dirccted to an isolated polypeptide comprising one or more of the

CDR sequences of the BS antibody (i.e., one or more of SEQ 1T NOs. 186, 188, 190, 193, 195,

or 197). In ceriain embodiments, the isolated polypeptide further comprises additional amino

acid sequences, or other molecules, to form a molecule that binds foxin B, including, but not

limited to an guti-toxin B antibody.

{00180] The amino acid and nucleotide sequences for the Vi and Vi, domains of the B6

antibody are as follows:

B6
heavy
chain

- nucleic
- acid

ATGGAGTTGCGEUTGTGOTOGGTITTCCTTGTTGE T ATTTTAGAAGGTATCCAGTGTEAG GTGCAGCTG
GTEGAGTCTES GGASGCTTF@”ACR FCCGHEEEEETCCOTEAGACTUTCCTGIGCAGCCTCEGGATTC
ACCTTCACTACCYCTACCATCARCTGEETUCGCCAGECTCCAGEGARGGEEOTEGAGTGEGT T TCATAT
ATTACTAGGACCAGCACTETCATATACTATACAGACTCI S TCAAGRRICGATTCACCATOTCCAGAGAL
RATGUCARGRACTCACTETRATCTGCAAATGAGCAGCCTIG GA Ce GACGPCAPGGCTCTGTATmATTGT
GUGAGAGGEETCAGEEACATTGGUGGARACGETTTTGACTANPEEEGLIAGGSARCCOTGETCACTETC

i
-~ Is)
€] &
~

T
gy
3
Py

{ TCCTCAGCCTCCACCARGGGLLCA TLGGMC:TCCCCCTGUCACCPTCCvCCAACAQQbCCTCTGGGGGL

ACARGCEECCCTEEECTGUUTGETCAAGGACTACT P OCCCCAACCEETAACGETETCGTHAAACTCAGGS
GUCQTCACCAGCGECETECACACCTTCICGECTGTCC TALAG TCCTCAGGAL T TACTCOCTCAGCAGS
CTGEIGALCETCCCCTCCAGCAGLTTGEGCACCCAGACCTACATCTCCAALG TCAATCACRAGLCCALS
. ARCACCARGETGGACARGABACTICAGCCOAAATUT TG TGACAARAL TCACRCATEOCCACCOTGUCCA
GCACCTEARCTCUTGEEOGEACCATIAGTCTITCCTCY TCCCLCCAAAACCCAAGGACACCOTCATEATE
CCCCEACCCCTGASGTCACATGCATECTGATECACGTCASCCACGAAGACCO TEAGGTCAAGTTCAAC
TGGTACGTOEACGECETGEAGGTGCATARTGCCAAGACARAGCCGUCGHAGGAGCAGTACAACAGCACS
”KCFGGFTG’WCAGCGECLTvA‘CGT{CT”"ACCAuCh"TLJC?GQATGGCBAUGAGTACAAGTbPAAG

C

=l

GTCTCCARCARARGCCCOTC )CLLPCAMﬁ:RQAAAACCATr”phAARUCCAAAGUvaQCﬁNLUMGAA
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CCACAGETGTACACCCTECCCCCAT GGEATGAGCTGACCARGA ﬁCCACCTCQGCCTGACCTGCCmP
GTCARAGGUTTLTATCCCA bCCALA CCSTGGP”“FFFRC GCRAATGGGCAGLCGGAGARCARLTAL
-

{ ARGRCCACGCCTCCUBTRCTEGACTCCEACGGCTCCTTCTTC CTC‘ACAGPAAG TCACCGTGEACAAG

AGCAGGTGETAGCAGHEGGARCGTCTTCTCATGCTCCGTCATGCAT SAGGCTCTGCACAACCACTACACS
CAGAAGAGCOTCTCCCTIGTOTCCGGETAAATGA {SEQ ID 8O:127)

B6 light

chain
nucleic

{ acid

ATGGAAA”CWCAGCSCAGCTTCZCTFCCTCCTG"“&”T”TGGCTCCCAERTACCACCGGAGAAATTGTG
TTERCGCAGTCTCCAGRCACCCTCTC YT TG T TCCAGRGGARAAGAGCCALCUTCTCO TGCAGGGCCAGT
CAGAGTGTRACCAGCAGTTACTTAGCCTAGTACCAGCAGARAAC TEGCCAGGLTCCCAGGNTCCTCATS

- TACGGCGCATCCAGCAGGGCCACYGECATCCCAGACAGE T TCAGTOUUACTEEE TCTESEACAGALTTO
AC LACCATPGLQAbﬁCiuaanC”"AAwATT””“”&GJGiA TACTGTCAGCAGTATEGETAGCTCG

TCT
CCTCCGTACACTTTTGGCCAGGERRUCAAGCTGEAGATCABACGRACTATGEOTGCACCATCTETCTTR
ATCTTCCCBLCATCTGATGAGCAGTTGAAATCTEGAAL TGCC IS TG T TG TG T GUCTROTGAATARCTEIC
TATCCCAGAGAGCCCAAAGTACAG T GEAAGETGAATAACOCCOTCCAATOSEE TARLTCCCAGGABART
GTUACAGAGCAGRACAGCAAGGACAGLALCTACAGCOYCAGCAGCACCCTGACGU TEAGIBAAGT AuAL
TACGAGAARCACAAAGTC mﬁﬁGFCTGCGAAGTLALLL'qLA:GGCCTPBGhT GCOCGTCACARRGAGT
TTCAACAGGOGAGRGTETITAG (SEQ ID NO:l2

Bé
heavy
chain
MG
acid

LWJPIVALLLGVQCNVQLVE GGELVOPGGELRLSCARSGITRTTSTH WYRCAPGKGLEWVSY

STVIYYADSVKGRFTISEDNAKNSLY LOMSSLRARDTAVY YCARGVR DI GENGFDYRGQOTLVTV
TRGPSVFRLAPSSKSTSGOTAALGCLVRDYFPERPVTVSWNSGALTSGYHTFRPAVLOASSALYSLSS
TVESSSLGTUTY TONVNEREPSNTKV DKRVEPKSCORKTHICPRPCPAPELLGGERVFLEPPRPRDTILMI
SRTPEVICVVVOVSHEDPREVKIFNNY VDGVEVENARTHKPREEQGYNS TYRVV VL TVLAQDWLNGKE VKO
VONKALPARP TRKTISKAKGOPREFQVY TLERPSRDELTENQVELICLVKEFY PSDIAVENE SNGOPENNY

KTTPPVLISDGEFFLY SKLTVDKSRWQQGHVFSCEVMHEALINEYTORSLELSPGK (SEQ ID

NQ: 128}

B6 light
 chain

- amino
acid

a7

BEGERATLACR SQSVISSYLAWYQQKTGOAPRLET
EPDLnﬁYYCQQYGT*@PYTgaQC*Vl*1KR1VRAP°V“
)EQMK ADVVCLQVNFY RFAK' FVPQALO“’VQQVQVlkaﬂbKDSLYSL&STLTLoKAJ
YB(HKVY CEVTEQGLSSPVTKSFNRGEC {SEQ T0 NC:130

3:'
[
i
p
?
)
{D
[
S|
U
=]
,1.4
q
%3]
F)
o
C-‘
+3
[l
]
L]
t-;
d
]
E‘
E
E

CDRHL:
FPRIZ:
CDREZ:
FRH3:
CDRH3:
PRH4 :
FRLL:
CORLL:
FRLZ:
CDRLZ
FRL3:

WGOQETLVIVES

GLVESGGGLVQPGGSLRLSCAAS {SEQ ID NC:;131
GEFTPTTSTMN {SEQ ID NO:132)
WVROQAPGKGLEWVS {SEQ ID NC:133)
¥ITRIESTVI {(5EQ ID NO:134)
YYADSVEKGRETISRDNAKNSLYLOMSSLRABRDTAVYYCAR {3BEG ID NO:135%
GVRDIGGNGEDY (SEQ ID NO:136)

w
i
S

=T
=

WOE37)

EIVMTQIPATLSVSPGERATLSC {SEQ ID NO:138)
RASQSTIISNLA (SBEQ ID NO:r139)
WYQOQRPGOAPRLLIY {SEQ ID NO:ri40)
DASTRAT {BEQ IR NO:141)

GCIPARFEGSGBGTEFTLTISS

o

LOSERFAVYYC {5EQ ID NO:142)
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CDRL3: QOYNDWLVT {SEQ ID NO:143)
FRL4A: FGQGTKVEIR {SEQ ID NO:144)

{00182] One aspect is divected to an isolated polypeptide comprising one or morg of the
CDR sequences of the B6 antibody (1.e., one or more of SEQ 1D NGs. 132, 134, 136, 139, 141, or
143). In certain embodiments, the isolated polypeptide further comprises additional amino acid
sequences, or other molecules, to form a molecule that binds toxin B, including, but not limited
to an anti-foxin B antibody.

[001831 The SEQ I NOs corresponding to the sequences of the B, BZ, B3, B4, BS, and
B6 antibodies are listed in Table 2.

Table 2: SEQ ID NOs of Anti-Toxin B Antibodies

Region | Type BL B2 B3 B4 B4 B6
VH DNA | 109 91 163 145 181 127
VH AA 110 92 164 1 146 7 IR2 128
VL DNA. 111 93 | 185 147 | 183 1 129
VL AA 112 94 166 | 148 184 130
FRHE  1AA 113 95 167 149 i85 13}
CDRH1 | AA 1 114 96 168 150 g6 | 132
FRH2 AA 115 1 97 169 151 187 133
CDRH2 | AA 116 98 | 170 152 158 134
FRH3 Al 117 99 171 153 189 135
CDRH3 | AA 118 100§ 172 1 154 1 190 1 136
| PRI AA 119 101 173 1 135 191 137
PRI AA 120 102 174 156 192 138
CDRLI | AA 121 103 175 157 193 139
FRL2 | AA 122 104 176 (58 194 140
CDRL2 | AA 123 105 177 159 195 141
FRL3 AA 12¢ | 106 178 166 | 196 142
CDRL3 1 AA 125 107 1 179 1 16l 1 197 143
FRL4 AA 126 108 180 | 162 | 198 | 144
7. Modified Antibodies

j00184] Modified versions of the Al, A2, A3, A4, AS, Bl, B2, B3, B4, BS, and B6
antibodies are also provided. Typically modifications to an antibody can be introduced through
the nucleic acids that encode the heavy or light chain variable domains of the antibody. These
modifications can include deletions, insertions, point mutations, truncations, and amino acid
substitutions and addition of amino acids or non-amino acid moieties. For example, random
mutagenesis of the disclosed Vi or Vi sequences can be used to generate variant Vg or Vy
domains still capable of binding C. difficile toxin A or B. A technique using error-prone PCR s
described by Gram et al. (Proe. Nat. Acad. Sei. U.S.A. {1992) 89: 3576-3580). Another method
uses direct mutagenesis of the disclosed Vi or Vi sequences. Such techniques are disclosed by

Barbas et al. (Proc. Nat. Acad. 8ci. U.8.A. (1994) 91: 3809-3813) and Schier et al. (J. Mol. Biol.
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{1996 263: 551-367). Modifications can also be made directly 1o the amino acid sequence, such
as by cleavage, addition of a linker molecule or addition of a detectable molety, such as biotin,
addition of a fatty acid, and the like.

001857 In one embodiment, the antibody is & monocional antibody that binds to
difficile toxin A and comprises 1) a heavy chain variable domain that is at least about 70%, at
least about 80%, at least about 90%, at least about 93%, at least about 98% identical, or 100%
identical to the amino acid sequence of the heavy chain variable domain of the A1, A2, A3, A4,
or AS antibody, and 2} a light chain variable domain that is at least about 70%, at least about
30%, at least about 90%, at least about 95%, at least about 98% identical, or 100% identical to
the amino acid sequence of the light chain variable domain of the A1, A2, A3, A4, or AS
antibody, wherein the heavy chain and light chain variable domains from the same antibody are
combined as shown in Table 3.

Table 3: Modified Anti-Toxin A Antibodies

7 C. difficile Toxin A Antibody
Vi Vi

At least about 70%, at least about 80%, at
least about 90%, at least about 959, at least
about 98% identical, or 100% identical to
SEQ ID NO:20 (AD

At least about 70%, at least about 80%, at
least about 90%, at least about 85%, at least
about 98% identical, or 100% identical to
SEGID NOZ22 (AH

At feast about 70%, at least about 80%, at

Ieast about 90%, at least about 95%, at least
- about 98% identical, or 100% identical to
SEQ ID NO:2 (A2)

i At least about 70%, at least about 8(%, at

least about 90%, at least about 95%, at least
about 98% tdentical, or 100% identical to
SEQ ID NO4 (A2)

At least about 70%, at least about 8G%, at
least gbout 90%, at least about §5%, at least
about 28% identical, or 100% identical to
SEQ 1D NO:3§ (A3)

At teast about 70%, at least about 80%, at
least about 90%, at least about §5%, at least
about 98% identical, or 100% identical to

| SEQ IDNO:40 (A3)

At least about 70%, at least about 80%, at
least about 90%, at least about 5%, at least
about 9896 identical, or {00% identical to
SEQ ID NO:56 (Ad)

At least about 70%, at least about 80%, at
least aboui 90%, at least about 95%, at least

| about 98% identical, or 100% identical to

SEQ ID NO:38 (Ad)

At least abowt 70%, at least about 809%, at
least about 20%, at least about 95%, at least
about 98% identical, or 100% identical to
SEQ ID NO74 (A5

At least about 70%, at least about 80%, at
least about 90%, at least about 95%, at least

i about 98% identical, or 100% klentical to

SEQ 1D NO:T6 (AS)

{00186} In another embodiment, the antibody is a monoclonal antibody binds to C. difficile
toxin B and comprises 1} a heavy chain variable domain that is at least about 70%, at least about
80%, at least about 80%, at least about 95%, at least about 98% identical, or 100% identical to
the amino acid sequence of the heavy chain variable domain of the B1, B2, B3, B4, BS, or Bé

antibody, and 2) a light chain variable domain that is at least about 70%, at least about 80%, at
y f
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teast about 90%, at least about 95%, at least about 98% identical, or 100% identical to the amino
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acid sequence of the lght chain variable domain of the B1, B2, B3, B4, BS, or B6 antibody,

wherein the heavy chain and light chain variable domains from the same antibody are combined

as shown int Table 4,

Table 4: Modified Anti-Toxin B Antibodies

C. difficile Toxin B Autibody

Vi

Vi

At least about 70%, at Jeast ahout 80%, at
least about 90%, at least about 9394, at least
about 98% identical, or 100% identical to
SEQ 1D NO:110 (B1)

At least about 70%, at least about 8%, at
ieast about 90%, at least about 95%, at least
about 98% identical, or 180% identical to
SEQIDNO:112 (B

| At least about 70%, at least about 80%, at

| {east about 90%, at least about 95%, at least
about 98% identical, or 100% identical to
SEQ 1D NO:92 (B2)

At least about 70%, at least about 80%, at
least about 90%, at least about 95%, at least
about 98% identical, or 100% identical to
SEQ 1D NO:94 (B2)

At least about 70%, at least about 80%, at
feast about 90%, at least abont 95%, at least
i about 98% identical, or 100% identical to
SEQ ID NO:164 (B3)

At Jeast about 70%, at least about 80%, at
least about 90%, at least about 95%, at least
about 98% identical, or 100% identical to
SEQ 1D NO:166 (B3)

At least about 70%, at least about 80%, at
teast about 90%, at least about 85%, at least
about 98% identical, or 100% identical to
SEG D NO:146 (B4)

At least about 70%, at least about 80%0, at
least about 90%, at least about 95%, at least
aboirt 98% vdentical, or 100% identical to
SEQ ID NO:148 (B4)

Al least aboat 70%, at jeast about 80%, at

| least about 9490, at least about 95%, at least
about 98% identical, or 100% identical to
SEQ IDNO:182 (BS)

At least about 70%, at least about 80%, at
least about 90%, at least ahout 95%, at least
about 98% identical, or 100% identical to
SEQID NO:184 (B5)

At least sbout 70%, at least about 80%, at
{east about 90%, at least about 959%, af least
about 98% identical, or 100% identical to

| SEQ ID NO:128 (B6)

At least about 70%, at least about 80%, at
least about 90%, at least about 93%, at least
about 98% identical, or 100% identical to
SEQ ID NG 130 (B6)

{00187] In another embodiment, the monoclonal antibody binds to C. difficile toxin A and
comprises six CDRs (M1, H2, 13, L1, L2, and L3) that are at least about 70%, at least about
80%, at least about 90%, at least about 3% or at least about 989 identical to the amino acid
sequences of the six CDRs (H, H2, H3, L1, 1.2, and L3) of the heavy and light chain variable
domains of the Al, A2, A3, A4, , or AS antibody.

{00188} In yet another embodiment, the monoclonal antibody binds to C. difficile toxin B
and comprises six CDRs (M1, H2, H3, 1.1, 1.2, and 13} that are at least gbout 70%, at least about
80%, at least about 20%, at least about 95% or at Jeast about 98%¢ identical o the amino acid
sequences of the six CORs (H1, H2, H3, L1, L2, and 1.3} of the heavy and light chain variable
domains of the Bl, B2, B3, B4, BS, or B6 antibody.
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{00189} In another embodiment, the monoclonal antibody binds to C, difficile toxin A and
comprises 8 heavy chain variable domain identical to SEQ ID NO:20 (A1), SEQ ID NO2(A2),
SEQ ID NO:38 (A3), SEQ 1D NO:56 (Ad), or SEQ ID NO:74 (AS) except for Lupto 2, upto 3,
upto 4, upto 3, up to b, up to 7, and in certain cases, up to 10 amino acid substitutions in the
CDR sequences. In another embodiment, the monoclonal antibody binds to C. difficile toxin A
and comprises a light chain variable domain identical to SEQ 1D NO:22 (AD, SEQ ID NO4
{A2), SEQ ID NO:40 (A3), SEQ ID NO:58 (A4), or SEQ 1D NO:T6 {A5) except for 1, up to 2,
upio 3, uptod, upto 5, upto 6, up to 7, and in certain cases, up to 10 amino acid substitutions
in the CDR sequences.

(001901 In yet another embodiment, the monoclonal antibody binds to C. difficile toxin B
and comprises a heavy chain variable domain identical to SEQ 1D NO:T10 (B, SEQ ID NO:92
(B2}, BEQ ID NO:164 (B3), SEQ 1D NO:146 (34), SEQ 1D NO:182 (8B3), or SEQID NO:128
B6)exceptfor Lupto 2, upto3, uptod, upto 5, up to 6, up to 7, and in certain cases, up to 10
aming acid substitutions in the CDR sequences. In another embodiment, the monoclonal
antibody binds to C. difficile toxin A and comprises a light chain variable domain identical to
SEQ 1 NO:112 (B1}, SEQ 1D NO:94 (B2), SEQ ID NO:166 (B3), SEQ 1D NO:148 (B4), SEQ
D N(184 (BS), or SEQ ID NG: 130 (Bo) except for Lupto 2, upto 3, upto 4, upto 5, up te 6,
up to 7, and in certain cases, up to 10 amino acid substitutions in the CDR sequences,

{00191] The specific amino acid positions that can be substituted in a CDR, as well as the
donor amino acid that can be substituted into those positions can be readily determined by one of
skill in the art using known methods, such as those disclosed in published U.S, Application
2006/0099204, the disclosure of which s hereby incorporated by reference in its entirety.
Typically, this involves substitution of an amino acid with an amino acid having similar charge,
kydrophobic, or stereochemical characteristics, More drastic substitutions in FR regions, in
contrast to CDR regions, may also be made as fong as they do not adversely affect {e.g., reduce
affinity by more than 50% as compared to unsubstituted antibody) the binding properties of the
antibody.

1001921 Modified versions of the Al, A2, A3, A4, AS, BL, B2, B3, B4, BS, and B6
antibodies can also be screened to identify which mutation provides a wodified antibody that
retains a desired property, such as high affinity binding of the parent antibody for either C.
difficile toxin A or B and/or potent in vifro neutralizing activity.

[00193] Thus, in one embodiment, the modified antibody, including those described in
Table 3, binds to C. difficile toxin A with a dissociation constant (Kp) equal to or less than 10 pM
(1071, IpM (107MD, 0.1 pM (107°M), 0.01 pM (107M), or 0.001 pM (107°M). In another

-60-
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embodiment, the modified antibody, including those described in Table 4, binds to C difficile
toxin B with a dissociation constant (Kp) equal to or less than 250 pM, 200 pM, 150 pM, 100
pM, 50 pM, 30 pM, 10 pM, 1pM (1072M), or 6.1 pM (10°°M). The dissociation constant may
be measurad using techniques known in the arf, including biolaver interferometry, as described in
the examples of this appHeation.

{00194} In one embodiment, the modified antibody, including those described in Table 3,
neutralizes the in vitro cytotoxicity of C. difficile toxin A at 2.4 ng/mL i the Vero monkey
kidney cell line with an NT50 equal to or less than 3000 pM, 2000 pM, 1000 pM, 100 pM, 60
pM, or 50 pM. In another embodiment, the modified antibody, including those described in
Table 4, nevtralizes the in vitre cytotoxicity of C. difficile toxin B at 17 pg/ml. inthe Vero
monkey kidney cell line with an NT50 of equal to or less than 1000 pM, 100 pM, 60 pM, or 50
pM. For the sake of consistency, when measuring the neutralizing activity in the Vero monkey
kidney cell line, Vero cells (2.5 x 107 cells/well with 5% heat-inactivated FRS) are seeded in a
S6-well tissue culture microtiter plates and incubated 37°C, 5% CO, overnight. An equal volume
(80ul) of 4.8 ng/mL (BxMC30) C. difficile toxin A solution or 34.4 pg/ml. (8xMC50) C. difficile
toxin B solution and individual dilutions of the antibody solutions (80ul) in Vero cell medium are
combined in a new 96-well plate, and incubated at 37°C, 5% CO; for 1 hour before 100 ul of the
toxin/antibody solutions are added to the Vero cells, and incubated at 37°C for 72 hours. After
incubating for 72 hours, the cells are washed twice with 120 pl/each of MEM medium that does
not contain phenol, L-glutamine and FBS before adding 100 ul MEM medium that does not
contain phenol, L-ghttamine and FBS and 10 ul of Alamar Blue® (Life Technologies} to each
well. The plates are lightly mixed and incubated at 37°C for 4 hours before reading fluorescence
at 560-390nm with a cut off at 550nm.

{00195 In one embodiment, the modified antibody, inclading those deseribed in Table 3,
neutralizes the C. difficile toxin A (at 200 ng/mL, applied apically) induced loss of transepithelial
resistance (TEER) in the T-84 cell line with an NT30 equal to or less than 6 oM, 5 nM, 2 oM, or
1.5 uM. In another embodiment, the modified antibody, including those described in Table 4,
neutralizes the C. difficile toxin B (at 75 ng/ml., appHed basolaterally) induced loss of TEER in
the T-84 cell line with an NT50 equal to or less than 200 pM, 130 pM, 100 pM, or 70 pM. For
the sake of consistency, when measuring TEER, T-84 cells are seeded into 0.4 micron polyester
sranswell plates at a seeding density of 3.6x10° celis/om® and maintained at 37°C, 5% COs in
1% heat-inactivated FBS in DMEM/F12 culture media for 10-12 days unti] stable TEER s
achieved and media is replaced in both apical and basolateral compartments of the transweils

daily from day 6 and on the day of assay. The € difficile toxin A {final concentration 200
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ng/mL) or toxin B (final concentration of 75 ng/mL} is combined 1:1 with an antibody and
mncubated at 37°C with gentle rocking for 30 minutes before replacing the media in the apical
compartment with the toxin A/antibody samples or the media in the basolateral compartment
with the toxin B/antibody samples. Transepithelial electrical resistance of the T-84 cells is
measured at Ty immediately before sample addition and after 2.5 hours (T} incubation at 37°C
5% COs.

{00196} In one embodiment, the modified antitbody is a monoclonal antibody, including,
but not Hmited to, a bispecific antibody, that cross-blocks the binding of at least one of the Al,
A2, A3, A4, or AS antibodies to toxin A, using a routine quantitative cross-blocking assay, such
as the Biacore assay discussed above. In one embodiment, the modified antibody is a
monoclons! antibody, inchiding, but not Himited to, & bispecific antibody, that cross-blocks the
binding of the Al antibody 10 toxin A. In another embodiment, the modified antibody s a
moncclonal antibody, including, but not limited to, 2 bispecific antibody, that cross-blocks the
binding of the A2 antibody to toxin A. In another embodiment, the modified antibody is a
monoclonal antibody, including, but not limited to, a bispecific antibody, that cross-blocks the
binding of the A3 antibody to toxin A. In another embodiment, the modified antibody is a
monocional antibody, including, but not limited o, a bispecific antibody, that cross-blocks the

inding of the A4 antibody to toxin A. In another embodiment, the modified antibody is a
monocional antibody, inchuding, but not Himited to, a bispecific antibody, that cross-blocks the
binding of the AS antibody to toxin A.

{00197} In one embodiment, the modified antibody is & monoclonal antibody, including,
but not limited to, a bispecific antibody, that cross-blocks the binding of at feast one of the B,
B2, B3, B4, BS. or B6 antibodies to toxin B, using a routine quantitative cross-blocking assay,
such as the Blacore assay discussed above. In another embodiment, the modified antibody isa
monocional antibody, incleding, but not Hmited to, a bispecific antibody, that cross-blocks the
binding of the B antibody to toxin B. In another embodiment, the modified antibody is a
monoclonal antibody, including, but not limited to, a bispecific antibody, that cross-blocks the
binding of the B2 antibody 1o toxin B. In another embodiment, the modified antibody is a
monoclonal antibody, including, but not limited 1o, a bispecific antibody, that cross-blocks the
binding of the B3 antibody to toxin B. In another embodiment, the modified antibody is a
monocional antibody, tncluding, but not limited to, a bispecific antibody, that cross-blocks the
binding of the B4 antibody to toxin B. In another embodiment, the modified antibody is a
monocional antibody, including, but not limited {o, a bispecific antibody, that cross-blocks the

hinding of the BS antibody to toxin B. I another embodiment, the modified antibody is &

on
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monocional antibody, including, but not limited to, a bispecific amigedy, that cr@ss—bibéks thé
binding of the B6 antibody to toxin B. .

8. Nucleie Acids, Cloning and Expression Systems

T00198] The present disclosure further provides isolated nucleic acids encoding the Al,
A2, AX A4, A3, BI, B2, B3, B4, B33, and B6 antibodies or portions thereof. The nucleic acids
may comprise DNA or RNA and may be wholly or 'partiaiiy synthetic or recombinant. Reference
to a nucleotide sequence as set out herein encompasses a DNA molecule with the specified
sequence, and encompasses 8 RNA molecule with the specified sequence in which U is
substifuted for T, unless context requires otherwise.

{00199} The nuclele acids provided herein encode at Jeast one CDR, all six CDRs fe., Hi,
H2,H3, L1, L2, and L3}, a Vy domain, and/or a V. domain of one of the Al, A2, A3, A4, A5,
B, B2, B3, B4, B3, or B6 antibodies.

{00200} The present disclosure also provides expression vectors {or plasmids) comprising
at least one nucleic acid encoding a COR, all six CDRs (e, HEL, H2Z, H3, L1, L2, and L3), 8 Vy
domain, and/or a Vi domain of one of the Al, A2, A3, A4, A5, Bi, B2, B3, B4, BS, or B6
antibodies, as well as other nucleic acid sequences useful for regulating polypeptide expression.
Suitable expression vectors can be chosen or constructed, so that they contain appropriate
regulatory sequences, including promoter sequences, terminator sequences, polyadenylation
sequences, enhancer sequences, marker genes and other sequences as appropriate.

{00201} The expression vectors can be introduced into a host cell to produce the desired
antibody. Systems for cloning and expression of g polypeptide in a variety of different host cells
are well known in the art. For cells suitable for producing antibodies, see Gene Expression
Systems, Acadenic Press, eds. Fernandez ef al, 1999, Any protein compatible expression
system may be used Yo produce the disclosed antibodies. Suitable expression systems include
transgenic animals described in Gene Expression Systems, Academic Press, eds. Fernandez ef
al, 1999,

[00202] A further aspect of the disclosure provides an isolated host cell comprising a
nucleic acid {or expression vector) as disclosed herein. A still further aspect provides a method
comprising introducing such nucleic acid {or expression vector) into a host cell. The Introduction
may employ any available technigue. For enkaryotic cells, suitable technigues may include
calctum phosphate wansfection, DEAE-Dextran, electroporation, Hposome-mediated transfection
and transduction using refrovirus or other virgs, e.g., vaccinia or, for insect cells, baculovirus.
For bacterial cells, suitable techniques may include calcium chioride transformation,

clectroporation and fransfection using bacteriophage. The introduction of the nucleic acid into
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the cells may be followed by causing or allowing expression from the nucleic acid, e.g., by
cultaring host cells under conditions for expression of the gene. Following production by
expression an antibody may be isolated and/or purified using any suitable techuique, then used as
appropriate.

3. Methods of Making Antibodies

{002031 Numerous methods known to those skilled in the art are available for obtaining
antibodies or antigen-binding fragments thereof. Antibodies can also be produced using
recoanbinant DNA methods, See, ez, U.S. Patent 4,816,567, EPO 8430268.0; EPO 851026635.8;
EPO 85305604.2; PCT/GB &5/00392; EPC 8511531 1.4; PCT/USR6/002269; and Current Trends
in Monoclonal Antibody Development (Steven Shire et al., Bds. Springer, 2010}, the disclosures
of which are incorporated hercin by reference in their entirety. Given the disclosure in this
application of specific nucleie acid sequences and the Vi and V. {or CDR} amino acid sequences
encoded thereby, it is possible, using recombinant DNA techniques, to insert a nuclefc acid of
interest into an expression vector or otherwise express the nucleic acid of interest in a host cell to
produce the desired antibody. In addition, as disclosed elsewhere in this application, modified
versions of the antibodies described herein can be produced using known techniques, including,
for example, random mutagenesis, error-prone PCR, and direct mutagenesis.

(002041 Monoclonal antibodies miay also be produced by preparing immortalized cell Hues
capable of producing antibodies having desired specificity, for example against an antigen
expressing a desirved epitope, such as the specific C. difficile toxin A and B epitopes disclosed in
this application. Such immortalized cell lines may be produced in a variety of ways.
Conveniently, a small non-human animal, such as a mouse, is hyperimmunized with the desired
immunogen. The vertebrate is then sacrificed, usually several days after the final immunization,
the spleen cells removed, and the spleen cells immortalized. The most common technique is
fusion with a myeloma cell fusion pariner, as first described by Kohler and Milstein (1975)
Nature 256:495-497. Other techniques, including EBV transformation, transformation with bare
DINA, e.g., oncogenes, retroviruses, ete., or any other method which provides for stable
maintenance of the cell line and production of monocional antibodies, Specific techniques for
preparing monoclonal antibodies are described in Antibodies: A Laboratory Manual, Harlow and
Lane, eds., Cold Spring Harbor Laboratory, 1988 | the full disclosure of which is incorporated
herein by reference.

{00205 I one embodiment, the non-human arimal includes at least a part of a human
immunoglobulin gene. For example, it is possible to engineer transgenic mouse strains that

express human heavy and Hght chain genes, but are incapable of expressing the endogenous
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mouse immunoglobulin heavy and lght chain genes. '&?singr the hybridoma technology, antigen-
specific monoclonal antibodies derived {rom the genes with the desired specificity may be
produced and selected. See, e.g., XENOMOUSE™, Green ef al, {1994) Nature Genetics 7:13-
21, US 2603-0070185, 1.8, Patent No. 5,225,539, WO 96/34096, published Oct. 31, 1996, and
PCT Application No. PCT/USQ6/03928, filed Apr. 29, 1996, the disclosures of which are
incorporated herein by reference in their entivety.

f00206] Immortalized cell Jines can be sereened using standard methods, such as enzyme-
linked immunosorbent assay (ELISA) or surface plasmon resonance analysis, to identify one or
more hybridomas thet produce an antibody that specifically binds with a specified antigen and/or
epitope. Any form of the specified antigen may be used as the homunogen, e.g., recombinant
antigen, nataraily occurring forms, any variamts or fragments thereof, as well as antigenic peptide
thereof.

1002071 Another exermnplary method of making antibodies includes sereening protein
expression libraries, e.g., phage or ribosome display libraries. Phage display technology mimics
the mammalian immune system by cloning farge libraries of antibody genes and selecting for
binding to a desired target, such as the specific C. difficile toxin A and B epitopes disclosed in
this application. Phage display is described, for example, in Ladner ef of, U.S. Patent No.
5,223,409, Smith (1985) Science 228:1315-1317; Clackson ef al. {1991) Nature, 352: 624-628,
Marks ef @l {1991} ./ Mol. Biol, 222: 581-5397W0 92/18619; WO 91/17271, WO 92/20791;
WO 92/15679; WG 93/01288; WO 92/01047;, WO 92/09690; and W 90/02809, the disclosures
of which are incorporated herein by reference in their entivety. It is also possible o produce
antibodies that bind a specific antigen, such as one of the specific C. difficile epitopes disclosed
iry this application, by using a variable heavy domain (e.g., SEQ ID NOu4, SEQ ID NO:22, SEQ
1D NO:40, SEQ Dy NO:ES, SEQ ID NO:76, SEQ I3 NO:94, SEQ 1 NO:112, SEQ 1D NO:1340,
SEQ D NO: 148, SEQ ID NO:166, or SEQ 1D NO:184) and screening a library of
complimentary variable domains to identify antibodies that retain the desired binding specificity.
See Portolano et al., The Journal of Immunoclogy (1993} 150:880-887 and Clarkson et al,, Nature
(1991 352:624-628, the disclosures of which are incorporated herein by reference in their
entirety.

18, Methods of Use

002081 The antibodies deseribed in this application that bind to C. difficile toxin A or
toxin B can be used in a variety of research and medical applications. In one aspect, the
disclosure provides a method of treating a O difficile infection in a subject, comprising

administering to the subject one or more of the Al, A2, A3, A4, A5, B1, B2, B3, B4, B3, or B6
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antibodies in an amount effective to treat the C. difficile infection. In another embodiment, the
method of treating a C. difficile infection in a subject, comprises administering at least one
antibody that binds to C. difficile toxin A selected from the A, A2, A3, A4, and AS antibodics
and at least one antibody that binds to C. difficile toxin B selected from the B1, B2, B3, B4, BS,
and B6 antibodies. In one embodiment, the at least one antibody that binds to C. difficile toxin A
is the A2 amtibody and the at least one antibody that binds to C. difficile toxin B is one or more of
the B1, B2, B3, B4, B3, and B6 antibodies, preferably one or more of B1, B2, or B4, In another
embodiment, the method comprises administering the A2 antibody and at least two antibodies
that binds to C. difficile toxin B, wherein the at least two antibodies that binds to C. difficile toxin
B are the Bl and B2 antibodies, the B2 and B4 antibodies, or the B2 and B6 aniibodies. In
another embodiment, the method comprises administering the 1) A2 antibody and 2) a bispecific
Bi + B2 amibody, 2 bispecific B2 + B4 antibody, or 4 bispecific B2 + B6 antibody. The
antibodies way be adiministered at the same time or sequentially,

{00209] In another embodiment, the method of treating a € difficile infection comprises
admiuistering a composition to the subject in an amount effective to treat the C, difficile
infection, wherein the composition comprises at least one antibody that binds to C. difficile toxin
A selected from the Al, A2, A3, A4, and AS antibodies and at least one antibody that binds to C.
difficile toxin B selected from the B1, B2, B3, B4, BS, and B6 antibodics. In another
embodiment, the composition comprises at least one antibody that binds to C. difficile toxin A
and at least one antibody that binds to C difficile toxin B selected from the B1, B2, B3, B4, BS,
and B6 antibodies. In avother embodiment, the composition comprises at least one antibody that
binds to C. difficile toxin A selected from the Al, A2, A3, Ad, and A5 antibodies and at least one

ttibody that binds to €. difficile toxin B.

{00210} in one embodiment, the at least one antibody that binds to C difficile toxin A is
the A2 antibody and the at lgast one antibody that binds to C. difficile toxin B is one or more of
the B1, B2, B3, B4, BS, and B6 antibodies, preferably one or more of Bi, B2, or B4, In one
embodiment, the composition comprises the A2 antibody and the B4 antibody. Inanother
embaodiment, the composition comprises the A2 antibody and the B2 antibody. In another
embodiment, the composition comprises the A2 antibody and the Bl antibody.

{00211} Inanother embodiment, the compesition comprises the A2 antibody and two
antibodies that bind to C. difficile toxin B, wherein the two antibodies that bind to C. difficile
toxin B are selected from the B1, B2, B3, B4, BS, and B6 antibodies. In ong embadiment, the
composition comprises the A2, B, and B2 antibodies. In another embodiment, the composition

comprises the A2, B2, and B4 antibodies. {n another embodiment the composition comprises the
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A2, B2, and B6 antibodies.

{00212} In yet another embodiment, the composition comprises the 1) A2 antibody and 2}
a bispecific Bl + B2 antibody, a bispecific B2 + B4 antibody, or 8 bispecific B2 + B6 antibody.

{00213] Subjects that can be treated with the antibodies disclosed in this application
inchude humans and non-human mammals, including, but not limited to, non-hwman primates,
dogs, cats, horses, cows, sheep, pigs, goats, mié&, rats, hamsters, and guinea pigs.

{60214] In addition, one or more of the Al, A2, A3, Ad, and AS antibodies can be used 1o
detect C. difficile toxin A in a sample, while one or more of the B1, B2, B3, B4, BS, or B6
antibodies can be used to detect C. difficile toxin B in a sample. In one embodiment, the method
comprises contacting one or more of the Al, A2, A3, A4, A5, B, B2, B3, B4, B5, or B6
antibodies with the sample and analyzing the sample to detect binding of the antibody to toxin A
or toxin B in the sample, wherein binding of the antibody to toxin A or toxin B in the sample
indicates the presence of C. difficile in the biological sample. In one embodiment, the sample
comprises a non-biological sample, such as soil, water, or food products such as meat. In other
embodiments, the sample comprises a biological sample, such as blood, serum, tissue, or stool.
Such methods can be used to detect a C. difficile infection in a patient, wherein binding of the
antibody to toxin A or toxin B in a sample from the patient indicates the presence of the C.
difficile infection in the patient.

[60215] Any appropriate label may be used in the detection methods and compositions
described herein, A label is any molecule or composition bound to an antibody, or a secondary
molecule that is conjugated thereto, and that is detectable by spectroscopic, photochemical,
biochemical, immunochemical, electrical, optical or chemical means. Examples of labels,
including enzymes, colioidal gold particles, colored latex partictes, have been disclosed (U.S.
Patents No. 4,275,149; 4,313,734; 4,373,932; and 4,954,452, each incorporated by reference
herein). Additional examples of useful labels include, without limitation, haptens {e.g., biotin,
digoxigenin (DIG), dintrophenol (ONP), ete.), radicactive isotopes, co-factors, ligands,
chemilominescent or fluorescent agents, protein-adsorbed silver particles, protein-adsorbed iron
particles, protein-adsorbed copper particles, protein-adsorbed selenium particles,
protein-adsorbed sulphur particles, protein-adsorbed tellurium particles, protein-adsorbed carbon
particles, and protein-coupled dye sacs. The attachiment of a compound to a label can be through
any means, including covalent bonds, adsorption processes, hydrophobic and/or electrostatic
bonds, as in chelates and the like, or combinations of these bouds and interactions and/or may
involve a linking group.

11, Formulations and Administration
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002161 The disclosure provides compositions comprising an antibody described herein
that binds to C. diffrcile toxinn A or toxin B. In certain embodiments, the compositions are
suitable for pharmaceutical use and administration to patients. These compositions comprise one
or more of the Al, A2, A3, A4, AS, BL, B2, B3, B4, B3, or B6 antibodies and a pharmaceutically
acceptable excipient. In one embodiment, the composition comprises at least one antibody that
binds to O difficile toxin A selected from the A, A2, A3, A4, and AS antibodies and at least one
antibody that binds to C. difficile toxin B, In another embodiment, the composition comprises at
least one antibody that binds to € difficile toxin A and at least one antibody that binds to €
difficile toxin B, wherein the at least one antibody that binds to €. difficile toxin B i3 preferably
one oy more of the B, B2, B3, B4, B35, and 86 antibodies.

{00217] In one embodiment, the at least one antibody that binds to C. difficile toxin A is
the AZ antibody or Al antibody and the at least one antibody that binds to C difficile toxin B is
one ormore of the B1, B2, B3, B4, BS, or B6 antibodies, preferably one or more of B1, B2, or
B4. In one embodiment, the composition comprises the A2 antibody and the B4 antibody. In
another embodiment, the composition comprises the AZ antibody and the B2 antibody. In
another embodiment, the composition comprises the A2 antibody and the B1 autibody. In
ancther embodiment, the composition comprises the Al antibody and the BI antibody. In
another embodiment, the composition comprises the Al antibody and the B2 antibody. In
another embodiment, the composition comprises the Al antibody and the B4 antibedy. In
another embodiment, the composition comprises the Al antibody and the B6 antibody,

00218} In another embodiment, the composition comprises the A2 antibody or Al
antibody and two antibodies that bind to C. difficile toxin B, wherein the two antibodies that bind
to O difficile toxin B are selected from the B, B2, B3, B4, B3, and B6 antibodies. In one
embodiment, the composition comprises the AZ, B1, and B2 antibodies. In another embodiment,
the composition comprises the A2, B2, and B4 antibodies. In another embodiment the
composition comprises the A2, B2, and 86 antibodies. In yet another embodiment, the
composition comprises the 1} A2 antibody and 2) a bispecific Bl + B2 antibody, a bispecific B2
+ B4 antibody, ov a bispecific B2 + B6 antibody. In one embodiment, the composition comprises
the Al, Bl, and B2 antibodies. in another embodiment, the composition comprises the A1, B2,
and B4 antibodies. In another embodiment the composition comprises the Al, BZ, and B6
antibodies. In vet another embodiment, the composition comprises the 1) Al antibody and 2) a
bispecific B1 + B2 antibody, a bispecific B2 + B4 antibody, or a bispecific B2 + Bé antibody.

{00219} In one embodiment, the composition comprises one or more of the A, A2, A3,

A4, A5, Bi, B2, B3, B4, BS, or BS antibodies for use in treating a C. difficile infection,
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Preferably, the composition comprises at least one antibody that binds to C. difficile toxin A
selected from the Al, A2, A3, A4, and AS antibodies and at least one antibody that binds to €.
difficile toxin B selected from the BI, B2, B3, B4, B5, and B6 antibodies for use in treating a C
difficile infection. In one embodiment, the composition comprises the A2 antibody or Al
antibody and the at least one antibody that binds to C. difficile toxin B selected from the B, B2,
H3, B34, B3, or B6 antibodies, preferably one or more of BY, B2, or B4 for use in treating a
difficile infection. In one embodiment, the composition comprises the A2 antibody and the B4
antibody for use in treating g €. difficile infection. In ancther embodiment, the composition
comprises the A2 anttbody and the B2 antibody for use in treating a C. difficile infection. In
another embodiment, the composition comprises the A2 antibody and the B1 antibody for use in
treating a C. difficile infection. In another embodiment, the composition comprises the Al
antibody and the B4 antibody for use in treating a €. difficile infection. In snother embodiment,
the composition comprises the Al antibody and the B2 antibody for use in treating a C. difficile
infection. In another embodiment, the composition comprises the Al antibody and the B
antthody for use in treating a C. difficile infection. In anather embodiment, the composition
comprises the Al antibody and the B6 antibody for use in treating a C. difficile infection,
{00220] in yet another embodiment, the composition comprises the A2 or A1 antibody and
two antibodies that bind to C. difficile toxin B for use in freating & C. difficile infection, wherein
the two antibodies that bind to C. difficile toxin B are selected from the 81, B2, B3, B4, BS, and
B6 antibodies. In one embodiment, the composition comprises the A2 antibody, the B antibody,
and the B2 antibody for use in treativg a C. difficile infection, In another emibodiment, the
composition comprises the A2 antibody, the B2 antibody, and the B4 antibody for use in treating
a C. difficile infection. In another embodiment, the composition comprises the A2 antibody, the
B2 antibody, and the B6 antibody for use in reating a C. difficile infection. In yet another
embodiment, the composition comprises the 1) A2 antibody and 2} a bispecific Bl + B2
antibody, a bispecitic B2 + B4 antibody, or a bispecific B2 + B6 antibody for use in treatinga .
difficile infection. . In one embodiment, the composition comprises the Al antibody, the Bl
antibody, and the B2 antibody for use in treating a C. difficile Infection. In ancther embodiment,
the composition comprises the Al antibody, the B2 antibody, and the B4 antibody for use in
treating a C. difficile mfection. In another embodiment, the composition comprises the Al
antihody, the B2 antibody, and the B6 antibody for use in treating a €. difficile infection. In vet
another embodiment, the composition comyprizes the 1} Al antibody and 2) a bispecific B1 + B2
antibody, a bispecific B2 + B4 antibody, or a bispecific B2 + B6 antibody for vse in treating a C.

difficile infection.
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{00221} The compositions may also contain other active compounds providing
sapplemental, additional, or enhanced therapeutic functions. In one embodiment, the other active
compound is an antibiotic, incloding, but not limited to, metronidazole, fidaxomicin, or
vanomycin. The pharmaceuiical compositions may also be inchided in a container, pack, or
dispenser together with instructions for administration.

C{00222] Pharmaceutically acceptable excipients inchude, but are not Hmited to a carrier or
diluent, such as a gum, a starch (e.g. com starch, pregeletanized starch), a sugar {e.g. lactose,
mannitol, sucrose, dextrose), a cellulosic material (e.g. microcrystalline cellulose), an acrylate
{e.g. polymethylacrylate), caleium carbonate, magnesium oxide, tale, or mixtures thereof; a
binder {e.g. acacia, cornstarch, gelatin, carbomer, ethy! cellulose, guar gum, hydroxypropyl
cellulose, hydrorypropyl methyl celiulose, povidone); a disintegrating agent (e.g. cornstarch,
potato starch, alginic acid, silicon dioxide, croscarmelose sodium, crospovidone, guar gum,
sodium starch giveolate), a buffer {e.g. Tris-HCY, acetate, phosphate) of varions pH and jonic
strength; and additive such as albumin or gelatin to prevent absorption o surfaces; a detergent
{e.z. Tween 20, Tween 80, Pluronic F68, bile acid salts); a protease inhibitor; a surfactant {e.g.
sodium lavryl sulfate); a permeation enhancer; a solubilizing agent (e.g. glycerol, polyethylene
glycerol); an anti-oxidants {e.g. ascorbic acid, sodium metabisulfite, butylated hydroxyanisole); a
stabilizer (e.g. hydroxypropyl celinlose, hydroxypropylmethyl cellulose); a viscosity inereasing
agent {e.g. carbomer, colloidal silicon dioxide, ethyl cellulose, guar gum); a sweetener {e.z.
aspartame, citric acid); a preservative (e.g. Thimerosal, benzy! alcohol, parabens); a hubricant
{e.g. stearic acid, magnesium stearate, polyethylene glycol, sodium lauryl sulfate); 8 fow-aid
{e.g. coHoidal silicon dioxide), a plasticizer (e.g. diethyl phthalate, triethyl citrate); an emulsifier
{e.g. carbomer, hydroxypropyl cellulose, sodium fauryl sulfate); 2 polvmer coating {e.g.
poloxamers or poloxamines); a coating and film forming agent (e.g. ethyl celiulose, acrylates,
polymethacrylates); an adjuvant; a pharmaceutically acceptable carrier for liquid formulations,
such as an aqueous {water, alcoholic/agueous solotion, emulsion or suspension, including saline
and buffered media) or non-aqueocus {e.g., propyiene plycol, polyethylene glycol, and injectable
organic esters such as ethyl oleate) solution, suspension, emulsion or oil; and a parenteral vehicle
{for subcutaneous, intravenous, intraarterial, or intramuscular injection), inchuding but not limited
to, sodium chioride solution, Ringer's dextrose, dextrose and sodivm chioride, lactated Ringer's
and fixed oils.

[00223] Intravenous vehicles include fuid and nutrient replenishers, electrolyte
replenishers such as those based on Ringer's dextrose, and the like. Examples are stertle liquids

such as water and oils, with or without the addition of a surfactant and other pharmaceutically
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acceptable adjuvants. In general, water, saline, agueous dextrose and related sugar solutions, and
slyeols such as propylene glycols or polyethylene glycol are preferred liquid carriers, particularly
for injectable sohstions. Examples of oils are those of animal, vegetable, or synthetic origin, for
example, peanut oil, soybean oil, olive oil, sunflower oil, fish-liver oil, another marine oil, ora
lipid from milk or eggs.

{00224] A pharmaceutical composition of the invention is formulated to be compatible
with its intended ronte of admdnistration. Methods to accomplish the administration are known
to those of ordinary skill in the art. This includes, for example, injections, by parenteral routes
such as intravenous, intravascular, intraarierial, subcotaneous, intramuscular, intraperitoneal,
intraventricular, intraepidural, or others as well as orgl, nasal, ophthalmic, rectal, or topical.
Sustained release administration is also specifically contemplated, by such means as depot
injections or erodibie implants. Localized delivery is particularly conteraplated, by such means
as delivery via a catheter to one or more arteries, such as the renal artery or a vessel supplying a
tocalized site of interest.

{00225 In one embodiment a subject antibody is administered o a patient by intravenous,
intramuscular or subcutaneous injection. An antibody may be administered within a dose range
between about 1 pg/ky to about 104 mg/ke. A therapeutically effective amount of antibody may
include, but is not lintted to, dosage ranges of about 0.1 mg/kg to about 100 mg/kg; 0.1 mg/ks to
abount 10 mg/kg; about 0.5 mg/hkg to 75 mgike; | mg/kg to about 30 mp/ke; 1 mg/ke to abowt 10
mg/kg; 0.5 mg/kg to about 25 rag/kg; or about | mgfkg to about 3 mp/kg. The antibody may be
administered, for example, by bolus injunction or by slow infusion. The dosage may depend on
the type and severity of the infection and/or on the characteristics of the individual, such as
general health, age, sex, body weight and tolerance to drugs and should be adjusted, as needed,
according to individual need and professional judgment. The dosage may also vary depending
upon factors, such as route of administration, target site, or other therapies administered. The
skilled artisan will be able to determine appropriate doses depending on these and other factors.

{00226} Toxicity and therapeutic efficacy of the composition can be determined by
standard pharmaceutical procedures in cell cultures or experimental animals, £.g., determining
the LDso (the dose lethal to 50% of the population) and the EDy {the dose therapeutically
effective in $0% of the population). The dose ratio between toxic and therapeutic effects is the
therapeutic index and it van be expressed as the ratio LDsp/EDsp. Antibodies that exhibit large
therapeutic indices may be less toxic and/or more therapeutically effective.
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{002271 In some embodiments, at least one antibody described herein that binds to C.
difficile toxin A or loxin B is supplied in the form of a kit useful, for example, for performing the
treatment or diagnostic methods described in this application. In onc embodiment, an
appropriate amount of onc or more of the Al, A2, A3, A4, AS, B1, B2, B3, B4, BS, or B6
antibodies is provided in one or more containers. In other embodiments, one or more of the Al,
A2, A3, A4, A5, Bl, B2, B3, B4, B3, or B6 antibodies is provided suspended in an aqueous
solution or as a fresze-dried or lvophilized powder, for instance. The container(s) in which the at
least one antibody is supplied can be any conventional container that is capable of holding the
supplied form, for instance, microfige tubes, ampoules, or bottles. The amount of antibody
supplied can be any appropriate amount.

[00228] Other kit embodiments include means for defecting one or more of the Al, A2,
A3, Ad, AS, B, B2, B3, B4, BS, or B6 antibodies, such as secondary antibodies. In some such
instances, the sscondary antibody is directly labeled with a detectable moiety (as described
elsewhere in this disclosare). In other instances, the primary or secondary (or higher-order)
auntibody is conjugated to a hapten {such as biotin, DNP, DIG, cte.), which is detectable by a
detectably Iabeled cognate hapten-binding molecuie (e.g., streptavidin {SA)-horse radish
peroxidase, SA-afkaline phosphatase, SA-QDot™ (Invitrogen, Carlsbad, CA), etc.). In some
embodiments, the primary or secondary antibody in conjugated with a fluorescent detection
moiety {e.g., FITC, rhodamine, ALEXAF LUOR® {(Invitrogen, Carlshad, CA) dyes, Cy
designated fluorophores, ete.). Some kit embodiments may include colorimetric reagents (e.g.,
DAB, AEC, ete.) in suitable contaivers to be used in concert with primary or secondary (or
higher-order) antibodies that are labeled with enzymes for the development of such colorimetric
reagents,

002291 In one embodiment, a kit includes instructional materials disclosing methods of
use of the kit contents (e.g., an antibody described herein that binds to C difffeile toxin A or
toxin BY ina disclosed method. The instructional materials may be provided in any number of
forms, inchuding, but not Himited to, written form (e.g., hardcopy paper, etc.), in an elecironic
form (e.g., computer diskette or compact disk} or may be visual {e.g., video files). The kits may
also include additional components to facilitate the particular application for which the kit is
designed. Thas, for example, the kits may additionally include buffers and other reagents
routinely vsed for the practice of a particular method. Such kits and appropriate contents are well
known to those of skill in the art.

[00230] Unless otherwise defined, all technical and scientific terms used herein have the

same meaning as commonly understood by one of ordinary skill in the art. Although methods
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and materials similar or equivalent to those described herein can be used in the practice or testing
of the present invention, suitable methods and materials are described below, All publications,
patent applications, patents, and other references mentioned herein are incorporated by reference
it their entirety. In case of conflict, the present specification, including definitions, will control.
in addition, the materials, methods, and examples are Hlustrative only and not intended to be

Himiting,

EXAMPLES

[60231] Example I. Antibody Screening

[006232] Blood domor selection. Serum was collected from 3000 healthy donors and
assessed for s capacity to neutralize C difficile toxin A and/or toxin B by cylotoxicity assay on
IMRY0 cells as described by Babeock ef al. (Infection and Immunity, Nov, 2006, p. 6339-6347).
Briefly, IMRO0 cells were seeded in a 96 well plate (half size well plates) at a cell density of 1 x
10% cellsfwell in a 50 ul volume. The plates were tncubated for 24 hours at 37°C, 5% COa,
before removing the supernatant frowm the wells, Sera were dijuted in IMRO0 cell axdiure medinm
125 and 17100 for toxin A and 17100 and 1/500 for toxin B and incubated for 60 minutes with
either 4x M50 of toxin A or 2x MCS0 of toxin B, This mixture was then added to the wells of
the 96 well plate and incubated for 16-24 hours a1 37°C, 5% CO; before assessing the cytopathic
effect, The cytopathic effect was determined microscopically and scored as 0 (0% rounded
cells), 1 (25% rounded cells), 2 (50% rounded cells), 3 (75% ropnded cells), 4 (180% rounded
cells). Sera exhibiting a neutralizing activity were further fested with the same assay in g series
of dilutions ranging from 1/25 to 1/3200. in paraliel, neutralizing sera were also tested by ELISA
to determine their titers against both toxins, as well as their crosssreactivity for the toxinotypes 0,
LV, VHIL X, X1V, and XV, Peripheral Blood Mononuciear Cells (PBMCs) from the 12 best
donors were used for the screening campaigns to maximize the probability to isolate B cells
secreting high quality antibodies,

{00233] Anmtigens. Untoxoided C. difficile toxins A and B were purified from the
supernatant of a cultore of streain VP110463 (ATCC 43255).

[00234] Antibody Screening. The AZ, Ad, AS, B6, B4 antibodies were obtained by
implementing the method deseribed in Jin el af. (2011, Nature Protocols Vol.6, N°5 pp668-676)
and named ISAAC (ImmunoSpot Array Assay on a Chip). In brief, C. difficile toxin A or B
antipen was coated on the chip. The anti-toxin A or B human antibodies, secreted from wells
containing one human B cell, diffuse onto the chip surface and bind to the antigen coated on the

chip surface. Bound antibodies were visualized using Cyanine 3 anti-human Ig(d monoclonal
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antibody. The B cells secreting specific anti-toxin A or B antibodies were isolated and the heavy
and light chains of human monoclonal antibodies were obtained by single cell reverse
transcriptase polymerase chain reaction (RT-PCR}. The amplified VH and VL fragments were
subsequently cloned into expression vectors for production and recombinant antibody testing.

(602351 The Al, A3, Bl, B2, B3, BS antibodies were obtained by implementing the
method described in the patent application WO2013/000982 named VIVASCREEN. B-
tymphocytes from the best donors were isolated, activated and expanded in vitre. Supernatants
from expanded B-lymphocyie pools were then screened using a binding assay against C. difficile
toxin A or toxin B. B-cell pools that secreted antibodies against toxin A or B were further
screened with a fonctional assay. Notably, the functional hits were identified using a cytotoxicity
assay on IMRO0 cells as described by Babcock ef g 2006. Briefly, IMRS0 cells were seeded in
a 96 well plate (half size well plates) at a cell density of 1x 10E4 cells/well in a 50 yl volume,
The plates were incubated during 24 hours &t 37°C, 5% CO», before removing the supernatant
from the wells. 1530 1 of supernatants from each of the expanded B cell pools were incubated for
60 minutes with either 8x MCS50 of toxin A or 2x MC30 of B. This mixture was then added to
the wells of the 96 well plate and incubated for 16-24 hours at 37°C + CQ; before assessing the
cytopathic effect. The cytopathic effect was determined microscopically and scored as 0 (0%
rounded cells), 1 (25% rounded cells), 2 {50% rounded cells), 3 (73% rounded cells), 4 (100%
rounded cells).

(002361 The single B cells secreting specific anti-toxin A or B antibodies frons cach
relevant B-cell pool were further isolated by the ISAAC (fmmunoSpot Array Assay on a Chip)
method on toxin A~ or toxin B-coated chips, and the heavy and lght chaing of the monocional
antibodics were obtained by single cell reverse transcriptase polymerase chain reaction (RT-
PCR}. The amplified VH and VL fragments were subsequently cloned into expression vectors
for production and further recombinant antibody characterization. Using these processes, tens of
millions of antibody producing B lymphocytes were screened and characterized to identify
extremely rare antibodies having high binding affinity for and strong neutralizing activity against
either C. difficile toxin A or C. difficile toxin B, and preferably with a broad spectrum of binding
to strains of various C. difficile toxinotypes, such as 0, T, V, VI, X11, and XV.

{00237 Example 2. Binding Affinity of Anti-Toxin A and B Antibodies

002381 The binding affinities of all antibodies were determined by Bio-Layer
Interferometry using a Octet® Red96 (FortéBio). Bio-Layer Interferometry is an optical
analytical technique that analyzes the interference pattern of white light reflected from two

surfaces: & layer of immobilized protein (e.g., antibody) on the biosensor tip, and an internal
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reference layer. Any change in the number of molecules bound 1o the biosensor tip causes a shift

in the interference pattern that can be measured in real-time. Abdiche et al., Anafytical
Riochemistry, 2009, 386(2), 172-180,
{00239 Sensors coated with Protein A were first wet for 10 minutes in FortéBio kinetics

buffer (KB}, PBS pH 7.4 containing 0.002% Tween-20 and 0.1 mg/m! BSA. The sensors were

then transferred to wells containing antibody at a concentration of 10ug/ml in KB and the

accumulation of antibody on the sensors was measured for 300 seconds. The sensors were then

transferred to wells contatning KB for 300 seconds to wash off contaminants. Binding of toxin to

the antibody was initiated by transferring the antibody-coated sensors into wells containing

difficile toxin A or B at concentrations ranging from 0.7 to 20 ug/ml. After 400 seconds, the

sensors were moved into KB buffer for 900 seconds to monitor the dissociation of the bound

foxin. Throoghout the experiment, samples were agitated at 30°C and 1000 rpm. The changes in

thickness of the protein layer over time at four different concentrations of toxin were fit to the

eguations of equilibrium kinetics to calculate association and dissociation constants. The

dissociation constants, on rate constants, and off rate constants of the anti-~toxin A and anti-toxin

B antibodies are provided in Table 5.
{00240] Table 5

mAb Ko (M) Kon (1/Ms) Ko error Koe{1/s) K ervor
Al 6.81% 107 °% 375 x 1 2.19x 10 2.55 % 107 3.05 x 10°
A2 4.43 x 107°* 3.56x 107 2,16 x 107 1.58 x 107 3.16x 10°
A3 461 x107°° 1.69x 167 525 % 16° 777 % 167 1.38x 10°
Ad 5.57x 1070 555 % 10° 5.07x 107 3.09x 167 4.62x 107
A3 Ladx 10" 3.12x 10 290 x 10 4.49x 107 4.84x 10”
Bi 4.77x 1o 5.83x 10° 434 x 107 2.79 x 107 3.73x 107
B2 7.97 x 107" 420 % 1P 318 x 10 3.35x 167 39251070
B3 487 x 107 193 % 10° 145% 107 6.40 % 107 3R 10T
B4 | 121x1070 531x10 146 % 107 644 % 107 426% 10°
B5 202 % 1070 £77% 10° 2155 10° 962 % 10" 235 % 107
B6 | 726x 10 0% 730x 10° 461 x 107 530% 107 3.13% 107
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[00241] The Ky of the A3 and AS antibodies for foxin A was 461 pM and 144 pM,
respectively. The Kp of the Al A2, and A4 antibodies for toxin A arve shown in Table 5. All
were less than 10 pM. The lower limit of quantification by the Octet® Red96 (FortéBio) system
is about 10 pM. These resulis demonstrate that the Al, A2, A3, A4, and AS amtibodies bound C.
difficile toxin A with at {east ploomolar affinities. Some of the antibody affinities may be in the
subpicomolar range if measured with a more sensitive system.

[00242} The Kp of the BI, B2, B3, B4, and B antibodies for foxin B was 48, 80, 487,
121, and 202 pM, respectively. The Kp of the B6 antibody for toxin B is shown in Table 5 and
was less than the lower limit of guantification by the Octet® Red96 (FortéBio) system, which is
about 10 pM. These resulls demonsirate that the Bi, B2, B3, B4, B35, and B6 antibodies bound
C. difficile toxin B with at least picomolar affinities. Some of the antibody affinities may be in
the subpicomolar range i measured with a more sensitive system.

{(}82'133} Example 3. In Vifro Vero Cell Cytotoxicity Based Texin Neutralization Assay

{00244 Cell-based neutralization assays in either Vero monkey kidney cells or T-84
human colon epithelial cell monolayer were used to evalaate the ability of the anti-toxin A and
anti-toxin B antibodies to neutralize the activity of toxin A or toxin B. The first assay uses Vero
cells, a cell line which was derived from the kidney of a normal adult African green monkey.
The Vero cell assay assesses the ability of anti-toxin A or anti-toxin B antibodies to inkibit toxin
A ortoxin B induced killing of Vero celis. This assay uses an Alamar Blue® {Life
Technologies} readout to assess cell viability, Resazorin, the active ingredient of Alamar Blue®
{Life Technologies}, is a non-toxic, cell permeable blue compound. Qnly living cells are able to
reduce Resazorin to a red fluorescent compound, consequently viable cell number Is directly
proportional red fluorescence. Therefore the lower the fluorescence reading, the fewer viable
cells present.

[00245] Vero cells (2.5x10% cells/well with 5% heat-inactivated FBS) were seeded in a 96~
well tissue culture microtiter plates and incubated 37°C, 3% CO; overnight. Stock solutions of
xMCS50 {concentration inducing 50% of the maximum response) C. difficile toxin A or B were
prepared in Vero cell medivm, One MU56 dose was 0.6 ng/mb and 4.3 pg/ml {or toxin A and
B, respectively.

{00246] Various dilutions of the A1, A2, A3, A4, A5, B1, B2, B3, B4, BS, or B6
antibodies were prepared in Vero cell medium and added to a 96-well tissue cultwre plate. An
equal volume (80uh) of §xMCS0 C difficile toxin A or toxin B solution and individual dilutions
of the antibody solutions (80pl) were combined in a new 96-well tissue culture plate, and

incubated at 37°C with 5% CO, and humidity for 1 hour with appropriate controls {foxin A or B
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without antibody or media). The resulting toxin/antibody solution has a toxin A or B
concentration of 4<MCS50. Afier incubating for 1 hour, 100 pl of the toxin/antibody solutions
was added to the Vero cells in 86-well tissne culture microtiter plates, The Vero cells were
incubated with the toxin/anttbody solution at 37°C for 72 hours.

[00247] After incubating for 72 hours of incubation, the cells were washed twice with 120
plleach of MEM medium that does not contain phenol, L-glutamine and FBS. Next 100 gl MEM
medium that does not contain phenol, L-glutamine & FBS and 10 ul of Alamar Blue® (Life
Technologies) was added to each well. The plates were lightly mixed and imcubated at 37°C for
4 hours before reading fluorescence at 560-390nm with a cut off at 590nm,

{00248} Percent survival was plotted over antibody concentration, Cell survival in
toxin/antibody treated cells was compared to cells treated with toxin A or B without antibody and
NT50 was caleulated for each antibody. WNT30 is the concentration of antibody that results in
50% reduction in survival as compared 1o control cells treated with toxin A or B but no antibody.

002491 The results obtained with the A1, A2, A3, A4, AS, B, B2, B3, B4, BS, and B6
antibodies are summarized in Table 6, depicting both the potency of the neatralizing activity
(Cytotox NT30) and the percent completion of the antibody-induced neutralization (%
completion cytotox).

[00250] Table 6

mAb Al 1A2 A3 1A4 1AS [Bl iB2iB3 IBS B4 1B6
Cytotox 48 35 198G (3400 270 {49 |63 {100 | 2900 | 70 as
W30, pM 0 . combo

i % <80 ;100 |90 <9 175 195 (7S [ 100 |95 95 a5
conmpletion ‘ combo
cytotox N R T T T e

002511 All five anti-toxin A antibodies exhibited a cytotoxic NT50 of less than 3500 pM.
The A1, A2, A3, and A3 exhibited a cytotoxic N'T50 of less than 3000 pM, and remarkahly Al,
A2, and A3 exhibited a cytotoxic NTS0 of less than 1000 pM, with A2 and Al showing the
greatest potency at 35 pM and 48 pM, respectively. All five anti-toxin A antibodies also showed
a high completion percentage of at feast 75%, with A2 and A3 showing the greatest percent
completion of 100% and 50%, respectively.

[00252] The anti~toxin B antibodies similarly exhibited high potency in the Vero cell
neutralization assay, with all but the B3 antibody having a cytotoxic NT30 of 100 pM or less (B6
and B4 were tested as a combination). All six anti-toxin B antibodies also showed a high
completion percentage of at least 75%, with B1, B3, BS, and B6 and B4 (tested as g combination)

having a percent completion of at least 95%. The results of the Vero cell newtralization assays
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for the anti~toxin A and anti-~toxin B antibodies are also graphically Hustrated in Figures 1A and
I B, with potency represented on the x axis and percent completion represented on the y axis.

{00253] Example 4. fn Vitro TEER Based Toxin Neutralization Assay

[00254] The second cell-based neuiralization assay vses a T-84 human carcinoma celi line
derived from a fung metastasis of a colon carcinoma (ATCC CCL-248). This assay assesses the
ability of anti-toxin A or anti-toxin B antibodies to inhibit toxin A or toxin B induced loss of
transepithelial electrical resistance {TEER) in T-84 celis.

{00255] T-84 cells were seeded into 0.4 micron polysster transwell plates at a seeding
density of 3.6 x 10° cells/om” and maintained at 37°C, 5% CO; in 10% heat-inactivated FBS in
DMEM/FL2 colture media for 10-12 days until stable TEER was achieved. Transepithelial
electrical resistance was measured using Millipore Millicel}® ERS-2 Volt-Ohm Meter, Media
was replaced in both apical and basolateral compartiments daily from day 6 and on the day of
assay. Final concentration of toxin A used for challenge dose was equivalent 1o 6 times
challenge dose required to produce loss of transepithelial resistance of 50% (TERS0). One
TERS0 dose was 33 ng/mL and 15 ng/mi for toxin A and toxin B, respectively. Toxin A
challenge was performed in the apical compartment of the franswell, The final concentration of
toxin B used for challenge dose was equivalent to § times TERS0, Toxin B challenge was
performed in basolateral compartient.

{00256] Toxin A or toxin B and one of the A, A2, A3, A4, A5, Bi, B2, B3, B4, B3, or Bé
antibodies were combined at 111 ratio and incubated at 37°C with gentie rocking for 30 minutes,
with appropriate controls (toxin A or B without antibody or media). Media was removed from
the appropriate apical or basolateral compartment and the toxin/antibody samples were added to
the T-84 cells in the transwell plates. Transepithelial resistance of the T-84 cells is measured at
Tp immediately before sample addition and after 2.5 hours (Ts5p) incubation at 37°C 5% COs.

[00257} Percent TEER loss is calculated for each sample using the following equation:
YTEER loss = [{To~ Tise) + 1o} * 100% - %TEER loss Negative well. Percent protection for
antibody is calculated for cach treatiment using the following equation: % Protection = [{% TEER
toss Toxin Challenge) — (% TEER loss Toxin with Treatment)},

{00258} Percent TEER loss was plotted over antibody concentration. TEER loss in
toxtin/antibody treated cells was compared to cells treated with toxin A or B without antibody and
NTsq was caleulated for each antibody. NTsq is the concentration of antibody that resuits in 50%
reduction in TEER loss as compared to conirol cells treated with toxin A or B but no antibody.

002591 The resulis obtained with the A1, A2, A3, Ad, A5, BE, B2, B3, B4, BS, and B6

antibodies are summarized in Table 7, depicting both the potency of the neutralizing activi
_ g
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(TEER NT50) and the percent completion of the antibody-induced neutralization (% completion
TEER).
{00260] Table 7

mAb AL [A2 (A3 |A4 1A IBI IB2|B3 BS B4 | B6
TEER <33 L8 13 147 173 1270 |70 600 | 200 {130 | 100
| NTS0, nM ‘ 7 :
% g0 175 180 [ ND (ND {91 [98 {95 170 193 |92
completion : :

TEER

[00261] All five anti-toxin A antibodies exhibited a TEER NTS0 of less than 10 aM. The
Al A2, A3, and A4 antibodies exhibited a TEER NT50 of less than 5 nM, and remarkably Al,
A2, and A3 exhibited a TEER NTS50 of less than 2 nM, The A1, AZ, and A3 antibodies also
showed a high completion percentage {TEER) of at least 75%. The plateaw for the A4 and AS
antibodies was never reached.

{00262] The anti-toxin B antibodies similarly exhibited high potency in the TEER
neutralization assay, with all but the B3 antibody having a TEER NT50 of 300 pM or less, and
the B2, B4, B35, and B6 antibodies having a TEER NT58 of 200 pM or less, with B6, B4, and B2
showing the greatest potency at 100 pM, 130 pM, and 70 pM, respectively. All 6 anti-toxin B
aptibodies also showed a high completion percentage of at least 70%, with B1, B2, B3, B4, and
B6 having a percent completion of at least 90%. The resulls of the TEER neutralization assays
for the anti-toxin A and anti-toxin B antibodies ave also graphically illustrated in Figures 2A and
28, with potency represented on the x axis and percent completion represented on the y axis.

{00263] Example 5. Tosinotype Analysis by Western Blotting

100264 The breadth of protection against various C. difficile toxinotypes was assessed
using two different assays. In the first, toxinotype binding was measured using Western analysis.
C. difficile strains representative of toxinotypes 0, I, V, VIIL X, and XV were grown
anaerobically at 250 mi scale. The representative strain of toxinotype 0 is VPI0463 or ATCC
43253, the C. difficile reference strain. The representative toxinotype H strain (CDCH# 2005099)
is a hypervirnlent NAPV/027 strain isolated from an ontbreak in Montreal. The representative
toxinotype V strain is CDCH# 2004255, The representative toxinotype VI strain is CDC#
2005195, The representative toxinotype X1 strain is CDCF 2004097, The representative
toxinotype XV strain is CDC# 2004012,

1002651 The supernatants were recovered by tangential flow filiration through a 0.2 jum
membrane and adjusted to 0.4 M ammoniom salfate using a 3.7 M stock solution. The

supernatant was loaded on a I m! Pheny! Sepharose FF (hi~sub) column (GE Healthcare) and the
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cotumn was washed with Buffer A (45 mM Tris-HCL 45 mM NaCi, 0.4 MNTLSO,, 1| mM
DTT, 0.2 mM EDTA, pH 7.5). The crude toxins were ¢lnted using 2 200 mi gradient to Buffer B
(50 mM Tris-HCL 50 mM NaCl, 1 mM DTT, 0.2 mM EDTA, pH 7.5). Fractions containing
toxins were identified by SDS-PAGE. Fractions were stored in SDS-PAGE loading buffer to
prevent autoproteclysis prior to Western blot analysis.

002661 Purified toxins (about 20 ng) were analyzed using SDS-PAGE on a NuPAGE®
(Life Technologies) 4-12% polyacrylamide gel run at 200V using SeeBlue2® standards
{(Invitrogen). The proteins in the gel were transferred to a nitrocellulose membrane in 6 min,
using the iBlot® (Invitrogen) gel blotting system. The blot was blocked with PRST (10mM
sodium phosphate, 2mM potassiam phosphate, 2.7mM potassium chloride, 137mM sodiom
chioride, 0.1% Tween 20) containing 5% nonfat dry milk (NFDM) for 1h at room temperature.
The blot was probed with the mADb diluted 115000 in 2.5% NFDM/PBST for 1h at RT, then
washed 3 ¥ 5 min with PBST. The blot was incubated with goat anti-human Alkaline
Phosphatase conjugate (Sigma, A1543) [1: 6600 in 2.5% NFDM/PBST.{ for that RT. The blot
was washed 3 X 5 min with PBST and developed with 1 BCIP/NBT tablet (Sigma, B5655) in
10m! water. Development was stopped by putting the blot into deionized water.

002671 Each of the anti-toxin A antibodies, Al, A2, A3, A4, and A5, demonstrated
binding to toxinotypes 0, H, V, XII, and XV by Western analysis. Of the anti-toxin B
anttbodies, B3 and B6 bound to toxinotypes 0, 1, ¥, VIII, X, and XV, while B1 bound 0 at
to toxinotypes 0, 1T, and V, while BS bound to toxinotype 0 and IIl. The toxinotype binding
results for the anti-<toxin A and anti-toxin B antibodies are summarized below in Table 8.

[00268] Table 8

Anti A Al A2 A3 Ad A3

mAb |

Toxinotype | O, 1L V., (0. ULV, | 0, HL Y, XIL |6, 1LV, | 0,11, V,

¢ Binding X, Xv KL XV (XY X, XV XIL XV

Anti B BI B2 B3 B4 BS B6

mAb 3

Toxinotype | O, 115, V, G, 0LV, [0, ULV, VOL [0, LY [ 0,11 0, 1, v, VI,
Binding | VOLXH VI XH, XV X1, XV

{00269 Example 6. Toxinotype Analysis by CTD Competition Assay
{00270 Toxinotyping by Western analysis can be biased by low toxin production in some

strains. Theretore a more sensitive CTD (C Terminal Domaln) competition assay was
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developed. For the CTD competition assay, the CTDs of C. dg‘ﬁci;’é toxin A and toxin B from
genomic DNA of toxinotypes 0, I, 'V, VIH, XiI and XV were cloned, expressed, and purified
and combined with anti-toxin A or anti-toxin B antibodies to measure the effect on cytotoxicity
or TEER i cell based neutralization assays {as described in previous example). The CTD
competition assay only works for antibodies that recognize an epitope in the CTD of toxin A or
toxin B.

{00271} Briefly, for toxin A, a QuickExtract™ DNA Extraction Kit (Epicentre) was used
to isolate genomic DNA from 1 ml samples of cultures of each of the six C. difficile straius
representing five toxinotypes (0, 11, V, XIT and XV). The following primers were used for
amplification of the toxin A C-terminal domains (CTDsh

FP: 3-CACCATGCEATTTAAAATAATAGATAATARBACTTATTIAC-3™ (SEQ ID NO:235)
RP: ¥-GCCATATATCCCAGEGEC-3' (8EQ ID NO:236)

{0272} The primers were designed to amplify the last 900 amino acids (amino acids
1811-2718 in the VPI10463 reference sequence), or 2700 bp of the toxin A toxinotype 0 CTD.
Amplification was performed using PS50 DNA Polymerase and a standard touchdown PCR
protocol. {n the case where multiple bands were amplified, the band of the correct size {(about
2700 bp for toxinotypes 0, 1, V, Xif and XV was purified by excision of the band of the correct
size from an agavose gel followed by gel extraction. Purified or unpurified PCR product was
directionally cloned into the expression plasmid pET101-D-Topo, using a Hgation-independent
cloning strategy, as per the manufacturer’s instructions (Invitrogen, Champion™ pET Directional
TOPOR Expression Kit).

[00273] Directionality and sequence were confirmed by traditional DNA sequencing,
using the forward and reverse cloning primers. Due to the highly repetitive nature of the
intervening sequences the sequence of the entire CTD was not confirmed. The transiation start
site is at the ATG in the forward primer sequence. Expression continues through the reverse
primer sequence and the C-terminal tags encoded by the expression plasmid. Recombinant
expression of these proteins yields a protein of the following sequence as previously described:
Met-GFKIIDNKTYY -{toxinotype~specific A CTD aa’s 1823-2704]-APGIYG-[ V5 epitope}-
RTG-[exHis} (SEQ ID NO:237).

{00274} For toxin B, DNA samples were isolated from the six C. difficile strains
representing six toxinotypes (0, T4, V, Vi, XI¥ and XV). The following primers were vsed for
amplification of the toxin B CTD's:

FP: §°-CORATCCCAATTCATTCTTATGTCAACTAGTGAAGARAATAAGG-3" (SEQID
NO:238)
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RP: 5°-GTGETGOTECTCEAGAGCTETATCAGGATCAAAATAATAC-Y (SEQ ID NO:239)

[00275] The primers were designed to amplify the last 615 amino acids excluding the final
6 amino acids of the Toxin B CTD (aa 1752-2360), or 1827 bp of the toxin B toxinotype 0 CTD,

[002761 Amplification was performed using TaKaRa LA Tag DNA Polymerase and a
standard touchdown PCR protocol. Tu the case where multiple bands were amplified, the band of
the correct size {about 1827 bp for all toxinotypes) was purified by excision of the band ofthe
correct size from an agavose gel followed by gel extraction. Purified or nnpurified PCR product
was directionally cloned into the expression plasmid pET24A+, using fraditional restriction
digest and lgation-dependent cloning strategy. Directionality and sequence were confirmed by
traditional DNA sequencing, using the forward and reverse cloning primers. Due to the highly
repetitive nature of the intervening sequences the sequence of the entire CTD was not confirmed.
The translation start site is at the ATG in the forward primer sequence. Expression continues
through the reverse primer sequence and the C-terminal tags encoded by the expression plasmid.
Recombinant expression of these proteing vields a protein of the following sequence: Met-
STSEENK-[toxinotype-specific B CTD aa’s 1760-2352]-YYFDPDTA-LE-[6xHis] (SEQ ID
NO:240).

[00277] The cloned toxin A and B CTD proteins were expressed as soluble full-length
His-tagged proteins by recombinant expression in the E. coli strain BL21 Star (DE3) using the
{PTG-free Overnight Bxpress Autoinduction System 1 as per the manufacturer’s instructions
{Novagen). Proteins were purified under native conditions by bind-and-elute affinity
chromatography on Ni-NTA resin, followed by anion exchange in the negative purification
mode. Purified CTD proteins were used in celi-based, in vitro neutratization assays to determine
the toxinotype specificity of certain antibodies.

[00278] The A2 antibody was tested in the Vero cell competition assay to measure the
impact of toxin A CTDs of toxinotype 0, I, V, X3, and XV on the neutralizing activity of A2,
The Vero cell neutralization was carried out as described above with varying dilutions of the
antibodies, plus the addition of 1 pg/mi of toxinotype 6, 1L, V, X1, or XV toxin A CTDs. A2
neutralizes toxin A induced cytotoxicity in Vero cells with high potency. Toxinotype 0, 1LV,
X1, and XV CTDs strongly inhibited the nentralizing activity of A2 at low concentrations of
antibody {0.625 pg and below) but had minimal, if any effect, at A2 concentrations above 1.25
pg/ml Figure 3,

[00279] The A2 antibody was also tested in a T-84 cell neutralization assay to measwre the
impact of toxin A CTDs of toxinotypes 0, 1L, V, XII, and XV on TEER in T-84 cells. The T-84

cell neutralization assay was carried out as described above with varying dilutions of A2, plus the
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addition of 0.4 ug/mlor T pg/ml of toxinotype 0, L V, XY, and XV toxin A CTDs. A2
neutralizes toxin A induced loss of TEER in T-84 cells with high potency. C1Ds from
toxinotypes 0, HE, V, XIL and XV strongly inhibited the neutralizing activity of A2 in the TEER
assay. Figare 4A. Thus, the neutralizing activity of the A2 antibody was strongly inhibited by
CTis from five toxinotypes CTDs (0, 1, V, X1, and XV), revealing a broad spectrum of
protection against C. difficile toxinotypes with the more sensitive i vitro functional assays.

{002807 The B6 antibody was similarly tested in the T-84 cell neufralization assay. Toxin
B CTDs from toxinotypes 0, I, V, VII, X, and XV strongly inhibited the neutralizing activity
of B6, Figure 48.

{00281} Example 7. Epitope Mapping of Toxin B Antibodies by Western Blot

002821 Epitope mapping of anti-toxin B antibodies was conducted by Western analysis
using recombinant domains from C difficile toxin A and toxin B. The recombinant domains
from toxin A were used as negative controls. Segments of the genes for toxin A and toxin B
were cloned by PCR from C difficile DNA of strain VP110463. The amino acid sequences of
toxin A and toxin B from C. difficile strain VPI10463 are set forth in SEQ ID NO:230 and SEQ
I NQO:230, respectively. The corresponding amino acid residues for the cloned gene segments

of toxin A and B are set forth in the table below:

Toxin Amine Acid Residues Domain
Fragment |
A2 300660 of SEQ ID NO:230 Glucosyltransferase/protease
A3 660-1100 of SEQ IDNO:230 Protease/translocation
i B1 510-1110 of SEQ ID NG:231 Protease
B2 1110-1530 of SEQ ID N(O:231 Translocation N-terminal
B3 | 1750-2360 of SEQ ID NO:231 | Receptor binding
B4 10-520 of SEQ 1D NO:231 Glucosyltransferase
BS 1530-1750 of SEQ ID NO:231 | Translocation C-terminal

{00283} A wmethionine start codon was added to the N-terminus and a 6xHis tag (SEQ 1D
NO:332) followed by a stop codon was added 1o the C-terminus. The resulting PCR products
were ligated into the multiple cloning site of plasmid pET24+. The constructs were transformed
wnto £ coli BL2I{DE) and induced by addition of 1PTG.

[00284] Constructs A2 and A3 were expressed but were insoluble and were purified by
denaturing chromatography, while constrocts B1-B5 were at least partly soluble and purified by
non-denaturing chromatography. Soluble constructs were grows to liter seale in LB medium at
37°C. Cells were pelleted by centrifugation and lysed by microfluidization {(Microfluidics Corp,
Newton MA)Y in 50 mM NaHPOy, 300 mM NaCl, 20 mM imidazole, pH 8.0. Insoluble material

was removed by centrifugation and the cleared lysate was loaded onto a Ni-NTA column
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{Qiagen). The column was washed with 50 mM NaHPO., 300 aM NaCl, 20 mM imidazole, pH
8.0 and eluted with 30 mM NaHPQO,, 300 miM NaCl, 250 mM imidazole, pH 8.0. Insoluble
constructs were grown and harvested as for sotuble ones, but the cell peilet was resuspended in
&M Urea, 100mM NaHPO;,, 10mM Tris-HCH, pH 8.0 before microfluidization. Insoluble
material was removed by centrifigation and the cleared lysate was loaded onto a Ni-NTA
column and washed with 8M Urea, 100mM NaHPQ,, 10mM Tris-HCL pH 6.3, The column was
eluted with 8M Urea, 100mM NaHPO,, 10mM Tris-HCI, pH 4.5 and protein-containing fractions
were dialysed with multiple changes against 5§ mM NatPO,, 300 mM Nall, 250 mM
imidazole, pH 8.6,

{00285] The binding of the B, B2, B4, and B6 antibodies to the recombinant domains was
assessed by Western analysis. Purified recombinant domains {(about 400ng) were analyzed using
SDS-PAGE on a NuPAGE® (Life Technologies) 4-12% polyacrylamide gel run at 200V using
ReeBlue2® standards (Invitrogen). The proteins in the gel were transferred 1o a nitrocellulose
membrane in 6 min, using the iBlot® (Invitrogen) gel blotting systemi. The blot was blocked
with PBST (10mM sodium phosphate, 2raM potassium phosphate, 2.7mM potassium chioride,
137mM sodium chloride, 0.1% Tween 20) containing 5% nonfat dry milk (NFDM] for 1hat
room temperature. The blot was probed with the antibody diluted 1:5000 in 2.5% NFDM/PBST
for 1h at RT, then washed 3 x 3 min with PBST. The blot was incubated with goat anti-human
Alkaline Phosphatase conjugate (Sigma, A1543) [1: 6608 in 2.5% NFDM/PBST,] for Th at RT.
‘The blot was washed 3 x 5 min with PBST and developed with 1 BCIP/NBT tablet (Sigma,
B5655) in 10mi water, Development was stopped by putting the blot into deionized water.

[00286] Western analysis revealed that B1 and B2 bound to an epitope in the glucosy!
transsferase domain {amino acids 10-320 of SEQ 1D NO:231) of toxin B, while B4 bound to an
epitope in the N-terminal translocation domain (amine acids 1110-1530 of SEQ 1D NO:231) of
toxin B. The B6 antibody bound to an epitops in the receptor binding domain {(amino acids
1750-2360 of SEQ 1D NOG:231D) of toxin B.

{00287] Exampie 8. Epitope Mapping Using PepSet ELISA

100288] The PepSet CLISA was used to identify {inear epHtopes of toxin A recognized by
the A2 antibody. For the CTD, the following non-overlapping peptides of varying length were

designed to cover the repetitive oligopeptide units:

{00289} 1 SGSGHLGFRITDNKTYYYDEDSKL {SEQ ID NO:199)
1002941 2 SESGUTGWOTINGKKYYFDINTGA  {SEQ ID NO:200)
(0032917 3 SGSGLTSYRTINGEHFYFNNDGVM  {(SEQ ID NO:201)
{02927 4 SGSGOSKPLTLNGKKYYEDNNSKA  {SEQ ID NO:202)
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(062931 5 SGSGVTGWRIINNERYYFNENNAI (ség ID NO;203)
{00294] & SGSGAVGLOVIDNNXYYFNPDTAI (SEQ ID NO:204)
{00295} 7 SGSGSKGWQTVNGSRYYFDIDTAT  {SEQ ID NO:205)
[00296] 8 SGSGFNGYRTIDGKHFYFDSDOVY  (SEQ ID NC:20§)
{00297 9 SGSGVIGLOTIDSKRYYFNTNTAE (SEQ ID W0G:207)
f00298] 10 SGSCATGWOTIDGKKYYFNTNTARE  (SEQ ID N0O:208)
002991 11 SGSCATGWOTIDGKRKYYFNTNTAL {SEQ ID NO:208)
[003001 12 SGSGETGYTIINGKHFYPNTDGIM  (SEQ ID NO:210)
[003013 13 SGSCONEFLTLNGKKYYFGSDSKA  {8EQ ID KO:211)
{00302} 14 SGBGVIGWRIINNRKYYFNPNNAL  {SEQ ID NO:212)
100303} 15 SGSGATHLCOTINNDKYYFSYDGIL {SEQ ID NO:213)
1003041 18 SCSGONGYITIERNNFYFDANNES ({SEQ ID NO:214)
{00305} 17 SGSCGONKFLTLNGKKYYFDNDSKA  (SEQ ID NO:215)
{00306} 18 SGSGUTGHQTIDGKKYYFNLNTAE  (SEQ ID NO:216)
1003071 19 SGSCATCWQTIDGKKYYENLNTAE (SEQ ID NO:217)
{00308] 20 SCSCATGWOTIDGKKYYFNINTFI  (SEQ ID N0:218)
[060309] 21 SGRGSTGYTSINGKHFYFPNIDGIM  (SEQ ID NO:219)
{00310 22 SGSGONKFLTLNGERKYYFPGSDSKA  {SEQ ID NO:220)
[00311] 23 SGSGVIGLRTIDGKRYYFNINTAV  (SEQ ID NO:221)
{00312} 24 BESGVIGWOTINGEKKYYFNINTSI  (SEQ ID ND:222)
[00313] -~ 25 SGUGSTGYTIISGKHFYFNTDGEIM {(SEQ ID NO:2Z3)
100314} 26 SGSGONRFLYLHDNIYYFONNSKA  (SEQ ID NC:224)
{00315] 27 SGSGATGWVTIDGNRYYFEENTAM (SEQ ID NO:223)
{00316] 28 SGSGANGYKTIDNENFYFRNGLPO (3EQ ID NO:226)
1003171 2% SGSGONRFLHLLCOKIYYFGNNSKA  {SEQ ID NO:227)
{00318] 30 SGSGUIGWQTINGKVYYPMPDTRM  (SEQ ID NO:228)
{00319] 31 SGSGAGGLPEIDGVIYFFGVDGVK (SEQ ID NO:229)

[003201 15 amino acid sequences with overlapping 5 amino acids domains and a moving
window of 10 amino acids were also designed 1o cover the gaps between those repetitive units,
All peptides were synthesized and probed for binding to AZ.

1003211 Peptide binding was measured by ELISA. Briefly, 100p1 of Sug/mi streptavidin
{Southern Biotech) in a sodivm carbonate/sodium bicarbonate coating buffer solution (pH 9.6)
was added to each well of NUNC Maxisorp® (eBiosciences) 96 well plates and incubated at 4°C

overnight. The plates were washed 4 times with PBS Tween 20 (PBST) using a volume of

-85



WO 2014/144292 PCT/US2014/028637

300ul/well before blocking with 3% BSA solution for 60 minutes. Biminyiated C. difficile toxin
A CTD peptides were diluted to a concentration of 100 ng/mi, in diluent (3% BSA in PBST),
added to each well (100plwell), and incubated at 25°C for 60 minuies. The plates were then
washed 4 times with PBST using a volume of 300ul/well. The antibody solution was dilated to
the appropriate dilution in diluent buffer (3% BSA in PBST), added to the plates (100ul/well),
and incubated at 25°C for 60 minutes. Following the incubation with antibody, the plates were
again washed 4 times with PBST using a volume of 300ul/well.

{00322] For the secondary antibody reaction, horseradish peroxidase (HRP)-goat anti
human 1gG (Jackson ImmunoResearch) was diloted to 1:2000 in diluent buffer, added to the
plates {100uVwell), and incubated at 25°C for 60 minutes. Following the incubation with
secondary antibody, the plates were again washed 4 times with PBST using a volume of
300ulwell. SureBlue Reserve™ TMB peroxidase substrate (KPL Inc.} was then added to each
well (100 plfwell) and incubated at 25°C for 10 minutes. The reaction was stopped by adding
100 pliwell of TMB stop solution (KPL Inc.). The plates were read at a wavelength of 450 nm at
25°C using a Molecular Devices, Model Specira Max M5,

{00323] No binding was observed between A2 and the longer, overlapping peptide
sequences. The A2 antibody bound to non~overlapping peptides 2, 18, 19, 20, 24 and 30:

P2 VIGWOTINGKKYYFDINTGA (SEQ 1D NO:241)

P18 VIGWOTIDOKKYYFNLNTAE (SEQ ID NO:242)

P19 ATGWQTIDGKKYYFNLNTAE (SEQ 1D NO:333)

P20: ATGWOQTIDGKKYYFNTNTFL (SEQ D NO334)

P24: VIGWQTINGKKYYFNTNTSI (SEQ 1D NO:335)

P36 VIGWQTINGKVYYFMPDTAM (SEQ ID NG:243)

{00324} Thus, the A2 antibody recognizes a minimal linear epitope in the C-terminal
domain of toxin A comprising the amino acid sequence X, TGWQTI (SEQ 1D NO:232), where
X115 Aor V. The AZ antibody also recognizes a longer consensus sequence comprising the
amino acid sequence off XoTGWQTDGGRMLYYF (SEQ ID NO:233), where Xois A or V, Xa is
NorDand XgisKor V.

(003251 As discussed above, it was determined by Western analysis that the BI and B2
antibodies bound to an epitope in the glucosyl transferase domain (GTD) of toxin B. In addition,
sequence analysis showed that B and B3 light and heavy chains differed by only 3 CDR and 2
FR mutations in the light chain and 2 FR mutations in the heavy chain and predicted that the B1
and B3 antibodies would bind to the same epitope. Thus, the PepSet peptide binding assay was

also used to identify linear epitopes in the GTD of toxin B recognized by Bi, B2, and B3, using
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the general protocol described above for the A2 antibody. For the GTD, the following peptides
with 15 amino acid sequences and 5 amino acid overlap were designed to cover the N terminal

domain of the molecule:

{00326} 179 SGSGMSLVNRKQLEKMANY (SEQ ID NO:247)
f003271 120 SGSGRXOLERMANVRFRTO (SEQ ID NO:248)
[00328] = 181 SGSCRKMANVRPRIQEDEYV (SEQ ID NO:249)
{00329 182 SGSGRFRTQEDEYVAILDA (SEQ ID ND:250D)
{00330 183 SGSGEDEYVAILDALEEYH (SEQ ID NO:251)
{00331} 184 SGSGAILDALEEYHNMSEN (SEQ ID NO:252)
100332} 185 SGSGLEEYHNMSENTVVER (SEQ ID NO:2353)
{00333} 186 SGSGMMSENTVVEKYLKLK (SEQ ID HO:254)
{00334} 187 SGSGTVVERYLRLKDINSL (SEQ ID NO:255)
{00335] 188 SGSGYLKLEDINSLIDICI (SEQ ID NO:256)
1003361 189 SGSGDINSLTDICIDTYKE (SEQ ID NO:Z5T)
f003371 190 SGSGETDICIDTYKKSGRNE (SEQ ID NO:258)
{00338} 191 SGSCDTYKKSGRNKALKKE (SEQ ID NO:259)
160339} 192 SGSGSCRNEALKKFKEYLV {(SEQ ID NO:Z60)
fOR3407 183 SGSGALKKFRKEYLVTEVLE (SEQ ID NG:2861)
{00341} 194 SGSGKEYLVTEVLELKNNN (8EQ ID NO:262)
00342} 195 SGEIGTEVLELKNNNLTPVE (SEQ ID NO:2863)
{00343} 196 SGSGLKNNNLTPVEKNLHE (SEQ ID NO:264)
{00344] 197 SGSGRNLHFPVWIGGQINDT {(SRQ ID NO:Z6S5)
{00345} 198 SGSGVWIGGQINDTAINYI (SEQ ID NO:268§)
[00346] 199 3GSGQINDTAINYINQWRD (SEQ ID NO:267)
{00347} 200 SGSGAINYINOWKDVNSDY (SEQ ID NO:268)
{00348] 201 SGSGNQWKDVNSDYNVNVE (SEQ ID NO:269)
{00349} 202 SGSGVNSDYNVNVFYDSKNA (SEQ ID NO:270)
(00350} 203 SGSGLKKTVVESAINDTLE (SEQ ID NO:271)
{00351} 204 SGSGVESAINDTLESFREN (SEQ ID NO:272)
{60352} 205 SCSGNDTLESFRENLNDPR (SED ID HO:1273)
fO0353} 206 SGSGSPRENLNDPRFDYRK (SEQ ID NO:274)
{00354} 207 SGSGLNDPRFPDYNKPFRKR (SBEQ ID NO:275)
{00355% 208 SGSGEDYNRFFREKRMEITY (SEQ ID NO:278)
{00356} 209 SGSGFFREKRMEITYDRQKN (SEQ ID NO:277)
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{00357}
[00358]
(00359}
{00360]
[00361]
[00362]
{0363
[00364]
100365
[00366]
{00367}
[00368]
(003601
{00376
[00371]
[00372]
{00373
[00374]
[00375]
[00376]
{00377
100378}
[00379]
[00380]
{00381}
[00382]
[00383
100384
(00385)
[00386]
[00387]
[09388]
(00389}
[00390]
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{00391 244 SGSGROIENRYKILNNSIN (SEQ 1D NO:312)
{00392} 245 SGSGRYKILNNSLNPATSE (SEQ ID NO:313)
{00393} 246 SGSCNNSLNPAISEDNDEN (SEQ ID NO:314)
{00394 247 SGSGPAISEDNDENTTINT (SEQ ID NO:315)
[603951 248 SGSGDNDENDTTINTFIDSI (SEQ ID NO:316)
[00396] 249 BGSGTTYTHTTIDSIMAERAN (SEQ IR NO:317)
{00397] 250 SGSGFIDSIMAEANADNGR (SEQ ID NC:318)
(00398} 251 SGSGMARANADNGRFMMEL {3EQ ID NO:319)
100389} 252 SGSGADNGREMMELGKYLR {8BEQ ID NC:320)
1004007 253 SGSCLIMFKEGSMNIHLIE (SEQ ID NO:321)
{00401} 254 SGSGEGSMNIHLIBADLEN (SEQ ID NO:322)
{00402} 255 SCGSGIBLIBADLRNFEISK {SEQ ID NO:323)
{00403} 256 SGSCADLRNFEISKINISG (SBQ ID NO:324)
[00404] #57 SGSGPEISKINISQSTEQE (SEQ ID NO:3235)
{00465 258 SGSGTNISQSTEQEMASLW {SEQ ID NCG:1326)
004061 259 SCGSGSTEQEMASLWSFDDA (3EQ ID NO:327)
[00407] 260 SGSGMASLWSFDDARAKAQ (SEQ ID NO:328)
{00468} 261 SGSGSTDDARAKACQFERYK (SEQ ID N0O:329)
[00409] 267 SCSGRAKAQFERYKRNYFE {SEQ ID NO:330)

{00410} All peptides were synthesized and probed for binding to B, B2, and B3,
(00411} The Bl and B3 antibodies both bound to peptides 190, 191, and 192 from the
toxin B GTD:
P190: aa 56-70 TDICIDTYKKSGRNK (SEQ 1D NO:244)
Pi91:aa 61-75 DTYKKSGRNKALKKE (SEQ ID NO:245)
P192: an 66-30 BGRNKALKKFKEYLV (SBEQ ID N(O:246)
{00412} Thus, the Bl and B3 antibodies both recognize a mininnal lincar epitope in the
GTD of toxin B comprising the amino acid sequence SGRNK (SEQ 1D NO:234). This epitope
maps to amino acids 56-80 of SEQ 11 NO:231. The B2 antibody binds very weakly to the P150,
P191, and P192 peptides but did not bind strongly to any of the GTD shost repeat sequences,
The B1 and B3 antibodies were also shown to bind o the same epitope by Octet analysis (data
not shown).
{00413} The N-terminal 91 amino acids of the GTD shares homology with a
domain found in cholers toxin and other pathogens, In cholera, this domain, referred to as the 4-

helix bundie (4HB) or membrane focalization domain (MLD), has been shown to be involved in
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direct binding of the toxin to the cell membrane and mutagenesis of several amino acids in the
MLD abolishes this function (Geissler et al, PNAS, 2010). The SGRNK (SEQ 1D NG:234)
sequence identified through peptide binding analysis is located in 2 loop between alpha helices 3
and 4 of the MLD.

[00414} Amino acids 1-91 of toxin B were cloned into 8 pET28a expression
construct {GeneArt) with an LPETG (SEQ 1D NO:336) motif {which allows for sortase-catalyzed
conjugation of labels, such as biotin} and a C-terminal 6xHis tag both with the wild-type SGRNK
{SEQ 13 N(:234) sequence and a mutated version: AGANK (SEQ 1D NO:337). These
constracts had the following amino acid sequences:

100415} WT Toxin B MLD (1-91) + LPETGG + 6X HIS

{00416} MSGLVPRGSHMSLVNREKQLEKMANVRFRTQEDEY VAILDALEEY
FINMSENTVVERYLKLKDINSLTDIYIDTYKKSGRNKALKKFKEYLVTEVLELKNNNLLPE
ETGGHHHHHH (SEQ ID NO:338)

[00417] Mutant Toxin B MLD (1-91) + LPETGG + 6X HIS

{00418} MSGLVPRGSHMSLVNRKQLEKMANVRFRTQEDEYVAILDALEEY
FYGOGHHHHHH (SEQ 1D NO:339)

{00419} The GTD enzymatic domain {amino acids 95-586; “ASE") was also
cloned into a pET28a expression construct (GeneArt) with an LPETG motif and a C-terminal
6xHis tag. This construct has the following amino acid sequence:

{00420} WT Toxin B ASE (95-586) + LPETGG + 6X HIS

{00421} MEKNLHFVWIGGQINDTAINYINQWKDVNSDYNVNVFYDSNAFLI
NTLKKTVVESAINDTLESFRENLNDPRFDYNKFFRKRMEHYDKQKNFINY YKAQREENP
ELUHDDIVKTYLSNEYSKEIDELNTYIEESLNKITONSGNDVRNFEEFKNGESFNLYEQELY
ERWNLAAASDILRISALKEIGGMYLDVDMLPGIQPDLEESIEKPSSVIVDFWEMTKLEAL
MKYKEYIPEYTSEHFDMLDEEVQSSFESVLASKSDKSEIFSSLGDMEASPLEVEIAFNSKG
INQGLISVEDSYCSNLIVKQIENRY KILNNSINPAISEDNDENTTINTFIDSIMAEANADN
GRFMMELGKYLRVGFFPDVKTTINLSGPEAYAAAYQDLLMPKEGSMNIHLIEADLRNEE

ISKTNISQSTEQEMASLWSFDDARARAQFEEYKRNYFEGSLGELPETGGHHHHEH (SEQ
1D NG:340)
{00422] Using both Western and dot blot analysis, B2 was found to bind strongly

1o the wikd type MLD sequence and fo the mutant MLD sequence to a much lesser extent. The
B1 and B3 antibodies did not bind to either the wild type or mutant MLD sequence by Western

or dot blot analysis., No binding to the ASE domain was observed with any of the antibodies.
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{00423} Binding of the B1, B2, and B3 antibodies to the wild type and mutant toXin
B ML sequences and the wild type toxin B ASE sequence was also assessed using Bio-Layer
Interferometry on a Octet® REDS6 (FortéBio) at 30°C, as described above in Example 2. As
expected, all three antibodies bind to the full length toxin B and toxin B GTD by Octet analysis.
82 bound to the wild type and mutant MLD sequences, while neither B1 vor B3 bound to either
MLD sequence. Unexpectedly, all three antibodies were found to bind the toxin B ASE domain
by Octet analysis, suggesting that the non-denatured ASE dornaln may possess some non-specific
hinding activity due to misfolding or a hydrophobic surface generated by separating the ASE
domain from the MLD. In the Western analysis, under denaturing conditions, only the positive
control (6xHis) antibody bound the ASE domain.

{00424} The Octet analysis was also conducted for the B and B2 antibodies using
the cloned GTD {aa 1-586) with the wild-type SGRNK {(SEQ 1D NO:234) sequence and a
mutated version: AGANK {SEQ D NG:337). Both antibodies bind strongly to the wild type
GTD. B2 binding was reduced by the mutations to the SGRNK motif (SEQ ID NO:234, leading
to an approximately 100-fold difference in Ky, Bl binding was unaffected by the mutations,

004257 Hydrogen-Deuterium Exchange Mass Spectroscopy shows that the binding
of the B2 antibody strougly reduces solvent exchange of the N-terminal helix of the GTD, while
the SGRNK (SEQ 1D NO:234) sequence is barely protected by B2 binding {(data not shown).
Saturation binding on the Octet shows that B1 and B2 do not interfere with each other’s ability to
hind toxin B, thus suggesting that the two antibodies recognize different epitopes.

{00426} in summary, while PepSet ELISA showed that the B1 and B3 antibodies
bind strongly to a Hnear epiiope comprising the SRONK (SEQ 1D NO:234) motif of the MLD,
neither antibody bound to the toxin B MLD by Western, dot blot, or Octet analysis. However,
the B1 and B3 antibodies do bind to the toxin B GTD by Weslern and Octet analysis, suggesting
that the conformational epitope recognized by the Bl and B3 antibodies may not be exposed or
present when the MLD Is expressed separately from the ASE domain. On the other hand, the B2
antibody, which binds very weakly to linear epitopes comprising the SRGNK (SEQ 1D NO:234)
motif, was found to bind the toxin B MLD by Western, dot blot, and Octet analysis. Mutating
the SRONK (SEQ 1D NO:234) sequence in the toxin B MLD and GTD reduces the binding of
the B2 antibody. Together, these observations suggest that the B2 antibody bindsto a
conformational epitope within the MLD. The SRGNK (SEQ 1D NO:234) motif within the MLD
may play a role in contributing to the tertiary structure of the epitope recognized by B2 or may
interact non~-specifically with the B2 émibody.

[00427] Example 9. In Vivo Efficacy of Antibodics in Hamster Model
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[00428] The hamster model is widely recognized as the optimal choice for the evaluation
of novel treatment strategies against C. difficile (Best et al, Gut, 2012, 3{2):145-167; Babcock et
al. Infection & fmmunity, 2006,74(11):6339-6347). Once the normal intestinal flora of these
animals is compromised by antibiotic treatment, chatlenge with live toxigenic C. difficile bacteria
or viable spores from a toxigenic strain leads to colonization followed by lethal cecitis. Diarrhea,
histological damage and cecitis result from the action of €. difficile toxin A and B and the
stimulation of local inflammation. These symptoms are very similar to the symptoms observed
in human soffering from C. difficile-associated diarrhea (CDAD). Thus, the invivo efficacy of
the human anti-toxin A and anti<ioxin B antibodies was evaluated in a hamster CDAD model
(also known as the hamster C. difficile infection (CDI) model).

{00420} Female Golden Syrian hamsters (Mesocricetus auratus), obtained from Charles
River Lahoratories, were individually caged and allowed to acclimate to the animal facility for at
least 48 hours prior to any treatment, challenge, or other manipulation. Al procedures involving
antmals were condueted under protocols approved by the Institutional Antmal Care and Use
Committee (IACUC).

{00430] For the primary challenge, animals were intraperitoneally (IF) injected with anti-
toxin A and B antibodies at doses ranging from 6-50 mg/kg, every day for 4 consecutive days on
days -3, -2, -1, and 0 relative to bacterial challenge on day 0. The test antibodies were injected as
a combination of one lugman anti-toxin A antibody and one human anti-toxin B antibody.
Combinations tested included 1) A2 (anti toxin A} and B6 (anti toxin B}, 2) A2 (anti toxin A) and
B4 (anti toxin B), 3) A2 (anti toxin A) and B1 (anti toxin B), and 4) A2 {(anti toxin A) and B2
{anti toxin B). Control animals were also injected on the same 4-day injection schedule with 2
ml of PBS. In addition, 24 hours prior to bacterial challenge all animals were weighed and 1P
injected with 1 mi of 2 Img/mi clindamycin solution. This antibiotic pretreatment disrupts the
normal intestinal flora and facilitates gut colonization with C. difficile.

[00431] On the day of challenge, animals received their final IP injection of antibodies or
PBS prior to intragastric (IG) challenge with a LD100 dose of C. difficile spores (toxinatype 0
strain 630). To prepare C. difficile spores, the bacteria were grown for 24 hours tn thioglycoliate
medium, This culture was used to inoculate anacrobic blood agar plates which were incubated at
37°C until the bacterial were confluent (3-4 days). After reaching confluence, plates were
incubated for an additional 3 days to induce spore formation. Spores were harvested into FBS
without Ca or Mg, washed once and then heat shocked at 56 C for 10 minutes to kill the
vegetative cells. The spore suspension was centrifuged at 500 g for 30 minutes and re-suspended

in 20% glyeerol in PBS. Spore preparations were frozen at -63°C or less for long term storage.
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Viable spore connts (CFU ml™) were assessed by thawing the spore stock at 37°C and
performing serial 10-fold ditutions in water. Dilutions were plated in triplicate onto pre-redaced
CDSA agar plates. Plates were incubated under anaerobic conditions at 37°C for no less than 48
hours. The colonies were counted and CFU mi” was calculated. After completion of IP
injection and 1G challenge, animals were housed individually in sterile caging that consists of
autoclaved sterilized bedding, autoclaved sterilized water, and trradiated food.

004327 After challenge, animals were observed at least twice a day for morbidity and
mortality and were weighed as per approved protocol. Both diarrheal disease and animal
behavior were assessed. Diarrheal disease was scored mumerically on a scale of 0-3: § ~no
disease, | ~ loose foces, 2 - wet tail and perianal region, 3 - wet perianal region, belly and hind
paws. Behavior is evalsated categorically using the following eriteria: N - animal appears
normal; QAR — animal appears slightly lethargic, but alert and arousable; I — animal appears
severcly delivdrated, immobile, and exhibits hunched posture and/or raffled fur. Ifan animal
received a behavior score of I, the animal was immediately euthanized via €O, overdose.
Percent weight loss was also calculated and if the animal lost >30% of its pre-challenge body
weight it was considered moribund and was immediately euthanized via CO; overdose. All
animals in a study were observed until all animals had either died or been euthanized or there
was a period of at least 48 hours with no animals displaying any diarrheal symptoms or behaviors
of iliness.

[00433] In initial tests, the A2 antibody was paired with either the B4 or B6 antibody.
Control hamsters that did not recelve an antibody usuvally died by day 4 of the study. With these
antibody combinations, a dose of 50 mg/kg provided optimal results {data not shown). Ata dose
of 50 mg/kg, AZ + B4 conferred survival on all animals tested through the end of the study (15
days post challenge), whereas only 60% of animals treated with A2 and B6 survived. Figure A,
The animals treated with A2 + B4 also showed no discase symptoms and had less weight loss
than those treated with A2 + B6. Figures 5B and 5C.

{00434] Subsequent testing in the CDAD model compared A2 + B4 10 A2+ Bl and A2+
RB2. Atthe 50 mp'kg dose, both A2 + B1 and A2 -+ B2 conferred survival on all animals tested
through the end of the study (12 days post challenge). Figure 6A. The antibody pairs were also
tested at Jower doses. At the 6 mg/kg dose, A2 + B2 conferred 100% survival through the end of
the study (12 days post chaflenge), whereas AZ + B1 and A2 + B4, at the lower dose, conferred
only 40% survival. Figure 6B. The animals treated with 50 mg/kg of each of the three antibody
combinations showed minimal disease symptoms, with A2 + B2 showing superior protection

against iliness at the lower dosage (6 mg/kg). Figures 7A and 7B. The A2 + B2 combination
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alzo conferred less weight loss than the A2 + BT and A2 + B4 combinations, Figures 8A and 8B.

{00435] Fecal pellets were collected from challenged animals throaghout the study,
usuzlly but not always on days 4, 7 and 12 post-challenge. In order to ensure collection of fresh
fecal pellets, fecal matter was collected 1 day after animals were transferred into clean cages.
Fecal matter was cultured to determine the O difficile colonization status of animals. To culture
fecal matter, fecal pellets were weighed and at least 40 mg of feces were homogenized with 5 x
volumes of DPBS and § x volumes ethanol per mg of sample. Material was serially diluted and
100u1 of diluted homogenized fecal matter was cultured on reduced C. difficile selective Agar
plates (CDSA plates) at 37°C in an anacrobic jar. After 56-72 hours of growth, colonies, which
should appear as flat to low wnbonate yellow colondes with ground glass-like appearance and a
stichtly filamentous edge, were counted.

[00436] Treatment with 6 mg/kg A2 + Bl or A2 + B2 did not affect the initial colonization
and C. difficile burden, as measured by a C. difficile fecal culture tested on Day 4 post challenge.
Figure 9A. However, when measured at Day 7 post challenge, both antibody combinations
reduced C. difficile load as measured by fecal shedding of C. difficile. Figure 98. By Day 13
post challenge neither the A2 + B1 nor the A2 + B2 combination showed any detectable fecal
shedding. Figure 9C,

[00437] Example 10. In Vive Efficacy of Antibodies Against Highly Viruleat Strains

{00438} Based on the results from Example 9, the A2 + B2 antibody combination was
tested against highly virolent strains of C. difficile: the toxinotype O strain VP110463 and
toxinotype T (ribotype 027} strain 1369547, The hamster CBAD model was used as described
in Example 9. At the 6 mg/kg dose, A2 + B2 prolonged life as compared to the PBS control but
resulted tn 0% survival at days 6 and 4, respectively for the VPI10463 and 13695%7 strains.
Figures 10A and 1B,

100439] Adding a third antibody {o the A2 + B2 combination significantly enhances
survival in the hamster COAD model. The following three antibody combinations were tested at
fow {6 mg/kg) and high doses (50 mg/kg) using epidemic highly virulent strain 1369587 A2 (6
mg/kg or 50 mg'kg) + B (3 mg/kg or 25 mglkg) + B2 (3 mg/kg or 25 mg/kg), A2 (6 mg/kg or
30 mgkg)y + B2 (3 mgke or 25 mg/kg) + B4 (3 mgikg or 28 mg/kg), and A2 (6 mg/kg or 30
merkg) + B2 (3 mgke or 25 mg/kg) + B6 (3 mg/kg or 25 mg/kg). All three combinations
conferred survival on all animals tested through the end of the study (10 days post challenge)
axcept for the fow dose of A2 + B2 + B4, which conferred 80% survival through the end of the
study. Figures 11A and 11B. Al three combinations showed strong protection against finess,

with two combinations (A2 + B1 + B2 and A2 + B2 + B6) showing no discase symptoms and the
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third combination (A2 + B2 + B4) showing no disease symptoms after day 5 post challenge.
Figures 12A and 12B. Similar results were observed for the VPI10463 strain (data not shown).
{00440] While this invention has been particularly shown and described with references to
preferred embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made therein without departing from the scope of the

invention encompassed by the appended claims.
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What is clafmed:

1. Ay isolated monoclonal antibody that binds to an epitope in the C-terminal
receptor domain of Clostridiom difficile toxin A, wherein the epitope comprises the amino acid
sequence X; TGWQTT (SEQ ID NG:232), wherein X is'A or V or the amino acid sequence of
K TOWOQTIXGKXYYF (SEQ HD NO:233), wherein Xo is A or V, Xs isNor Dand Xy isK or
V.

2. An isolated monoclonal antibody that binds to Clostridizmn difficile toxin A,
wherein said antibody comprises a heavy chain variable domain and a light chain variable
domain, and

{a) wherein the heavy chain variable domain comprises a complementarity
determining region I ({CDR1) comprising the amino acid sequence of SEQ ID NO6; &

CDR2 comprising the amino acid sequence of SEQ 1D NO:8; and a CDR3 comprising the

amino acid sequence of SEQ ID NO:10; and wherein the light chain variable domain

comprizes: a CORY comprising the amino acid sequence of SEQ ID NG:13; 2a CDR2
comprising the amino acid sequence of SEQ 1D NO:15; and a CDR3 comprising the
amino acid sequence of SEQ 1D NO:17;

{b) wherein the heavy chain variable domain comprises a CDRI comprising the
amino acid sequence of SEQ ID NO:24; a CDR2 comprising the amino acid sequence of

SEQ Iy NO:26; and a CDR3 comprising the amino acid sequence of SEQ D NO:28; and

wherein the light chain variable domain comprises: a CDR1 comprising the amino acid

sequence of SEQ ID NO:31; a CHR2 comprising the amino acid sequence of SEQ ID

NQO:33; and a CDR3 comprising the amino acid sequence of SEQ 1D NO:335;

{c} wherein the heavy chain variable domain comprises a CDR1 comprising the
amino acid sequence of SEQ 1D NO:42; a CDRZ comprising the amino acid sequence of

SEQ ID NO:44; and a2 CDR3 comprising the amino acid sequence of SEQ 1D NOu46; and

wherein the light chain variable domain comprises: 2 CDR1 comprising the amino acid

seguence of SEQ 1 NO:49; a CDR2 comprising the smino acid sequence of SEQ D

MNORS1;and a CDR3 comprising the amine acid sequence of SEQ ID NO:53;

{(dy wherein the heavy chain variable domain comprises a COR1 comprising the
amino acid sequence of SEQ D NG:60; s CDR2 comprising the amino acid sequence of

SEQ 1D NG:62; and a CDR3 comprising the amino acid sequence of SEQ 1D NO:64; and

wherein the light chain variable domain comprises: a CDRI comprising the amino acid
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sequence of SEQ ID NO:67; a CDR2 comprising the amino acid sequence of SEQ D

NO:69; and a COR3 comprising the amino acid sequence of 8EQ ID W71 or

(&) wherein the heavy chain variable domain comprises a CDR1 comprising the
amino acid sequence of SEQ 113 NO78; a2 CDRZ comprising the amino acid sequence of
SEQ ID NO:80; and 2 CDR3 comprising the amino acid sequence of SEQ ID NO:82; and
wherein the Hght chain variable domain comprises: a CDRI comprising the amino acid
sequence of SEQ 1D NO:8S; a CDR2 comprising the amino acid sequence of SEQ ID
NG:87; and a COR3 comprising the amino acid sequence of SEQ 1D NO:89.

3. An isolated monocional antibody that binds o Clostridium difficile toxin A,
wherein sald antibody comprises a heavy chain variable domain comprising the amino acid
sequence of SEQ ID NO:2, SEQ 1D NOG:20, SEQ 1D NOG:38, S8EQ 1D NO:36, or SEQ ID NG:74
or a light chain variable domain comprising the amino acid sequence of SEQ 1D NO4, SEQ ID
NO:22, SEQ D NG44, SEQ 1D NO:5E, or SEQ 1D NO:76.

4. The isolated monocional antibody of claim 3, wherein said antibody comprises a
heavy chain variable domain and a light chain variable domain, and:

{a) wherein the heavy chain variable domain comprises the amino acid sequence
of SEQ 1D NG:2 and the light chain variable domain comprises the amino acid sequence
of SEQ ID NO4;

{b) wherein the heavy chain variable domain comprises the amino acid sequence
of SEQ ID NO:20 and the light chain variable domain comprises the amino acid sequence
of SEQ ID NO:22;

{c} wherein the beavy chain variable domain comprises the amino acid sequence
of SEQ 1D N{O:38 and the light chain variable domain comprises the amino acid sequence
of SEQ 1D NOw4O;

{d) wherein the heavy chain variable domain comprises the amino acid sequence
of SEQ 1D NO:56 and the light chain variable domain comprises the amino acid sequence
of SEQ Iy NO:38 or

{e) wherein the heavy chain variable domain comprises the amino acid sequence
of SEQ ID NO:74 and the light chain variable domain comprises the amino acid sequence
of SEQ D NO:76.

Axn isolated, human monoclonal antibody that binds to the same epitope of

(i

Clostridium difficile toxin A recognized by or that competitively inhibits the binding of toxin A

tor
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{a) an antibody having a heavy chain variable domain comprising the amino acid
sequence of SEQ 1D NO:2 and a light chain variable domain comprising the amino acid
sequence of SEQ 1D NO:4,;

(b} an antibody having a heavy chain variable domain comprising the amino acid
sequence of SEQ 1D NO:20 and a light chain varisble domain comprising the amino acid
sequence of 8EQ ID NOG:22;

{c} an antibody having a heavy chain variable domain comprising the amino acid
sequence of SEQ 1D NO:38 and a light chain varisble domain comprising the amino acid
sequence of SEQ ID NO:40;

{d} an antibody having a heavy chain variable domain comprising the amino acid
sequence of SEQ 1D NO:56 and a light chain variable domain comprising the amino acid
sequence of SEQ ID NO:S8; or

(&) an antibody having a heavy chain variable domain comprising the amino acid
sequence of SEQ ID NO:74 and a light chain variable domain comprising the amino acid
sequence of SEQ 1D NO:76.

6. The isolated antibody of any one of claims 1-5, wherein the antibody comprises at
least one of the following characteristics:
{a) the antibody binds to €, difficile toxin A with a dissociation constant (Kp) equal to

or less than 10 pM (107'M);

(b} the antibody neutralizes the in vitro cytotoxicity of C. difficile toxin A in the Vero
monkey kidney cell line with an NT30 equal to or less than 3000 pM;
(cy  the antibody neuiralizes the C. difficile toxin A induced loss of transepithelial

electrical resistance (TEER) in the T-84 cell line with an NT50 cqual to or Tess

than 6 nM; or

{dy  the antibody binds to foxin A preduced by the strains of toxinotypes 0, I, V, X,
and XV,

7. An isolated monoclonal antibody that binds to an epitope in the glucosyl

transferase domain of €. difficile toxin B, wherein the epitope comprises the amino acid sequence
SGRNK (SEQ ID NG:234), amino acids 56-80 of SEQ 1D NO:231, or amino acids 10-520 of
SEQ 1D NO:231.

& An isolated monoclonal antibody that binds to an epitope in the N-terminal
translocation domain of €. difficile toxin B, wherein the epitope comprises amino acids 1110-
1530 of SEQ ID NO:231,
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9. Ax isolated monocional antibody that binds to an epi},ope in the receptor binding
domain of C. difficile toxin B, wherein the epitope comprises amino acids 1750-2360 of SEQ ID
N231,

10,  An isolated monoclonal antibody that binds to Closiridinm difficile toxin B,
wherein said antibody comprises a heavy chain variable domain and a light chain vanable
domain, and:

{a) wherein the heavy chain variable domain comprises a complementarity
detenmining region 1 (CDR1) comprising the amino acid sequence of SEQ ID NO:S6;

CDIR2 comprising the amino acid sequence of SEQ 1D NO:98; and a CDR3 comprising

the amino acid sequence of SEQ ID NO:100; and wherein the light chain variable domain

comprises: & CDR1 comprising the amino acid sequence of SEQ ID NO:103; a CDR2
comprising the amino acid sequence of SEQ 1D NG:108; and a CDR3 comprising the
amino acid sequence of SEQ 1D NO:107;

{b) wherein the heavy chain variable domain comprises a CDR1 comprising the
amino acid sequence of SEQ ID NG:114; a CDR2 comprising the amino acid sequence of

SEQ 1D NO:116; and a CDR3 comprising the amino acid sequence of SEQ 1D NO:11§;

and wherein the light chain variable domain comprises: a CDR1I comprising the amino

acid sequence of SEQ TD NO:121; a CDR2 comprising the amino acid sequence of SEQ
1D NO:123; and a CDR3 comprising the amino acid sequence of SEQ ID NO:1235;

{c) wherein the heavy chain variable domain comprises a CDR1I comprising the
amino acid sequence of SEQ ID NO:132; a CDR2 comprising the amino acid sequence of

SEQ ID NO:134; and a CDR3 comprising the amino acid sequence of SEHQ 1D NO:136;

andl wherein the light chain variable domain comprises: a CDRI comprising the amino

acid sequence of SEQ ID NG:139; a CDR2 comprising the amino acid sequence of SEQ

D NO:141; and a CDR3 comprising the amino acid sequence of SEQ 1D NO:143;

{d} wherein the heavy chain variable domain comprises a CDR1 comprising the
amino acid sequence of SEQ ID NO:150; a CDR2 comprising the amino acid sequence of

SEQ ID NO:152; and a CDR3 comprising the amino acid sequence of SEQ 1D NO: 154,

and wherein the lght chain variable domain comprises: a CDR1 comprising the amino

acid sequence of SEQ ID NO:157; a CDR2 comprising the amino acid sequence of 8EQ
1D NO:159; and a CDR3 comprising the amino acid sequence of SEQ 1D NO:161;

{e) wherein the heavy chain variable domain comprises a COR1 comprising the
amino acid sequence of SEQ 1D NO:168; a CDR2 comprising the amino acid sequence of

SEQ 1D NO:170; and & CDR3 comprising the amino acid sequence of SEQ 1D NO:172;
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and wherein the light chain variable domain comprises: a CDR1 comprising the amino

acid sequence of SEQ ID N(:173; a CDR2 comprising the amino acid sequence of SEQ

I NO:177; and a CDR3 comprising the amino acid sequence of SEQ 1D NO:179; or

(f) wherein the heavy chain variable domain comprises a CDR1 comprising the
amino acid sequence of SEQ ID NO:186; a CDR2 comprising the amino acid sequence of
SEQ 1D NO:188; and a CDR3 comprising the amgino acid sequence of SEQ 1D NO: 190,
and wherein the light chain variable domain comprises: a CDR1 comprising the amino
acid sequence of SEQ ID NO:193; a CDR2 comprising the amino acid sequence of SEQ
10 NO:193; and a CDR3 comprising the amino acid sequence of SEQ IDNO:197.

1, Anisolated, monocional antibody that binds to Clostridium difficile toxin B,
wherein said antibody comprises a heavy chain variable domain comprising the amino acid
sequence of SEQ [ NO:92, SEQ ID NO:110, SEQ 1D NO:128, SEQ 1D NO:146, SEQ ID
NO:164, or SEQ 1D NO:182 or a light chain variable domain comprising the amino acid
sequence of SEQ ID NO:%4, SEQ ID NO:112, SEQ ID NO:130, SEQ ID NO:i48, SEQ ID
NO:166, or SEQ 1D NO:184,

12, The isolated monoclonal antibody of claim 11, wherein said antibody comprises a
heavy chain variable domain and a light chain variable domain, and:

{a) wherein the heavy chain variable domain comprises the amino acid sequence
of SEQ 1D NO:92 and the light chain variable domain comprises the amino acid sequence
of SEQ ID NOW4;

{b) wherein the heavy chain variable domain comprises the amino acid sequence
of SEQ ID NO:110 and the light chain variable domain comprises the amino acid
sequence of SEQ ID NO:11Z;

(c) wherein the heavy chain variable domain comprises the amino acid sequence
of SEQ ID NO:128 and the light chain variable domain comprises the amine acid
seguence of SEQ 11 NO:136;

{d) wherein the heavy chaln variable domain comprises the amino acid sequence
of SEQ ID NO:146 and the light chain variable domain comprises the amino acid
sequence of SEQ 1D NO:148;

{e} wherein the heavy chain variable domain comprises the amino acid sequence
of SEQ i1 NO: 164 and the light chain variable domain comprises the amino acid
sequence of SEQ 1D NO:166; or
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(3 wherein the heavy chain variable domain compri-ses the amino acid sequence
of SEQ ID NO:182 and the light chain variable domain comprises the amino acid
sequence of SEQ ID NO:184.

13.  Anisolated monoclonal antibody that binds to the same epitope of Clostridium

difficile toxin B recognized by or that competitively inhibits the binding of toxin A to:

(a} an antibody having a heavy chain variable domain comprising the amino acid
sequence of SEQ ID NO:92 and a light chain variable domain comprising the amino acid
sequence of SEQ 1D NG:94;

{b) an antibody having a heavy chain variable domain comprising the amino acid
seguence of SEQ ID NO:110 and a light chain variable domain comprising the amino
acid sequence of SEQ ID NG:112;

(c) an antibody having a heavy chain variable domain comprising the amino acid
sequence of SEQ 1D NO:128 and a light chain variable domain comprising the amino
acid sequence of SEQ ID NO:134;

{d) an antibody having a heavy chain variable domain comprising the amino acid
sequence of SEQ 1D N(O:146 and a light chain variable domain comprising the amino
acid sequence of SEQ 1D NO:148;

(e} an antibody having a heavy chain variable domain comprising the amino acid
sequence of SEQ D NO:164 and a light chain variable domain comprising the amino
acid sequence of SEQ I3 NO:166; or

{f} an antibody having a heavy chain variable domain comprising the amino acid
sequence of SEQ ID NO:182 and a light chain variable domain comprising the amino
acid sequence of SEQ ID NO:184,

14, The isolated antibody of any one of claims 7-13, wherein the antibody comprises

at least one of the following characteristics:

(a)  the antibody binds to C. difficile toxin B with a dissociation constant {Kp) equal to
or less than 100 pM;

{by  the antibody nentralizes the in virro cytotoxicity of C. difficile toxin B in the Vero
monkey kidney cell line with an NT50 egual {0 or less than 1000 pM;

{c}  the antibody neutralizes the C. difficile toxin B induced loss of transepithelial
resistance (TEER) in the T-84 cell Hne with an NT30 equal to or {ess than 200
pM: or

(d)  the astibody binds to toxin B produced by at least the strains of toxinotypes 0, I,
and V.
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15, The antibody of claim 14, wherein the antibody binds to foxin B produced by at
least the straing of toxinotypes 0, 11, V, and VI, toxin B produced by at least the strains of
toxinotypes 0, 1T, V, VI, and X1, or toxin B produced by at least the strains of toxinotypes 0,
i, v, VL X1, and XV,

16.  The antibody of any one of claims 115, wherein the antibody is 8 human
antibody.

17, The antibody of any one of claims 1-16, wherein the antibody is a recombinant
antibody.

18.  The antibody of any of claims 1-17, wherein the antibody is a bispecific antibody,
wherein the bispecific antibody comprises 1) a first antigen binding site comprising the heavy
chain variable domain and light chain variable domain of the antibody of any ove of claims -3
and 2) a second antigen binding site comprising the heavy chain variable domain and lght chain
variable domain of the antibody of any one of claims 7-12.

19, The antibody of any of claims 117, wherein the antibody is a bispecific antibody,
wherein the bispecific antibody comprises!) a first antigen binding site comprising the heavy
chain variable domain and light chain variable domain of the B1 antibody and 2) a second
antigen binding site comprising the heavy chain variable domain and light chain variable domain
of the B2 anttbody.

20. A composition comprising one or mote of the antibodies of claims 1-19.

21.  The composition of claim 20, comprising at least one antibody that binds to C.
difficile toxin A, wherein the at least one antibody that binds to C. difficile toxin A is one or more
of the A1, A2, A3, A4, and A5 antibodies and at least one anttbody that binds to C. difficile toxin
B.

22.  The composition of claim 20, comprising at least one antibody that binds to €
difficile toxin A and at least one antibody that binds to C. difficile toxin B, wherein the at least
one antibody that binds to C. difficile toxin B is one or more of the B1, B2, B3, B4, BS, and B
antibodies.

23.  the composition of claim 20, comprising at least one antibody that binds to C.
difficile toxin A, wherein the at least one antibody that binds to C. difficile toxin A is one or more
of the A1, A2, A3, A4, and AS antibodies and at least oue antibody that binds to C. difficile toxin
8, wherein the at least one antibody that binds to C. difficile toxin B iz one or more of the BI,
B2, B3, B4, BS, and B6 antibodies.
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24.  'The composition of claim 23, wherein the at least one antibody that binds to C
difficile toxin A is the A2 antibody or the Al antibody and the at least one antibody that binds to
. difficile toxin B is one or more of the B1, B2, B3, B4, B3, and B6 antibodies.

25, The composition of claim 24, wherein the at least one antibody that binds to C.
difficile toxin A is the A2 antibody or the Al antibody and the at least one antibody that binds to
Ct diffieile toxin B is the B1, B2, or B4 antibody or a B1+ B2 bispecific antibody, a B1+ B4
bispecific antibody, or a B1+ B6 bispecific antibody.

26.  ‘The composition of claim 25, wherein the at least one antibody that binds to €.
difficile toxin A is the A2 antibody or the Al antibody and the at least one antibody that binds to
C. difficile toxin B is the B2 antibody or a B 1+ B2 bispeciiic antibody.

29, The composition of claim 24, wherein the at least one antibody that binds to C.
difficife toxin A is the A2 antibody or the Al antibody and wherein the at least one antibody that
binds to C. difficile toxin B is the B2 antibody and at least one of the B1, B4, or B6 antibodies.

28.  The composition of claim 27, wherein the at least one antibody that binds to C.
difficile toxin B is the B2 antibody and the B1 antibody.

29, The composition of any one of claims 20-28, further comprising a
pharmaceutically acceptable excipient.

30, A method of treating a C difficile infection, comprising administering to a subject
one or more of the antibodies of claims 1-19 in an amownt effective to treat the ©. difficile
infection.

31, A method of treating a C. difficiie infection, comprising administering to a subject
the composition of any one of claims 20-29 in an amount effective to treat the O difficile
infection.

32, The method of claim 30 or 31, wherein the subject is a human.

33,  Anisolated nucleic acid that encodes the amino acid seguence of one or more of
the complementarity determining regions (CDRs) of the light chain variable domain and/or heavy
chain variable domain of the antibody of claim 4 or 12.

34, An isolated nucleic acid that encodes the smine acid sequence of the light and/or
heavy chain variable regions of the antibody of claim 2 or 10

35, A recombinant expression vector comprising the nucleic acid of claim 33 or 34.

36, Anisolated host cell comprising the recombinant expression vector of claim 35.
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