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Methods, compositions and kits for treating a subject using a

recombinant neutralizing binding protein

Technical field
The present invention relates to, in part, compositions, methods, and kKits using a
recombinant neutralizing binding protein for treating a subject at risk for exposure or exposed to

a disease agent.

Government support

This invention was made with government support under grants AI1030050 and
Al057159 awarded by the National Institutes of Health. The government has certain rights in the

invention.

Related Applications

This application claims priority to U.S. provisional application 61/920,825 filed
December 26, 2013, the contents of which are incorporated by reference herein in entirety. This
application is related to the prior U.S. utility application 13/566,524, filed on August 3,2012,
and U.S. provisional application 61/809,685, filed April 8, 2013, the entire contents of both of

these applications are incorporated by reference herein.

Background
Clostridium difficile infections cause serious disease with increasing incidence

worldwide. The infections occur primarily in hospitals and long term care facilities in patients
receiving prolonged antibiotic treatments. The disease symptoms may result from production
and release by C. difficile organisms of two toxins, TcdA and TedB in the colon.

A need exists for generating high affinity binding agents that treat both routine incidents
of disease and pandemics, and efforts to discover and produce these agents are underway. The
production of antibodies and their storage is a costly and lengthy process. In fact, development
of a single antibody therapeutic agent often requires years of clinical study. Yet multiple,
different therapeutic antibodies are necessary for the effective treatment of patients exposed to a
disease agent, an infection outbreak or a bio-terrorist assault. Developing and producing

multiple antibodies that can bind to different targets (e.g. microbial pathogens, viral pathogens,
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toxins, and cancer cells) is often a difficult task because it involves separately producing, storing
and transporting multiple antibodies for each pathogen or toxin. Production and stockpiling a
sufficient amount of antibodies to protect large populations is a challenge and currently has not
been achieved. The shelf life of antibodies is often relatively short (e.g., weeks or months), and
accordingly freshly prepared batches of antibodies have to be produced to replace the expiring
antibodies.

Accordingly, there is a need for a cost effective and efficient way to provide alternatives
to current therapeutic agents. Further a need exists for alternative therapeutics that are easier to
develop and produce, have a longer shelf life, and bind as a single agent to multiple targets on

the same disease agent, as well as to different disease agents.

Summary

An aspect of the invention provides a pharmaceutical composition for treating a subject
exposed to at least one disease agent, such that the pharmaceutical composition includes at least
one recombinant binding protein that neutralizes the one or more disease agents and treats the
subject for exposure to the disease agent, such that the binding protein includes at least one
disease agent binding domain amino acid sequence, for example, selected from the group of:
QVQLVESGGGLVQPGGSLRLSCAASGFTLDYSSIGWFRQAPGKEREGVSCISSSGDSTK
YADSVKGRFTTSRDNAKNTVYLQMNSLKPDDTAVYYCAAFRATMCGVEFPLSPYGKDD
WGKGTLVTVSSEPKTPKPQ (SEQ ID NO: 163);
QLQLVESGGGLVQPGGSLRLSCEASGFTLDYYGIGWFRQPPGKEREAVSYISASARTILY
ADSVKGRFTISRDNAKNAVYLOQMNSLKREDTAVYYCARRRFSASSVNRWLADDYDV
WGRGTQVAVSSEPKTPKPQ (SEQ ID NO:164);
QVQLVESGGGLVQTGGSLRLSCASSGSIAGFETVTWSRQAPGKSLQWVASMTKTNNEI
YSDSVKGRFIISRDNAKNTVYLQMNSLKPEDTGVYFCKGPELRGQGIQVTVSSEPKTPK
PQ (SEQ ID NO: 165); and
QVQLVESGGGLVQPGGSLRLSCAASGFTFSDYVMTWVRQAPGKGPEWIATINTDGSTM
RDDSTKGRFTISRDNAKNTLYLQMTSLKPEDTALYYCARGRVISASAIRGAVRGPGTQV
TVSSEPKTPKPQ (SEQ ID NO: 166).

In certain embodiments of the pharmaceutical composition comprises SEQ ID NO:167
METDTLLLWVLLLWVPGSTGDAAQPARRARRTKLSGAPVPYPDPLEPRAAAQVQLVES
GGGLVQPGGSLRLSCAASGFTLDYSSIGWFRQAPGKEREGVSCISSSGDSTKYADSVKG
RFTTSRDNAKNTVYLQMNSLKPDDTAVYYCAAFRATMCGVFPLSPYGKDDWGKGTL
VTVSSEPKTPKPQPTSAIAGGGGSGGGGSGGGGSAAAQLQLVESGGGLVQPGGSLRLSC
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EASGFTLDYYGIGWFRQPPGKEREAVSYISASARTILYADSVKGRFTISRDNAKNAVYL
QMNSLKREDTAVYYCARRRFSASSVNRWLADDYDVWGRGTQVAVSSEPKTPKPQTSA
LVGGGGSGGGGSGGGGSLQAMAAAQVQLVESGGGLVQTGGSLRLSCASSGSIAGFETV
TWSRQAPGKSLQWVASMTKTNNEIYSDSVKGRFIISRDNAKNTVYLQMNSLKPEDTGV
YFCKGPELRGQGIQVTVSSEPKTPKPQAIAGGGGSGGGGSGGGGSLQGQVQLVESGGG
LVQPGGSLRLSCAASGFTFSDYVMTWVRQAPGKGPEWIATINTDGSTMRDDSTKGRFTI
SRDNAKNTLYLQMTSLKPEDTALYYCARGRVISASAIRGAVRGPGTQVTVSSEPKTPKP
QPARQGAPVPYPDPLEPRGGGSDICLPRWGCLWED (SEQ ID NO:167), or variants
thereof.

In some embodiments, the pharmaceutical composition comprises a dimer of one or
more of a C. difficile A toxin-binding protein and a C. difficile B toxin-binding protein. In
certain embodiments, the pharmaceutical composition comprises a dimer of AH3 and AA6 or
5D and E3. In certain embodiments, the pharmaceutical composition comprises the amino acids
sequences of SQ ID NOs: 171 and/or 172. In some embodiments, the pharmaceutical
composition comprises a tetramer of one or more of a C. difficile A toxin-binding protein and a
C. difficile B toxin-binding protein. In certain embodiments, the pharmaceutical composition
comprises a tetramer of AH3, AA6, 5D, and E3. In certain embodiments, the pharmaceutical
composition comprises the amino acids sequence of SEQ ID NO: 173. In various embodiments,
the dimers or tetramers further comprise a linker of SEQ ID NO: 55.

In some embodiments, the present compositions, methods, and kits include the
following sequence:

QGVQSQLQLVESGGGLVQPGGSLRLSCAASGFTLDY SSIGWFRQAPGKEREGVSCISSS
GDSTKYADSVKGRFTTSRDNAKNTVYLQMNSLKPDDTAVYYCAAFRATMCGVFPLSP
YGKDDWGKGTLVTVSSEPKTPKPQGGGGSGGGGSGGGGSQGVQSQVQLVESGGGLY
QPGGSLRLSCAASGFTFSDYVMTWVRQAPGKGPEWIATINTDGSTMRDDSTKGRFTISR
DNAKNTLYLQMTSLKPEDTALYYCARGRVISASAIRGAVRGPGTQVTVSSEPKTPKPQ
(SEQ ID NO: 171, dimer of AH3-AA®6).

In some embodiments, the present compositions, methods, and kits include the
following sequence:
QGVQSQLQLVESGGGLVQPGGSLRLSCEASGFTLDYYGIGWFRQPPGKEREAVSYISAS
ARTILYADSVKGRFTISRDNAKNAVYLQMNSLKREDTAVYYCARRRFSASSVNRWLAD
DYDVWGRGTQVAVSSEPKTPKPQGGGGSGGGGSGGGGSQGVQSQVQLVESGGGLVQ
TGGSLRLSCASSGSIAGFETVTWSRQAPGKSLQWVASMTKTNNEIY SDSVKGRFIISRDN
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AKNTVYLOMNSLKPEDTGVYFCKGPELRGQGIQVTVSSEPKTPKPQ (SEQ ID NO: 172,
dimer of 5D-E3).

In some embodiments, the present compositions, methods, and kits include the
following sequence:
QGVQSQLQLVESGGGLVQPGGSLRLSCAASGFTLDYSSIGWFRQAPGKEREGVSCISSS
GDSTKYADSVKGRFTTSRDNAKNTVYLQMNSLKPDDTAVYYCAAFRATMCGVFPLSP
YGKDDWGKGTLVTVSSEPKTPKPQGGGGSGGGGSGGGGSQGVQSQLQLVESGGGLVQ
PGGSLRLSCEASGFTLDYYGIGWFRQPPGKEREAVSYISASARTILYADSVKGRFTISRD
NAKNAVYLQMNSLKREDTAVYYCARRRFSASSVNRWLADDYDVWGRGTQVAVSSEP
KTPKPQGGGGSGGGGSGGGGSQGVQSQVQLVESGGGLVQTGGSLRLSCASSGSIAGFE
TVTWSRQAPGKSLQWVASMTKTNNEIYSDSVKGRFIISRDNAKNTVYLQMNSLKPEDT
GVYFCKGPELRGQGIQVTVSSEPKTPKPQGGGGSGGGGSGGGGSQGVQSQVQLVESGG
GLVQPGGSLRLSCAASGFTFSDYVMTWVRQAPGKGPEWIATINTDGSTMRDDSTKGRF
TISRDNAKNTLYLOQMTSLKPEDTALYYCARGRVISASAIRGAVRGPGTQVTVSSEPKTP
KPQ (SEQ ID NO: 173, tetramer of AH3, 5D, E3, AA6).

In certain embodiments of the pharmaceutical composition, the binding protein includes
at least one Vh domain corresponding to heavy chain-only camelid antibodies. For example, the
recombinant binding protein includes at least three Vh disease agent-binding domains. In certain
embodiments, the three disease agent binding domains include at least two of the amino acid
sequences selected from the group of: SEQ ID NO: 163, SEQ ID NO: 164, SEQ ID NO: 165,
SEQ ID NO: 166, SEQ ID NO: 167, SEQ ID NO: 171, SEQ ID NO: 172, and, SEQ IDNO: 173
or variants thereof. In certain embodiments, each of the disease agent binding domains is
separated from another disease agent binding site by flexible spacer amino acid sequences. For
example, the flexible spacer amino acid sequence includes amino acid sequence:
GGGGSGGGGSGGGGS (SEQ ID NO: 55), or a variant thereof. In certain embodiments, the
recombinant binding protein includes a plurality of disease agent binding domains that bind and
neutralize toxin A of Clostridium difficile (TcdA). In certain embodiments, the recombinant
binding protein includes a plurality of disease agent binding domains that bind and neutralize
toxin B of Clostridium difficile (TcdB).

In some embodiments, the pharmaceutical composition comprises a dimer of one or
more of a C. difficile A toxin-binding protein and a C. difficile B toxin-binding protein. In
certain embodiments, the pharmaceutical composition comprises a dimer of AH3 and AAG6 or
5D and E3. In certain embodiments, the pharmaceutical composition comprises the amino acids

sequences of SEQ ID NOs: 171 and/or 172. In some embodiments, the pharmaceutical
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composition comprises a tetramer of one or more of a C. difficile A toxin-binding protein and a
C. difficile B toxin-binding protein. In certain embodiments, the pharmaceutical composition
comprises a tetramer of AH3, AA6, 5D, and E3. In certain embodiments, the pharmaceutical
composition comprises the amino acids sequence of SEQ ID NO: 173. In certain embodiments,
the pharmaceutical composition comprises the amino acids sequence of SEQ 1D NO: 167. In
various embodiments, the dimers or tetramers further comprise a linker of SEQ ID NO: 55.

In an embodiment of the pharmaceutical composition, the recombinant binding protein
includes an epitope tag amino acid sequence. For example, the recombinant binding protein
includes a plurality of copies of epitope tag SEQ ID NO: 15, or a variant thereof. In an
embodiment of the pharmaceutical composition, the recombinant binding protein carboxyl
terminus includes an albumin binding domain amino acid sequence. For example, the albumin
binding domain comprises amino acid sequence DICLPRWGCLWED (SEQ 1D NO: 168), or a
variant thereof. In an embodiment of the pharmaceutical composition, the recombinant binding
protein amino terminus includes an E. coli thioredoxin. In certain embodiments, the recombinant
binding protein has a cleavage site between the E. coli thioredoxin protein amino acid sequence
and an adjacent disease agent binding domain.

In certain embodiments of the pharmaceutical composition, the disease agent includes a
first and second non-identical disease agent, and the binding protein binds and neutralizes the
first and the second of disease agents. In certain embodiments of the pharmaceutical
composition, the disease agent includes a Clostridium difficile toxin.

An aspect of the invention provides a pharmaceutical composition for treating a subject
at risk for exposure to at least one disease agent, the pharmaceutical composition including: a
source of expression of a recombinant disease agent binding protein for neutralizing the disease
agent and treating the subject for exposure, wherein the source of expression comprises
nucleotide sequence:
ATGAGCGATAAAATTATTCACCTGACTGACGACAGTTTTGACACGG
ATGTACTCAAAGCGGACGGGGCGATCCTCGTCGATTTCTGGGCAGAGTGGTGCGGT
CCGTGCAAAATGATCGCCCCGATTCTGGATGAAATCGCTGACGAATATCAGGGCAA
ACTGACCGTTGCAAAACTGAACATCGATCAAAACCCTGGCACTGCGCCGAAATATG
GCATCCGTGGTATCCCGACTCTGCTGCTGTTCA (SEQ ID NO: 169), or a variant thereof.

An aspect of the invention provides a kit for treating a subject exposed to or at risk for
exposure to a disease agent including: a unit dosage of a pharmaceutical composition for treating
a subject at risk for exposure to at least one disease agent such that, the pharmaceutical

composition includes: at least one recombinant binding protein that neutralizes the disease agent
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thereby treating the subject for exposure to the disease agent, wherein the binding protein
comprises at least one amino acid sequence selected from the group of: SEQ 1D NO: 163, SEQ
ID NO: 164, SEQ ID NO: 165, SEQ ID NO: 166, and SEQ 1D NO: 167, or variants thereof; a
container; and instructions for use. In certain embodiments, the pharmaceutical composition
includes a pharmaceutically acceptable excipient. In certain embodiments of the kit, the disease
agent includes a Clostridium difficile toxin. In certain embodiments of the kit, the disease agent
comprises a first and a second non-identical disease agent, and the binding protein binds and
neutralizes the first and the second disease agent. In certain embodiments of the kit, the
pharmaceutical composition includes a plurality of the disease agent binding domains that bind
and neutralize toxin A of Clostridium difficile (TcdA). In certain embodiments of the kit, the
pharmaceutical composition includes a plurality of the disease agent binding domains that bind
and neutralize toxin B of Clostridium difficile (TcdB). In some embodiments, the kit comprises
a dimer of one or more of a C. difficile A toxin-binding protein and a C. difficile B toxin-binding
protein. In certain embodiments, the kit comprises a dimer of AH3 and AA6 or 5D and E3. In
certain embodiments, the kit comprises the amino acids sequences of SQ ID NOs: 171 and/or
172. In some embodiments, the kit comprises a tetramer of one or more of a C. difficile A toxin-
binding protein and a C. difficile B toxin-binding protein. In certain embodiments, the kit
comprises a tetramer of AH3, AA6, 5D, and E3. In certain embodiments, the kit comprises the
amino acids sequence of SEQ ID NO: 173. In various embodiments, the dimers or tetramers
further comprise a linker of SEQ ID NO: 55.

An aspect of this invention provides a method for treating a subject at risk for exposure
to at least one disease agent, such that the method includes administering to the subject a source
of expression of a recombinant disease agent binding protein, wherein the source of expression
of the binding protein is a nucleotide sequence encoding the binding protein, the nucleotide
sequence comprising SEQ ID NO: 169, or a variant thereof; and measuring neutralization of the
disease agent or plurality of disease agents by the binding protein.

An aspect of the invention provides a pharmaceutical composition for treating a subject
exposed to at least one disease agent, the pharmaceutical composition including: at least one
recombinant binding protein that neutralizes the disease agent and treats the subject for exposure
to the disease agent, such that the binding protein includes at least one disease agent binding
domain amino acid sequence selected from the group of: SEQ ID NO: 163, SEQ 1D NO: 164,
SEQ ID NO: 165, SEQ 1D NO: 166, and SEQ ID NO:167; and further includes amino acid
sequence SEQ ID NO: 168, or variants thereof.
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An aspect of the invention provides a pharmaceutical composition for treating a subject
exposed to at least one disease agent, the pharmaceutical composition including at least one
recombinant binding protein that neutralizes the disease agent and treats the subject for exposure
to the disease agent, such that the binding protein includes at least one disease agent binding
domain amino acid sequence selected from the group of: SEQ ID NO: 163, SEQ ID NO: 164,
SEQ ID NO: 165, SEQ ID NO: 166, and SEQ ID NO:167; and further including amino acid
sequence SEQ 1D NO: 53, or variants thereof.

In some embodiments, there is provided a method of treating or preventing a C. difficile
infection (CDI) or associated disease as described herein comprising administering to a patient
in need thereof an effective amount of a pharmaceutical composition comprising at least one
recombinant binding protein comprising at least one disease agent binding domain amino acid
sequence selected from SEQ ID NO: 163, SEQ ID NO: 164, SEQ ID NO: 165, SEQ ID NO: 166
SEQ ID NO: 167, SEQ ID NO: 171, SEQ ID NO: 172, and SEQ ID NO: 173 or variants
thereof. In some embodiments, the recombinant binding protein comprising at least one disease
agent binding domain comprises a recombinant camelid heavy-chain-only antibody (VHH). In
some embodiments, the patient in need of such treatment is receiving or will receive treatment

with one or more antibiotics.

Brief description of the drawings

FIG. 1 A-FIG. 1 E are nucleotide sequences of scFv#2 (SEQ ID NO: 1), scFv#3 (SEQ ID
NO: 3), scFv#7 (SEQ ID NO: 5), scFv#8 (SEQ ID NO: 7), scFv#21 (SEQ ID NO: 9), scFv#E
(SEQ ID NO: 11), and amino acid sequences of scFv#2 (SEQ ID NO: 2), scFv#3 (SEQ ID NO:
4), scFv#7 (SEQ ID NO: 6), scFv#8 (SEQ ID NO: 8), scFv#21 (SEQ ID NO: 10), scFv#E (SEQ
ID NO: 12).

FIG. 2 is the nucleotide sequence of scFv#7-2E (SEQ ID NO: 13) and the amino acid
sequence of scFv#7-2E (SEQ ID NO: 14).

FIG. 3 A-FIG. 3 C are the nucleotide sequences of BoNT/A holotoxin binding VHHs
including JDA-D12 (SEQ ID NO: 19), JDQ-AS (SEQ ID NO: 21), JDQ-BS5 (SEQ ID NO: 23),
IDQ-C2 (SEQ ID NO: 25), JDQ-F12 (SEQ ID NO: 27), IDQ-GS5 (SEQ ID NO: 29), IDQ-H7
(SEQ ID NO: 31), and BoNT/B holotoxin binding VHHs including JEQ-AS (SEQ ID NO: 33),
JEQ-H11 (SEQ ID NO: 35). The figures also show the corresponding amino acid sequences of
BoNT/A holotoxin binding VHHs including JDA-D12 (SEQ ID NO: 20), JDQ-AS (SEQ ID
NO: 22), IDQ-B5 (SEQ ID NO: 24), IDQ-C2 (SEQ ID NO: 26), IDQ-F12 (SEQ ID NO: 28),
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JDQ-G5 (SEQ 1D NO: 30), JDQ-H7 (SEQ ID NO: 32), and BoNT/B holotoxin binding VHHs
including JEQ-A5 (SEQ 1D NO: 34), JEQ-H11 (SEQ ID NO: 36).

FIG. 4 A is a list of nucleotide sequences of VHHs identified as BONT/A binders that
were experimentally shown to bind to the same epitope. The VHH sequences are DQ-B5 (SEQ
ID NO: 23), JDO-E9 (SEQ ID NO: 37), JDQ-B2 (SEQ ID NO: 39), JDQ-C5 (SEQ ID NO: 41),
and JDQ-F9 (SEQ ID NO: 43).

FIG. 4 B is a list of corresponding VHH amino acid sequences, JDQ-B35 (SEQ ID NO:
24), JDO-E9 (SEQ ID NO: 38), JDQ-B2 (SEQ ID NO: 40), JDQ-CS (SEQ ID NO: 42), and
JDQ-F9 (SEQ ID NO: 44), of the nucleic acid sequences in FIG. 4 A.

FIG. 5 is a schematic drawing of a phylogenetic tree comparing the homology between
BoNT/A binding VHHs within the JDQ-B5 competition group (which compete for binding, thus
bind the same epitope) in comparison to control alpaca VHHs.

FIG. 6 is a schematic drawing of binding agent VHHs that are produced in different
formats including formats in which the binding agents are fused to one or more E-tags or as
fusion proteins.

FIG. 7 is a drawing of a single-tagged heterodimeric binding protein (exemplary VHHs)
binding to the disease agent, a toxin, and leading to decoration of the toxin with two anti-tag
monoclonal antibodies (mAbs).

FIG. 8 is a drawing of a double-tagged binding protein (here shown are VHHs) a
heterodimeric binding to the disease agent, toxin, and leading to decoration of the toxin with
four anti-tag mAbs.

FIG. 9 A-FIG. 9 B are a set of Meyer-Kaplan survival plots that double-tagged
heterodimer E/H7/B5/E and the anti-tag mAb completely protected subjects from 1,000-fold and
1,000-fold the median lethal dose of a Botulinum neurotoxin serotype A toxin.

FIG. 9 A is a Meyer-Kaplan survival plot showing percent (%) of mice surviving over a
period of time (days) after receiving 1,000-fold the median lethal dose (LDsg) of a Botulinum
neurotoxin serotype A (BoNT/A) and each of combinations of the following binding agents: H7
and B5 VHH heterodimer with a single epitopic tag (tag or E-tag) and an anti-E-tag mAb
(H7/B5/E + anti-E mAb); H7 and BS VHH monomers each with an E-tag and an anti-E-tag
mAb (H7/E + B5/E + anti-E mAb); H7 and B5S VHH heterodimer with two E-tags and an anti-E-
tag mAb (E/H7/BS/E + anti-E mAb) and a control (the toxin alone). The data show that
administration of heterodimer E/H7/B5/E and anti-E mAb resulted in survival of subjects for

seven days.
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FIG. 9 B is a Meyer-Kaplan survival plot showing percent (%) of subjects surviving over
a period of time (days) after receiving 10,000-fold the LDso of a Botulinum neurotoxin (BoNT)
and H7 and B5 VHH heterodimer with two E-tags and an anti-E-tag mAb (E/H7/B5/E + anti-E
mAb) and a control (the toxin alone). Remarkably, 100% of the mice survived a 10,000 LDsg
challenge of BoNT/A when administered the double-tagged heterodimer and the anti-tag mAb.

FIG. 10 A-FIG. 10 B are nucleotide sequences and amino acid sequences of recombinant
BoNT/A holotoxin binding VHHSs: thioredoxin/JDQ-H7(H7)/E-tag (SEQ ID NO: 45),
thioredoxin/JDQ-B5(B5)/E-tag (SEQ ID NO: 47), thioredoxin/H7/flexible spacer (fs)/B5/E-tag
(SEQ ID NO: 49), and thioredoxin/E-tag/H7/fs/B5/E-tag (SEQ ID NO: 51). The corresponding
amino acid sequences of the VHHSs including amino acid sequences for thioredoxin/H7/E-tag
(SEQ ID NO: 46), thioredoxin/B5/E-tag (SEQ ID NO: 48), thioredoxin/ H7/fs/B5/E-tag (SEQ
ID NO: 50), thioredoxin/E-tag/ H7/fs/B5/E-tag (SEQ 1D NO: 52), and thioredoxin (SEQ ID NO:
53) are shown.

FIG. 11 A- FIG. 11 B are Meyer-Kaplan survival plots showing percent survival (%
survival, ordinate) of subjects as a function of time in days (abscissa) following contact with
BoNT/A and later time (1.5 hours or three hours later) administered VHH binding/neutralizing
agents. Subjects (five per group) were intravenously exposed to 10 LDsp (ten-fold LDsp) of
BoNT/A, and then later administered either: a mixture of 1 pg ciA-H7 monomer (SEQ ID NO:
32) and 1 pg of ciA-B5 monomer (SEQ ID NO: 24); H7/BS5 heterodimeric protein (SEQ ID NO:
58); a sheep antitoxin serum; or control (no binding agent). Data show that the H7/B3
heterodimer was effective as an antitoxin neutralizing agent and protected subjects from the
lethal challenge of BoNT/A.

FIG. 11 A shows percent survival for subjects exposed to ten-fold LDsy of BoNT/A then
administered 1.5 hours later either a mixture of H7 and B5 monomers; H7/B5 heterodimer; a
sheep serum antitoxin; or control toxin only (no agents).

FIG. 11 B shows percent survival for subjects exposed to ten-fold LDso of BoNT/A then
administered three hours later either a mixture of H7 and B5 monomers; H7/B5 heterodimer; a
sheep serum antitoxin; or control toxin only (no agents).

FIG. 12 A- FIG. 12 C are line graphs showing that VHH monomers and VHH
heterodimers neutralized C. difficile toxin b (TcdB) and protected subjects from death caused by
exposure to TcdB.

FIG. 12 A is a line graph showing that VHH monomers neutralized C. difficile toxin B
(TcdAB) and protected cells from the toxin. The percent CT26 cells affected by TedB (%
affected; ordinate) is shown as a function of concentration (0.003 nM, 0.03 nM, 0.3 nM, 3 nM,

9
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30 nM, 300 nM, or 3000 nM) of administered VHH monomers: 5D (circle), 2D (square), or E3
(light upward facing triangle). Control cells were administered toxin only (TcdB; dark
downward facing triangle). Strength of neutralizing VHH activity was observed in the order 5D
as strongest followed by E3 and 2D.

FIG. 12 B is a line graph showing percent of cells affected by TedB (% affected;
ordinate) as a function of concentration of administered mixture of 5D and E3 monomers, SD/E3
heterodimer (VHH; abscissa), or a toxin only control. It was observed that the 5D/E3 VHH
heterodimer (squares) was about ten-fold more potent as toxin neutralizing agent than the
mixture of 5D monomer and E3 monomer (triangles).

FIG. 12 C is a Meyer-Kaplan survival plot of a C. difficile infection model showing
percent mouse survival (ordinate) as a function of time (hours post challenge, abscissa) of
subjects co-administered toxin and VHH neutralizing agents. Subjects were co-administered a
lethal dose of TcdB with: a mixture of 10 pg of 5D monomers and E3 monomers (5 pg of each
monomer per mouse; dashed line, blue); a mixture of 1 ug of SD monomers and E3 monomers
(500 ng of each monomer per mouse; thick solid line, blue), SD/E3 heterodimer (250 ng per
mouse; light solid line, red), or phosphate-buffered saline (PBS; thin solid line, black). Percent
survival was calculated for each group of subjects.

FIG. 13 A-FIG. 13 C are amino acid sequences for VHH monomers and VHH
heterodimers designed to specifically bind epitopes of botulism toxins serotype A (BoNT/A) and
serotype B (BoNT/B). Each VHH was purified from £. coli as a thioredoxin fusion protein
having a single carboxyl-terminal epitopic tag (tag or E-tag).

FIG. 13 A is a set of amino acid sequences of VHH monomers that specifically
recognize and bind to epitopes on BoNT/A (ciA-AS, ciA-BS, ciA-D12, ciA-F12, ciA-GS, and
ciA-H7) and epitopes of BoNT/B (ciB-Al1, ciB-BS5, ciB-B9, and ciB-H11). The sequences are
aligned to show homology. Dashed regions of the amino acid sequences are spaces inserted to
align the amino acid regions.

FIG. 13 B is a set of amino acid sequences of VHH monomers (ciA-D1, ciA-HS, and
ciA-H11) that bind specifically to the same epitope of BoNT/B as ciA-H7.

FIG. 13 C shows amino acid sequences for double-tagged VHH heterodimers,  ciA-
H7/ciA-B5(2E) and ciA-F12/CiA-D12(2E), that specifically bind BoNT/A.

FIG. 14 A-FIG. 14 B are photographs of sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) analyses of VHH monomers and VHH heterodimers.

FIG. 14 A shows SDS-PAGE analysis of the tagged (E) VHH monomers ciA-D1, ciA-
H4, ciA-H11, ciA-AS, ciA-C2, ciA-D12, ciA-F12, ciA-GS5, and ciA-H7.

10



10

15

20

25

30

WO 2015/100409 PCT/US2014/072340

FIG. 14 B is a SDS-PAGE analysis of single- or double-tagged VHH heterodimers
including: ciA-H7/ciA-B5 singly tagged on ciA-B5 (left channel); double tagged ciA-H7/ciA-
B3 having a tag on both ciA/H7 and ciA-B5 (second channel from left), ciA-F12/ciA-D12 singly
tagged on ciA-B35 (third channel from the left); double tagged ciA-F12/ciA-D12 having a tag on
both ciA/F12 and ¢iA-D12 (fourth channel from left), double tagged ciA-A11/ciA-B5 having a
tag on both ciA/A11 and ciA-BS5 (right channel).

FIG. 15 are photographs of Western blots showing ability of VHH monomers to prevent
BoNT/A from cleaving synaptosomal-associated protein 25 (SNAP25) in primary neurons in
culture.

FIG. 16 A- FIG. 16 C is a set of drawings and Meyer-Kaplan survival plots showing that
mouse subjects administered each of a set of mixtures of VHH monomers in combination with
anti-tag clearing antibody were protected from BoNT/A.

FIG. 16 A (top) is a drawing of a BoNT/A bound to two different tagged binding protein
monomers that are each specifically bound by an anti-tag antibody. FIG. 16 A (bottom) is a set
of graphs showing percent of survival (% survival, ordinate) as a function of time (days,
abscissa) of subjects co-administered 100-fold (FIG. 16 A bottom left graph) or 1,000-fold (FIG.
16 A bottom right graph) the LDso of a BoONT/A and combinations of VHH monomers (ciA-D12
and ciA-F12) with or without anti-tag clearing antibody (+ oE and - aE respectively). The
mixture of VHH monomer B5, VHH monomer H7 and anti-tag clearing antibody protected
subjects from the 100-fold LD50 of toxin.

FIG. 16 B (top) is a drawing of a BoNT/A bound to three different monomeric tagged
binding protein each specifically bound by an anti-tag antibody. FIG. 16 B (bottom) is a set of
graphs showing percent survival on the ordinate as a function of time (days, abscissa) of subjects
co-administered 1,000-fold BoNT/A LDs, (FIG. 16 B bottom left graph) or 10,000-fold BONT/A
L.Dso (FIG. 16 bottom B right graph), and combinations of three VHH monomers with or
without anti-tag clearing antibody (+ oE and - oE respectively).

FIG. 16 C (top) is a drawing of a BoNT/A bound to four different tagged binding protein
monomers that are each specifically bound by an anti-tag antibody. FIG. 16 C (bottom) is a set
of graphs showing percent survival, ordinate, of subjects as a function of time (days, abscissa) of
subjects co-administered 1,000-fold BoNT/A LDsg (FIG. 16 C bottom left graph) or 10,000-fold
BoNT/A LDs (FIG. 16 C bottom right graph), and a mixture of ciA-B5, ciA-H7, ciA-D12 and
ciA-F12 VHH monomers with (+ aE) or without (- aE) anti-tag clearing antibody.

FIG. 17 are graphs showing percent survival, ordinate, of subjects as a function of time

(days, abscissa) of subjects co-administered 1,000-fold BoNT/A LDs (FIG. 17 left graph) or

11



10

15

20

25

30

WO 2015/100409 PCT/US2014/072340

10,000-fold BoNT/A LDs (FIG. 17 right graph), and mixtures of VHH monomers and anti-tag
clearing antibody (aE). Control subjects received toxin only. Unless indicated otherwise, an
asterisk (*) in FIGS. 17-24 indicates that the subjects administered the VHH monomer or
multimer displayed no symptoms of toxin exposure.

FIG. 18 A- FIG. 18 B are a table showing affinity binding data for VHHs and a set of
line graphs showing improved protection of subjects from very large doses of BoNT/A
following administration of each of sets of mixtures of VHH monomers with strong affinity for
BoNT/A and clearing antibody.

FIG. 18 A is a table showing binding affinities (Kd) determined by surface plasmon
resonance (SPR) analysis of each of VHH monomers ciA-H7, ciA-D1, ciA-H4, and ciA-H11.
SPR analysis was used to determine the binding affinities to epitope A1 of BoNT/A for each
VHH monomer. H7 has the greatest affinity and H11 the least affinity.

FIG. 18 B is a set of graphs showing percent survival on the ordinate of subjects as a
function of time (days, abscissa) following co-administration of BoNT/A at 100-fold (FIG. 18 B
left graph) or 1,000-fold (FIG. 18 B right graph) the LDs, and a mixture of two VHH monomers
(B5+C2) or a mixture of three VHH monomers with anti-tag clearing antibody: B5+C2+H11;
B5+C2+H7; B5+C2+D1; or B5S+C2+H2.

FIG. 19 A-FIG. 19 B are drawings and graphs showing that administering heterodimers
composed of neutralizing VHH components resulted in greater antitoxin efficacy than
heterodimers composed of non-neutralizing VHHs, and that presence of two or more E-tags
within the VHH heterodimers further increased the antitoxin efficacy.

FIG. 19 A (top) is a drawing of a BoNT/A bound to two different tagged heterodimer
binding proteins that are each specifically bound by an anti-tag antibody. FIG. 19 A (bottom) is
a set of graphs showing percent survival on the ordinate of subjects as a function of time (days,
abscissa) after co-administration of 1,000-fold (FIG. 19 A bottom left graph) or 10,000-fold
(FIG. 19 A bottom right graph) the BoNT/A LDs, and a VHH heterodimer composition with (+
aE) or without (- «E) anti-tag clearing antibody. The tagged VHH heterodimer composition was
either composed of neutralizing VHHSs ciA-H7 and ciA-BS (H7/BS5), or of non-neutralizing
VHHs ciA-D12 and ciA-F12 (D12/F12). Data show that subjects administered the heterodimer
composition containing neutralizing VHHS ciA-B5 and ciA-H7 survived longer than subjects
administered the heterodimer composition containing non-neutralizing VHHs ciA-D12 and ciA-
F12. Subjects administered clearing anti-tag antibodies generally survived longer than subjects

not administered clearing-tag antibodies.
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FIG. 19 B (top) is a drawing of a BoNT/A bound to two different double-tagged
heterodimer binding proteins that are each specifically bound by two anti-tag antibodies. FIG.
19 B (bottom) is a set of graphs showing percent survival, ordinate, of subjects as a function of
time (days, abscissa) after co-administration of an amount of BoNT/A 1,000-fold (FIG.19B
bottom left graph) or 10,000-fold (FIG. 19 B bottom right graph) the LDso_and double tagged
VHH heterodimers with (+ «E) or without (- aE) anti-tag clearing antibody. Subjects
administered neutralizing ciA-B5/ciA-H7 heterodimer survived longer than subjects
administered non-neutralizing ¢iA-D12/ciA-F12 heterodimer. Data show that all subjects
administered double-tagged ciA-B5/ciA-H7 heterodimers and anti-tag clearing antibody
survived exposure to 1,000-fold (FIG. 19 B bottom left graph) or 10,000-fold the LDso of
BoNT/A (FIG. 19 B bottom right graph).

FIG. 20 is a set of graphs showing percent survival on the ordinate of subjects as a
function of time (days, abscissa) after co-administration of 100-fold (FIG. 20 left graph) or
1,000-fold (FIG. 20 right graph) BoNT/A LDsp, and multi-tagged VHH heterodimers with anti-
tag clearing antibody. The ciA-D12/ciA-F12 heterodimer protein contained either one tag (1e),
two tags (2e), three tags (3e), or control no tag. Subjects (five mice per group) were
administered 20 pg of the heterodimer composition or the mixture of ciA-D12 and ciA-F12
monomers (20 pg of each monomer). Control subjects were administered neither monomer nor
heterodimer. Each subject received 60 picomoles of anti-E-tag clearing antibody. Data show that
subjects administered ciA-D12/ciA—F12 heterodimers having either one tag or two tags survived
(100% survival) the challenge of 100-fold the LDsy of BoONT/A (FIG. 20 left graph). Subjects
receiving 1,000-fold the L.Dsp of BONT/A and ciA-D12/ciA-F12 heterodimers with clearing
antibody died within one day following challenge with independent of number of tags (FIG. 20
right graph).

FIG. 21 is a set of graphs showing percent survival, ordinate, of subjects treated with
different amounts of anti-tag clearing antibody as a function of time (days, abscissa) after
exposure to BoONT/A 100-fold (FIG. 21 left graph) or 1,000-fold (FIG. 21 right graph) the LDsg
and to double tagged ciA-D12/ciA-F12 heterodimer (20 picomoles). Anti-tag clearing antibody
was administered at: 20 picomoles, 40 picomoles, 60 picomoles, 120 picomoles, or control
(none). Control subjects received toxin only (no agents). Data show improved antitoxin efficacy
in subjects co-administered amounts (40, 60 or 120 picomoles) increased anti-tag clearing
antibody compared to 20 picomoles.

FIG. 22 is a graph showing percent survival, ordinate, of subjects treated with different

doses of double tagged neutralizing ciA-B5/ciA-H7 heterodimers as a function of time (days,
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abscissa) for subjects co-administered 1,000-fold BoNT/A LDs, and anti-tag clearing antibody.
Heterodimer ¢iA-B5/ciA-H7 was administered in doses of: 1.5 picomoles, 4.4 picomoles, 13
picomoles, or 40 picomoles. Control subjects received toxin only (no agents). Data show
complete survival after seven days of subjects receiving amounts of 13 picomoles or 40
picomoles double tagged neutralizing ciA-BS/ciA-H7 heterodimer, such that than 13 picomoles
protected subjects fully from 1,000-fold BoNT/A LDsg, compared to 1.5 picomoles or 4.4
picomoles (no survival after one day).

FIG. 23 A- FIG. 23 B are graphs showing percent survival, ordinate, after subjects were
exposed to ten-fold BoNT/A LDsoand were administered double-tagged heterodimer and anti-
tag clearing antibody of subjects as a function of time (days, abscissa). Administration of
heterodimer after toxin exposure was observed to have protected subjects from symptoms and
death caused by exposure to ten-fold BoNT/A LDso.

FIG. 23 A is a set of graphs showing percent survival of subjects as a function
administration of: double tagged ciA-D12/ciA-F12 heterodimer with anti-tag clearing antibody
(+ aE), double tagged ciA-D12/ciA-F12 heterodimer without anti-tag clearing antibody (- oE), a
sheep serum antitoxin, or toxin only control (no agents). Prior to administration of heterodimer,
subjects were exposed 1.5 hours (FIG. 23 A left graph) or three hours (FIG. 23 A right graph) to
ten-fold BoNT/A LDso. Data show 100% survival of subjects administered ciA-D12/ciA-F12
heterodimer and anti-tag antibody after 1.5 hours. Survival of subjects administered ciA-
D12/ciA-F12 heterodimer was comparable to that in subjects administered sheep serum
antitoxin.

FIG. 23 B is a set of graphs showing percent survival of subjects as a function
administration of: double tagged ciA-B5 and ciA-H7 heterodimer with anti-tag clearing antibody
(+ aE), or with double tagged ciA-B5/ciA-H7 heterodimer without anti-tag clearing antibody
(- aE), or with a sheep serum antitoxin, or toxin only control (no agents). Prior to treatment with
heterodimer, subjects were exposed to ten-fold BoNT/A LDsg either 1.5 hours (FIG. 23 B left
graph) or three hours (FIG. 23 B right graph). Data show that subjects administered ciA-
BS5/ciA-H7 heterodimer with or without anti-E tag antibody survived longer than subjects
administered sheep serum antitoxin. Survival of subjects administered ciA-B5/ciA-H7
heterodimer was greater than subjects administered sheep serum antitoxin.

FIG. 24 A- FIG. 24 B are line graphs showing that subjects administered ciA-Al1/ciA-
B5 heterodimers with anti-tag clearing antibody were protected from BoNT/B exposure.

FIG. 24 A is a graph showing survival on the ordinate as a function of time (days,
abscissa) co-administration of 1,000-fold (FIG. 24 A left graph) or 10,000-fold (FIG. 24 A right
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graph) BoNT/B LDsg and a combination of ¢ciB-A11 and ciB-B35 heterodimer with (+ aE) or
without (- oF) anti-tag clearing antibody, or toxin only control (no agents). Data show that
subjects administered ciA-A11/ciA-B5 heterodimer and anti-E-tag clearing antibody survived
and were protected longer from BoNT/A than control subjects administered no agents and no
anti-E tag antibody.

FIG. 24 B is a set of graphs showing subject survival (ordinate) as a function of time,
abscissa, after administration of: double tagged ciB-A11 and ciB-B35 heterodimer and anti-tag
clearing antibody (+ oE), or double tagged ciB-A11 and ciB-B5 heterodimer without anti-tag
clearing antibody (- aE), a sheep serum antitoxin, or toxin only control. Following 1.5 hours
(FIG. 24 B left graph) or three hours (FIG. 24 B right graph) exposure to ten-fold BoNT/B LDs,
the subjects were administered the heterodimer. A greater percentage of subjects administered
ciB-A11 and ciB-B3 heterodimer survived exposure to BoNT/B than subjects administered
sheep serum antitoxin.

FIG. 25 is a line graph of percent of cells affected by C. difficile toxin A (TcdA) and
protection of cells from the toxin by VHH monomers. The percent CT26 cells affected by TcdA
(% affected; ordinate) is shown as a function of concentration (0.1 nM, 0.48 nM, 2.4 nM, 12
nM, 60 nM, or 300 nM) of each administered VHH monomer: A3H (circle), A11G (light
square); AC1 (upward dark empty triangle), AE1 (upward light triangle), AH3 (downward
triangle), or AA6 (dark empty square). Control cells were administered toxin only (TcdA; dark
downward triangle). Strength of neutralizing VHH activity was observed in the following order:
AAG6 as strongest, then AH3, AC1, AE1, A11G, and A3H as weakest.

FIG. 26 is a line graph showing percent CT26 cells affected after 24 hours of TcdA
exposure (ordinate) as a function of concentration administered (abscissa: 0.03 ng/mL, 0.1
ng/mL, 1 ng/mL, 3 ng/mL, 10 ng/mL, 30 ng/mL, 100 ng/mL, 300 ng/mL, or 1000 ng/mL), or
toxin only control (TcdA; vertical line). Agents administered were: VHH monomer AH3 (AH3,
diamond), VHH monomer AA6 (AA6, square), a mixture of VHH monomers AH3 and AA6
(AH3+AAG, triangle), VHH heterodimer of AH3 and AA6 (AH3/AAG6, -x-); or a homodimer of
heterodimer (tetramer) containing AH3 and AA6 using a dimerizer sequence oAgB
(AH3/AA6/0AgB, stars; SEQ ID NO: 95). Control cells were treated with medium only. Percent
cell rounding was analyzed using a phase contrast microscope. It was observed that the
homodimer of the heterodimer containing AH3 and AA6 resulted in the strongest TcdA
neutralization.

FIG. 27 is a set of line graphs showing percent affected CT26 cells exposed to toxin
(ordinate) and then contacted with VHH heterodimer of 5D and AA6 (FIG. 27 left graph) or
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with heterodimer of 5D and AH3 (FIG. 27 right graph) as a function of concentration of VHH
(abscissa: 0.01 nM, 0.03 nM, 0.1 nM, 0.3 nM, [ nM, 3 nM, 10 nM, or 30 nM). CT26 cells were
exposed overnight to TedA (2 ng/mL; diamond) or TedB (0.1 ng/mL; square), and then treated
with either heterodimer 5D/AAG6 (FIG. 27 left graph) or heterodimer SD/AH3 (FIG. 27 right
graph). Each heterodimer included a VHH monomer (5D) that neutralized TcdB, and a VHH
monomer (AA6 or AH3) that neutralized TcdA. Data show that the treatment was effective to
protect cells from both toxins.

FIG. 28 A- FIG. 28 C are a drawing, a line graph and a bar graph showing that a VHH
heterodimer of 5D and AA6 protected mouse subjects from TcdA and TedB in an oral C.
difficile spore challenge model.

FIG. 28 A is a protocol for a clinically relevant murine C. difficile infection model.
Administration of VHH is given after a spore challenge.

FIG. 28 B shows percent survival (ordinate) as a function of time following spore
challenge (abscissa) for subjects administered 5SD/AA6 heterodimer as described in FIG. 28 A.
Data show that after the spore challenge, 90% of 5D/AA6 heterodimer contacted-subjects
survived, and all control subjects not administered SD/AA6 heterodimer or other agent died
within two days.

FIG. 28 C showing percent diarrhea (ordinate) as a function of time following spore
challenge (abscissa) for subjects administered SD/AA6 heterodimer (SD/AA6 TrxA; left bar), or
control PBS (right bar) as described in FIG. 28 A. Data show that 5D/AAG6 heterodimer
administered-subjects were five-fold less likely to display symptoms of diarrhea than control
untreated subjects.

FIG. 29 A- FIG. 29 B are amino acid sequences and nucleotide sequences for VHHs that
specifically bind either Shiga toxin, anthrax protective antigen, ricin A chain (RTA) antigen, or
ricin B chain (RTB) antigen. The nucleotide SEQ ID NOs: 131, 155 and 159 shown in FIG. 29
B include the letter “N” in the nucleotide sequences in FIG. 29 B which indicates a position in
the nucleotide sequence for which an adenine (A) residue or a guanine (G) residue may be
inserted to encode the corresponding amino acid in FIG. 29 A.

FIG. 29 A shows a list of amino acid sequences of VHHs identified that bind each target
as indicated:

Shiga toxin: JET-H12 (SEQ ID NO:96) and JFG-H6 (SEQ ID NO: 98);

anthrax protective antigen: JHD-B6 (SEQ ID NO: 100), JHE-D9 (SEQ ID NO: 102), J1J-
Al12 (SEQ ID NO: 104), J1J-B8 (SEQ ID NO: 106), JIJ-C11 (SEQ ID NO: 108), J1J-D3 (SEQ
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ID NO: 110), JIJ-E9 (SEQ ID NO: 112), JIJ-F11 (SEQ ID NO: 114), JIK-B8 (SEQ ID NO:
116), JIK-B10 (SEQ ID NO: 118), JIK-B12 (SEQ ID NO: 120), and JIK-F4 (SEQ ID NO: 122);

RTA: JIV-F5 (SEQ ID NO: 124), JIV-F6 (SEQ ID NO: 126), JIV-G12 (SEQ ID NO:
128), JIY-A7 (SEQ ID NO: 130), JIY-D9 (SEQ ID NO: 132), JIY-D10 (SEQ ID NO: 134), JIY-
E1 (SEQ ID NO: 136), JTY-E3 (SEQ ID NO: 138), JIY-ES (SEQ ID NO: 140), JIY-F10 (SEQ
ID NO: 142), and JIY-G11 (SEQ ID NO: 144); and,

RTB: IIW-B1 (SEQ ID NO: 146), JIW-C12 (SEQ ID NO: 148), JIW-DI12 (SEQ ID NO:
150), JIW-GS5 (SEQ ID NO: 152), TW-G10 (SEQ ID NO: 154), JIZ-B7 (SEQ ID NO: 156), J1Z-
B9 (SEQ ID NO: 158), JIZ-D8 (SEQ ID NO: 160), and JIZ-G4 (SEQ ID NO: 162).

FIG. 29 B shows a list of nucleotide sequences that encode the VHH amino acid
sequences listed in FIG. 29 A. The nucleotide sequences encode VHHs that bind each target as
indicated:

Shiga toxin: JET-H12 (SEQ ID NO:97) and JFG-H6 (SEQ 1D NO: 99);

anthrax protective antigen: JHD-B6 (SEQ ID NO: 101), JHE-D9 (SEQ ID NO: 103), JIJ-
A12 (SEQ ID NO: 105), JIJ-B8 (SEQ ID NO: 107), JIJ-C11 (SEQ ID NO: 109), JIJ-D3 (SEQ
ID NO: 111), JIJ-E9 (SEQ ID NO: 113), JIJ-F11 (SEQ ID NO: 115), JIK-B8 (SEQ 1D NO:

117), JIK-B10 (SEQ ID NO: 119), JIK-B12 (SEQ ID NO: 121), and JIK-F4 (SEQ ID NO: 123);

RTA: JIV-F5 (SEQ ID NO: 125), JIV-F6 (SEQ ID NO: 127), JIV-G12 (SEQ ID NO:
129), JIY-A7 (SEQ ID NO: 131), JIY-D9 (SEQ ID NO: 133), JIY-D10 (SEQ 1D NO: 135), JIY-
E1 (SEQ ID NO: 137), JIY-E3 (SEQ ID NO: 139), JIY-ES5 (SEQ ID NO: 141), JIY-F10 (SEQ
ID NO: 143), and JIY-G11 (SEQ ID NO: 145); and,

RTB: IW-B1 (SEQ ID NO: 147), JIW-C12 (SEQ ID NO: 149), JIW-D12 (SEQ ID NO:
151), IW-GS (SEQ ID NO: 153), JIW-G10 (SEQ ID NO: 155), l1Z-B7 (SEQ ID NO: 157), JIZ-
B9 (SEQ ID NO: 159), JIZ-D8 (SEQ ID NO: 161), and JIZ-G4 (SEQ ID NO: 163).

FIG. 30A- FIG. 30D are a set of line graphs showing VHH binding to Stx1 toxin as a
function of input VHH concentration. Dilution ELISAs were performed by coating plates with
0.5 ug/ml of 4D3 mAD Stx1. The plates were blocked and then incubated with 0.3 pg/ml of
Stx1. For standard ELISAs, plates were coated with 1.5 pg of Stx1. VHH agents to be tested
were serially diluted, incubated for 1 hour at room temperature, washed and the bound VHH
agent were detected with HRP-anti-E-tag. The bound VHH-HRP tagged agents were detected
using the TMB kit by Sigma and values were plotted as a function of the input VHH

concentration.
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FIG. 30A is a line graph of Stx-A4 VHH, Stx-A5 VHH and heterodimer StxA4- A5
VHH binding to Stx1 toxin as a function of input VHH concentration. VHH heterodimer Stx
A4-AS is displayed by dotted line.

FIG. 30B is a line graph of Stx-A4 VHH, Stx1-A9 VHH and heterodimer StxA4- A9
VHH binding to Stx1 toxin as a function of input VHH concentration. VHH heterodimer Stx
A4-A9 is displayed by dotted line.

FIG. 30C is a line graph of Stx1-A9 VHH, Stx1-D4 VHH and heterodimer StxA9- D4
VHH binding to Stx1 toxin as a function of input VHH concentration. VHH heterodimer StxA9-
D4 is displayed by dotted line.

FIG. 30D is a line graph of Stx1-A9 VHH, Stx-A5 VHH, Stx2-G1 VHH and
heterotrimer StxA9- A5-G1 VHH binding to Stx1 toxin as a function of input VHH
concentration. VHH heterotrimer StxA9- A5-G1 is displayed by dashed line.

FIG. 31A- FIG. 31D are a set of line graphs showing VHH binding to Stx1 toxin as a
function of input VHH concentration. Dilution ELISAs were performed by coating plaies with
0.5 ug/ml of 3D1 mAb Stx2. The plates were blocked and then incubated with 0.3 pg/ml of
Stx1. For standard ELISAs, plates were coated with 1.5 pg of Stx2. VHH agents to be tested
were serially diluted, incubated for 1 hour at room temperature, washed and the bound VHH
agent were detected with HRP-anti-E-tag. The bound VHH-HRP tagged agents were detected
using the TMB kit by Sigma and values were plotted as a function of the input VHH
concentration.

FIG. 31A is a line graph of Stx-A4 VHH, Stx-AS VHH and heterodimer StxA4- A5
VHH binding to Stx2 toxin as a function of input VHH concentration. VHH heterodimer Stx
A4-AS is displayed by dotted line.

FIG. 31B is a line graph of Stx2-D10 VHH, Stx2-G1 VHH and heterodimer Stx G1-D10
VHH binding to Stx2 toxin as a function of input VHH concentration. VHH heterodimer Stx
G1-D10 is displayed by dotted line.

FIG. 31C is a line graph of Stx-A5 VHH, Stx2-D10 VHH, heterodimer Stx-A5-D10
VHH and heterotrimer Stx A9- A5-D10 VHH binding to Stx2 toxin as a function of input VHH
concentration. VHH heterotrimer Stx A9- A5-D10 is displayed by dashed line.

FIG. 31D is a line graph of Stx1-A9 VHH, Stx-A5VHH, Stx2-G1 VHH and heterotrimer
StxA9- A5-G1 VHH binding to Stx2 toxin as a function of input VHH concentration. VHH
heterotrimer StxA9- AS5-G1 is displayed by dashed line.
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FIG. 32A- FIG. 32B are schematic drawings showing binding of multiple efAb
molecules to Shiga toxin directed by a double-tagged VHH heterodimer targeting two epitopes
(called a VNA), or to a single-tagged VHH-monomer which binds the pentameric B subunit.

FIG. 32A is a schematic drawing of a VHH-heterodimer VNA binding to a toxin, such as
Shiga toxin (Stx), at two separate, non-overlapping epitopes. If the heterodimer contains two
copies of an epitopic ‘tag’, then two molecules of the anti-tag efAb bind each bound heterodimer
molecule leading to decoration of each toxin molecule by four efAb molecules.

FIG. 32B is a schematic drawing of a VHH-monomer binding to an epitope that is
present at multiple sites on the toxin, such as the pentameric B-subunit of Stx, thereby binding at
multiple sites on the toxin. If the VHH contains an epitopic tag, the efAb decorates each toxin
molecule at five sites.

FIG. 33A- FIG. 33D are a set of line graphs of Stx 1 toxin neutralization in a cell based
assay as a function of VHH agent concentration. A Stx1 dose (about 15 pmoles) that induced
about 100% Vero cell and killed them after 48 hours was selected. A VHH monomer, VHH
monomer pool or VHH heterodimer, as labeled, were pre-mixed with Stx1 in culture medium
and applied to Vero cells. Toxin neutralization was assessed after 48 hours by cell staining at
A3590 as described in examples herein. The extent of cell staining was plotted as a function of
the VHH-agent concentration employed.

FIG. 33A is a line graph of Stx 1 toxin neutralization in a cell based assay by Stx-A4
VHH, Stx-A5 VHH, a monomer pool of Stx-A4 and Stx-A5 VHHSs and heterodimer Stx-A4-AS5
VHH as a function of VHH concentration. VHH heterodimer Stx-A4-AS5 is displayed by dotted
line.

FIG. 33B is a line graph of Stx 1 toxin neutralization in a cell based assay by Stx-A4
VHH, Stx1-A9 VHH, a monomer pool of Stx-A4 and Stx1-A9 VHHs and heterodimer Stx1-A4-
A9 VHH as a function of VHH concentration. VHH heterodimer Stx-A4-A9 is displayed by
dotted line.

FIG. 33C is a line graph of Stx 1 toxin neutralization in a cell based assay by Stx1-A9
VHH, Stx-D4 VHH, a monomer pool of Stx1-A9 and Stx-D4 VHHs and heterodimer Stx1-A9-
D4 VHH as a function of VHH concentration. VHH heterodimer Stx1-A9-D4 is displayed by
dotted line.

FIG. 33D is a line graph of Stx 1 toxin neutralization in a cell-based assay by Stx-AS
VHH, Stx1-A9 VHH, a monomer pool of Stx-AS5 and Stx1-AS VHHs and heterotrimer Stx1-A9-
A5-G1 VHH as a function of VHH concentration. VHH heterotrimer Stx1-A9-A5-G1 is
displayed by dashed line.
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FIG. 34A- FIG. 34D are a set of line graphs of Stx 2 toxin neutralization in a cell based
assay as a function of VHH agent concentration. A Stx2 dose (about 35 pmoles) that induced
about 100% Vero cell and killed them after 48 hours was selected. A VHH monomer, VHH
monomer pool or VHH heterodimer, as labeled, were pre-mixed with Stx2 in culture medium
and applied to Vero cells. Toxin neutralization was assessed after 48 hours by cell staining at
A390 as described in examples herein. The extent of cell staining was plotted as a function of
the VHH-agent concentration employed.

FIG. 34A is a line graph of Stx 2 toxin neutralization in a cell based assay by Stx-A4
VHH, Stx-AS5 VHH, a monomer pool of Stx-A4 and Stx-AS5 VHHs and heterodimer Stx-A4-AS5
VHH as a function of VHH concentration. VHH heterodimer Stx-A4-AS is displayed by dotted
line.

FIG. 34B is a line graph of Stx 2 toxin neutralization in a cell based assay by Stx2-D10
VHH, Stx2-G1 VHH, a monomer pool of $tx2-D10 and Stx2-G1VHHs and heterodimer Stx2-
G1-D10 VHH as a function of VHH concentration. VHH heterodimer Stx2-G1-D10 is displayed
by dotted line.

FIG. 34C is a line graph of Stx 2 toxin neutralization in a cell based assay by Stx-A5
VHH, Stx2-D10 VHH, a monomer pool of Stx-A5 and Stx2-D10 VHHs, heterodimer Stx-A5-
D10 VHH and heterotrimer Stx-A9-A5-D10 as a function of VHH concentration. VHH
heterodimer Stx1-A5-D10 is displayed by dotted line and VHH heterotrimer Stx-A9-A5-D10 is
displayed by dashed line.

FIG. 34D is a line graph of Stx 2 toxin neutralization in a cell based assay by Stx-AS
VHH, Stx2-G1 VHH, a monomer pool of Stx-A5 and Stx2-G1 VHHSs and heterotrimer Stx-A9-
A5-G1 VHH as a function of VHH concentration. VHH heterotrimer Stx-A9-A5-G1 is
displayed by dashed line.

FIG. 35A- FIG. 35D are a set of Meyer-Kaplan survival plots for percent survival of
subjects as a function of time in days following contact with Stx1 toxin and later time
administered VHH binding/neutralizing agents. Subjects, groups of five mice were injected with
20 pmoles of Stx1 premixed with 40 pmoles of the labeled VHH-based antitoxin agent (or 640
pmoles of VHH-A9 where indicated) and monitored for illness and death for one week. The
percent survival is plotted as a function of time. In some subjects, an 80 pmole dose of efAb was
included in the treatment.

FIG. 35A is a Meyer-Kaplan survival plot for percent survival of subjects exposed to
Stx1 toxin and then administered either Stx-A9 VHH, Stx-A9 (640pm) VHH or no VHH agent.
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FIG. 35B is a Meyer-Kaplan survival plot for percent survival of subjects exposed to
Stx1 toxin and then administered either Stx-A9 VHH, Stx-A4 VHH, Stx-A9-A4 heterodimer
VHH or no VHH agent. ’

FIG. 35C is a Meyer-Kaplan survival plot for percent survival of subjects exposed to
Stx1 toxin and then administered either heterotrimer Stx-A9-A5-D10 VHH without efAb,
heterotrimer Stx-A9-A5-D10 VHH with efAb or no VHH agent.

FIG. 35D is a Meyer-Kaplan survival plot for percent survival of subjects exposed to
Stx1 toxin and then administered either heterotrimer Stx-A9-A5-G1 VHH with efAb orno VHH
agent.

FIG. 36A- FIG. 36D are a set of Meyer-Kaplan survival plots for percent survival of
subjects as a function of time in days following contact with Stx2 toxin and later time
administered VHH binding/neutralizing agents. Subjects, groups of five mice were injected with
1 pmoles of Stx2 premixed with 40 pmoles of the labeled VHH-based antitoxin agent and
monitored for illness and death for one week. The percent survival is plotted as a function of
time. In some subjects, an 80 pmole dose of efAb was included in the treatment.

FIG. 36A is a Meyer-Kaplan survival plot for percent survival of subjects exposed to
Stx2 toxin and then administered either Stx-A35 VHH, Stx-D10 VHH, Stx-D10 with efAb,
heterodimer Stx-A5-D10 VHH, or no VHH agent.

FIG.36B is a Meyer-Kaplan survival plot for percent survival of subjects exposed to Stx2
toxin and then administered either a mixture of Stx-A5 VHH and Stx-D10, Stx-AS5-D10
heterodimer VHH or no VHH agent.

FIG. 36C is a Meyer-Kaplan survival plot for percent survival of subjects exposed to
Stx2 toxin and then administered either heterotrimer Stx-A9-A5-D10 VHH without efAb,
heterotrimer Stx-A9-A5-D10 VHH with efAb or no VHH agent.

FIG. 36D is a Meyer-Kaplan survival plot for percent survival of subjects exposed to
Stx2 toxin and then administered either heterotrimer Stx-A9-A5-G1 VHH with efAb,
heterotrimer Stx-A9-A5-G1 VHH without efAb or no VHH agent.

FIG. 37A- FIG. 37D are a set of mircographs and a bar graph showing that VNA plus
efAb protect subjects from Stx2 induced renal damage. Formalin-fixed, paraffin embedded and
hematoxylin and eosin stained 3pm sections were examined by light microscopy from untreated
age- and sex-matched controls (FIG. 37A), mice receiving the A9/AS/G1 VNA + efAb (FIG.
37B), and mice receiving only A9/A5/G1 VNA (FIG. 36C). The numbers of tubules with lesions
such as epithelial apoptosis/necrosis, attenuation and restitution, hypertrophy, hyperplasia,

luminal dilation, tubular atrophy/collapse, interstitial cell proliferation and early interstitial
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fibrosis were quantified in 6 random 20x fields per mouse totaling 114 measurements and
plotted in a bar graph (FIG. 37D). Examples of lesions are highlighted by black oval in FIG.
37B and the asterisks in FIG. 37C. (N.D. = None Detected)

FIG. 38 is a listing of amino acid sequences of VHHs selected for binding to Stx1 or
Stx2. Sequences shown begin within framework 1At the site of the primer binding employed in
coding sequence DNA amplification from the immune alpaca cDNA and continue through the
end of framework 4. The parentheses at the end indicate whether the VHH contains a long hinge
(lh) or a short hinge (sh). The three-complementarity determining regions (CDRs) are indicated
at the top.

FIG. 39 is a dendrogram of VHHs selected for binding to Stx! or Stx2. The VHH
sequences shown in FIG. 38 were analyzed for homology to create a dendrogram. Longer branch
lengths indicate less sequence homology. The central node labeled as the “cross-specific
homology group’ indicate VHHSs that recognize both Stx1And Stx2 and possess significant
homology in CDR3 (see FIG. 38).

FIG. 40 is a photograph of Western blot for VHH binding to Stx1And Stx2. Purified
Stx1 and Stx2 were resolved by SDS-PAGE and the gel stained for protein (stain). Molecular
weight markers are shown to the left. Similar lanes containing Stx1And Stx2 were transferred to
filters for Western blot. The blots were incubated with 10 pg/ml of the indicated VHHs or
control. Bound VHH was visualized with HRP/anti-E-tag.

FIG. 41 is the amino acid sequence of the full translation product of the exemplary
protein referred to herein as VNA2-Ted (SEQ ID NO: 170). The underlined portions of the
sequence show four recombinant VHH binding domains (see also SEQ ID NO: 163, SEQ ID
NO: 164, SEQ ID NO: 165, SEQ ID NO: 166). The sequence from residue number 184 to reside
number 318 is SEQ ID NO: 163. The sequence from residue number 343 to reside number 477
is SEQ ID NO: 164. The sequence from residue number 505 to reside number 623 is SEQ 1D
NO: 165. The sequence from residue number 645 to reside number 773 is SEQ ID NO: 166.
Residue numbers 325-339, 483-497, and 627-641 include the flexible spacer amino acid
sequence (GGGGS); (SEQ ID NO: 55).

FIG. 42 is the coding nucleotide sequence of VNA2-Ted (SEQ ID: 169).

FIG. 43 is the amino acid sequence of the full translation product of mammalian cell
secreted VNA2-Ted (SEQ ID NO: 167).

FIG. 44 is a photograph of an SDS-PAGE gel showing the puritied VNA2-Tcd
heterotetramer produced in E. coli and purified by Ni-affinity chromatography followed by gel

filtration chromatography. A total of 6 ug, 3 ug, or 1.5 ug were loaded into the indicated lanes
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FIG. 45 A- FIG. 45 D are a set of line graphs showing neutralization of TcdA and TcdB
by VNA-TcdA and VNA-TcdB respectively.

FIG. 45 A is a line graph showing that the VHH tetramer, VNA2-Tcd, binds C. difficile
toxin A (TcdA) with high affinity. The ELISA assay was performed by coating the microtiter
plates with TcdA and incubation with VNA2-Tecd at concentrations of 0.008 nM, 0.04 nM, 0.2
nM, 1 nM, 5 nM, 25 nM, or 125 nM, with visualization of binding using an HRP-conjugated
detection antibody.

FIG. 45 B is a line graph showing that the VHH tetramer, VNA2-Tcd, binds C. difficile
toxin B (TcdB) with high affinity. The ELISA assay was performed by coating the microtiter
plates with TcdB and incubation with VNA2-Tcd at concentrations of 0.008 nM, 0.04 nM, 0.2
nM, 1 nM, 5 nM, 25 nM, or 125 nM, with visualization of binding using an HRP-conjugated
detection antibody.

FIG. 45 C is a line graph showing that the VHH tetramer, VNA2-Tcd, neutralized C.
difficile toxin A (TcdA) and protected cells from the toxin. The percent of CT26 cells affected
by TcdA (% affected, ordinate) is shown as a function of concentration (from 0.13 pM, 0.62 pM,
3.2 pM, 16 pM, 80 pM, 400 pM, 2000 pM, and 10000 pM). Percent cell rounding was analyzed
using a phase contrast microscope.

FIG. 45 D is a line graph showing that the VHH tetramer, VNA2-Tcd, neutralized C.
difficile toxin B (TcdB) and protected cells from the toxin. The percent of CT26 cells affected
by TcdB (% affected, ordinate) is shown as a function of concentration (from 0.13 pM, 0.62 pM,
3.2 pM, 16 pM, 80 pM, 400 pM, 2000 pM, and 10000 pM). Percent cell rounding was analyzed
using a phase contrast microscope.

FIG 46 is a Meyer-Kaplan survival plot showing percent survival (% survival, ordinate)
of subjects as a function of time in days (abscissa) following contact with C. difficile toxin. Six-
week-old female C57BL/6 mice were treated via IP injection with 50 ug/mouse of purified
VNA2-Tcd one hour prior to IP challenge with 100 ng/mouse of C. difficile toxin A (TcdA) and
200 ng/mouse of C. difficile toxin B (TcdB). Control mice challenged with TedA and TcdB all
died or became moribund within 4 hours post challenge. Untreated, VNA2-Tcd alone, TcdA +
VNA2-Ted, TedB + VNA2-Ted, and TcdA/B + VNA2-Tcd treated animals showed no signs of
systemic effects and survived until study termination at 7 days post challenge.

FIG. 47A- FIG. 47 C are graphs showing neutralization of C. difficile infection by VNA-
TeD.

FIG. 47 A is a line graph showing results of the C. difficile infection mouse study. Mice

were treated with an antibiotic in the drinking water for 3 days, then received an IP injection of
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clindamycin. The next day, the animals were infected with 10° C. difficile UK6 spores. Cohorts
of animals were treated with 3 doses of VNA2-Tcd (2.5 mg/kg at 4, 24, and 48 hrs after
infection) or PBS. PBS-treated control animals displayed rapid weight loss while the VNA2-
Ted-treated animals displayed little or no weight loss.

FIG. 47 B is a bar graph showing results of the C. difficile infection mouse study. Mice
were treated with an antibiotic in the drinking water for 3 days, then received an IP injection of
clindamycin. The next day, the animals were infected with 10° C. difficile UK6 spores. Cohorts
of animals were treated with 3 doses of VNA2-Tcd (2.5 mg/kg at 4, 24, and 48 hrs after
infection) or PBS. All of the PBS-treated control animals displayed diarrhea for at least 3 days
post infection, while only 20% of VNA2-Tcd-treated animals had diarrhea on Day 1 which
resolved by Day 2.

FIG. 47 C is a Kaplan-Meier line graph showing results of the C. difficile infection
mouse study. Mice were treated with an antibiotic in the drinking water for 3 days, then
received an IP injection of clindamycin. The next day, the animals were infected with 10° C.
difficile UK6 spores. Cohorts of animals were treated with 3 doses of VNA2-Tcd (2.5 mg/kg at
4, 24, and 48 hrs after infection) or PBS. PBS-treated control animals rapidly became moribund
and 60% of the animals were dead by Day 3. In contrast, 100% of the VNA2-Tcd-treated
animals survived.

FIG. 48 A-FIG. 48 B are a set of photographs showing descending colons of C. difficile-
infected control pigs.

FIG 48 A is a photograph of the descending colon of a C. difficile-infected control pig
treated with PBS. The colons displayed severe dilatation, mesocolonic edema, multifocal
hemorrhages, and thickening of the intestinal wall

FIG 48 B is a photograph of the descending colon of a C. difficile-infected control pig
treated with VNA2-Tced. The colons show minimal or no dilatation, no intestinal wall
thickening or hemorrhages.

FIG. 49 A- FIG. 49 C are photographs and bar graph showing neutrophil foci in the
lamina of C. difficile infected piglets and histology sections of the intestinal lumen of C. difficile
infected piglets.

FIG. 49 A is a bar graph that compares the amount of neutrophil foci in the lamina of C.
difficile infected piglets treated with VNA2-Tcd or PBS (Control). The VNA2-Tcd treated

animals had significantly fewer neutrophil foci than the control animals.
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FIG. 49 B is a photograph of a histology section of the intestinal lumen of C. difficile
infected piglets treated with PBS (Control). Mucosal ulceration, hemorrhage, and marked
neutrophilic infiltration, eruption of neutrophils and sloughed mucosa is apparent.

FIG. 49 C is a photograph of a histology section of the intestinal lumen of C. difficile
infected piglets treated with VNA2-Tcd. Mild mucosal erosion and mild neutrophilic infiltration
is observed.

FIG. 50 is an SDS-PAGE gel. The top panel represents an SDS-PAGE gel in which
protein is stained with Coomassie. The bottom panel is a Western blot of the same samples as in
top panel, identifying proteins with an E-tag peptide, facilitating identification of the
degradation products. The data shows that a heterotetrameric VNA (VNA2-Tcd) containing four
VHHs is rapidly cleaved to the monomeric VHH components of the VNA. Two dimeric VNAs,
VNA-TcdA and VNA-TcdB, that each contain two VHHs also present in VNA2-Tced is more
stable to GI enzyme digestion. The 50 kDa full-size protein is rapidly digested to a protein of
~30 KDa that contains the VHH heterodimers.

FIG. 51 A-FIG 51 B are a set of line graphs showing affinity of VNA-TcdA and VNA-
TedB to C. difficile toxin A and toxin B respectively.

FIG. 51 A is a line graph showing that the VHH dimer, VNA-TcdA, lacking the
protease-sensitive sites, binds C. difficile toxin A (TcdA) with the same affinity as the tetramer,
VNA2-Ted. VNA-TcdB did not show affinity for TcdA. The ELISA assay was performed by
coating the microtiter plates with TcdA and incubation with VNA-TcdA, VNA-TcdB, or VNA2-
Tcd at concentrations of 0.008 nM, 0.04 nM, 0.2 nM, 1 nM, S nM, 25 nM, or 125 nM, with
visualization of binding using an HRP-conjugated detection antibody.

FIG. 51 B is a line graph showing that the VHH dimer, VNA-TcdB, lacking the
protease-sensitive sites, binds C. difficile toxin B (TcdB) with the same affinity as the tetramer,
VNA2-Tcd. VNA-TcdA did not show affinity for TcdB. The ELISA assay was performed by
coating the microtiter plates with TcdA and incubation with VNA-TcdA, VNA-TcdB, or VNA2-
Ted at concentrations of 0.008 nM, 0.04 nM, 0.2 nM, 1 nM, 5 nM, 25 nM, or 125 nM, with

visualization of binding using an HRP-conjugated detection antibody.

Detailed description

The presence of toxins in the circulation is the cause of a wide variety of human and
animal illnesses. Antitoxins are therapeutic agents that prevent toxin infection or reduce further
development of negative symptoms in patients that have been exposed to a toxin (a process

referred to as “intoxication™). Typically, antitoxins are antisera obtained from large animals
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(e.g., sheep, horse, and pig) that were immunized with inactivated or non-functional toxin. More
recently, antitoxin therapies have been developed using combinations of antitoxin monoclonal
antibodies including yeast-displayed single-chain variable fragment antibodies generated from
vaccinated humans or mice. See Nowakowski et al. 2002. Proc Natl Acad Sci USA 99: 11346-
11350; Mukherjee et al. 2002. Infect Immun 70: 612-619; Mohamed et al. 2003 Infect Inmun
73: 795-802; Walker, K. 2010 Interscience Conference on Antimicrobial Agents and
Chemotherapy - 50th Annual Meeting - Research on Promising New Agents: Part 1. [Drugs 13:
743-745. Antisera and monoclonal antibodies can be difficult to produce economically at scale,
usually requiring long development times and resulting in problematic quality control, shelf-life
and safety issues. New therapeutic strategies to develop and prepare antitoxins are needed.

Antitoxins function through two key mechanisms neutralization of toxin function and
clearance of the toxin from the body. Toxin neutralization occurs through biochemical processes
including inhibition of enzymatic activity and prevention of binding to cellular receptors.
Antibody mediated serum clearance occurs subsequent to the binding of multiple antibodies to
the target antigen (Daeron M. 1997 Annu Rev Immunol 15: 203-234; Davies et al. 2002
Arthritis Rheum 46: 1028-1038; Johansson et al. 1996 Hepatology 24: 169-175; and Lovdal et
al. 2000 J Cell Sci 113 (Pt 18): 3255-3266). Multimeric antibody decoration of the target is
necessary to permit binding to low affinity Fc receptors (Davies et al. 2002 Arthritis Rheum 46:
1028-1038 and Lovdal et al. 2000 J Cell Sci 113 (Pt 18): 3255-3266). Without being limited by
any particular theory or mechanism of action, it is here envisioned that an ideal antitoxin
therapeutic would both promote toxin neutralization to immediately block further toxin activity
and also accelerate toxin clearance to eliminate future pathology if neutralization becomes
reversed.

Effective clearance of botulinum neurotoxin (BoNT), a National Institute of Allergy and
Infectious Diseases (NIAID) Category A priority pathogen, is believed by some researchers to
require three or more antibodies bound to the toxin. Nowakowski et al. 2002. (Proc Natl Acad
Sci USA 99: 11346-11350) determined that effective protection of mice against high dose
challenge of BoNT serotype A (BoNT/A) required co-administration of three antitoxin
monoclonal antibodies, and that all three antibodies presumably promoted clearance. Data have
shown that administration of a pool of three or more small binding agents, each produced with a
common epitopic tag, reduced serum levels of a toxin when co-administered with an anti-tag
monoclonal antibody (Shoemaker et al. U.S. published application 2010/0278830 A1 published
November 04, 2010 and Sepulveda et al. 2009 Infect Immun 78: 756-763, each of which is
incorporated herein in its entirety). The tagged binding agents directed the binding of anti-tag
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monoclonal antibody to multiple sites on the toxin, thus indirectly decorating the toxin with
antibody Fc domains and leading to its clearance through the liver.

Pools of scFv domain binding agents with specificity for BoNT/A and each containing a
common epitopic tag (E-tag), had been shown to be effective for decorating the botulinum toxin
with multiple anti-tag antibodies (Shoemaker et al. U.S. utility patent publication number
2010/0278830 published November 4, 2010 and U.S. continuation-in-part patent publication
number 2011/0129474 published June 2, 2011, each of which is incorporated herein by
reference in its entirety). Data showed that the administration of binding agents and clearance
antibodies to subjects resulted in clearance via the liver with an efficacy in mouse assays
equivalent to conventional polyclonal antitoxin sera. Ibid. and Sepulveda et al. 2009 Infect
Immun 78: 756-763. The tagged scFvs toxin targeting agents and the anti-tag monoclonal
antibodies were effective for treating subjects at risk for or having been contacted with a disease
agent.

The use of small binding agents to direct the decoration of toxin with antibody permits
new strategies for the development of agents with improved therapeutic and commercial
properties. Examples herein show that a single recombinant heterodimeric binding protein/agent
including two or more high-affinity BoNT binding agents (camelid heavy-chain-only Ab VH
(VHH) domains) and two epitopic tags, co-administered with an anti-tag mAb, protected
subjects from botulism caused negative symptoms and lethality. Further the binding protein
resulted in antitoxin efficacy equivalent to and greater than conventional BoNT antitoxin serum
in two different in vivo assays. Examples herein compare neutralizing or non-neutralizing
binding agents administered with or without clearing antibody, and show the relative
contributions of toxin neutralization and toxin clearance to antitoxin efficacy. Examples herein
show that both toxin neutralization and toxin clearance contribute significantly to antitoxin
efficacy in subjects. Toxin neutralization or toxin clearance using heterodimer binding protein
antitoxins sufficiently protected subjects from BoNT lethality in a therapeutically relevant, post-
intoxication assay. Methods in Examples herein optionally further include a clearing antibody
for example a monoclonal anti-E-tag antibody.

It was observed in Examples herein that VHH binding agents that neutralized toxin
function significantly improved the antitoxin efficacy and even obviated the need for clearing
antibody in a clinically relevant post-intoxication BoNT/A assay. The methods, compositions
and kits using the multimeric binding proteins described herein have widespread application in
antitoxin development and other therapies in which neutralization and/or accelerated clearance

of a target molecule benefits a patient. For example, the target molecule is an exogenous disease
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agent that infects or is at risk to infect a patient. Exogenous disease agent for example is a virus,
a cancer cell, a fungus, a bacterium, a parasite and a product thereof such as a pathogenic
molecule, a protein, a lipopolysaccharide, or a toxin. Alternatively, the molecule is an
endogenous (body produced) molecule that is produced in the patient and that causes or
produces harmful effects on the patient. For example, the molecule is a hormone or a protein that
is associated with a disease or condition, e.g., inflammation, cancer, transplant rejection, kidney
failure, or a defect in blood clotting such as hemophilia and thrombophilia. In various
embodiments, the disease agent is a toxin of C. difficile.

C. difficile is a gram-positive, spore forming, anaerobic bacterium that is the leading
cause of antibiotic-associated diarrhea, the severity of which ranges from mild diarrhea to life
threatening pseudomembranous colitis (Bartlett JG. 200 2 N Engl ] Med 346:334-9 and Feng et
al. PCT/US10/58701 filed Decembet 2, 2010, each of which is incorporated by reference in its
entirety). Pathogenic C. difficile strains excrete exotoxins A (TcdA) and B (TcdB) that have
been intimately linked to its pathogenicity. Both TcdA and TcdB are enterotoxic, capable of
inducing intestinal epithelial damage and increasing mucosal permeability, and hence are
thought to be responsible for the pathogenesis of C. difficile-associated colitis (Kelly CP et al.
1998 Annu Rev Med 49:375-90). C. difficile has emerged as a leading cause of hospital-
acquired enteric infections with rapidly escalating annual health care costs in the United States
(Kyne L et al. 2002 Clin Infect Dis 34:346-353). The severity of C. difficile-associated
infections ranges from mild diarrhea to life threatening pseudomembranous colitis (Bartlett JG
et al. 2002 N Engl J Med 346:334-339; Borriello SP 1998 Antimicrob Chemother 41 Suppl
C:13-19). Several hospital outbreaks of C. difficile-associated diarrhea (CDAD), with high
morbidity and mortality in the past few years in North America, have been attributed to the
widespread use of broad-spectrum antibiotics.

The emergence of more virulent C. difficile strains contributes also to the increased
incidence and severity of the disease (oo VG et al. 2005 N Engl J Med 353:2442-2449;
McDonald LC et al. 2005 N Engl J Med 353:2433-2441). Antibiotic usage results in a reduction
of commensal microflora in the gut, which permits C. difficile to proliferate more extensively,
leading to the further production of toxins (Owens IR et al. 2008 Clinical Infectious Diseases
46(s1):S19-831). C. difficile infection (CDI) includes a range of symptoms varying from mild
diarrhea to severe fulminate lethal disease (Kuijper EJ et al. 2007 Curr Opin Infect Dis
20(4):376-383). Recent outbreaks of highly virulent C. difficile strains (McDonald L.C et al.
2005 N Engl J Med 353(23):2433-2441; Loo VG et al. 2005 N Engl J Med 353(23):2442-

2449) have increased the urgency to devote greater resources towards the understanding of the
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molecular, genetic, and biochemical basis for the pathogenesis, with a view to use such
information to develop novel preventive and treatment modalities.

A cell-based immunocytotoxicity assay for detecting C. difficile toxins described in Feng
et al. (PCT/US2009/003055 published November 19, 2009 as WO 2009/139919 ) uses an anti-
C. difficile toxin A (TcdA) monoclonal antibody, named A1H3, which substantially enhanced
the activity of TcdA on Fc gamma receptor I (FeyRI)-expressing cells (He X, Sun X, Wang J, et
al. Antibody-enhanced, Fc{gamma}R-mediated endocytosis of C. difficile toxin A. Infect
Immun 2009). Feng et al. shows use of A1H3 enhancing antibody, in combination with an
electronic sensing system to develop a real-time and ultrasensitive assay for the detection of
biological activity of C. difficile toxins.

Toxin A (TcdA) and toxin B (TcdB) are the major virulence factors contributing to
pathogenic C. difficile strains. These strains are enterotoxic, inducing intestinal epithelial cell
damage, disrupting epithelium tight junctions leading to increased mucosal permeability
(Pothoulakis C et al. 2001 Am J Physiol Gastrointest Liver Physiol 280:G178-183; Riegler M et
al. 1995 J Clin Invest 95:2004-2011; Savidge TC et al. 2003 Gastroenterology 125:413-420).
Moreover, these toxins induce production of immune mediators, leading to subsequent
neutrophil infiltration and severe colitis (Kelly CP et al. 1994 J Clin Invest 93:1257-1265; Kelly
CP et al. 1998 Annu Rev Med 49:375-390). TcdA and TedB are structurally homologous, and
contain a putative N-terminal glucosyltransferase and a cysteine proteinase domain, a
transmembrane domain, and a C-terminal receptor binding domain (von Eichel-Streiber C et
al.1996 Trends Microbiol 4:375-382) (Jank T et al. 2008 Trends in microbiology 16:222-229;
Voth DE et al. 2005 Clin Microbiol Rev 18:247-263).

Interaction between the toxin C-terminus and the host cell receptors initiates a receptor-
mediated endocytosis ( Florin I et al. 1983 Biochim Biophys Acta 763:383-392; Karlsson KA
1995 Curr Opin Struct Biol 5:622-635; Tucker KD et al. 1991 Infect Immun 59:73-78).
Although the intracellular mode of action remains unclear, it has been proposed that the toxins
undergo conformational change at low pH in the endosomal compartment, leading to membrane
insertion and channel formation (Florin I et al. 1986 Microb Pathog 1:373-385; Giesemann T et
al. 2006 J Biol Chem 281:10808-10815; Henriques B et al. 1987 Microb Pathog 2:455-463;
Qa'Dan M et al. 2000 Infect Immun 68:2470-2474). A host cofactor is then required to trigger a
second structural change which is accompanied by an immediate autocatalytic cleavage and
release of the glucosyltransferase domain into cytosol (Pfeifer G et al. 2003 J Biol Chem
278:44535-44541; Reineke J e al. 2007 Nature 446:415-419; Rupnik M et al. 2005
Microbiology 151:199-208). Once the glucosyltransferase domain reaches the cytosol, it
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inactivates proteins of the Rho/Rac family, leading to alterations of cytoskeleton and ultimately
cell death (Just I et al. 1995 Nature 375:500-503; Sehr P et al. 1998 Biochemistry 37:5296-
5304).

The clinical manifestation of CDI is highly variable, from asymptomatic carriage, to
mild self-limiting diarrhea, to the more severe pseudomembranous colitis. The prevalence of
systemic complication and death in CDI has become increasingly common (Siemann M et al.
2000 Intensive care medicine 26:416-421). In life-threatening cases of CDI, systemic
complications are observed, including cardiopulmonary arrest (Johnson S et al. 2001 Annals of
internal medicine 135:434-438), acute respiratory distress syndrome (Jacob SS et al. 2004 Heart
Lung 33:265-268), multiple organ failure (Dobson G et al. 2003 Intensive care medicine
29:1030), renal failure (Cunney RJ et al. 1998 Nephrol Dial Transplant 13:2842-2846), and liver
damage (Sakurai T et al. 2001 J Infect Dis 33:69-70). The exact reason for these negative
complications is unclear, and may be caused by entry of the toxin into the circulation and
systemic dissemination (Hamm EE et al. 2006 Proc Natl Acad Sci U S A 103:14176-14181).

Standard therapy depends on treatment with vancomycin or metronidazole, neither of
which is fully effective (Zar et al. 2007 Clinical Infectious Diseases 45:302-307). Moreover, an
estimated 15% to 35% of those infected with C. difficile relapse following treatment (Barbut et
al. 2000 J Clin Microbiol 38: 2386-2388; Tonna et al: Postgrad Med J 81: 367). Unfortunately,
the primary treatment option for recurrent CDI is still metronidazole or vancomycin. Other
options, such as probiotics, toxin-absorbing polymer and anion-exchange resins, have limited
efficacy (Gerding, D.N., Muto, C.A. & Owens, R.C., Jr. 2008 Clin Infect Dis 46 Suppl 1: S32-
42). Therefore, immune-based therapies are a promising approach to control the disease.
Antibodies specific for both of these toxins, and not against TcdA or TcdB alone, protect against
toxigenic C. difficile infection in a hamster model (Libby et al, 1982 Infect Immun 36: §22-829;
Fernie et al, 1983 Dev Biol Stand 53: 325; and Kim et al, 2006 Infection and immunity 74:
6339). Human serum antibodies specific for both TcdA and TedB are associated also with
protection against symptomatic disease and recurrence. Recent phase II clinical trial led by
Merck demonstrated that the systemically administered human IgG monoclonal antibodies
against TcdA and TcdB prevents disease relapse in CDI patients (Lowy et al, 2010 The New
England journal of medicine 362: 197). However, the treatment involved the injection of a large
quantity of two individual antibodies against each toxin.

Examples herein show, among others, a new approach to the development of antitoxins
that employs a single recombinant protein to promote toxin decoration with multiple copies of a

single monoclonal antibody leading to its neutralization and clearance from the body. The
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methods, compositions, and kits herein are useful for treating a great number of the most
common pathogenic biological targets by accelerating neutralization and clearance from the
subject or patient.

Examples herein show, among others, that camelid VHH binding domains, which have
multiple commercial advantages over scFvs due in part to the ease and reduced cost of
producing VHHs, were effective as toxin targeting agents both with and without being
administered with clearing antibody. An important advantage of VHHs is the ability of medical
professionals and scientists to express these binding agents as heterodimers in which each
component VHH remains fully functional. The multimeric fusion proteins containing at least
two VHH binding regions resulted in the component VHHs binding to different epitopes on the
same toxin target. Without being limited by any particular theory or mechanism of action, it is
believed that incorporation of two epitope tags on the heterodimers resulted in decoration of the
toxin with two clearing antibodies at each epitope, and resulted in a total of four monoclonal
clearing antibodies binding to the heterodimers on the toxin. In addition, with certain
heterodimers the decoration promoted efficient toxin clearance. Either neutralization or
clearance or both are important mechanisms of remediating toxin exposure. As each double-
tagged heterodimeric binding agent was bound only to only two monoclonal antibodies, the
heterodimeric agent itself may not be effectively cleared by low affinity Fc receptors unless
actually bound to the toxin.

The ability of antitoxin antibodies to protect mammalian subjects from the symptoms of
toxin exposure is influenced by several factors that are described herein. Examples herein used
intoxication models and varied the dose of antitoxin agent and the timing of antitoxin
administration relative to exposure to toxin in order to determine whether both the dose and the
timing of the antitoxin are factors that influence antitoxin efficacy. In addition, examples herein
analyzed the role that affinity of the antibody for the toxin has on the ability of the antibody to
bind (Kon) and remain bound (Kog) to the toxin and exert its effect. Data show that the ability of
the antibody monomer/heterodimer to inhibit the enzymatic activity of the toxin and/or prevent
its entry into target cells (i.e. neutralization) is a major factor in effective antitoxin treatment of
subjects. Specifically data show that the greater the binding affinity of the binding protein to the
target molecule, the greater the potential neutralization and clearance of the binding protein.
Examples herein show also that the multimeric binding proteins promoted the clearance of the
toxin from the serum and minimized further negative symptoms or lethality by the target
molecule or disease agent. A portion of this work was published January 6, 2012 in the Public

Library of Science One and was entitled, “A Novel Strategy for Development of Recombinant
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Antitoxin Therapeutics Tested in a Mouse Botulism”, authored by Jean Mukherjee, Jacqueline
M. Tremblay, Clinton E. Leysath, Kwasi Ofori, Karen Baldwin, Xiaochuan Feng, Daniela
Bedenice, Robert P. Webb, Patrick M. Wright, Leonard A. Smith, Saul Tzipori, and Charles B.
Shoemaker (Mukherjee J. et al. 2012 PLoS One. 7(1):¢29941), which is incorporated by
reference herein in its entirety.

Methods for engineering and selecting proteins for binding to disease agents are shown
for example in U.S. utility application number 13/566,524 filed August 3, 2012; U.S. publication
number 2011/0129474 published June 2, 2011 (U.S. application serial number 12/889,511 filed
September 24, 2010), which is a continuation-in-part application of U.S. publication number
2010/0278830 published November 4, 2010 (U.S. utility application serial number 12/032,744
filed February 18, 2008), each of which is incorporated by reference herein in its entirety.

An aspect of the invention provides a method for treating a subject at risk for exposure to
or exposed to a disease agent, the method including: contacting the subject with at least one
recombinant heteromultimeric neutralizing binding protein including two or multiple binding
regions, such that the binding regions are not identical, and each binding region specifically
binds a non-overlapping portion of the disease agent, such that the binding protein neutralizes
the disease agent, thereby treating the subject for exposure to the disease agent.

In various embodiments of the method, the binding protein includes at least one tag. For
example the tag is a molecule or epitope that is attached or genetically fused to the binding
protein and/or binding regions. The tag in various embodiments of the method induces
endogeneous clearance of the disease agent from the body in vivo. For example the tag includes
SEQ ID NO: 15, or a variant thereof. In a related embodiment, the tag includes an antibody
epitope.

In certain embodiments of the method, the binding protein is selected from: a single-
chain antibody (scFv); a recombinant camelid heavy-chain-only antibody (VHH); a shark heavy-
chain-only antibody (VNAR); a microprotein; a darpin; an anticalin; an adnectin; an aptamer; a
Sac7d derivative (affitins, e.g. NANOFITINS, see Journal of Molecular Biology. 2008 Nov
28;383(5):1058-68, the contents of which are hereby incorporated by reference), a Fv; a Fab; a
Fab'; and a F(ab'),. In an embodiment, the binding protein is heterodimeric, for example the
binding protein has greater potency than each individual monomer. In alternative embodiments,
the heteromultimeric neutralizing binding protein is multimeric and the multimeric components
are associated non-covalently or covalently.

The binding protein in certain embodiments of the method includes a linker that

separates multimeric components of the binding regions. In various embodiments, the linker
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includes at least one selected from: a peptide, a protein, a sugar, or a nucleotide. For example,
the linker includes amino acid sequence GGGGS (SEQ ID NO: 54), or a variant thereof, or
includes amino acid sequence GGGGSGGGGSGGGGS (SEQ ID NO: 55), or a variant thereof
or a portion thereof. In a related embodiment, the linker is a flexible linker located within
subunits/domains of the binding protein, such that the linker does not negatively affect the
function of the binding protein to the disease agent. For example the linker includes amino acid
sequences/residues including serine and glycine, and in various embodiments is at least about
three to five amino acids long, or about five to eight amino acids long, or about eight to fifteen
amino acids long.

In certain embodiments, the disease agent is a biological target or biological molecule.
For example, the biological target or the biological molecule is naturally occurring within the
subject, for example a molecule or compound synthesized by the subject. An example of a
biological molecule synthesized by the subject is an IgE that is associated with an allergy or an
auto antibody or an MHC protein (e.g., HLA class I antigens A and B and HLA class I antigen
DR) associated with an autoimmune disease. For example the autoimmune disease is selected
from: lupus erythematosus, Graves' disease, theumatoid arthritis, Sjdgren's syndrome,
myasthenia gravis, and Hashimoto's thyroiditis.

The disease agent in various embodiments of the method includes a plurality of non-
identical disease agents, for example two or more bacterial toxins, or a viral toxin and a fungal
species. In various embodiments, the binding regions of the binding protein are specific to each
non-identical disease agent and bind to and neutralize the plurality of disease agents.

In various embodiments of the method, the disease agent is at least one selected from: a
virus, a cancer cell, a fungus, a bacterium, a parasite and a product thereof such as a pathogenic
molecule, a protein, a lipopolysaccharide, and a toxin. In certain embodiments, the toxin
includes a protein, a lipid, a lipopolysaccharide, and a small molecule toxin such as an aflatoxin
or a dinoflagellate toxin. The toxin for example is a Botulinum neurotoxin comprising a
serotype selected from: A, B, C, D, E, F, and G. In certain embodiments of the method, the toxin
is a Clostridium exotoxin comprising toxin A (TcdA) and toxin B (TcdB).

In various embodiments of the method, the toxin is at least one selected from:
staphylococcal a-hemolysin, staphylococcal leukocidin, aerolysin cytotoxic enterotoxin, a
cholera toxin, Bacillus cereus hemolysis Il toxin, a Helicobacter pylori vacuolating toxin, a
Bacillus anthracis toxin, a cholera toxin, a Escherichia coli serotype O157:H7 toxin, a
Escherichia coli serotype O104:H7 toxin, a lipopolysaccharide endotoxin, a Shiga toxin, a

pertussis toxin, a Clostridium perfringens iota toxin, a Clostridium spiroforme toxin, a
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Clostridium difficile toxin A, a Clostridium difficile toxin B, a Clostridium septicum o toxin, and
a Clostridium botulinum C2 toxin. In a related embodiment of the method, the disease agent is
an infectious strain, for example a bacterial strain or a viral strain. In a related embodiment, the
disease agent is a Gram-negative strain or a Gram positive strain.

The bacterium in various embodiments of the method is selected from the group
consisting of: B. anthracis, B. cereus, C. botulinum, C. difficile, C. perfringens, C. spiroforme,
and V. cholera, BINAP1/027 and the J strain.

In certain embodiments, the binding regions bind to different disease agents, such that
the binding protein is specific for a plurality of disease agents, e.g., a Clostridium toxin and an
Escherichia toxin. For example, the binding protein includes a chimeric fusion protein specific
to at least two different disease agents described herein. In certain embodiments of the method,
the binding protein is a humanized antibody derived from a non-human species for example a
mouse, a rabbit, an alpaca, a llama, or horse.

In a related embodiment, the method further includes observing neutralizing of the
disease agent by the binding protein and/or survival of the subject. In certain embodiments of
the method, observing further includes measuring an amount of the disease agent or a disease
agent product in a sample from the subject. In various embodiments, the sample is selected
from: a cell, a fluid, and a tissue. For example, the fluid is at least one selected from: blood,
serum, plasma, mucosal fluid, saliva, cerebrospinal fluid, semen, tears, and urine. In certain
embodiments of the method, the cell or the tissue is at least one selected from: fecal; vascular;
epithelial; endothelial; dermal; dental; connective; muscular; neuronal; facial; cranial; soft tissue
including cartilage and collagen; brain; bone; bone marrow; joint tissue; and articular joints. For
example, the method includes collecting the fluid, the cell, or the tissue from a biopsy. In certain
embodiments, the method includes collecting the fluid, the cell, or the tissue from an ex vivo
sample or aliquot. Alternatively, the method includes collecting from fluid, cell, or tissue that is
in vivo or in situ.

The method further includes in a related embodiment observing a reduction or a
remediation in at least one pathology symptom associated with the disease agent. In various
embodiments, the method further includes prior to contacting the subject with the binding
protein, observing and/or detecting in the subject an indicium of the exposure to the disease
agent selected from: diarrhea, vomiting, breathing difficulty, fever, inflammation, bleeding,
pain, numbness, loss of consciousness, tissue necrosis, or organ failure. For example, the subject

is a transplant recipient or an immunosuppressed patient.
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In a related embodiment, the method further includes contacting the subject with the
binding protein at a period of time such as seconds, minutes, or hours after observing the
indicium. Alternatively, the method further includes contacting the subject with the binding
protein seconds, minutes, hours, or days prior to an event that is associated with the risk for the
exposure. For example, the method includes contacting the subject prior to or after the subject’s
entering a potentially hazardous or dangerous environment such as biohazard facility, a combat
zone, or a hazardous waste site.

The method in related embodiments includes contacting the subject with the binding
protein by injecting a solution including the binding protein into the subject. In various
embodiments, injecting involves at least one selected from: subcutaneous, intravenous,
intramuscular, intraperitoneal, intradermal, intramedullary, transcutaneous, and intravitreal. In
various embodiments of the method, contacting the subject with binding protein includes at least
one technique selected from: topically, ocularly, nasally, bucally, orally, rectally, parenterally,
intracisternally, intravaginally, or intraperitoneally. In a related embodiment, contacting the
subject involves using an applicator, for example the applicator is a syringe, a needle, a sprayer,
a sponge, a gel, a strip, a tape, a bandage, a tray, a string, or a device used to apply a solution to
a cell or a tissue. In various embodiments, the pharmaceutical compositions (and/or additional
therapeutic agents) are administered into the GI tract via, for example, oral delivery, nasogastral
tube, intestinal intubation (e.g. an enteral tube or feeding tube such as, for example, a jejunal

tube or gastro-jejunal tube, etc.), endoscopy, colonoscopy, or enema.

Some embodiments, provide a method of treating or preventing an antibiotic-induced
adverse effect in the GI tract, comprising administering an effective amount of one or more
pharmaceutical compositions described herein to a patient in need thereof (e.g. one receiving or
likely to receive one or more antibiotic treatments, ¢.g. one or more of fluoroquinolones,
cephalosporins, clindamycin and penicillins). In some embodiments, the antibiotic-induced
adverse effect is associated with use of one or more of fluoroquinolones, cephalosporins,
clindamycin and penicillins. Some embodiments, provide a method of maintaining a normal
intestinal micrbiota, comprising administering an effective amount of one or more
pharmaceutical compositions described herein to a patient in need thereof (e.g. one receiving or
likely to receive one or more antibiotic treatments, ¢.g. one or more of fluoroquinolones,
cephalosporins, clindamycin and penicillins). Some embodiments, provide a method of
preventing an overgrowth of one or more pathogenic microorganisms in the GI tract of a patient,
comprising administering an effective amount of one or more pharmaceutical compositions

described herein to a patient in need thereof (e.g. one receiving or likely to receive one or more

35



10

15

20

25

30

WO 2015/100409 PCT/US2014/072340

antibiotic treatments, e.g. one or more of fluoroquinolones, cephalosporins, clindamycin and
penicillins). Some embodiments, provide a method of treating or preventing a C. difficile
infection (CDI) or C. difficile-associated disease, comprising administering an effective amount
of one or more pharmaceutical compositions described herein to a patient in need thereof (e.g.
one receiving or likely to receive one or more antibiotic treatments, e.g. one or more of
fluoroquinolones, cephalosporins, clindamycin and penicillins). In various embodiments, the
CDI and/or C. difficile associated disease is treated in the context of initial onset or relapse. In
various embodiments, the present compositions neutralize a C. difficile toxin (e.g toxin A and/or
B).

In various embodiments, the CDI and/or C. djfficile associated disease is one or more of
antibiotic-induced adverse effect and/or CDI or C. difficile-associated disease is one or more of:
antibiotic-associated diarrhea, C. difficile diarrhea (CDD), C. difficile intestinal inflammatory
disease, colitis, pseudomembranous colitis, fever, abdominal pain, dehydration and disturbances
in electrolytes, megacolon, peritonitis, and perforation and/or rupture of the colon. In some
embodiments, the present compositions and methods prevent or reduce dilatation, mesocolonic
edema, multifocal hemorrhages, and thickening of the intestinal wall. In various embodiments,
including treatment and/or prevention of, for example an antibiotic-induced adverse effect in the
Gl tract, a ceftriaxone-associated adverse effect, an overgrowth of one or more pathogenic
microorganisms in the GI tract of a patient, a C. difficile infection (CDI) or C. difficile-
associated disease and maintenance of a normal intestinal micrbiota, the pharmaceutical
composition is any one of those described herein such as, by way of non-limiting example,
pharmaceutical compositions comprising one or more recombinant binding protein comprising
at least one disease agent binding domain amino acid sequence selected from SEQ ID NO: 163,
SEQ ID NO: 164, SEQ ID NO: 165, SEQ ID NO: 166, SEQ ID NO: 167, SEQ ID NO: 171,
SEQ ID NO: 172, and SEQ ID NO: 173, or variants thereof. In some embodiments, the
recombinant binding protein comprising at least one disease agent binding domain comprises a
recombinant camelid heavy-chain-only antibody (VHH).

In various embodiments, the present methods treat or prevent a nosocomial infection
and/or a secondary emergent infection. In various embodiments, the patient is undergoing
treatment or has recently undergone treatment with one or more primary antibiotic (e.g. one or
more of fluoroquinolones, cephalosporins, clindamycin and penicillins). In various
embodiments, the patient is undergoing treatment or has recently undergone treatment with one
or more initial and/or adjunctive therapy. In various embodiments, the an initial and/or

adjunctive therapy, selected from one or more of metronidazole, vancomycin, fidaxomicin,
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rifaximin, fecal bacteriotherapy, probiotic therapy, and antibody therapy, is administered to the
patient.

In some embodiments, the present methods pertain to co-treatment (e.g. simultaneously
or sequentially) with the pharmaceutical compositions of the present invention and/or any initial
and/or adjunctive therapy. In another embodiment, the present methods pertain to treatment with
a co-formulation of the pharmaceutical compositions of the present invention and any initial

and/or adjunctive therapy. In other embodiments, the present methods pertain to treating a C.

~ difficile infection (CDI) and/or a C. difficile-associated disease in a patient undergoing treatment

with any additional agent described herein and/or any initial and/or adjunctive therapy described
herein by administering a pharmaceutical composition of the present invention to the patient.

In various embodiments, a CDI and/or C. difficile associated disease is prevented by
administration of the present pharmaceutical compositions to a patient that is at risk for CDI
and/or C. difficile associated disease (e.g. is undergoing or will undergoing antibiotic treatment,
including 1V antibiotic treatment and/or has previously been afflicted with CDI and/or C.
difficile associated disease). In various embodiments, the CDI and/or C. difficile associated
disease is treated or prevented in the context of initial onset or relapse/recurrence (e.g. due to
continued or restarted antibiotic therapy). For example, in a patient that has previously suffered
from CDI, the present pharmaceutical compositions (and/or additional agents) may be
administered upon the first symptoms of recurrence. By way of non-limiting example,
symptoms of recurrence include, in a mild case, about 5 to about 10 watery bowel movements
per day, no significant fever, and only mild abdominal cramps while blood tests may show a
mild rise in the white blood cell count up to about 15,000 (normal levels are up to about 10,000),
and, in a severe case, more than about 10 watery stools per day, nausea, vomiting, high fever
(e.g. about 102-104°F), rectal bleeding, severe abdominal pain (e.g. with tenderness), abdominal
distention, and a high white blood count (e.g. of about 15,000 to about 40,000).

Regardless of initial onset or relapse/recurrence, CDI and/or C. difficile associated
disease may be diagnosed via any of the symptoms described herein (e.g. watery diarrhea about
3 or more times a day for about 2 days or more, mild to bad cramping and pain in the belly,
fever, blood or pus in the stool, nausea, dehydration, loss of appetite, loss of weight, etc.).
Regardless of initial onset or relapse/recurrence, CDI and/or C. difficile associated disease may
also be diagnosed via enzyme immunoassays e.g. to detect the C. difficile toxin A or B antigen
and/or glutamine dehydrogenase (GDH), which is produced by C. difficile organisms,
polymerase chain reaction (e.g. to detect the C. difficile toxin A or B gene or a portion thereof

(e.g. tcdA or tedB), including the ILLUMIGENE LAMP assay), a cell cytotoxicity assay. For
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example, any one of the following tests may be used may be used: Meridian ImmunoCard
Toxins A/B; Wampole Toxin A/B Quik Chek; Wampole C. difficileQuik Chek Complete; Remel
Xpect Clostridium difficile Toxin A/B; Meridian Premier Toxins A/B; Wampole C. difficile Tox
A/B 1I; Remel Prospect Toxin A/B EIA; Biomerieux Vidas C. difficile Toxin A&B; BD
Geneohm C. diff: Prodesse Progastro CD; and Cepheld Xpert C. difficile In various
embodiments, the clinical sample is a patient stool sample. Also a flexible sigmoidoscopy
“scope” test and/or an abdominal X-ray and/or a computerized tomography (CT) scan, which
provides images of the colon, may be used in assessing a patient (e.g. looking for characteristic
creamy white or yellow plaques adherent to the wall of the colon). Further, biopsies (e.g. of any
region of the GI tract) may be used to assess a potential CDI and/or C. difficile associated
disease patient.

Furthermore, the patients of the invention include, but are not limited to, patients that are
at a particular risk for CDI and/or C. difficile associated disease, such as those which have been
taking an antibiotic during the past 30 or so days and/or have an immune system that is weak
(e.g. from a chronic illness) and/or are women and/or are elderly (e.g. over about 65 years old)
and/or are elderly woman and/or undergo treatment with for heartburn or stomach acid disorders
(e.g. with agents such as PREVACID, TAGAMET, PRILOSEC, or NEXIUM and related drugs)
and/or have recently been in the hospital, including in an intensive care unit, or live in a nursing
home. Accordingly, in some embodiments, the pharmaceutical composition of the present
invention may be used to prophylactically prevent CDI and/or C. difficile associated disease.

In some embodiments, the methods and uses of the present invention relate to a patient is
undergoing treatment or has recently undergone treatment with one or more primary antibiotic.
A “primary antibiotic” refers to an antibiotic that is administered to a patient and which may
result in CDI and/or C. difficile associated disease. These include the antibiotics that most often
lead to CDI and/or C. difficile associated disease, such as, for example, fluoroquinolones,
cephalosporins, clindamycin and penicillins.

In some embodiments, the methods and uses of the present invention include those in
which an initial and/or adjunctive therapy is administered to a patient. Initial and/or adjunctive
therapy indicates therapy that is used to treat CDI and/or C. difficile associated disease upon
detection of such disease. In some embodiments, the initial and/or adjunctive therapy is one or
more of metronidazole, vancomycin, fidaxomicin, rifaximin, fecal bacteriotherapy, probiotic
therapy, a charcoal-based therapy, and antibody therapy, as described herein. In various
embodiments, the methods and uses of the present invention include use of the inventive

pharmaceutical composition as an adjuvant to any of these initial and/or adjunctive therapies
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(including co-administration or sequential administration). In various embodiments, the methods
and uses of the present invention include use of the inventive pharmaceutical composition in a
patient undergoing initial and/or adjunctive therapies.

In a related embodiment of the method, contacting the subject with the binding protein
includes administering to the subject a source of expression of the binding protein. In various
embodiments of the method, the source of expression of the binding protein is a nucleotide
sequence encoding the binding protein, such that the source of the expression includes at least
one selected from the group consisting of: a naked nucleic acid vector, bacterial vector, and a
viral vector. For example, the bacterial vector is derived from at least one selected from the
group consisting of: E. coli, Bacillus spp, Clostridium spp, Lactobacillus spp, and Lactococcus
spp.

In a related embodiment of the method, contacting further includes administering the
vector, for example the naked nucleic acid vector, the bacterial vector, or the viral vector.

In a related embodiment, the nucleotide acid sequence further includes an operably
linked signal for promoting expression of the binding protein. For example, the signal includes a
mammalian promoter or a non-viral promoter. In a related embodiment, the method involves
engineering the binding protein or the source of expression of the binding protein (e.g., viral
vector or bacterial vector) using a dimerizer sequence for example having an amino acid
sequence including SEQ ID NO: 94 or a portion or homolog or variant thereof. For example, the
dimerizer sequences forms a covalent bond or disulfide linkage between at least two amino acid
sequences to form a homodimer, a heterodimer, or a multimer. The method in various
embodiments includes, prior to contacting, engineering the binding protein using an agent that
multimerizes at least one binding region or a multimer, e.g., a heterodimer, a heterotrimer, and a
heterotetramer, to form the binding protein.

In a related embodiment of the method, the viral vector is derived from at least one
selected from: an adenovirus, an adeno-associated virus, a herpesvirus, and a lentivirus. The
method in various embodiments further includes contacting the subject with a gene delivery
vehicle selected from at least one of: a liposome, a lipid/polycation (LPD), a peptide, a
nanoparticle, a gold particle, and a polymer. For example, the gene delivery vehicle specifically
targets a cell or tissue in the body by contacting or binding a receptor located on the cell or
tissue.

An aspect of the invention provides a pharmaceutical composition for treating a subject
at risk for exposure to or exposed to a disease agent, the pharmaceutical composition including:

at least one recombinant heteromultimeric neutralizing binding protein including two or more
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binding regions, such that the binding regions are not identical, and each binding region
specifically binds a non-overlapping portion of the disease agent, such that the binding protein
neutralizes the disease agent, thereby treating the subject for exposure to the disease agent.

In a related embodiment, the composition is compounded with a pharmaceutically
acceptable buffer or diluent. For example the composition is compounded for parenteral
administration such as intravenous, mucosal administration, topical administration, or oral
administration.

In various embodiments, the subject is at least one selected from: a human, a dog, a cat, a
goat, a cow, a pig, and a horse. For example, the human subject is a: sick child or adult, health-
care profession (e.g., doctor and nurse), aid worker, member of the military, or an
immunosuppressed patient such as a transplant recipient. In some embodiments, the subject is a
hospital patient at risk for a Hospital Acquired Infections (or Healthcare Acquired Infections,
HAI). In some embodiments, the subject is one receiving or likely to receive one or more
antibiotic treatments, e.g. one or more of fluoroquinolones, cephalosporins, clindamycin and
penicillins. In certain embodiments, the pharmaceutical composition is formulated to protect the
subject against the exposure, for example that exposure includes a picogram amount, nanogram
amount, microgram amount, or gram amount of the disease agent or a plurality of disease
agents.

The binding protein or binding regions in various embodiments of the composition is
selected from the group of: a single-chain antibody (scFv); a recombinant camelid heavy-chain-
only antibody (VHH); a shark heavy-chain-only antibody (VNAR); a microprotein; a darpin; an
anticalin; an adnectin; an aptamer; a Sac7d derivative (affitins, e.g. NANOFITINS), a Fv; a Fab;
a Fab'; and a F(ab"),. In various embodiments, the binding regions are of a different type, for
example at least one binding region is a VHH and at least other binding region is a scFv, an Fab
or any of the types described herein.

The composition in various embodiments further includes at least one agent selected
from the group of: an antitoxin, an anti-inflammatory, an anti-tumor, an antiviral, an
antibacterial, an anti-mycobacterial, an anti-fungal, an anti-proliferative, an anti-apoptotic, an
anti-allergy, and an anti-immune suppressant.

In an embodiment, the composition further includes a labeled detectable marker selected
from the group consisting of: detectable, fluorescent, colorimetric, enzymatic, radioactive, and
the like. For example, the marker is detectable in a sample taken from the subject, the sample
exemplified by a cell, a fluid or a tissue. In a related embodiment, the marker includes a peptide,

a protein, a carbohydrate, and a polymer.
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In an embodiment of the composition, the binding protein includes a linker that separates
the binding regions. The linker in a related embodiment separates the binding regions and/or
subunits of the multimeric protein. In certain embodiments, the binding protein includes a linker
that covalently joins each binding region of the heterodimeric or the multimeric protein. In
various embodiments, the linker includes at least one selected from the group of: a peptide, a
protein, a sugar, or a nucleic acid. In a related embodiment, the linker includes amino acid
sequence GGGGS (SEQ ID NO: 54) or a portion or variant thereof. In a related embodiment, the
linker includes amino acid sequence GGGGSGGGGSGGGGS (SEQ ID NO: 55) or a portion or
variant thereof or multiples thereof. The linker in various embodiments stabilizes the binding
protein and does not prevent the respective binding of the binding regions to the disease agent or
to a plurality of disease agents.

In various embodiments of the pharmaceutical composition, the binding protein and/or
binding regions include at least one tag that is attached or genetically fused to the binding
protein and/or binding regions. The tag for example is a peptide, sugar, or DNA molecule that
does not inhibit or prevent binding of the binding protein and/or binding regions to the disease
agent. In various embodiments, the tag is at least about: three to five amino acids long, five to
eight amino acids long, eight to twelve amino acids long, twelve to fifteen amino acids long, or
fifteen to twenty amino acids long. For example, the tag includes SEQ ID NO: 15, or a variant
thereof.

In various embodiments, the disease agent for which the binding protein is specific is at
least one selected from: a virus, a cancer cell, a fungus, a bacterium, a parasite and a product
thereof such as a pathogenic molecule, a protein, a lipopolysaccharide, or a toxin. In related
embodiments of the composition, the toxin includes a protein, a lipid, a lipopolysaccharide, and
a small molecule toxin such as an aflatoxin or a dinoflagellate toxin. For example, the toxin is a
Botulinum neurotoxin comprising a serotype selected from: A, B, C, D, E, F, and G. In various
embodiments of the composition, the toxin is at least one selected from: staphylococcal a-
hemolysin, staphylococcal leukocidin, aerolysin cytotoxic enterotoxin, a cholera toxin, Bacillus
cereus hemolysis II toxin, a Helicobacter pylori vacuolating toxin, a Bacillus anthracis toxin, a
cholera toxin, a Escherichia coli serotype O157:H7 toxin, a Escherichia coli serotype 0104:H7
toxin, a lipopolysaccharide endotoxin, a Shiga toxin, a pertussis toxin, a Clostridium
perfringens iota toxin, a Clostridium spiroforme toxin, a Clostridium difficile toxin A, a
Clostridium difficile toxin B, a Clostridium septicum a toxin, and a Clostridium botulinum C2

toxin. In certain embodiments, the disease agent includes a plurality of non-identical disease
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agents such that the binding regions of the binding protein bind to and neutralize the plurality of
disease agents.

In various embodiments of the composition, the bacterium for which the binding protein
is specific is selected from: B. anthracis, B. cereus, C. botulinum, C. difficile, C. perfringens, V.
cholerae, and C. spiroforme. In a related embodiment, the bacterium is a virulent bacterium or
apathogenic bacterium.

The composition in various embodiments is compounded or formulated for a route of
delivery selected from the group of: topical, ocular, nasal, bucal, oral, rectal, parenteral,
intracisternal, invaginal, and intraperitoneal.

In various embodiments of the composition, the binding protein is specific for a toxin
which is a C. botulinum toxin, and the binding regions of the binding protein includes a
recombinant camelid heavy-chain-only antibody, and the composition includes an amino acid
sequence selected from the group:
LVQVGGSLRLSCVVSGSDISGIAMGWYRQAPGKRREMVADIFSGGSTDY AGSVKGRFTI
SRDNAKKTSYLQMNNVKPEDTGVYYCRLYGSGDYWGQGTQVTVSSAHHSEDP (VHH
H7, SEQ ID NO: 56);
LVHPGGSLRLSCAPSASLPSTPENPFNNMVGWYRQAPGKQREMVASIGLRINYADSVK
GRETISRDNAKNTVDLQMDSLRPEDSATY YCHIEYTHY WGKGTLVTVSSEPKTPKPQ
(VHH B3, SEQ ID NO: 57); and
QVQLVESGGGLVQVGGSLRLSCVVSGSDISGIAMGWYRQAPGKRREMVADIFSGGSTD
YAGSVKGRFTISRDNAKKTSYLOQMNNVKPEDTGVYYCRLYGSGDYWGQGTQVTVSSA
HHSEDPTSAIAGGGGSGGGGSGGGGSLQGQLQLVESGGGLVHPGGSLRLSCAPSASLPS
TPENPFNNMVGWYRQAPGKQREMVASIGLRINYADSVKGRFTISRDNAKNTVDLQMD
SLRPEDSATYYCHIEYTHYWGKGTLVTV SSEPKTPKPQ (H7/B5 heterodimer, SEQ ID NO:
58), or variants thereof.

In a related embodiment of the composition, the binding protein is specific for a toxin
which is a C. difficile toxin A, and the binding region of the binding protein includes a
recombinant camelid heavy-chain-only antibody having an amino acid sequence selected from
the group of:

QVQLVETGGLVQPGGSLRLSCAASGFTLDY SSIGWFRQAPGKEREGVSCISSSGDSTKY
ADSVKGRFTTSRDNAKNTVYLQMNSLKPDDTAVYYCAAFRATMCGVFPLSPYGKDD
WGKGTLVTVSSEPKTPKPQP (AH3, SEQ ID NO: 59),
QLQLVETGGGLVQPGGSLRLSCAASGFTFSDYVMTWVRQAPGKGPEWIATINTDGSTM
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RDDSTKGRFTISRDNAKNTLYLQMTSLKPEDTALYYCARGRVISASAIRGAVRGPGTQV
TVSSEPKTPKPQP (AA6, SEQ ID NO: 60);
QVQLVESGGGLVQPGGSLRLSCAASGFTLDYYAIGWFRQAPGKEREGVSGISSVDGSTY
YADSVRGRFTISRDNAKNTVYLQMNSLKPEDTAVYYCAADQSPIPIHYSRTYSGPYGM
DYWGKGTLVTVSSAHHSEDP (A3H, SEQ ID NO: 61);
QLQLVESGGGLVQPGGSLRLSCAASGFTLDY YAIGWFRQAPGKEREGVSGISFVDGSTY
YADSVKGRFAISRGNAKNTVYLQMNSLKPEDTAVYYCAADQSSIPMHYSSTYSGPSGM
DYWGKGTLVTVSSEPKTPKPQP (AC1, SEQ ID NO: 62);
QLQLVETGGGLVQAGGSLRLSCAASGRTLSNYPMGWFRQAPGKEREFVAAIRRIADGT
YYADSVKGRFTISRDNAWNTLYLQMNGLKPEDTAVYFCATGPGAFPGMVVTNPSAYP
YWGQGTQVTVSSEPKTPKPQP (A11G, SEQ ID NO: 63);
QLQLVESGGGLVQPGGSLRLSCAASGFTLDYYAIGWFRQAPGKEREGVSGISSSDGSTY
YADSVKGREFTISRDNATNTVYLQMNSLKPEDTAVYYCAADQAAIPMHYSASYSGPRG
MDY WGKGTLVTVSSEPKTPKPQP (AEL, SEQ ID NO: 64);
MSDKIIHLTDDSFDTDVLKADGAILVDFWAEWCGPCKMIAPILDEIADEYQGKLT VAKL
NIDQNPGTAPKYGIRGIPTLLLFKNGEVAATKVGALSKGQLKEFLDANLAGSGSGHMH
HHHHHSSGLVPRGSGMKETAAAKFERQHMDSPDLGTDDDDKAMAISDPNSQVQLVES
GGGLVQPGGSLRLSCEASGFTLDYYGIGWFRQPPGKEREAVSYISASARTILYADSVKG
RFTISRDNAKNAVYLQMNSLKREDTAVYYCARRRFSASSVNRWLADDYDVWGRGTQ
VAVSSEPKTPKPQTSAIAGGGGSGGGGSGGGGSLQAMAAASQVQLVESGGGLVQTGGS
LRLSCASSGSIAGFETVTWSRQAPGKSLQWVASMTKTNNEIYSDSVKGRFIISRDNAKN
TVYLQMNSLKPEDTGVYFCKGPELRGQGIQVTVSSEPKTPKPQPARR (SEQ ID NO: 87);
and,

MSDKIIHLTDDSFDTDVLKADGAILVDFWAEWCGPCKMIAPILDEIADEY QGKLTVAKL
NIDQNPGTAPKYGIRGIPTLLLFKNGEVAATKVGALSKGQLKEFLDANLAGSGSGHMH
HHHHHSSGLVPRGSGMKETAAAKFERQHMDSPDLGTDDDDKAMAISDPNSQVQLVET
GGLVQPGGSLRLSCAASGFTLDYSSIGWFRQAPGKEREGVSCISSSGDSTKYADSVKGR
FTTSRDNAKNTVYLQMNSLKPDDTAVYYCAAFRATMCGVFPLSPYGKDDWGKGTLVT
VSSEPKTPKPQPTSATAGGGGSGGGGSGGGGSLQAMAAAQLQLVETGGGLVQPGGSLR
LSCAASGFTFSDYVMTWVRQAPGKGPEWIATINTDGSTMRDDSTKGRFTISRDNAKNT
LYLQMTSLKPEDTALYYCARGRVISASAIRGAVRGPGTQVTVSSEPKTPKPQPARQTSPS
TVRLESRVRELEDRLEELRDELERAERRANEMSIQLDEC (SEQ ID NO: 95), or variants

thereof.
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In certain embodiments of the composition, the binding protein is specific for a toxin
which is a C. difficile toxin B, and the binding region of the binding protein includes a
recombinant camelid heavy-chain-only antibody having an amino acid sequence selected from
the group consisting of:
QVQLVESGGGLVQPGGSLRLSCAASGFSLDYYGIGWFRQAPGKERQEVSYISASAKTKL
YSDSVKGRFTISRDNAKNAVYLEMNSLKREDTAVYYCARRRFDASASNRWLAADYDY
WGQGTQVTVSSEPKTPKPQ (2D, SEQ ID NO: 65);
QVQLVESGGGLVQAGGSLRLSCVSSERNPGINAMGWYRQAPGSQRELVAIWQTGGSL
NYADSVKGRFTISRDNLKNTVYLQMNSLKPEDTAVYYCYLKKWRDQYWGQGTQVTV
SSEPKTPKPQ (2Ds, SEQ ID NO: 66);
QVQLVESGGGLVQPGGSLRLSCEASGFTLDY YGIGWFRQPPGKEREAVSYISASARTILY
ADSVKGRFTISRDNAKNAVYLQMNSLKREDTAVYYCARRRFSASSVNRWLADDYDV
WGRGTQVAVSSEPKTPKPQ (5D, SEQ ID NO: 67);
QVQLVESGGGLVQTGGSLRLSCASSGSIAGFETVTWSRQAPGKSLQWVASMTKTNNEI
YSDSVKGRFIISRDNAKNTVYLQMNSLKPEDTGVYFCKGPELRGQGIQVTVSSEPKTPK
PQ (E3, SEQ ID NO: 68);
QVQLVESGGGLVEAGGSLRLSCVVTGSSFSTSTMAWYRQPPGKQREWVASFTSGGAIK
YTDSVKGRFTMSRDNAKKMTYLQMENLKPEDTAVYYCALHNAVSGSSWGRGTQVTV
SSEPKTPKPQ (7F, SEQ ID NO: 69);
VQLVESGGGLVQAGGSLRLSCAASGLMFGAMTMGWYRQAPGKEREMVAYITAGGTE
SYSESVKGRFTISRINANNMVYLQMTNLKVEDTAVYYCNAHNFWRTSRNWGQGTQVT
VSSEPKTPKP (5E, SEQ ID NO: 70);
VQLVESGGGLVQAGDSLTLSCAASESTFNTFSMAWFRQAPGKEREY VAAFSRSGGTTN
YADSVKGRATISTDNAKNTVYLHMNSLKPEDTAVYFCAADRPAGRAYFQSRSYNYWG
QGTQVTVSSAHHSEDP (B12, SEQ ID NO: 71);
VQLVESGGGSVQIGGSLRLSCVASGFTFSKNIMSWARQAPGKGLEWVSTISIGGAATSY
ADSVKGRFTISRDNANDTLYLQMNNLKPEDTAVYYCSRGPRTYINTASRGQGTQVTVS
SEPKTPKP (All, SEQ ID NO: 72);
VQLVESGGGLVQAGGSLRLSCVGSGRNPGINAMGWYRQAPGSQRELVAVWQTGGSTN
YADSVKGRFTISRDNLKNTVYLQMNSLKPEDTAVYYCYLKKWRDEYWGQGTQVTVSS
AHHSEDP (ABS8, SEQ ID NO: 73);
VQLVESGGGLVQAGESLRLSCVVSESIFRINTMGWYRQTPGKQREVVARITLRNSTTYA
DSVKGRFTISRDDAKNTLYLKMDSLKPEDTAVYYCHRYPLIFRNSPYWGQGTQVTVSS
EPKTPKP (C6, SEQ ID NO: 74);
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VQLVESGGGLVQAGESLRLSCVVSESIFRINTMGWYRQTPGKQREVVARITLRNSTTYA
DSVKGRFTISRDDAKNTLYLKMDSLKPEDTAVYYCHRYPLIFRNSPYWGQGTQVTVSS
EPKTP (C12, SEQ ID NO: 75);
VQLVESGGGLVQAGGSLRLSCAAPGLTFTSYRMGWFRQAPGKEREY VAAITGAGATN
YADSAKGRFTISKNNTASTVHLQMNSLKPEDTAVYYCAASNRAGGYWRASQYDYWG
QGTQVTVSSAHHSEDP (A1, SEQ ID NO: 76); SEQ ID NO: 87; and SEQ ID NO: 95, or
variants thereof.

In some embodiments, the present compositions, methods and kits pertain to one or more
multimers, e.g. dimeric, trimer or tetrameric constructs of binding proteins specific for a toxin
which is a C. difficile toxin A and/or a C. difficile toxin B, and the binding region of the binding
protein optionally including a recombinant camelid heavy-chain. In some embodiments, the
multimers are linked via any of the linkers disclosed herein (e.g. GGGGS (SEQ ID NO: 54), or
GGGGSGGGGSGGGGS (SEQ ID NO: 55), or a portion or variant thereof). In some
embodiments, the present compositions, methods and kits pertain to one or more multimers, e.g.
dimeric, trimer or tetrameric constructs of binding proteins specific for a toxin which isa C.
difficile toxin A and/or a C. difficile toxin B, and the binding region of the binding protein
optionally including a recombinant camelid heavy-chain that are substantially protease-resistant,
e.g. are stable in the GI tract. In some embodiments, the constructs have a reduced amount or
are substantially free of alanine residues that are susceptible to proteolysis. In some
embodiments, the multimers are linked via any of the linkers disclosed herein (e.g. GGGGS
(SEQ ID NO: 54), or GGGGSGGGGSGGGGS (SEQ ID NO: 55), or a portion or variant
thereof).

In some embodiments, the binding proteins specific for a C. difficile toxin A include one
or more of AH3, e.g. SEQ ID NO: 59, AA6, e.g. SEQ ID NO: 60, A3H, e.g. SEQ ID NO: 61,
AC1, e.g. SEQID NO: 62, A11G, e.g. SEQ ID NO: 63, and AE1, e.g. SEQ 1D NO: 64. In some
embodiments, the binding proteins specific for a C. difficile toxin B include one or more of 2D,
e.g. SEQ ID NO: 653, 2Ds, e.g. SEQ ID NO: 66, 5D, e.g. SEQ ID NO: 67, E3, e.g. SEQID NO:
68, 7F, e.g. SEQ ID NO: 69, 5E, e.g. SEQ ID NO: 70, B12, e.g. SEQID NO: 71, All,e.g. SEQ
ID NO: 72, ABS, e.g. SEQ ID NO: 73, C6, e.g. SEQ ID NO: 74, C12, e.g. SEQ ID NO: 75, and
Al, e.g. SEQ ID NO: 76, or variants thereof.

In some embodiments, such multimers may include dimers. For example, the dimers
may be homo- or hetero- dimers. Hlustrative dimers are two binding proteins specific for a C.
difficile toxin A, including by way of non-limitation, AH3, e.g. SEQ ID NO: 59/ AH3, e.g. SEQ
ID NO: 59; AA6, e.g. SEQID NO: 60/ AH3, e.g. SEQ ID NO: 59; A3H, e.g. SEQ IDNO: 61/
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AH3, e.g. SEQ ID NO: 59; ACl,e.g. SEQID NO: 62/ AH3, e.g. SEQID NO: 59; AllG, e.g.
SEQ ID NO: 63/ A3, e.g. SEQ ID NO: 59;AEl, e.g. SEQ ID NO: 64/ AH3, e.g. SEQ ID NO:
59; AH3, e.g. SEQ ID NO: 59/ AA6, e.g. SEQ ID NO: 60; AA6, e.g. SEQ ID NO: 60,/ AA®,
e.g. SEQID NO: 60; A3H, e.g. SEQ ID NO: 61/ AA6, e.g. SEQID NO: 60; ACl, e.g. SEQ
ID NO: 62/ AA6, e.g. SEQIDNO: 60; A11G, e.g. SEQ ID NO: 63/AA6, e.g. SEQ IDNO: 60;
AEl, e.g. SEQID NO: 64/ AA6, e.g. SEQ ID NO: 60; AH3, e.g. SEQ ID NO: 59 /A3H, e.g.
SEQ ID NO: 61; AA6, e.g. SEQ ID NO: 60/A3H, e.g. SEQ ID NO: 61; A3H, e.g. SEQ ID NO:
61/A3H, e.g. SEQ ID NO: 61; AC1, e.g. SEQID NO: 62/A3H, e.g. SEQ ID NO: 61; A11G,
e.g. SEQ ID NO: 63/A3H, e.g. SEQ ID NO: 61; AEl, e.g. SEQ ID NO: 64/A3H, e.g. SEQ ID
NO: 61; AH3, e.g. SEQ ID NO: 59/ ACl1, e.g. SEQ IDNO: 62; AA6, e.g. SEQ ID NO: 60/
ACl1, e.g. SEQIDNO: 62; A3H, e.g. SEQ ID NO: 61/ ACl, e.g. SEQ ID NO: 62; ACl, e.g.
SEQ ID NO: 62/ ACl1, e.g. SEQIDNO: 62; A11G, e.g. SEQ 1D NO: 63/AC1, e.g. SEQ ID
NO: 62; AEL, e.g. SEQ ID NO: 64/ AC1, e.g. SEQ ID NO: 62; AH3, e.g. SEQ ID NO: 59/
A11G, e.g. SEQID NO: 63; AA6, e.g. SEQID NO: 60/ A11G, e.g. SEQ ID NO: 63; A3H, e.g.
SEQ ID NO: 61/ A11G, e.g. SEQ ID NO: 63; ACl, e.g. SEQID NO: 62/ A11G, e.g. SEQID
NO: 63; A11G, e.g. SEQ ID NO: 63/ A11G, e.g. SEQ ID NO: 63; AE1, e.g. SEQ ID NO: 64/
A11G, e.g. SEQ ID NO: 63; AH3, e.g. SEQ ID NO: 59/ AE1, e.g. SEQ ID NO: 64; AA6, e.g.
SEQ ID NO: 60/ AE1, e.g. SEQ ID NO: 64; A3H, e.g. SEQ ID NO: 61/ AE1, e.g. SEQID NO:
64; AC1, e.g. SEQIDNO: 62/ AEl, e.g. SEQ ID NO: 64; A11G, e.g. SEQ ID NO: 63/ AE1,
e.g. SEQID NO: 64; and AEI, e.g. SEQ ID NO: 64/ AE1, e.g. SEQ ID NO: 64, or variants
thereof.

In some embodiments, such multimers may include dimers. For example, the dimers
may be homo- or hetero- dimers. Ilustrative dimers are two binding proteins specific for a C.
difficile toxin B, including by way of non-limitation, 2D, e.g. SEQ ID NO: 65/2D, e.g. SEQ ID
NO: 65, 2Ds, e.g. SEQ ID NO: 66/2D, e.g. SEQ ID NO: 65, 5D, e.g. SEQ ID NO: 67/2D, e.g.
SEQ ID NO: 65, E3, e.g. SEQ ID NO: 68/2D, e.g. SEQ ID NO: 65, 7F, e.g. SEQ ID NO: 69/2D,
e.g. SEQ ID NO: 65, 5E, e.g. SEQ ID NO: 70/2D, e.g. SEQ ID NO: 65, B12, e.g. SEQID NO:
71/2D, e.g. SEQ ID NO: 65, Al1, e.g. SEQ ID NO: 72/2D, e.g. SEQ ID NO: 635, ABS, e.g. SEQ
ID NO: 73/2D, e.g. SEQ ID NO: 65, C6, e.g. SEQ ID NO: 74/2D, e.g. SEQ ID NO: 65, C12,
e.g. SEQ ID NO: 75/2D, e.g. SEQ ID NO: 65, Al, e.g. SEQ ID NO: 76/2D, ¢.g. SEQ ID NO:
63, 2D, e.g. SEQ ID NO: 65/2Ds, e.g. SEQ ID NO: 66, 2Ds, e.g. SEQ ID NO: 66/2Ds, e.g. SEQ
ID NO: 66, 5D, e¢.g. SEQ ID NO: 67/2Ds, e.g. SEQ ID NO: 66, E3, e.g. SEQ ID NO: 68/2Ds,
e.g. SEQ ID NO: 66, 7F, e.g. SEQ ID NO: 69/2Ds, e.g. SEQ ID NO: 66, 5E, e.g. SEQ ID NO:
70/2Ds, e.g. SEQ ID NO: 66, B12, e.g. SEQ ID NO: 71/2Ds, e.g. SEQ ID NO: 66, All, e.g.
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SEQ ID NO: 72/2Ds, e.g. SEQ ID NO: 66, ABS, ¢.g. SEQ ID NO: 73/2Ds, e.g. SEQ ID NO: 66,
C6, e.g. SEQ ID NO: 74/2Ds, e.g. SEQ ID NO: 66, C12, e.g. SEQ ID NO: 75/2Ds, e.g. SEQ ID
NO: 66, Al, e.g. SEQ ID NO: 76/2Ds, e.g. SEQ ID NO: 66, 2D, e.g. SEQ ID NO: 65/5D, e.g.
SEQ ID NO: 67, 2Ds, e.g. SEQ ID NO: 66/5D, e.g. SEQ ID NO: 67, 5D, e.g. SEQ ID NO:
67/5D, e.g. SEQ ID NO: 67, E3, e.g. SEQ ID NO: 68/5D, e.g. SEQ ID NO: 67, 7F, e.g. SEQ ID
NO: 69/5D, e.g. SEQ ID NO: 67, SE, e.g. SEQ ID NO: 70/5D, e.g. SEQ ID NO: 67, B12, e.g.
SEQ ID NO: 71/5D, e.g. SEQ ID NO: 67, Al1, e.g. SEQ ID NO: 72/5D, e.g. SEQ ID NO: 67,
ABS, e.g. SEQ ID NO: 73/5D, e.g. SEQ ID NO: 67, C6, e.g. SEQ ID NO: 74/5D, e.g. SEQ ID
NO: 67, C12, e.g. SEQ ID NO: 75/5D, e.g. SEQ ID NO: 67, Al, e.g. SEQ ID NO: 76/3D, e.g.
SEQ ID NO: 67, 2D, e.g. SEQ ID NO: 65/ E3, e.g. SEQ ID NO: 68, 2Ds, e.g. SEQ ID NO: 66/
E3, e.g. SEQ ID NO: 68, 5D, e.g. SEQ ID NO: 67/ E3, e.g. SEQ ID NO: 68, E3, e.g. SEQ ID
NO: 68/ E3, e.g. SEQ ID NO: 68, 7F, e.g. SEQ ID NO: 69/ E3, e.g. SEQ ID NO: 68, 5E, e.g.
SEQ ID NO: 70/ E3, e.g. SEQ ID NO: 68, B12, e.g. SEQ ID NO: 71/ E3, e.g. SEQ ID NO: 68,
Al1, e.g. SEQ ID NO: 72/ E3, e.g. SEQ ID NO: 68, ABS, e.g. SEQ ID NO: 73/ E3, e.g. SEQ ID
NO: 68, C6, e.g. SEQ ID NO: 74/ E3, e.g. SEQ ID NO: 68, C12, e.g. SEQ ID NO: 75/E3, e.g,
SEQ ID NO: 68, Al, e.g. SEQ ID NO: 76/ E3, e.g. SEQ ID NO: 68, 2D, e.g. SEQ ID NO:
65/7F, e.g. SEQ ID NO: 69, 2Ds, e.g. SEQ ID NO: 66/7F, e.g. SEQ ID NO: 69, 5D, e.g. SEQ ID
NO: 67/7F, e.g. SEQ ID NO: 69, B3, e.g. SEQ ID NO: 68/7F, e.g. SEQ ID NO: 69, 7F, e.g. SEQ
ID NO: 69/7F, e.g. SEQ ID NO: 69, 5E, e.g. SEQ ID NO: 70/7F, e.g. SEQ ID NO: 69, B12, e.g.
SEQ ID NO: 71/7F, e.g. SEQ ID NO: 69, A11, e.g. SEQ ID NO: 72/7F, e.g. SEQ 1D NO: 69,
ABS, e.g. SEQ ID NO: 73/7F, e.g. SEQ ID NO: 69, C6, e.g. SEQ ID NO: 74/7F, e.g. SEQ ID
NO: 69, C12, e.g. SEQ ID NO: 75/7F, e.g. SEQ ID NO: 69, A1, e.g. SEQ ID NO: 76/7F, e.g.
SEQ ID NO: 69, 2D, e.g. SEQ ID NO: 65/5E, e.g. SEQ ID NO: 70, 2Ds, e.g. SEQ ID NO:
66/5E, e.g. SEQ ID NO: 70, 5D, e.g. SEQ ID NO: 67/5E, e.g. SEQ ID NO: 70, E3, e.g. SEQ ID
NO: 68/5E, e.gz. SEQ ID NO: 70, 7F, e.g. SEQ ID NO: 69/5E, e.g. SEQ ID NO: 70, 5E, e.g.
SEQ ID NO: 70/5E, e.g. SEQ ID NO: 70, B12, e.g. SEQ ID NO: 71/5E, e.g. SEQ ID NO: 70,
Al1, e.g. SEQ ID NO: 72/5E, e.g. SEQ ID NO: 70, ABS, e.g. SEQ ID NO: 73/5E, e.g. SEQ ID
NO: 70, C6, e.g. SEQ ID NO: 74/5E, e.g. SEQ ID NO: 70, C12, e.g. SEQ ID NO: 75/5E, e.g.
SEQ ID NO: 70, A1, e.g. SEQ ID NO: 76/5E, e.g. SEQ ID NO: 70, 2D, e.g. SEQ ID NO: 65/
B12, e.g. SEQ ID NO: 71, 2Ds, e.g. SEQ ID NO: 66/ B12, e.g. SEQ ID NO: 71, 5D, e.g. SEQ
ID NO: 67/ B12, e.g. SEQ ID NO: 71, E3, e.g. SEQ ID NO: 68/ B12, e.g. SEQ ID NO: 71, 7F,
e.z. SEQ ID NO: 69/ B12, e.g. SEQ ID NO: 71, 5E, e.g. SEQ ID NO: 70/ B12, e.g. SEQ ID NO:
71, B12, e.g. SEQ ID NO: 71/ B12, e.g. SEQ ID NO: 71, All, e.g. SEQ ID NO: 72/ B12, e.g.
SEQ ID NO: 71, ABS, e.g. SEQ ID NO: 73/ B12, e.g. SEQ ID NO: 71, C6, e.g. SEQ ID NO: 74/
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B12, e.g. SEQ ID NO: 71, C12, e.g. SEQ ID NO: 75/ B12, e.g. SEQ ID NO: 71, Al, e.g. SEQ
ID NO: 76/ B12, e.g. SEQ ID NO: 71, 2D, e.g. SEQ ID NO: 65/ Al1, e.g. SEQ ID NO: 72, 2Ds,
e.¢. SEQ ID NO: 66/ Al1, e.g. SEQ ID NO: 72, 5D, e.g. SEQ ID NO: 67/ All, e.g. SEQ ID
NO: 72, E3, e.g. SEQ ID NO: 68/ Al1, e.g. SEQ ID NO: 72, 7F, e.g. SEQ ID NO: 69/ Al1, e.g.
SEQ ID NO: 72, 5E, e.g. SEQ ID NO: 70/ A11, e.g. SEQ ID NO: 72, B12, e.g. SEQ IDNO: 71/
All, e.g. SEQ ID NO: 72, Al1, e.g. SEQ ID NO: 72/ A11, e.g. SEQ ID NO: 72, ABS, e.g. SEQ
ID NO: 73/ All, e.g. SEQ ID NO: 72, C6, e.g. SEQ ID NO: 74/ Al1, e.g. SEQ ID NO: 72, C12,
e.¢. SEQ ID NO: 75/ Al1, e.g. SEQ ID NO: 72, Al, e.g. SEQ ID NO: 76/ Al1, e.g. SEQ ID
NO: 72, 2D, e.g. SEQ ID NO: 65/ ABS, e.g. SEQ ID NO: 73, 2Ds, e.g. SEQ ID NO: 66/ ABS,
e.g. SEQ ID NO: 73, 5D, e.g. SEQ ID NO: 67/ ABS, e.g. SEQ ID NO: 73, E3, e.g. SEQ ID NO:
68/ ABS, e.g. SEQ ID NO: 73, 7F, e.g. SEQ ID NO: 69/ ABS, e.g. SEQ ID NO: 73, 5E, e.g.
SEQ [D NO: 70/ ABS, e.g. SEQ ID NO: 73, B12, e.g. SEQ ID NO: 71/ ABS, e.g. SEQID NO:
73, All, e.g. SEQ ID NO: 72/ ABS, e.g. SEQ ID NO: 73, ABS, e.g. SEQ ID NO: 73/ ABS, e.g.
SEQ ID NO: 73, C6, e.g. SEQ ID NO: 74/ ABS, e.g. SEQ ID NO: 73, C12, e.g. SEQ ID NO: 75/
ABS, e.g. SEQ ID NO: 73, Al, e.g. SEQ ID NO: 76/ ABS, e.g. SEQ ID NO: 73, 2D, e.g. SEQ
ID NO: 65/ C6, e.g. SEQ ID NO: 74, 2Ds, e.g. SEQ ID NO: 66/ C6, e.g. SEQ ID NO: 74, 5D,
e.¢. SEQ ID NO: 67/ C6, e.g. SEQ ID NO: 74, E3, e.g. SEQ ID NO: 68/ C6, e.g. SEQ ID NO:
74, 7F, e.g. SEQ ID NO: 69/ C6, e.g. SEQ ID NO: 74, 5E, e.g. SEQ ID NO: 70/ C6, e.g. SEQ ID
NO: 74, B12, e.g. SEQ ID NO: 71/ C6, e.g. SEQ ID NO: 74, Al1, e.g. SEQ ID NO: 72/ C6, e.g.
SEQ ID NO: 74, ABS, e.g. SEQ ID NO: 73/ C6, e.g. SEQ ID NO: 74, C6, e.g. SEQ ID NO: 74/
C6, e.g. SEQ ID NO: 74, C12, e.g. SEQ ID NO: 75/ C6, e.g. SEQ ID NO: 74, Al, e.g. SEQ ID
NO: 76/ C6, e.g. SEQ ID NO: 74, 2D, e.g. SEQ ID NO: 65/ C12, e.g. SEQ ID NO: 75,2Ds, e.g.
SEQ ID NO: 66/ C12, e.g. SEQ ID NO: 75, 5D, e.g. SEQ ID NO: 67/ C12, e.g. SEQ ID NO: 75,
E3, e.g. SEQ ID NO: 68/ C12, e.g. SEQ ID NO: 75, 7F, e.g. SEQ ID NO: 69/ C12, e.g SEQ ID
NO: 75, 5E, e.g. SEQ ID NO: 70/ C12, e.g. SEQ ID NO: 75, B12, e.g. SEQ ID NO: 71/ C12,
e.g. SEQ ID NO: 75, All, e.g. SEQ ID NO: 72/ C12, e.g. SEQ ID NO: 75, ABS, e.g. SEQ ID
NO: 73/ C12, e.g. SEQ ID NO: 75, C6, e.g. SEQ ID NO: 74/ C12, e.g. SEQ ID NO: 75, C12,
e.g. SEQ ID NO: 75/ C12, e.g. SEQ ID NO: 75, A1, e.g. SEQ ID NO: 76/ C12, e.g. SEQ ID NO:
75, 2D, e.g. SEQ ID NO: 65/ Al, e.g. SEQ ID NO: 76, 2Ds, e.g. SEQ ID NO: 66/ Al, e.g. SEQ
ID NO: 76, 5D, e.g. SEQ ID NO: 67/ Al, e.g. SEQ ID NO: 76, E3, e.g. SEQ ID NO: 68/ Al,
e.g. SEQ ID NO: 76, 7F, e.g. SEQ ID NO: 69/ Al, e.g. SEQ ID NO: 76, 5E, ¢.g. SEQ ID NO:
70/ Al, e.g. SEQ ID NO: 76, B12, e.g. SEQ ID NO: 71/ Al, e.g. SEQ ID NO: 76, Al1, e.g. SEQ
ID NO: 72/ Al, e.g. SEQ ID NO: 76, ABS, e.g. SEQ ID NO: 73/ A1, e.g. SEQ ID NO: 76, C6,
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e.g. SEQ ID NO: 74/ A1, e.g. SEQ ID NO: 76, C12, e.g. SEQ ID NO: 75/ Al, e.g. SEQID NO:
76, and A1, e.g. SEQ ID NO: 76/ A1, e.g. SEQ ID NO: 76, or variants thereof.

In some embodiments, such multimers may include dimers that are one binding protein
specific for a C. difficile toxin A and one binding protein specific for a C. djfficile toxin B. For
example, the dimers may one monomer binding protein selected from AH3, e.g. SEQ ID NO:
59, AA6, e.g. SEQID NO: 60, A3H, e.g. SEQ ID NO: 61, AC1, e.g. SEQ ID NO: 62, A11G,
e.g. SEQ ID NO: 63, and AE1, e.g. SEQ ID NO: 64 and monomer binding protein selected from
2D, e.g. SEQ ID NO: 65, 2Ds, e.g. SEQ ID NO: 66, 5D, e.g. SEQ ID NO: 67, E3, e.g SEQ ID
NO: 68, 7F, e.g. SEQ ID NO: 69, 5E, e.g. SEQ ID NO: 70, B12, e.g. SEQ ID NO: 71, All, e.g.
SEQ ID NO: 72, ABS, e.g. SEQ ID NO: 73, C6, e.g. SEQ 1D NO: 74, C12, e.g. SEQ ID NO: 75,
and Al, e.g. SEQ ID NO: 76, or variants thereof.

In some embodiments, such multimers may include tetramers having at least one
monomer selected from one binding protein specific for a C. difficile toxin A and one binding
protein specific for a C. difficile toxin B. Such tetramers may comprise one or two, or three, or
four of any of AH3, e.g. SEQ ID NO: 59, AA6, e.g. SEQ ID NO: 60, A3H, e.g. SEQ ID NO:
61, AC1, e.g. SEQ ID NO: 62, A11G, e.g. SEQ ID NO: 63, and AE1, e.g. SEQ ID NO: 64, 2D,
e.g. SEQ ID NO: 65, 2Ds, e.g. SEQ ID NO: 66, 5D, e.g. SEQ ID NO: 67, E3, e.g. SEQID NO:
68, 7F, e.g. SEQ ID NO: 69, 5E, e.g. SEQ ID NO: 70, B12, e.g. SEQ ID NO: 71, All, e.g. SEQ
ID NO: 72, ABS, e.g. SEQ ID NO: 73, C6, e.g. SEQ ID NO: 74, C12, e.g. SEQ ID NO: 75, and
Al, e.g. SEQ ID NO: 76, or variants thereof.

In certain embodiments of the composition, the binding protein is specific for a toxin
which is a Shiga toxin, and the binding region of the binding protein includes a recombinant
camelid heavy-chain-only antibody having an amino acid sequence selected from the group:
QVQLVETGGGLAQAGDSLRLSCVEPGRTLDMYAMGWIRQAPGEEREFVASISGVGGSP
RYADSVKGRFTISKDNTKSTIWLQMNSLKPEDTAVYYCAAGGDIYYGGSPQWRGQGT
RVTVSSEPKTPKPQ (JET-A9, SEQ ID NO: 77);
QVQLVESGGGLVQAGGSLRLSCAASGRINGDYAMGWFRQAPGEEREFVAVNSWIGGS
TYYTDSVKGRFTLSRDNAKNTLSLQMNSLKPEDTAVYYCAAGHYTDFPTYFKEYDYW
GQGTQVTVSSEPKTPKPQ (JGG-D4, SEQ ID NO: 78);
QVQLVETGGLVQAGGSLRLSCAASGVPFSDYTMAWFRQAPGKEREVVARITWRGGGP
YYGNSGNGRFAISRDIAKSMVY LHMDSLKPEDTAVYYCAASRLRPALASMASDYDYW
GQGTQVSVSSEPKTPKPQ (JEN-D10, SEQ ID NO: 79);
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QVQLVESGGGLVQPGESLRLSCVASASTFSTSLMGWVRQAPGKGLESVAEVRTTGGTF
YAKSVAGRFTISRDNAKNTLYLQMNSLKAEDTGVYYCTAGAGPIATRYRGQGTQVTVS
SAHHSEDP (JGH-G1, SEQ ID NO: 80);
QVQLVESGGGLVQPGGSLKLSCAASGFTLADYVITVWFRQAPGKSREGVSCISSSRGTPN
YADSVKGRATVSRNNANNTVYLOMNGLKPDDTAIYYCAAIRPARLRAYRECLSSQAE
YDYWGQGTQVTVSSAHHSEDP (JEU-A6, SEQ ID NO: 81);
QVQLVESGGGLVQPGGSLGLSCAMSGTTQDYSAVGWFRQAPGKEREGVSCISRSGRRT
NYADSVRGRFTISRDNAKDTVYLQMNSLKPDDTAVYYCAARKTDMSDPYY VGCNGM
DYWGKGTLVTVSSAHHSEDP (JEU-D2, SEQ ID NO: 82);
QVQLVESGGGLVQPGGSLTLSCTASGFTLNSYKIGWFRQAPGKEREGVSCINSGGNLRS
VEGRFTISRDNTKNTVSLHMDSLKPEDTGVYHCAAAPALNVFSPCVLAPRYDYWGQGT
QVTVSSAHHSEDP (JGH-G9, SEQ ID NO: 83);
QVQLVESGGGLVQPGGSLRLSCAASGFTLGSYHIGWFRHPPGKEREGTSCLSSRGDYTK
YAEAVKGRFTISRDNTKSTVYLQMNNLKPEDTGIYVCAAIRPVLSDSHCTLAARYNY W
GQGTQVTVSSAHHSEDP (JFD-A4, SEQ ID NO: 84);
QVQLVESGGGLVQPGGSLRLSCAALEFTLEDYAIAWFRQAPGKEREGVSCISKSGVTKY
TDSVKGRFTVARDNAKSTVILQMNNLRPEDTAVYNCAAVRPVFVDSVCTLATRYTYW
GEGTQVTVSSAHHSEDP (JFD-AS, SEQ ID NO: 85); and
QVQLVETGGGLVQPGGSLKLSCAASEFTLDDYHIGWFRQAPGKEREGVSCINKRGDYI
NYKDSVKGRFTISRDGAKSTVFLQMNNLRPEDTAVYYCAAVNPVFPDSRCTLATRYTH
WGQGTQVTVSSAHHSEDP (JGG-G6, SEQ ID NO: 86) of variants thereof.

In certain embodiments amino acid sequence SEQ ID NO: 77 or a variant thereof,
QVQLVETGGGLAQAGDSLRLSCVEPGRTLDMYAMGWIRQAPGEEREFVASISGVGGSP
RYADSVKGRFTISKDNTKSTIWLQMNSLKPEDTAVYYCAAGGDIYYGGSPQWRGQGT
RVTVSSEPKTPKPQ (JET-A9) binds to Stx1 or a portion or homolog thereof.

In certain embodiments amino acid sequence SEQ ID NO: 78 or a variant thereof,
QVQLVESGGGLVQAGGSLRLSCAASGRINGDYAMGWFRQAPGEEREFVAVNSWIGGS
TYYTDSVKGRFTLSRDNAKNTLSLQMNSLKPEDTAVYYCAAGHYTDFPTYFKEYDY W
GQGTQVTVSSEPKTPKPQ (JGG-D4) binds to Stx1 or a portion or homolog thereof.

In certain embodiments amino acid sequence SEQ ID NO: 79 or a variant thereof,
QVQLVETGGLVQAGGSLRLSCAASGVPFSDYTMAWFRQAPGKEREVVARITWRGGGP
YYGNSGNGRFAISRDIAKSMVYLHMDSLKPEDTAVYYCAASRLRPALASMASDYDYW
GQGTQVSVSSEPKTPKPQ (JEN-D10) binds to Stx2 or a portion or homolog thereof.
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In certain embodiments amino acid sequence SEQ ID NO: 80 or a variant thereof,
QVQLVESGGGLVQPGESLRLSCVASASTFSTSLMGWVRQAPGKGLESVAEVRTTGGTF
YAKSVAGRFTISRDNAKNTLYLQMNSLKAEDTGVYYCTAGAGPIATRYRGQGTQVTVS
SAHHSEDP (JGH-G1) binds to Stx2 or a portion or homolog thereof.

In certain embodiments amino acid sequence SEQ ID NO: 81 or a variant thereof,
QVQLVESGGGLVQPGGSLKLSCAASGFTLADYVTVWFRQAPGKSREGVSCISSSRGTPN
YADSVKGRATVSRNNANNTVYLQMNGLKPDDTAIYYCAAIRPARLRAYRECLSSQAE
YDYWGQGTQVTVSSAHHSEDP (JEU-A6) binds to Stx2 or a portion or homolog thereof.

In certain embodiments amino acid sequence SEQ ID NO: 82,
QVQLVESGGGLVQPGGSLGLSCAMSGTTQDYSAVGWFRQAPGKEREGVSCISRSGRRT
NYADSVRGRFTISRDNAKDTVYLQMNSLKPDDTAVYYCAARKTDMSDPYYVGCNGM
DYWGKGTLVTVSSAHHSEDP (JEU-D2) binds to Stx2 or a portion or homolog thereof.

In certain embodiments amino acid sequence SEQ ID NO: 83 or a variant thereof,
QVQLVESGGGLVQPGGSLTLSCTASGFTLNSYKIGWFRQAPGKEREGVSCINSGGNLRS
VEGRFTISRDNTKNTVSLHMDSLKPEDTGVYHCAAAPALNVFSPCVLAPRYDYWGQGT
QVTVSSAHHSEDP (JGH-G9) binds to Stx2 or a portion or homolog thereof.

In certain embodiments amino acid sequence SEQ 1D NO: 84 or a variant thereof,
QVQLVESGGGLVQPGGSLRLSCAASGFTLGSYHIGWFRHPPGKEREGTSCLSSRGDYTK
YAEAVKGRFTISRDNTKSTVYLQMNNLKPEDTGIYVCAAIRPVLSDSHCTLAARYNYW
GQGTQVTVSSAHHSEDP (JFD-A4) binds to Stx1, Stx2, or both Stx1 and Stx2. In various
embodiments SEQ ID NO: 84 binds to at least one of Stx1, Stx2, or a portion or homolog
thereof.

In certain embodiments amino acid sequence SEQ ID NO: 85 or a variant thereof,
QVQLVESGGGLVQPGGSLRLSCAALEFTLEDYAIAWFRQAPGKEREGVSCISKSGVTKY
TDSVKGRFTVARDNAKSTVILQMNNLRPEDTAVYNCAAVRPVFVDSVCTLATRYTYW
GEGTQVTVSSAHHSEDP (JFD-AS) binds to Stx1, Stx2, or both Stx1 and Stx2. In various
embodiments SEQ ID NO: 85 binds to at least one of Stx1, Stx2, or a portion or homolog
thereof.

In certain embodiments amino acid sequence SEQ ID NO: 86 or a variant thereof,
QVQLVETGGGLVQPGGSLKLSCAASEFTLDDYHIGWFRQAPGKEREGVSCINKRGDY1
NYKDSVKGRFTISRDGAKSTVFLOQMNNLRPEDTAVYYCAAVNPVFPDSRCTLATRYTH
WGQGTQVTVSSAHHSEDP (JGG-G6) binds to Stx1, Stx2, or both Stx1 and Stx2. In various
embodiments SEQ ID NO: 86 binds to at least one of Stx1, Stx2, or a portion or homolog

thereof.
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In various embodiments, the amino acid sequence of the composition further includes an
amino acid analog, an amino acid derivative, or a conservative substitution of an amino acid
residue. The binding protein in various embodiments includes an amino acid sequence that is
substantially identical to the amino acid sequence of SEQ ID NOs: 56-87 and 95 or variants
thereof. In related embodiments, substantially identical means that the amino acid sequence of
the binding protein has at least about 50% identity, at least about 60% identity, at least about
65% identity, at least about 70% identity, at least about 75% identity, at least about 80%
identity, at least about 85% identity, at least about 90% identity, at least about 95% identity, at
least about 97% identity, at least about 98% identity, or at least about 99% identity to the amino
acid sequence of SEQ ID NOs: 56-87 and 95. Alternatively, the binding protein is encoded by at
least one nucleotide sequence or the protein includes amino acid sequence selected from the
group of SEQ ID NOs: 1-87 and 95, and substantially identical to any of these sequences.

The composition in various embodiments further includes the binding protein or a source
of expression of the binding protein selected from the group of: a purified binding protein
preparation; a nucleic acid vector with a gene encoding the binding protein; a viral vector
encoding the binding protein; and a naked nucleic acid encoding the binding protein which is
expressed from the DNA. In related embodiments, the viral vector is derived from a genetically
engineered genome of at least one virus selected from: an adenovirus, an adeno-associated virus,
a herpes virus, and a lentivirus.

In a related embodiment of the composition, the binding protein is heterodimeric. In
various embodiments, the heterodimeric binding protein includes a first binding region and a
second binding region. For example the first binding region and the second binding region
include VHHs, and the first binding region binds specifically to a C. difficile TcdA and the
second binding region binds specifically to a C. difficile TcdB. In various embodiments, homo-
or hetero- tetramers are also provided (e.g. four binding regions which bind specifically to a C.
difficile TcdA, four binding regions which bind specifically to C. difficile TcdB, three binding
regions which bind specifically to C. difficile TcdA and one binding region which binds
specifically to C. difficile TcdB, three binding regions which bind specifically to C. difficile
TcdB and one binding region which binds specifically to C. difficile TcdA, and two binding
regions which bind specifically to C. difficile TcdA and two binding regions which binds
specifically to C. difficile TcdB).

An aspect of the invention provides a kit for treating a subject exposed to or at risk for
exposure to a disease agent including: a pharmaceutical composition for treating a subject at risk

for exposure to or exposed to a disease agent, the pharmaceutical composition including: at least
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one recombinant heteromultimeric neutralizing binding protein comprising a plurality binding
regions, such that the binding regions are not identical, and each binding region specifically
binds a non-overlapping portion of the disease agent, such that the binding protein neutralizes
the disease agent, thereby treating the subject for exposure to the disease agent; a container; and,
instructions for use. In various embodiments, the instructions for use include instructions for a
method for treating a subject at risk for exposure to or exposed to a disease agent using the
pharmaceutical composition.

In various embodiments of the kit, the binding protein is selected from the group of: a
single-chain antibody (scFv); a recombinant camelid heavy-chain-only antibody (VHH); a shark
heavy-chain-only antibody (VNAR); a microprotein; a darpin; an anticalin; an adnectin; an
aptamer; a Fv; a Fab; a Fab'; and a F(ab')..

In a related embodiment of the kit, the binding protein includes a linker. In various
embodiments, the linker includes at least one selected from: a peptide, a protein, a sugar, or a
nucleic acid. For example, the linker includes amino acid sequence GGGGS (SEQ ID NO: 54),
or GGGGSGGGGSGGGGS (SEQ ID NO: 55), or a portion or variant thereof. Alternatively, the
linker includes a single amino acid or a plurality of amino acids.

In related embodiments of the kit, the disease agent for which the binding protein and
binding regions are specific is selected from: a virus, a cancer cell, a fungus, a bacterium, a
parasite, and a product of one of those such as a pathogenic molecule, a protein, a
lipopolysaccharide, or a toxin. In related embodiments, the toxin for which the binding protein is
specific is a Botulinum neurotoxin including a serotype selected from: A, B, C, D, E, F, and G.
In various embodiments of the kit, the toxin for which the binding protein is specific is at least
one selected from the group of: staphylococcal a-hemolysin, staphylococcal leukocidin,
aerolysin cytotoxic enterotoxin, a cholera toxin, a Bacillus cereus hemolysis II toxin, a
Helicobacter pylori vacuolating toxin, a Bacillus anthracisi toxin, a cholera toxin, an
Escherichia coli serotype O157:H7 toxin, an Escherichia coli serotype O104:H7 toxin, a
lipopolysaccharide endotoxin, a Shiga toxin, a pertussis toxin, a Clostridium perfringens iota
toxin, a Clostridium spiroforme toxin, a Clostridium difficile toxin A, a Clostridium difficile -
toxin B, a Clostridium septicum o. toxin, and a Clostridium botulinum C2 toxin. In certain
embodiments, the binding regions of the binding protein are specific to different classes of
disease agents, €.g., each of the plurality of binding regions is different and is specific for an
agent from bacteria, virus, fungus, cancer, and a pathogenic molecule. For example a binding

region is specific for a virus and another binding region is specific for a bacterium.
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In a related embodiment of the kit, the binding protein is specific for a toxin which is a
C. botulinum toxin, and the binding region includes a recombinant camelid heavy-chain-only
antibody, such that the pharmaceutical composition includes the binding protein that has an
amino acid sequence selected from the group consisting of: SEQ ID NO: 56, SEQ ID NO: 57,
SEQ ID NO: 58, or a portion or variant thereof.

In a related embodiment of the kit, the binding region of the binding protein is specific
for a toxin which is a C. botulinum toxin A, such that the binding region of the binding protein
includes a recombinant camelid heavy-chain-only antibody having an amino acid sequence
selected from the group of: SEQ ID NO: 59, SEQ ID NO: 60, SEQ ID NO: 61, SEQ ID NO: 62,
SEQ ID NO: 63, SEQ ID NO: 64, SEQ ID NO: 87, SEQ ID NO: 95, and a portion or variant
thereof.

In a related embodiment of the kit, the toxin for which the binding protein is specific is a
C. difficile toxin B, and the binding region of the binding protein includes a recombinant
camelid heavy-chain-only antibody having an amino acid sequence selected from: SEQ [D NO:
65, SEQ ID NO: 66, SEQ ID NO: 67, SEQ ID NO: 68, SEQ ID NO: 69, SEQ 1D NO: 70, SEQ
ID NO: 71, SEQ ID NO: 72, SEQ ID NO: 73, SEQ ID NO: 74, SEQ ID NO: 75, SEQ 1D NO:
76, SEQ ID NO: 87, SEQ ID NO: 95, and a portion or variant thereof. In certain embodiments,
the binding protein and/or binding regions are encoded by a nucleotide sequence or the binding
protein and/or regions include an amino acid sequence selected from the group of SEQ ID NOs:
1-87 and 95, or are substantially identical to these sequences.

In a related embodiment, the binding protein is specific for a Shiga toxin, and the binding
region of the binding protein includes a recombinant camelid heavy-chain-only antibody having
an amino acid sequence selected from: SEQ ID NO: 77, SEQ ID NO: 78, SEQ ID NO: 79, SEQ
ID NO: 80, SEQ ID NO: 81, SEQ ID NO: 82, SEQ ID NO: 83, SEQ ID NO: 84, SEQ ID NO:
85, and SEQ ID NO: 86 or variants thereof.

An aspect of the invention provides a composition including at least one amino acid
sequence selected from the group of: SEQ ID NO: 59, SEQ ID NO: 60, SEQ ID NO: 61, SEQ
ID NO: 62, SEQ ID NO: 63, SEQ ID NO: 64, SEQ ID NO: 65, SEQ ID NO: 66, SEQ ID NO:
67, SEQ 1D NO: 68, SEQ ID NO: 69, SEQ ID NO: 70, SEQ ID NO: 71, SEQ ID NO: 72, SEQ
ID NO: 73, SEQ 1D NO: 74, SEQ ID NO: 75, SEQ 1D NO: 76, SEQ ID NO: 77, SEQ ID NO:
78, SEQ 1D NO: 79, SEQ ID NO: 80, SEQ ID NO: 81, SEQ ID NO: 82, SEQ ID NO: 83, SEQ
ID NO: 84, SEQ ID NO: 85, SEQ ID NO: 86, SEQ ID NO: 87, SEQ ID NO: 94, SEQ ID NO:
95 or a portion or variant thereof. The composition in various embodiments includes an amino

acid sequence that is substantially identical to the amino acid sequence of SEQ ID NOs: 59-86.
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In related embodiments, substantially identical means an amino acid sequence that has at least
60% identity, at least 65% identity, at least 70% identity, at least 75% identity, at least 80%
identity, at least 85% identity, at least 90% identity, at least 95% identity, at least about 97%
identity, at least about 98% identity, or at least 99% identity to an amino acid sequence of any of
SEQ ID NOs: 56-87 and 95.

An aspect of the invention provides a method for treating a subject at risk for exposure to
or exposed to a plurality of disease agents, the method including: contacting the subject with at
least one recombinant heteromultimeric neutralizing binding protein including two or more
binding regions, such that the binding protein neutralizes at least two (plurality) of disease
agents, thereby treating the subject for exposure to the plurality of disease agents.

In a related embodiment of the method, the at least two of the binding regions are
identical. Alternatively, the at least two binding regions include at least two non-identical
binding regions. In related embodiments of the method, the binding protein is at least one
selected from the group of: a heterodimer, a trimer, a tetramer, a pentamer, and a hexamer. In
various embodiments, the tetramer includes a homodimer of a heterodimer, for example a
heterodimer of AH3 and AA6 as is shown in SEQ ID NO: 95.

In various embodiments, the plurality from which the exemplary disease agents are
selected from a virus, a cancer cell, a fungus, a bacterium, a parasite and a product thereof such
as a pathogenic molecule, a protein, a lipopolysaccharide, or a toxin. For example the disease
agents include toxins such as TcdA and TedB.

In related embodiments of the method, the binding protein includes at least one selected
from the group of SEQ ID NOs: 56-87 and 95 or a portion or a homologue or variant thereof.

In related embodiments of the method, the binding protein is selected from the group of:
a single-chain antibody (scFv); a recombinant camelid heavy-chain-only antibody (VHH); a
shark heavy-chain-only antibody (VNAR); a microprotein; a darpin; an anticalin; an adnectin; an
aptamer; a Fv; a Fab; a Fab'; and a F(ab'), In a related embodiment of the method, the binding
protein includes a linker located between each of the multimeric components of the binding
regions. In various embodiments, the linker is at least one selected from the group of: a peptide,
a protein, a sugar, or a nucleic acid. For example, the linker comprises amino acid sequence
GGGGS (SEQ ID NO: 54) or amino acid sequence GGGGSGGGGSGGGGS (SEQ IDNO: 55).

In a related embodiment, the method further includes prior to contacting, engineering the
binding protein using a dimerization agent. In a related embodiment, the dimerization agent

includes amino acid sequence
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TSPSTVRLESRVRELEDRLEELRDELERAERRANEMSIQLDEC (SEQ ID NO:94), or a
portion or variant thereof.

In various embodiments of the method, the plurality of disease agents is at least two
selected from the group of: Staphylococcal o-hemolysin, Staphylococcal leukocidin, aerolysin
cytotoxic enterotoxin, a cholera toxin, Bacillus cereus hemolysis 11, and Helicobacter pylori
vacuolating toxin, Bacillus anthracis, cholera toxin, Escherichia coli serotype O157:H7,
Escherichia coli serotype 0104:H7, lipopolysaccharide endotoxin, Shiga toxin, pertussis toxin,
Clostridium perfringens iota toxin, Clostridium spiroforme toxin, Clostridium difficile toxin A,
Clostridium difficile toxin B, Clostridium septicum a toxin, and Clostridium botulinum C2 toxin.
In related embodiments of the method, the binding protein includes at least one selected from

the group of: SEQ ID NOs: 56-87 and 95 or variants thereof.

Binding agent

The binding agent or binding protein is in one embodiment, a molecule that binds to a
portion of a target molecule, disease agent, or disease agent target. The binding protein treats
the subject by any or all of several mechanisms, including promoting clearance, phagocytosis,
neutralization, inhibition, and activation of the immune response. The term “binding agent” or
“binding protein”, includes in addition to full-length antibodies, molecules such as antibody
fragments (e.g., single chain antibodies, and VHHs), microproteins (also referred to as cysteine
knot proteins or knottins), darpins, anticalins, adnectins, peptide mimetic molecules, aptamers,
synthetic molecules, and refers to any composition that binds to a target and/or disease agent and
elicits an immune effector activity against the molecule target and/or disease agent. In certain
embodiments, the binding protein is a recombinant multimeric neutralizing binding protein
including two or more binding regions, such that the binding regions are not identical, and each
and/or disease agent. Alternatively, the binding protein includes binding regions that bind
specifically to different types of disease agents such as different types of pathogenic molecules
such as bacteria, viruses, fungi, allergens, and toxins. For example at least one binding region of
the binding protein bind to a virus surface protein, and at least one different binding regions
binds to a bacterial toxin.

The multimeric neutralizing binding protein herein in certain embodiments includes one
or a plurality of epitopic tags. In certain embodiments, the binding protein includes a linker that
covalently connects each binding region of the heterodimer. For example, the linker is a single
amino acid or a sequence of a plurality of amino acids that does not affect or reduce the stability,
orientation, binding, neutralization, and/or clearance characteristics of the binding regions and
binding protein. In certain embodiments, each binding region is specific to a non-identical
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disease agent. For example the binding protein in certain embodiments includes a binding region
specific to a bacterium or bacterial toxin, and at least one other binding region is specific to a
virus, fungus, allergen, or to a non-identical bacterium or bacterial toxin. For example, a
multimeric binding protein in certain embodiments has binding regions specific to a TedA and
to a TedA or to a Shiga toxin, or the respective binding regions are specific to each of a
Botulinum toxin and a virus.

In certain embodiments, the binding protein neutralizes or inhibits the molecule target
and/or disease agent for example by preventing the disease agent entry into cells. In certain
embodiments, the binding protein upon being administered to the subject neutralizes the toxin
and/or triggers an antibody mediated effector activity in the subject.

The binding protein is in certain embodiments a monomer (e.g., a single unit), or
includes a covalently bound protein including a plurality of monomers such as for example a
dimer, a trimer, a tetramer, a pentamer, an octamer, a 10-mer, a 15-mer, a 20-mer, or any
multimer. In certain embodiments, the binding protein is a monomer and the binding protein has
one binding region that binds to an epitope of the molecule target and/or disease agent.
Alternatively, the binding protein in certain embodiments has two or more connected or joined
monomers each with a binding region and each binding to an epitope of a disease agent or to a
plurality of epitopes of disease agents. The multimeric binding protein in certain embodiments
includes the same monomer. Alternatively the multimeric binding protein includes monomers or
binding regions or a combination thereof (i.e., heteromulteric). Accordingly, the multimers can
be homogeneous such that each includes two or more monomers having a binding region that
binds to the same site of a disease agent. Alternatively the multimers are heterogeneous and
include two or more monomers having a binding region that binds to two or more different sites
of one or more disease agents. The heterogeneous multimers (heteromultimers) bind non-
overlapping portions of the molecule target and/or disease agent. In various embodiments, the
binding protein is a homodimer of a heterodimer or a heterotrimer. In a related embodiment, the
heteromultimers bind a plurality of non-identical epitopes on a plurality of disease agents.

In certain embodiments the binding protein includes a single tag, multiple tags, for
example each multimeric binding protein includes two or more tags on each component binding
region (i.e., monomer). Alternatively, the heterodimer comprises no tag attached to the
monomers and/or linker. In certain embodiments, presence of the tag on or operably fused to the
binding protein and/or binding region synergistically induces clearance of the disease agent from
the body. For example the tag attached to the binding protein induces an immune response from

a patient or subject contacted with a pharmaceutical composition containing the tagged-binding
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protein. In certain embodiments the tag includes a portion (e.g., conserved, unique, in-activated,
and non-functional) of a pathogenic molecule. In certain embodiments, the tag is an adjuvant.
See Gerber et al. U.S. patent number 7,879,333 issued February 1, 2011 which is incorporated
by reference herein in its entirety. For example, the tag is a peptide, carbohydrate, polymer, or
nucleic acid that is effective for enhancing neutralization and/or clearance of the disease agent or
plurality of disease agents.

The multimeric binding protein in certain embodiments is a heterodimer having
two tags, one tag attached to each monomer, or alternatively the heterodimer includes one tag on
each monomer or one tag total on one of the two monomers. The term “heterodimer” includes a
single protein having two different monomers are joined by a linker. Data herein shown that a
heterodimers having two E-tags effectively protected animals exposed to hundreds-fold and/or
thousands-fold the lethal dose of a single disease agent such as a C. difficile toxin A. Examples
herein show that recombinant multimeric binding proteins, having two or more non-identical
binding regions, administered to subjects either before or after contact with a disease agent
resulted in comparable and better antitoxin efficacy than serum-based polyclonal antitoxins.

The binding agents/proteins described herein include binding agent/protein portions,
regions, and fragments. For example, the binding protein is an antibody and, in certain
embodiments the binding protein includes antibody fragments. The term "antibody fragment"
refers to portion of an immunoglobulin having specificity to an molecule target and/or disease
agent, or a molecule involved in the interaction or binding of the molecule target and/or disease
agent. The term "antibody fragment" encompasses fragments from binding protein, for example
both polyclonal and monoclonal antibodies including transgenically produced antibodies, single-
chain antibodies (scFvs), recombinant Fabs, and recombinant heavy-chain-only antibodies
(VHHs), e.g., from any organism producing VHH antibody such as a camelid, a shark, or a
designed VHH.

VHHs are antibody-derived therapeutic proteins that contain the unique structural and
functional properties of naturally-occurring heavy-chain antibodies. VHH technology is based
on fully functional antibodies from camelids that lack light chains. These heavy-chain antibodies
contain a single variable domain (VHH) and two constant domains (CH2 and CH3). The cloned
and isolated VHH domain is a stable polypeptide harboring the antigen-binding capacity of the
original heavy-chain antibody. See Castorman et al. U.S. patent number 5,840,526 issued
November 24, 1998; and Castorman et al. U.S. patent number 6,015,695 issued January 18,
2000, each of which is incorporated by reference herein in its entirety. VHHs are commercially
available from Ablynx Inc. (Ghent, Belgium) under the trademark of NANOBODIES™,
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Suitable methods of producing or isolating antibody fragments having the requisite
binding specificity and affinity are described herein and include for example, methods which
select recombinant antibody from a library, by PCR (See Ladner U.S. patent number 5,455,030
issued October 3, 1995 and Devy et al. U.S. patent number 7,745,587 issued June 29, 2010, each
of which is incorporated by reference herein in its entirety).

Functional fragments of antibodies, including fragments of chimeric, humanized,
primatized, veneered or single chain antibodies, can also be produced. Functional fragments or
portions of the foregoing antibodies include those which are reactive with the disease agent. For
example, antibody fragments capable of binding to the disease agent or portion thereof,
including, but not limited to scFvs, Fabs, VHHs, Fv, Fab, Fab' and F(ab'), are encompassed by
the invention. Such fragments can be produced by enzymatic cleavage or by recombinant
techniques. For instance, papain or pepsin cleavage are used generate Fab or F(ab'), fragments,
respectively. Antibody fragments are produced in a variety of truncated forms using antibody
genes in which one or more stop codons has been introduced upstream of the natural stop site.
For example, a chimeric gene encoding a F(ab"); heavy chain peptide portion can be designed to
include DNA sequences encoding the CH; peptide domain and hinge region of the heavy chain.
Accordingly, the present invention encompasses a polynucleic acid that encodes the binding
protein described herein (e.g., a binding fragment with a tag). Binding proteins in certain
embodiments are made as part of a multimeric protein, the monomer or single binding region
(e.g., antibody fragments, microproteins, darpins, anticalins, adnectins, peptide mimetic
molecules, aptamers, synthetic molecules, etc) can be linked. Any combination of binding
protein or binding region types can be linked. In an embodiment, the monomer or binding region
of a multimeric binding protein can be linked covalently. In another embodiment, a monomer
binding protein can be modified, for example, by attachment (directly or indirectly (e.g., via a
linker or spacer)) to another monomer binding protein. A monomer in various embodiments is
attached or genetically fused to another monomer e.g., by recombinant protein that is engineered
to contain extra amino acid sequences that constitute the monomers. Thus, the DNA encoding
one monomer is joined (in reading frame) with the DNA encoding the second monomer, and so
on. Additional amino acids in certain embodiments are encoded between the monomers that
produce an unstructured region separating the different monomers to better promote the
independent folding of each monomer into its active conformation or shape. Commercially
available techniques for fusing proteins are used in various embodiments to join the monomers

into a multimeric binding protein of the present invention.
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The term “antagonist” as used herein includes proteins or polypeptides that bind to the
disease agent, inhibit function of the disease agent, and are included in certain embodiments to
the binding region of the binding protein.

A binding protein includes any amino acid sequence that binds to the disease agent or
target including molecules that have scaffolds. Examples of binding proteins having scaffolds
are DARPins, Anticalins, and AdNectins. DARPins are derived from natural ankyrin repeat
proteins and bind to proteins including e.g., human receptors, cytokines, kinases, human
proteases, viruses and membrane proteins (Molecular Partners AG Zurich Switzerland).
Anticalins are derived from lipocalins, and comprise a hypervariable loops supported by a
conserved B-sheet framework, which acts as a binding protein. (Pieris AG, Germany). The
scaffold for anticalins are lipocalins. AdNectins are derived from human fibronectin (e.g., the
scaffold), and bind to targets of various medical conditions and are commercially available from
Adnexus (Waltham, Massachusetts). See also Alexandru et al. U.S. patent number 7,867,724
issued January 11, 2011, which is incorporated by reference herein in its entirety. In certain
embodiments, the binding protein having the scaffold is encoded by a nucleotide sequence or the
binding protein includes an amino acid sequence that is substantially identical or homologous to
the sequences described herein, for example SEQ ID NO: 1-87 and 95 or variants thereof.
Recombinant multimeric binding proteins herein include amino acid sequences from a binding
protein sequence having conservative sequence modifications. As used herein, the term
“conservative sequence modifications” refers to amino acid modifications that do not
significantly affect or alter the characteristics (e.g., neutralization, clearance, binding, stability,
and orientation) of the binding protein, i.e., amino acid sequences of binding protein that present
these side chains at the same relative positions will function in a manner similar to the binding
protein. Such conservative modifications include amino acid substitutions, additions and
deletions. Modification of the amino acid sequence of recombinant multimeric binding protein
is achieved using any known technique in the art e.g., site-directed mutagenesis or PCR based
mutagenesis. Such techniques are described in Sambrook et al., Molecular Cloning: 4
,Lab()ratory Manual, Cold Spring Harbor Press, Plainview, NY, 1989 and Ausubel et al., Current
Protocols in Molecular Biology, John Wiley & Sons, New York, NY, 1989. Conservative amino
acid substitutions are modifications in which the amino acid residue is replaced with an amino
acid residue having a similar side chain such as replacing a small amino acid with a different
small amino acid, a hydrophilic amino acid with a different hydrophilic amino acid, etc.

Examples herein show that a molecule target and/or disease agent is bound by a binding

protein, the molecule target and/or disease agent exemplified by a bacterial toxin released by the
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pathogen, for example a botulinum toxin. Botulinum toxin serotypes A to G are synthesized by
organisms including Clostridium botulinum, Clostridium baratii, and Clostridium butyricum.
Simpson, L. L 2004 Annu. Rev. Pharmacol. Toxicol. 44: 167-193. C. botulinum produces
serotypes A to G, C. baratii produces serotype F, and C. butyricum produces serotype E only.
The structures and substrates for each of the botulism toxin serotypes as well as the serotype
specific cleavage sites have been determined, and the mechanism of toxin killing has been
elucidated. The botulinum toxin acts preferentially on peripheral cholinergic nerve endings to
block acetylcholine release, and causes disease (i.e., botulism) and can be used to treat disease
(e.g., dystonia). Ibid., Abstract. The toxigenicity of botulinum toxin depends on penetration of
the toxin through cellular and intracellular membranes. Thus, toxin that is ingested or inhaled
binds to epithelial cells and is transported to the general vascular circulation. Toxin that reaches
peripheral nerve endings binds to the cell surface then penetrates the plasma membrane by
receptor-mediated endocytosis and the endosome membrane by pH-induced translocation. 1bid.,
Abstract. Internalized toxin acts in the cytosol as a metalloendoprotease to cleave polypeptides
that are essential for exocytosis.

Examples herein show binding proteins/agents that specifically bind each of a variety of
distinct serotypes of a microbial neurotoxin that causes botulism, BoNT/A and BoNT/B. The
amino acid sequence of the binding agents include scFvs and VHHs for example SEQ ID NOs:
2,4, 6,8, 10,12, 14, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52 or
combinations or portions or variants thereof. The corresponding nucleic acid sequences of
binding agents are shown in SEQ ID NOs: 1, 3,5, 7,9, 11, 13, 19, 21, 23, 25, 27, 29, 31, 33, 35,
37,39, 41, 43, 45, 47, 49, 51 or a combination or variant thereof. In various embodiments the
amino acid sequence of the binding agents includes VHHs for example SEQ ID NO: 56-87 or 95
or combinations or portions or variants thereof. In certain embodiments, the binding agent
includes a tag that was engineered as a portion of the binding agent, for example the tag has
amino acid sequence of SEQ ID NO: 15, and is genetically fused to the carboxyl end of the
binding agents. In certain embodiments, the tag enhances ability of the binding protein to
neutralize and/or clear the disease agent from the subject. FIG. 5 shows a phylogenetic tree of
JDQ-BS5 (SEQ ID NO: 24), a VHH binding agent that specifically binds to BoNT/A and other
VHHs that compete with JDQ-BS5 for binding to BoNT/A. The length of the branches in the tree
represents the relatedness of the sequences with the shorter branches indicating greater
relatedness (i.e., homology) and the longer branches indicating less homology of the amino acid

sequences.
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The present invention provides a number of different binding proteins, each having
binding regions with specificity and affinity to target different areas of one or more disease
agents. In an embodiment, two or three binding proteins specific to different epitopes of a
disease agent are used. In a disease having a number of disease agents involved in causing the
disease or condition, such as botulism, multiple disease agents are targeted by the compositions
and methods herein. In the case of botulism, since any one of at least seven neurotoxin
serotypes are involved, a pool/mixture of binding proteins is prepared containing binding
proteins for a plurality of known serotypes that cause the disease in humans. Botulism is often
caused by exposure to a single BoNT serotype, and it is generally difficult to quickly determine
which serotype is the cause. Thus, the standard of care in treating botulism includes
administration of a number of antibodies to protect against most if not all of the serotypes that
cause the disease in human. Hence, it is appropriate to protect subjects from botulism, to
stockpile binding proteins that bind to several or preferably all known serotypes that cause
botulism.

The present invention in various embodiments further encompasses compositions that
are multimeric binding proteins having two or more monomers in which a monomer is
exemplified by a VHH amino sequence herein. In various embodiments, the composition
includes at least onne selected from the group of SEQ ID NOs: 56-87 and 95 or variants thereof.
Compositions further include nucleic acid sequences that encode the amino acids sequences
herein, for example SEQ ID NO: 56-87 and 95 or variants thereof. In certain embodiments, the
monomer or binding region includes at least one sequence described herein, for example SEQ
ID NOs: 1-87 and 95 or variants thereof. An embodiment of a multimeric binding protein
includes two or more of the VHH sequences herein expressed as a single protein. Any
combination of two or more of the VHH sequences forms a multimeric binding protein of the
present invention. In a particular embodiment, the present invention relates to a heterodimer, i.e.,
protein, in which any two different VHH sequences herein are expressed as a single protein, i.e.,
linked and expressed as a genetic fusion.

The binding protein in certain embodiments is a multimeric fusion protein engineered
and produced using a multimerization agent to form a complex that effectively binds to and
neutralizes a disease agent or plurality of disease agents (Shoemaker et al. U.S. publication
number 20130058962 published March 7, 2013, which is incorporated by reference herein in its
entirety). In certain embodiments, the multimerization agent includes a dimerization sequence
for example including an amino acid sequence shown in SEQ ID NO: 94. For example the

dimerzation agent complexes peptide fragments each containing at least: about five to 25 amino
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acids, about 25 to 50 amino acids, about 50 to 100 amino acids, about 100 to 150 amino acids,
and about 150 amino acids to about 200 amino acids. Multimerization agents and methods of
using the agents for forming multimeric binding proteins are shown herein in Example 21. See
also Moore et al. U.S. patent number 7,763, 445 issued July 24, 2012 and Carter et al. U.S.
patent number 8,216,865 issued July 10, 2012, each of which is incorporated by reference herein
in its entirety. _

The disease agent target is any from different classes of pathogens, infectious agents or
other unwanted material. A multi-target approach is within the scope of the methods and
compositions herein, exemplified by a binding protein that binds to a viral disease agent, a
bacterial disease agent, a parasite discase agent, a cancer cell, and a protein produced therefrom
and any combination thereof. In various embodiments, a binding protein neutralizes a plurality
of pathogens or unwanted material. Examples herein show a VHH heterodimer that binds to and
neutralizes both TcdA and TedB.

The disease agent, pathogen or infectious agent that is neutralized by the binding
agent is any molecule, virus or bacterium that infects a mammal (e.g., human, horse, dog, goat,
and cow) or a mammalian cell. In certain embodiments, the disease agent is a bacterium selected
from Actinobacillus, Bacillus, Borrelia, Brucella, Campylobacter, Chlamydia, Clostridium,
Coxiella, Enterococcus, Escherichia, Francisella, Hemophilus, Legionella, Mycobacterium,
Neisseria, Pasteurella, Pneumophila, Pseudomonas, Rickettsia, Salmonella, Shigella,
Staphylococcus, Streptococcus, Treponema, and Yersinia. Alternatively, the disease agent is a
virus including for example human immunodeficiency virus, foot-and-mouth disease virus,
avian influenza virus, and sheep pox virus.

The binding agent in various embodiments binds to and neutralizes an infectious agent
and/or a disease agent associated with a pathology resulting from overexpression of a self
protein in the subject such as an immunoglobulin, a leukocyte, a cytokine, and a growth factor.
For example the overexpression is of an inflammatory agent such as a tumor necrosis factor
(e.g., TnFo) or an interleukin (IL) such as IL-1 beta, or IL-6. Alternatively, an infectious agent
and/or a disease agent is associated with expression of a mutated or modified molecule such as a
protein, a sugar, a glycoprotein, or expression of a cell carrying a nucleotide sequence encoding
the disease agent.

The binding agent in various embodiments binds to a cancer cell and/or cancer marker.
For example the cancer cell includes a melanoma; a carcinoma (e.g., colon carcinoma); a

pancreatic cancer; a sarcoma; a lymphoma; a leukemia; a brain tumor such as glioma; a lung
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cancer; an esophageal cancer; a mammary (breast) cancer; a bladder cancer; a prostate cancer; a
head and neck cancer; an ovarian cancer; a kidney cancer; or a liver cancer.

The binding agents described herein are used in certain embodiments to treat symptoms
of an autoimmune disease, a class of disorder which includes Hashimoto's thyroiditis; idiopathic
myxedema, a severe hypothyroidism; multiple sclerosis, a demyelinating disease marked by
patches or hardened tissue in the brain or the spinal cord; myasthenia gravis which is a disease
having progressive weakness of muscles caused by autoimmune attack on acetylcholine
receptors at neuromuscular junctions; Guillain-Barre syndrome, a polyneuritis; systemic lupus
erythematosis; uveitis; autoimmune oophoritis; chronic immune thrombocytopenic purpura;
colitis; diabetes; Grave's disease, which is a form of hypothyroidism; psoriasis; pemphigus
vulgaris; and rheumatoid arthritis (RA).

It will be appreciated that in certain embodiments, the binding agent (e.g., peptide,
protein, or portion or homolog thereof) of this invention can be obtained from a peptide
synthesizer or any commercial supplier of custom peptides produced synthetically, e.g., by solid
phase procedures. For example, peptide synthesis can be performed using various solid-phase
techniques (Roberge et al. 995 Science 269:202) and automated synthesis may be achieved, for
example, using the 431A peptide synthesizer (available from Applied Biosystems of Foster City,
CA) in accordance with the instructions provided by the manufacturer. See also Horowitz et al.

U.S. issued patent number 8,131,480 issued March 6, 2012.

Molecule target and disease agent target

A molecule target and/or disease agent target is any target which is biological (e.g.,
protein, sugar, carbohydrate, DNA, RNA) or chemical to which the binding protein binds, and
is any target associated with a disease, defect or negative condition. The molecule target or
disease agent target is any molecule capable of being bound, or whose activity is altered (e.g.,
neutralized, reduced or ceased), or that can be recognized by immune effectors and leads for
example to clearance, opsonization, killing, and phagocytosis. For example, the disease agent
target in certain embodiments is a portion of a pathogen or a molecule released or secreted by
the pathogen (e.g. toxin). A pathogen is an agent that causes a disease or condition, and includes
a virus, cancer cell, bacterium, parasite or pathogenic protein. The disease agent target includes
a pathogenic protein that is derived from normal cells, such as prions. The pathogenic protein or
other molecule that is disease agent target is either independent of the pathogen or is associated
with or produced by the pathogen.

In certain embodiments, the disease agent is a molecule (e.g, peptide) that is naturally

produced by a plant or bacterium that inactivates or disrupts normal function of cellular
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membranes, cellular compartments, or cellular organelles. For example the disease agent
disrupts function of ribosomes.

A virus is a microscopic particle that infects the cells of a biological organism and
replicates in the host cell. In various embodiments, viral antigens including viral proteins, are
targeted by the binding protein. Binding proteins bind to molecules or receptors on the virus, and
are neutralized and/or cleared using the methods described herein. Examples of viruses that are
neutralized and/or cleared by the binding protein herein include Influenza, Rhinovirus, Rubeola,
Rubella, Herpes, Smallpox, Chickenpox, Human Papilloma, Rabies, and Human
Immunodeficiency viruses.

A parasite is an organism that lives on or in a different organism. Parasites have or
express molecules that are used as a target by the binding agent. Types of parasites include
endoparasites (e.g., parasites that live inside the body of the host) and ectoparasites (e.g.,
parasites that live on the outside of the host's body). Examples of parasites that are treated by the
methods, compositions, and kits herein are shown in Horvitz et al. U.S. patent publication
20110010782 published January 13, 2011. Exemplary parasites include a protozoan (e.g., a
plasmodium, a cryptosporidium, a microsporidium, and isospora), a tick, a louse and a parasitic
worm.

Molecules on cancer cells also are targets of the binding agent. In related embodiments,
the target is a protein on the cancer cell such as a cancer marker. Examples of proteins or
receptors associated with cancer cells include CD33, HER2/neu, CA 125 (MUC16), prostate-
specific antigen (PSA), and CD44.

The disease agent target in certain embodiments includes bacteria including Gram
negative and Gram positive bacteria. Examples of pathogenic bacteria bound by the binding
protein include Clostridium, Staphylococcus, Neisseria, Streptococcus, Moraxella, Listeria, any
of the Enterobacteriaceae, Escherichia coli, Corynebacterium, Klebsiella, Salmonella, Shigella,
Proteus, Pseudomonas, Haemophilus, Bordetella, Legionella, Campylobdcter, Helicobacter,
and Bacteroides. For example, the disease agent target is Bacillus anthracis (Decker, J. 2003
Deadly Diseases and Epidemics, Anthrax. Chelesa House Publishers. pages 1-112).

Enterohemorrhagic Escherichia coli (EHEC) is an emerging food- and water-borne
pathogen that colonizes the distal ileum and colon and produces potent cytotoxins (Donnenberg,
"Infections due to Escherichia coli and other enteric gram-negative bacilli," in ACP Medicine,
WebMD Professional Publishing, Danbury CT, Chapter 7, pp. 8-1 to 8- 18, 2005). After
ingestion of contaminated food, humans develop symptoms ranging from mild diarrhea to the

severe, and at times life-threatening, hemolytic uremic syndrome (HUS). Currently, EHEC is the
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most common cause of pediatric renal failure in the United States (Mead et al, Emerg Infect Dis,
5:607-625, 1999). Several EHEC serotypes cause disease, but the 0157 serotype is by far the
most common cause of EHEC-related disease in North America, Europe and Japan (Feng,
"Escherichia coli " in Garcia (ed.) Guide to Foodborne Pathogens. John Wiley and Sons, Inc.,
pp. 143-162, 2001). See also Waldor et al., U.S. patent publication number 2010/0092511 Al
published April 15, 2012, which is incorporated by reference herein in its entirety.

Shiga toxins are a family of related toxins with two major groups, Stx1 and Stx2
(Friedman et al., 2001 Curr Opin Microbiol 4 (2): 201-7). The toxins are named for Kiyoshi
Shiga, who first described the bacterial origin of dysentery caused by Shigella dysenteriae. The
most common sources for Shiga toxin are the bacteria S. dysenteriae and the Shigatoxigenic
group of Escherichia coli (STEC), which includesserotypes O157:H7, 0104:H4, and
other enterohemorrhagic E. coli, EHEC (Spears et al. 2006 FEMS Microbiology Letter 187-202;
Sandvig et al. 2000 EMBO J 19 (22): 5943-5950; and Krautz-Peterson et al. 2008 Infection and
Immunity 76(5) 1931-1939; and Vermeij U.S. patent number 7,807,184 issued October 3, 2010,
each of which is incorporated by reference herein in its entirety. Symptoms associated with
Shiga toxin-exposure caused infection by EHEC include watery stool followed by severe
abdominal pain and bloody stool. Exposed persons develop complications leading to HUS,
encephalopathy, and even death (Masuda et al., U.S. patent number 7,345,161 issued March 18,
2008).

Methods for ascertaining the target molecule or disease agent are described herein and
depend on the type of molecule being inhibited. For example, in a case in which a class or
group of bacteria are to be inhibited, conserved regions of bacteria are targeted, and binding
agents that bind to these targets are constructed. Methods for targeting a conserved region or
polymorphic region of a nucleotide sequence that encodes the target molecule, or the target
molecule having an amino acid sequence are shown in Cicciarelli et al., U.S. patent publication
number 2005/0287129 A1 published December 29, 2005 which is incorporated by reference
herein in its entirety. In other embodiments, if a specific disease agent such as a bacterium is to
be inhibited, a non-conserved region of the disease agent is targeted with the binding agents.
The binding of the agents are determined and/or measured for example using standard assays,
for example an enzyme-linked immunosorbent assay (ELISA), western blot and
radioimmunoassay.

A molecule target or a disease agent target includes pathogenic molecules including
polypeptides or toxins to which the binding protein described herein binds, neutralizes and/or

clears. The term “pathogenic protein” refers to a protein that can cause, directly or indirectly, a
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disease, or condition in an individual. A pathogenic protein is for example a protein or a toxin
produced by a bacterium, a virus, or a cancer cell. A recombinant multimeric binding protein
described herein binds non-overlapping areas of the disease agent target (e.g., a toxin produced
by a bacterium) and protects the subject from the pathology of the disease agent target by
neutralizing and/or clearing the target. The binding protein protects subjects from negative
symptoms caused by exposure to the disease agent target, and the risk of negative symptoms
caused by a potential exposure to the target.

Anti-tag antibody described herein is used in various embodiments to effect or facilitate
effector functions. The anti-tag antibody includes for example an immunoglobulin such as IgA,
IgD, IgE, IgG, and IgM, and subtypes thereof. In addition to monoclonal antibodies, polyclonal
antibodies specific to the tag are used in the methods, compositions and kits described herein.
Effector functions are performed for example immune molecules interaction with the Fe portion
of the immunoglobulin. Depending on the type of immunoglobulin chosen, the effector
functions results in clearance of the disease agent (e.g., excretion, degradation, lysis or
phagocytosis).

Mammalian antibody types IgA, IgD, IgE, IgG, and IgM, and antibody subtypes are
classified according to differences in their heavy chain constant domains. Each immunoglobulin
class differs in its biological properties and characteristics. IgA is found for example in areas
containing mucus (e.g. in the gut, respiratory tract, and urogenital tract) and prevents the
colonization of mucosal areas by pathogens. IgD functions as a disease agent receptor on B
cells. IgE binds to allergens and triggers histamine release from mast cells and also provides
protection against helminths (worms). [gG, in four forms, provides the majority of antibody-
based immunity against invading pathogens. IgM has a very high affinity for eliminating
pathogens in the early stages of B cell mediated immunity, and is expressed on the surface of B
cells and also in a secreted form.

Leukocytes such as mast cells and phagocytes have specific receptors on the cell surface
for binding antibodies. These Fc receptors interact with the Fc region of classes of antibodies
(e.g. IgA, 1gG, TIgE). The engagement of a particular antibody with the Fc receptor on a
particular cell triggers the effector function of that cell. For example, phagocytes function to
perform phagocytosis, and mast cells function to degranulate. Effector functions generally result
in destruction of an invading microbe. In various embodiments, the type of immunoglobulin is
chosen specifically for a type of desired effector function.

The present invention includes methods of administering one or more recombinant

multimeric binding proteins to a subject (e.g., human, cow, horse, pig, mouse, dog, and cat).
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The binding protein is administered in certain embodiments as a monomer, or as a multimeric
binding protein comprising a plurality of monomers having different binding regions. The
methods and compositions herein involve administration of one or more multimeric binding
agents that include monomers that each has a binding region that is specific to the disease agent.
The binding agent for example includes one or more tags. The binding agent/protein binds to
the target region on the disease protein. Administration of two or more binding proteins (e.8.,
monomer binding proteins or multimeric binding proteins), in various embodiments, increased
the effectiveness of the antibody therapy, and reduced the severity of one or more negative
symptoms of exposure of the disease protein target. The binding protein is administered in
various embodiments as a single monomer, a mixture of multiple (e.g., two or more) monomers,
a multimeric binding protein including a plurality of monomers that are same or different, a
mixture of multiple (e.g., two or more) multimeric binding proteins comprising more than one
monomer, or any combination thereof. Examples herein show that administration of a binding
protein containing more than one copy of the tag resulted in increased protection against a
disease agent target, e.g., botulinum toxin serotype A. A single anti-tag antibody type in certain
embodiments binds to all binding proteins having a tag. In certain embodiments in which the
binding proteins have multiple copies (e.g., two or more) of the same tag, the anti-tag antibody
binds to each copy of the tag on the binding protein. The phrase, "antibody therapeutic proteins”
or "antibody therapeutic preparation" refers to one or more compositions that include at least one
binding protein and optionally at least one anti-tag antibody. The multimeric binding protein
preparation in certain embodiments contains additional elements including carriers as described
herein.

The administration of the one or more binding proteins and/or anti-tag antibody is
performed in related embodiments simultaneously or sequentially in time. The binding protein
in certain embodiments is administered before, after or at the same time as another binding
protein or the anti-tag antibody, providing that the binding proteins and/or the anti-tag antibodies
are administered close enough in time to have the desired effect (e.g., before the binding proteins
have been cleared by the body). Thus, the term "co-administration" is used herein to mean that
the binding proteins and another binding protein or the anti-tag antibody are administered at
time points to achieve effective treatment of the disease, and reduction in the level of the
pathogen (e.g., virus, bacteria, cancer cell, proteins associated therewith, or combination thereof)
and symptoms associated with it. The methods of the present invention are not limited by the
amount of time in between which the binding proteins and/or anti-tag antibody are administered;

providing that the compositions are administered close enough in time to produce the desired
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effect. In certain embodiment, the binding proteins is administered only, alternatively the
binding protein and/or anti-tag antibody are premixed and administered together. The binding
proteins and/or anti-tag antibody are in certain embodiments co-administered with other
medications or compositions suitable to treating the disease agent.

The binding protein in certain embodiments is administered prior to the potential risk of
exposure to the disease target agent to protect the subjects from symptoms of the disease agent
target. For example, the binding protein and/or clearing antibody is administered minutes, hours
or days prior to the risk of exposure. Alternatively, the binding protein is administered
contemporaneously to the risk of exposure to the disease agent target, or slightly after the risk of
exposure. For example, the binding protein is administered to a subject at the moment the
subjects contacts, enters or passes through an environment (e.g., room, hallway, building, and
field) containing the risk of exposure to the disease agent.

The methods of the present invention include treating a bacterial disease, a parasitic
infection, a viral disease, a cancer, small unwanted molecule, a protein or a toxin associated
therewith. This is accomplished by administering the binding proteins and anti-tag antibodies
described herein to the affected individual or individual at risk. Administration ameliorates or
reduces the severity of one or more the symptoms of the disease or condition. The presence,
absence or severity of symptoms is measured for example using tests and diagnostic procedures
known in the art. Presence, absence and/or level of the disease agent are measured in certain
embodiments using methods known in the art. Symptoms or levels of the disease agentcan be
measured at one or more time points (e.g., before, during and after treatment, or any
combination thereof) during the course of treatment to determine if the treatment is effective. A
decrease or no change in the level of the disease agent, or severity of symptoms associated
therewith indicates that treatment is working, and an increase in the level of the disease agent, or
severity of symptoms indicates that treatment is not working. Symptoms and levels of disease
agents are measured in various embodiments using methods known in the art. Symptoms that are
monitored in certain embodiments include fever, plain including headache, joint pain, muscular
pain, difficulty breathing, lethargy, and impaired mobility, appetite and unresponsiveness. Toxin
protection is assessed as increased survival and reduction or prevention of symptoms. Methods,
compositions and kits using the binding protein decrease and alleviate the symptoms of the
disease target agent and also improve survival from exposure to the agent.

The antibody therapeutic agents including one or more binding proteins or agents, and/or
an anti-tag antibody are administered in various embodiments with one or more pharmaceutical

carriers. The terms "pharmaceutically acceptable carrier" and a "carrier” refer to any generally
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acceptable excipient or drug delivery device that is relatively inert and non-toxic. The binding
agents and anti-tag antibody are administered with or without a carrier. Exemplary catriers
include calcium carbonate, sucrose, dextrose, mannose, albumin, starch, cellulose, silica gel,
polyethylene glycol (PEG), dried skim milk, rice flour, magnesium stearate, and the like.
Suitable formulations and additional carriers are described in Remington's Pharmaceutical
Sciences, (17th Ed., Mack Pub. Co., Easton, Pa.), the teachings of which are incorporated herein
by reference in their entirety. The binding agents and anti-tag antibody are administered
systemically or locally (e.g., by injection or diffusion).

Suitable carriers (e.g., pharmaceutical carriers) include, but are not limited to sterile
water, salt solutions (such as Ringer's solution), alcohols, polyethylene glycols, gelatin,
carbohydrates such as lactose, amylose or starch, magnesium stearate, talc, silicic acid, viscous
paraffin, fatty acid esters, hydroxymethylcellulose, polyvinyl pyrolidone, etc. The binding
protein preparations are sterilized and, if desired, mixed with auxiliary agents, e.g., lubricants,
preservatives, stabilizers, wetting agents, emulsifiers, salts for influencing osmotic pressure,
buffers, coloring, and/or aromatic substances and the like which do not deleteriously react with
the active compounds. The binding protein preparations in certain embodiments are combined
where desired with other active substances, e.g., enzyme inhibitors, to reduce metabolic
degradation. A carrier (¢.g., a pharmaceutically acceptable carrier) is used optionally in certain
embodiments to administer one or more binding agents and an anti-tag antibody.

The binding agents and anti-tag antibodies in certain embodiments are administered
topically (as by powders, ointments, or drops), orally, rectally, mucosally, sublingually,
parenterally, intracisternally, intravaginally, intraperitoneally, bucally, ocularly, or intranasally,
depending on preventive or therapeutic objectives and the severity and nature of a exposure or
risk of exposure to the disease agent target. The composition in various embodiments is
administered in a single dose or in more than one dose over a period of time to confer the
desired effect.

An effective amount of compositions of the present invention varies according to choice
of the binding agent, the particular composition formulated, the mode of administration and the
age, weight and condition of the patient, for example. As used herein, an effective amount of the
binding agents and/or anti-tag antibody is an amount which is capable of reducing one or more
symptoms of the disease or conditions caused by the molecule target or disease agent target.
Dosages for a particular patient are determined by one of ordinary skill in the art using
conventional considerations, (e.g. by means of an appropriate, conventional pharmacological

protocol).

70



10

15

20

25

30

WO 2015/100409 PCT/US2014/072340

A composition in certain embodiments includes one or more nucleotide sequences
described herein that encode the binding protein. In various embodiments, a nucleotide sequence
is either present as a mixture or in the form of a DNA molecule a multimer. A various
embodiments, the composition includes a plurality of nucleotide sequences each encoding the
binding protein including a monomer or polypeptide, or any combination of molecules described
herein, such that the binding protein is generated in situ. In such compositions, a nucleotide
sequence is administered using any of a variety of delivery systems known to those of ordinary
skill in the art, including nucleic acid expression Systems, bacterial and viral expression systems.
Appropriate nucleic acid expression systems contain appropriate nucleotide sequences operably
linked for expression in the patient (such as a suitable promoter and terminating signal).
Bacterial delivery systems involve administration of a bacterium (such as Bacillus-Calmette-
Guerrin) that expresses the polypeptide on its cell surface. In an embodiment, the DNA can be
introduced using a viral expression system (e.g., vaccinia or other pox virus, retrovirus, or
adenovirus), which uses a non-pathogenic (defective), replication competent virus. Techniques
for incorporating DNA into such expression systems are well known to those of ordinary skill in
the art. The DNA can also be "naked," as described, for example, in Ulmer et al., Science
259:1745-1749, 1993 and reviewed by Cohen, Science 259:1691-1692, 1993. The uptake of
naked DNA can be increased by coating the DNA onto biodegradable beads, which are
efficiently transported into recipient cells.

Systems or kits of the present invention include in various embodiments one or more
binding agents having a binding region and one or more tags, and an anti-tag antibody having an
anti-tag region (e.g., an anti-tag antibody), as described herein.

The methods, compositions and kits described herein in certain embodiments include
isolated polypeptide molecules that have been engineered or isolated to act as binding agents or
binding proteins. A binding protein composition includes for example an amino acid sequence
selected from SEQ ID NOs: 2, 4, 6, 8, 10, 12, 14, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38,40, 42,
44, 46, 48, 50, 52 or combinations thereof. In various embodiments, a binding protein
composition includes a nucleotide sequence that encodes an amino acid sequence, for example
the nucleotide sequence is selected from SEQ ID NOs: 1, 3,5, 7,9, 11, 13, 19, 21, 23,25, 27,
29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51 or combinations thereof. The bindings protein
composition includes for example a tag, for example a tag having an amino acid sequence of
SEQ ID NO:15.

As used herein, the term "polypeptide” encompasses amino acid chains of any length,

including full length proteins (i.e., disease agents), in which the amino acid residues are linked
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by covalent peptide bonds. A polypeptide comprises a portion of the binding agent, the entire
binding agent, or contains additional sequences. The polypeptides of the binding agents of the
present invention referred to herein as "isolated" are polypeptides that are separated away and
purified from other proteins and cellular material of their source of origin. The compositions and
methods of the present invention also encompass variants of the above polypeptides and DNA
molecules. A polypeptide "variant," as used herein, is a polypeptide that differs from the recited
polypeptide by having one or more conservative substitutions and/or modifications, such that the
functional ability of the binding agent to bind to the disease agent target is retained.

The present invention also encompasses proteins and polypeptides, variants thereof, or
those having amino acid sequences analogous to the amino acid sequences of binding agents
described herein. Such polypeptides are defined herein as analogs (e.g., homologues), or mutants
or derivatives or variants. "Analogous” or "homologous" amino acid sequences refer to amino
acid sequences with sufficient identity of any one of the amino acid sequences of the present
invention so as to possess the biological activity (e.g., the ability to bind to the disease agent
target). For example, an analog polypeptide can be produced with "silent" changes in the amino
acid sequence wherein one, or more, amino acid residues differ from the amino acid residues of
any one of the sequence, yet still possesses the function or biological activity of the polypeptide.
The binding protein includes for example an amino acid having at least about 60% (e.g., 65%,
70%, 75%, 80%, 85%, 90% or 95%) identity or similarity with SEQ ID NOs: 2, 4, 6, 8, 10, 12,
14, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 56-87, 95 or combination
thereof. Percent "identity" refers to the amount of identical nucleotides or amino acids between
two nucleotides or amino acid sequences, respectfully. As used herein, "percent similarity"
refers to the amount of similar amino acids between two amino acid sequences, i.e., having
conservative amino acid changes compared to the original sequences, or to the amount of similar
nucleotides between two nucleotide sequences.

In some embodiments, the invention pertains to one or more (e.g. about 1, or about 2, or
about 3, or about 4, or about 5, or about 6, or about 7, or about 8, or about 9, or about 10, or
about 15, or about 20) mutations to any of the sequences disclosed herein (e.g. as a variant or a
portion or a homolog of such sequences). In various embodiments, a variant or portion or
homolog has at least 30, 35, 40, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66,
67, 68, 69,70, 71,72,73,74,75,76,77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
93,94, 95, 96, 97, 98, 99, 99.5, 99.8, 99.9% identity to any of the sequences disclosed herein
(e.g. a variant of SEQ ID NO: 163 may include a sequence having at least 30, 35, 40, 50, 51, 52,
53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78,
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79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.5, 99.8, 99.9%
identity to SEQ ID NO: 163). In various embodiments, one or more amino acid of any of the
sequences disclosed herein is substituted with a naturally occurring amino acid, such asa
hydrophilic amino acid (e.g. a polar and positively charged hydrophilic amino acid, such as
arginine (R) or lysine (K); a polar and neutral of charge hydrophilic amino acid, such as
asparagine (N), glutamine (Q), serine (S), threonine (T), proline (P), and cysteine (C), a polar
and negatively charged hydrophilic amino acid, such as aspartate (D) or glutamate (E), or an
aromatic, polar and positively charged hydrophilic amino acid, such as histidine (H)) ora
hydrophobic amino acid (e.g. a hydrophobic, aliphatic amino acid such as glycine (G), alanine
(A), leucine (L), isoleucine (I), methionine (M), or valine (V), a hydrophobic, aromatic amino
acid, such as phenylalanine (F), tryptophan (W), or tyrosine (Y) or a non-classical amino acid
(e.g. selenocysteine, pyrrolysine, N-formylmethionine p-alanine, GABA and 3-Aminolevulinic
acid. 4-Aminobenzoic acid (PABA), D-isomers of the common amino acids, 2,4-diaminobutyric
acid, o-amino isobutyric acid, 4-aminobutyric acid, Abu, 2-amino butyric acid, y-Abu, e-Ahx, 6-
amino hexanoic acid, Aib, 2-amino isobutyric acid, 3-amino propionic acid, ornithine,
norleucine, norvaline, hydroxyproline, sarcosme, citrulline, homocitrulline, cysteic acid, t-
butylglycine, t-butylalanine, phenylglycine, cyclohexylalanine, -alanine, fluoro-amino acids,
designer amino acids such as § methyl amino acids, C o -methyl amino acids, N o -methyl
amino acids, and amino acid analogs in general).

Referring to FIGS. 4 and 5, by comparing the B5 (SEQ ID NO: 24) polypeptide
sequence to the other polypeptide sequences in the chart, the polypeptide sequence similarity is
determined as follows: E-9 (SEQ ID NO: 38) is 74% similar, C5 (SEQ ID NO: 42) is 67%
similar, B2 (SEQ ID NO: 40) is 68% similar, and F9 (SEQ ID NO: 44) is 73% similar. The
BLAST was done using default parameters on the NCBI website. Since these VHHs have been
shown to compete with B3, i.e., for binding to the target, the present invention includes those
sequences having a sequence similarity of at least about 65%. In like manner, by comparing the
B5 (SEQ ID NO: 23) nucleic acid sequence to the other nucleic acid sequences in the chart, the
polypeptide sequence similarity is determined as follows: E-9 (SEQ ID NO: 37) is 81%
identical, C5 (SEQ 1D NO: 41) is 75% identical, B2 (SEQ ID NO: 39) is 86% identical, and F9
(SEQ ID NO: 43) is 80% identical. The present invention includes those nucleic acid sequences
having a sequence identity of at least about 75%.

Homologous polypeptides are determined using methods known to those of skill in the
art. Initial homology searches are performed at NCBI by comparison to sequences found in the

GenBank, EMBL and SwissProt databases using, for example, the BLAST network service.
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Altschuler, S. F., et al., J. Mol. Biol., 215:403 (1990), Altschuler, S. F., Nucleic Acids Res,,
25:3389-3402 (1998). Computer analysis of nucleotide sequences can be performed using the
MOTIFS and the FindPatterns subroutines of the Genetics Computing Group (GCG, version
8.0) software. Protein and/or nucleotide comparisons were performed according to Higgins and
Sharp (Higgins, D. G. and Sharp, P. M., Gene, 1998 73:237-244, e.g., using default parameters).
In certain embodiments, the recombinant multimeric binding protein acid sequence is an amino
acid sequence that is substantially identical to sequences described herein, for example any of
SEQ ID NOs: 56-87and 95. The term “substantially identical” is used herein to refer to a first
amino acid sequence that contains a sufficient or minimum number of amino acid residues that
are identical to aligned amino acid residues in a second amino acid sequence such that the first
and second amino acid sequences can have a common structural domain and/or common
functional activity. For example, amino acid sequences that contain a common structural
domain having at least about 60% identity, or at least 75%, 85%, 95%, 96%, 98%, or 99%
identity.

Calculations of sequence identity between sequences are performed as follows. To
determine the percent identity of two amino acid sequences, the sequences are aligned for
optimal comparison purposes (e.g., gaps can be introduced in one or both of a first and a second
amino acid sequence for optimal alignment). The amino acid residues at corresponding amino
acid positions or nucleotide positions are then compared. When a position in the first sequence is
occupied by the same amino acid residue or nucleotide as the corresponding position in the
second sequence, then the proteins are identical at that position. The percent identity between the
two sequences is a function of the number of identical positions shared by the sequences, taking
into account the number of gaps, and the length of each gap, which need to be introduced for
optimal alignment of the two sequences.

The comparison of sequences and determination of percent identity between two
sequences are accomplished using a mathematical algorithm. Percent identity between two
amino acid sequences is determined using an alignment software program using the default
parameters. Suitable programs include, for example, CLUSTAL W by Thompson et al., Nuc.
Acids Research 22:4673, 1994, BL2SEQ by Tatusova and Madden, FEMS Microbiol. Lett.
174:247, 1999, SAGA by Notredame and Higgins, Nuc. Acids Research 24:1515, 1996, and
DIALIGN by Morgenstern et al., Bioinformatics 14:290, 1998.

The methods, compositions and kits described herein in various embodiments include
nucleotide sequence or an isolated nucleic acid molecule (encoding the binding protein) having a

nucleotide sequence of SEQID NOs: 1, 3,5, 7,9, 11, 13, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37,
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39, 41, 43, 45, 47, 49, 51 or combinations thereof. See FIGS. 1, 3 and 4. As used herein, the
terms "DNA molecule” or "nucleic acid molecule" include both sense and anti-sense strands,
cDNA, genomic DNA, recombinant DNA, RNA, and wholly or partially synthesized nucleic
acid molecules. A nucleotide "variant" is a sequence that differs from the recited nucleotide
sequence in having one or more nucleotide deletions, substitutions or additions. Such
modifications are readily introduced using standard mutagenesis techniques, such as
oligonucleotide-directed site-specific mutagenesis as taught, for example, by Adelman et al.
(DNA 2:183, 1983). Nucleotide variants are naturally occurring allelic variants, or non-naturally
occurring variants. Variant nucleotide sequences in various embodiments exhibit at least about
70%, more preferably at least about 80% and most preferably at least about 90% homology to
the recited sequence. Such variant nucleotide sequences hybridize to the recited nucleotide
sequence under stringent conditions. In one embodiment, "stringent conditions" refers to
prewashing in a solution of 6 x SSC, 0.2% SDS; hybridizing at 65 ° Celsius, 6xSSC, 0.2% SDS
overnight; followed by two washes of 30 minutes each in 1xSSC, 0.1% SDS at 65 ° C. and two
washes of 30 minutes each in 0.2XSSC, 0.1% SDS at 65 ° C.

The present invention also encompasses isolated nucleic acid sequences that encode the
binding agents and in particular, those which encode a polypeptide molecule having an amino
acid sequence of SEQ ID NOs: 2, 4, 6, 8, 10, 12, 14, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40,
42, 44, 46, 48, 50, 52, 56-87, 95 or combinations thereof.

As used herein, an "isolated" nucleotide sequence is a sequence that is not flanked by
nucleotide sequences which in nature flank the gene or nucleotide sequence (e.g., as in genomic
sequences) and/or has been completely or partially purified from other transcribed sequences
(e.g., as in a cDNA or RNA library). Thus, an isolated gene or nucleotide sequence can include a
gene or nucleotide sequence which is synthesized chemically or by recombinant means. Nucleic
acid constructs contained in a vector are included in the definition of "isolated" as used herein.
Also, isolated nucleotide sequences include recombinant nucleic acid molecules and
heterologous host cells, as well as partially or substantially or purified nucleic acid molecules in
solution. The nucleic acid sequences of the binding agents of the present invention include
homologous nucleic acid sequences. "Analogous” or "homologous" nucleic acid sequences refer
to nucleic acid sequences with sufficient identity of any one of the nucleic acid sequences
described herein, such that once encoded into polypeptides, they possess the biological activity
of any one of the binding agents described herein. In particular, the present invention is directed

to nucleic acid molecules having at least about 70% (e.g., 75%, 80%, 85%, 90% or 95%)
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identity with SEQ ID NOs: 1, 3, 5, 7,9, 11, 13, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43,
45, 47, 49, 51 or combinations thereof.

Also encompassed by the present invention are nucleic acid sequences, DNA or RNA,
which are substantially complementary to the DNA sequences encoding the polypeptides of the
present invention, and which specifically hybridize with their DNA sequences under conditions
of stringency known to those of skill in the art. As defined herein, substantially complementary
means that the nucleotide sequence of the nucleic acid need not reflect the exact sequence of the
encoding original sequences, but must be sufficiently similar in sequence to permit hybridization
with nucleic acid sequence under high stringency conditions. For example, non-complementary
bases can be interspersed in a nucleotide sequence, or the sequences can be longer or shorter
than the nucleic acid sequence, provided that the sequence has a sufficient number of bases
complementary to the sequence to allow hybridization therewith. Conditions for stringency are
described in e.g., Ausubel, F. M., et al., Current Protocols in Molecular Biology, (Current
Protocol, 1994), and Brown, et al., Nature, 366:575 (1993); and further defined in conjunction
with certain assays.

The invention also provides vectors, plasmids or viruses containing one or more of the
nucleic acid molecules having the sequence of SEQ IDNO:1, 3, 5,7, 9, 11, 13, 19, 21, 23, 25,
27,29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51 or combinations thereof). Suitable vectors for
use in eukaryotic and prokaryotic cells are known in the art and are commercially available or
readily prepared by a skilled artisan. Additional vectors can also be found, for example, in
Ausubel, F. M., et al., Current Protocols in Molecular Biology, (Current Protocol, 1994) and
Sambrook et al., "Molecular Cloning: A Laboratory Manual," 2nd ED. (1989).

Any of a variety of expression vectors known to those of ordinary skill in the art can be
employed to express recombinant polypeptides of this invention. Expression can be achieved in
any appropriate host cell that has been transformed or transfected with an expression vector
containing a DNA molecule that encodes a recombinant polypeptide. Suitable host cells include
prokaryotes, yeast and higher eukaryotic cells. Preferably, the host cells employed are E. coli,
yeast, insect cells, or a mammalian cell line such as COS or CHO. The DNA sequences
expressed in this manner can encode any of the polypeptides described herein including variants
thereof.

Uses of plasmids, vectors or viruses containing the nucleic acids of the present invention
include generation of mRNA or protein in vitro or in vivo. In related embodiments, the methods,
compositions and kits encompass host cells transformed with the plasmids, vectors or viruses

described above. Nucleic acid molecules can be inserted into a construct which can, optionally,
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replicate and/or integrate into a recombinant host cell, by known methods. The host cell can be
a eukaryote or prokaryote and includes, for example, yeast (such as Pichia pastoris or
Saccharomyces cerevisiae), bacteria (such as E. coli, or Bacillus subtilis), animal cells or tissue,
insect S9 cells (such as baculoviruses infected SF9 cells) or mammalian cells (somatic or
embryonic cells, Human Embryonic Kidney (HEK) cells, Chinese hamster ovary cells, HeLa
cells, human 293 cells and monkey COS-7 cells). Host cells suitable in the present invention
also include a mammalian cell, a bacterial cell, a yeast cell, an insect cell, and a plant cell.

The nucleic acid molecule can be incorporated or inserted into the host cell by known
methods. Examples of suitable methods of transfecting or transforming cells include calcium
phosphate precipitation, electroporation, microinjection, infection, lipofection and direct uptake.
"Transformation" or "transfection" as used herein refers to the acquisition of new or altered
genetic features by incorporation of additional nucleic acids, e.g., DNA. "Expression” of the
genetic information of a host cell is a term of art which refers to the directed transcription of
DNA to generate RNA which is translated into a polypeptide. Methods for preparing such
recombinant host cells and incorporating nucleic acids are described in more detail in Sambrook
et al., "Molecular Cloning: A Laboratory Manual,” Second Edition (1989) and Ausubel, et al.
"Current Protocols in Molecular Biology," (1992), for example.

The host cell is maintained under suitable conditions for expression and recovery of the
polypeptides of the present invention. In certain embodiments, the cells are maintained in a
suitable buffer and/or growth medium or nutrient source for growth of the cells and expression
of the gene product(s). The growth media are not critical to the invention, are generally known
in the art and include sources of carbon, nitrogen and sulfur. Examples include Luria-Bertani
broth, Superbroth, Dulbecco's Modified Eagles Media (DMEM), RPMI-1640, M199 and Grace's
insect media. The growth media can contain a buffer, the selection of which is not critical to the
invention. The pH of the buffered Media can be selected and is generally one tolerated by or
optimal for growth for the host cell.

The host cell is maintained under a suitable temperature and atmosphere. Alternatively,
the host cell is aerobic and the host cell is maintained under atmospheric conditions or other
suitable conditions for growth. The temperature is selected so that the host cell tolerates the
process and is for example, between about 13-40° Celsius.

The invention having now been fully described, it is further illustrated by the following
claims and by the examples, which are found, in part, in a paper published in the Public Library
of Science (PLoS) One and entitled, “A Novel Strategy for Development of Recombinant

Antitoxin Therapeutics Tested in a Mouse Botulism Model”, co-authored by Jean Mukherjee,
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Jacqueline M. Tremblay, Clinton E. Leysath, Kwasi Ofori, Karen Baldwin, Xiaochuan Feng,
Daniela Bedenice, Robert P. Webb, Patrick M. Wright, Leonard A. Smith, Saul Tzipori, and
Charles B. Shoemaker (12 pages; Mukherjee J et al. 2012 PLoS ONE 7(1): €29941.
doi:10.1371/journal.pone.0029941). This published paper is hereby incorporated by reference
herein in its entirety.

Plants species have evolved chemical defenses against other organisms (Linskens, Hans
F.; Jackson, John F. (Eds.) Plant Toxin Analysis 1992, XX VI, 389 p. 33 illus). Plants contain
and secrete a variety of toxic compounds sometimes referred to as "secondary compounds” that
affect the behavior and productivity of wild and domestic animals. Classes of toxic compounds
include soluble phenolics, alkaloids, and terpenoids. Soluble phenolics include flavonoids,
isoflavonoids, and hydrolysable and condensed tannins.

Exemplary plants toxin molecules that in certain embodiments are treated using the
compositions, methods and kits described herein are: Akar saga (4brus precatorius),
Deathcamas, Amianthium Angel's Trumpet (Brugmansia), Angel Wings (Caladium), Anticlea,
Autumn crocus (Colchicum autumnale), Azalea (Rhododendron), Bittersweet nightshade
(Solanum dulcamara), Black hellebore (Helleborus niger), Black locust (Robinia
pseudoacacia), Black nightshade (Solanum nigrum), Bleeding heart (Dicenira cucullaria),
Blind-your-eye mangrove ( Excoecaria agallocha), Blister Bush (Peucedanum galbanum),
Bloodroot (Sanguinaria canadensis), Blue-green algae (Cyanobacteria), Bobbins (Arum
maculatum), Bracken (Pteridium aquilinum), Broom (Cytisus scoparius), calabar bean
(Physostigma venenosum), castor bean, Christmas rose (Helleborus niger), Columbine
(Aquilegia), Corn cockle (Agrostemma githago), corn lily (veratrum), cowbane (Cicuta), cows
and bulls (4rum maculatum), crab's eye (Abrus precatorius), cuckoo-pint (Arum maculatumy),
daffodil (Narcissus), Darnel (Lolium temulentum), Deadly nightshade (4tropa belladonna),
Devils and angels (Arum maculatum), False acacia (Robinia pseudoacacia), False hellebore
(Veratrum), Foxglove (Digitalis purpurea), Frangipani (Plumeria), Doll's eyes (Actaea
pachypoda), Dumbcane (Dieffenbachia), Dutchman's breeches (Dicentra cucullaria),
Elder/Elderberry(Sambucus), Giant hogweed (Heracleum mantegazzianum), Giddee giddee,
Gifblaar (Dichapetalum cymosum), Greater celandine (Chelidonium majus), Gympie gympie
(Dendrocnide moroides), Heart of Jesus (Caladium),
hemlock (Conium maculatum), hemlock water-dropwort (Oenanthe crocata), henbane
(Hyoscyamus niger), Horse chestnut (desculus hippocastanum), Holly (Ilex aquifolium),
Hyacinth (Hyacinthus orientalis), Indian licorice, Jack in the pulpit, Jamestown weed, jequirity,

Jerusalem cherry, Jimson weed, John Crow bead, Jumbie bead, Lily of the Valley, Lords and
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Ladies, Madiera winter cherry, Mayapple, Meadow saffron, Milky mangrove, Monkshood,
Moonseed, Passion flower, Plumeria, Poison hemlock, Poison ivy, Poison oak, Poison parsnip,
Poison sumac, Poison ryegrass, Pokeweed, Precatory bean, Privet, ragwort, redoul, River poison
tree, Robinia pseudoacacia (also known as black locust and false acacia), Rosary pea,
Sosnowsky's Hogweed, Spindle tree, Starch-root, Stenanthium, Stinging tree, Stinkweed,
Strychnine tree, Suicide tree (Cerbera odollam), thorn apple, Toxicoscordion, Wake robin,
Water hemlock, White baneberry, White snakeroot, Wild arum, Winter cherry, Wolfsbane,
Yellow Jessamine, Yew, and Zigadenus

Abrus precatorius is known commonly as jequirity, crab's eye, rosary pea, 'John Crow’
bead, precatory bean, Indian licorice, akar saga, giddee giddee, jumbie bead, ruti, and weather
plant. The attractive seeds (usually about the size of a ladybug, glossy red with one black dot)
contain abrin, which is related to ricin, a very potent toxic substance to humans as a single seed
can kill an adult human. Symptoms of poisoning include nausea, vomiting, convulsions, liver
failure, and death, usually after several days. The seeds have been used as beads in jewelry,
which is dangerous; inhaled dust is toxic and pinpricks can be fatal. The seeds are unfortunately
attractive to children.

Aconitum species, commonly called aconite, wolfsbane and monkshood are poisonous
even by casual skin contact should be avoided; symptoms include numbness, tingling, and
cardiac irregularity. The toxin is an alkaloid called aconitine, which disables nerves, lowers
blood pressure, and can stop the heart. It has been used as poison for bullets (by Germany in
WWII), as a bait and arrow poison (ancient Greece), and to poison water supplies (reports from
ancient Asia). If ingested, it usually causes burning, tingling, and numbness in the mouth,
followed by vomiting and nervous excitement.

Actaea pachypoda known as doll's eyes or white baneberry are poisonous berries, and
other parts of the plant are toxic. Consumption of the berries has a sedative effect on cardiac
muscle tissue and can cause cardiac arrest.

Adam and Eve (Arum maculatum) is a common woodland plant species of the Araceae
family. It is widespread across temperate northern Europe and is known by an abundance of
common names including Wild arum, Lords and Ladies, Devils and Angels, Cows and Bulls,
Cuckoo-Pint, Adam and Eve, Bobbins, Naked Boys, Starch-Root and Wake Robin, Adenium
obesum (also known as sabi star, kudu or desert-rose). The plant exudes a highly toxic sap which
is used by the Meridian High and Hadza in Tanzania to coat arrow-tips for hunting.

Aesculus hippocastanum (horse-chestnut) produces a toxin causing nausea, muscle

twitches, and sometimes paralysis. Ageratina altissima (white snakeroot) produces a toxin,
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causing nausea and vomiting. Milk from cattle that have eaten white snakeroot can sicken or kill
humans. Aquilegia (columbine) seeds and roots that contain cardiogenic toxins causing both
severe gastroenteritis and heart palpitations if consumed, and poisoning by this plant is often
fatal. Areca catechu (betel nut palm and pinyang) a nut contains an alkaloid related to nicotine
which is addictive, mildly intoxicating, and if swallowed causes nausea. Use is correlated with
mouth cancer, asthma and heart disease. Arum maculaium (jack in the pulpit) bright red berries
contain oxalates of saponins and causes skin, mouth and throat irritation, resulting in swelling,
burning pain, breathing difficulties and stomach dpset. Atropa belladonna (deadly nightshade,
and belladonna) is one of the most toxic plants found in the Western hemisphere, producing
tropane alkaloids including atropine, hyoscine (scopolamine), and hyoscyamine, which have
anticholinergic properties. The consumption of two to five berries by children and ten to twenty
berries by adults can be lethal. The symptoms of poisoning include dilated pupils, sensitivity to
light, blurred vision, tachycardia, loss of balance, staggering, headache, rash, flushing, dry
mouth and throat, slurred speech, urinary retention, constipation, confusion, hallucinations,
delirium, and convulsions. Ingestion of a single leaf of the plant can be fatal to an adult, and
casual contact with the leaves causes skin pustules. The berries pose the greatest danger to
children because they look attractive and have a somewhat sweet taste. In 2009 a case of 4.
belladonna mistaken for blueberries, with six berries ingested by an adult woman, resulted in
severe anticholinergic syndrome. A. belladonna is toxic also to many domestic animals, causing
narcosis and paralysis. Brugmansia (angel's trumpet) contains the tropane alkaloids scopolamine
and atropine, and can be fatal.

Caladium (commonly known as angel wings, elephant ear and heart of Jesus) produces
symptoms such as generally irritation, pain, and swelling of tissues in subjects. If the mouth or
tongue swell, breathing may be fatally blocked.Cerbera odollam (suicide tree) produces seeds
that contain cerberin, a potent alkaloid toxin related to digoxin. The poison blocks the calcium
ion channels in heart muscle, causing disruption of the heart beat which is typically fatal.
Chelidonium majus also known as greater celandine is toxic in moderate doses as it contains a
range of isoquinoline alkaloids. The main alkaloid present in the herb and root is coptisine, with
berberine, chelidonine, sanguinarine and chelerythrine also present. Sanguinarine is particularly
toxic with an LDso of only 18 mg per kg body weight. Cicuta (water hemlock, cowbane, wild
carrot, snakeweed, poison parsnip, false parsley, children’s bane and death-of-man) is extremely
poisonous and contains the toxin cicutoxin, a central nervous system stimulant, resulting in
seizures. Colchicum autumnale (autumn crocus and meadow saffron) bulbs contain colchicine,

having poisoning symptoms that include burning in the mouth and throat, fever, vomiting,
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diarrhea, abdominal pain and kidney failure. There is no specific antidote for colchicine,
although various treatments do exist. Conium maculatum (commonly known as hemlock, poison
hemlock, spotted parsley, spotted cowbane, bad-man's oatmeal, poison snakeweed and beaver
poison) contains the alkaloid coniine which causes stomach pains, vomiting, and progressive
paralysis of the central nervous system. Consolida commonly known as larkspur is a poisonous
plant that causes nausea, muscle twitches, paralysis and is often fatal.

Convallaria majalis (lily of the valley) is a poisonous woodland flowering plant that
contains cardiac glycosides fatal in humans.Coriaria myrtifolia (redoul) contains the toxin
coriamyrtin. Ingestion of this plant produces digestive, neurological and respiratory problems.
The poisonous fruit resemble blackberries and are often mistakenly eaten by children and adults.
Cyanobacteria, a phylum of bacteria, is commonly known as blue-green algae. Many different
species, including Anacystis cynea and Anabaena circinalis, produce several different toxins
known collectively as cyanotoxins. Cyanotoxins include neurotoxins, hepatotoxins, endotoxins
and cytotoxins. Cytisus scoparius (commonly known as broom or common broom) contains
toxic alkaloids that depress the heart and nervous system. The alkaloid sparteine is a class la
antiarrhythmic agent and a sodium channel blocker. The betries of Daphne are either red or
yellow and are poisonous, causing burns to mouth and digestive tract, followed by coma.
Datura contains the alkaloids scopolamine and atropine. Datura has been used as a
hallucinogenic drug by the native peoples of the Americas and others. Incorrect consumption of
this plant can lead to death. Datura stramonium (jimson weed, thorn apple, stinkweed and
Jamestown weed) causes abnormal thirst, vision distortions, delirium, incoherence, and coma.

Deathcamas, including Amianthium, Anticlea, Stenanthium, Toxicoscordion and
Zigadenus, are poisonous in many cases due to the presence of alkaloids in the plants. Ingestion
of the plant by grazing animals, such as sheep and cattle, often results in death.

Delphinium (also known as larkspur) contains the alkaloid delsoline. Young plants and
seeds of Delphinium are poisonous, causing nausea, muscle twitches, and paralysis.
Dendrocnide moroides (also known as stinging tree and gympie gympie) causes a painful sting
when touched and in some cases of widespread contact may be fatal. The stinging may last for
several days and is exacerbated by touching, rubbing, and cold. Dicentra cucullaria (also
known as bleeding heart and Dutchman's breeches) has leaves and roots that are poisonous and
cause convulsions and other nervous symptoms. Dichapetalum cymosum (also known as
gifblaar) is a well known as a livestock poison in South Africa. The plant contains the metabolic
poison fluoroacetic acid. Dieffenbachia ( a houseplant dumbcane) causes intense burning,

irritation, and immobility of the tongue, mouth, and throat. Swelling can be severe enough to

81



10

135

20

25

30

WO 2015/100409 PCT/US2014/072340

block breathing, leading to death. Digitalis purpurea (foxglove) leaves, seeds, and flowers are
poisonous, containing cardiac or other steroid glycosides. These cause irregular heartbeat,
general digestive upset, and confusion. Euonymus europaeus (commonly known as spindle,
European spindle or spindle tree). produces a poisonous fruit that contains amongst other
substances, the alkaloids theobromine and caffeine, as well as an extremely bitter terpene.
Poisoning by this plant is more common in young children, who are enticed by the brightly-
coloured fruit of the plant. Ingestion of the fruit results in liver and kidney damage and even
death.

Excoecaria agallocha (milky mangrove) has a milky sap that causes skin irritation and
blistering. Eye contact with the sap can even cause temporary blindness. Gelsemium
sempervirens commonly known as yellow jessamine is poisonous, causing nausea, vomiting and
even death. Hedera helix (English ivy) contains leaves and berries that can be poisonous,
causing stomach pains, labored breathing, possible coma. Helleborus niger (Christmas rose)
contains protoanemonin or ranunculin, which has an acrid taste and can cause burning of the
eyes, mouth and throat, oral ulceration, gastroenteritis and hematemesis. Heracleum
mantegazzianum (giant hogweed) produces a sap that is phototoxic, causing
phytophotodermatitis (severe skin inflammations) when atfected skin is exposed to sunlight or
to UV-rays. Presence of minute amounts of sap in the eyes can lead to temporary or even
permanent blindness. Hippomane mancirnella (manchineel) contains toxic phorbol esters typical
of the Euphorbiaceae plant family. Contact with the milky white sap of the plant produces strong
allergic dermatitis. The fruit is fatal if eaten. Hyacinthus orientalis (hyacinth) bulbs are
poisonous, causing nausea, vomiting, gasping, convulsions, and possibly death. Even handling
the bulbs can cause skin irritation.

Hyoscyamus niger (henbane) has seeds and foliage contain hyoscyamine, scopolamine
and other tropane alkaloids that produces dilated pupils, hallucinations, increased heart rate,
convulsions, vomiting, hypertension and ataxia. llex aquifolium (European holly) berries cause
gastroenteritis, resulting in nausea, vomiting and diarrhea. Jacobaea vulgaris (ragwort) contains
alkaloids, including jacobine, jaconine, jacozine, otosenine, retrorsine, seneciphylline,
senecionine, and senkirkine. Kalanchoe delagoensis (mother of millions) contains bufadienolide
cardiac glycosides which cause cardiac poisoning, particularly in grazing animals. Kalmia
latifolia (mountain laurel) contains andromedotoxin and arbutin. The green parts of the plant,
flowers, twigs, and pollen are all toxic, and symptoms of toxicity begin to appear about six hours
following ingestion. Poisoning produces anorexia, repeated swallowing, profuse salivation,

depression, uncoordination, vomiting, frequent defecation, watering of the eyes, irregular or
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difficulty breathing, weakness, cardiac distress, convulsions, coma, and eventually death.
Laburnum produces seeds that are poisonous and are lethal if consumed in excess. The main
toxin in the seeds is cytisine, a nicotinic receptor agonist. Symptoms of poisoning may include
intense sleepiness, vomiting, excitement, staggering, convulsive movements, slight frothing at
the mouth, unequally dilated pupils, coma and death. Ligustrum (privet) berries and leaves that
are poisonous. The berries contain syringin, which causes digestive disturbances, nervous
symptoms. Privet is one of several plants which are poisonous to horses. Lolium temulentum
(poison ryegrass) produces seeds that contain the alkaloids temuline and loliine. The fungus
ergot grow on the seed heads of rye grasses, as an additional source of toxicity.

Mango peel and sap contains urushiol, the chemical in poison ivy and poison sumac that
can cause urushiol-induced contact dermatitis in susceptible people. Cross-reactions between
mango contact allergens and urushiol have been observed. Those with a history of poison ivy or
poison oak contact dermatitis may be most at risk for such an allergic reaction. Narcissus bulbs
and stems are poisonous, and cause nausea, vomiting, diarrhea, headaches, vomiting, and
blurred vision.

Oenanthe crocata (hemlock water dropwort) contains oenanthotoxin in the stems and
especially the carbohydrate-rich roots that are poisonous. Peucedanum galbanum (commonly
known as blister bush) is poisonous and contact to the body causes painful blistering that is
intensified with exposure to sunlight. Physostigma venenosum (calabar bean) contains
parasympathomimetic alkaloid physostigmine toxin, a reversible cholinesterase inhibitor.
Symptoms of poisoning include copious saliva, nausea, vomiting, diarrhea, anorexia, dizziness,
headache, stomach pain, sweating, dyspepsia and seizures. Phytolacca (pokeweed) leaves,
berries and roots contain phytolaccatoxin and phytolaccigenin. Ingestion of poisonous parts of
the plant cause severe stomach cramping, persistent diarrhoea, nausea, vomiting (sometimes
bloody vomiting), slow and difficult breathing, weakness, spasms, hypertension, severe
convulsions, and even death. Podophylium peliatum (mayapple) contains the non-alkaloid toxin
podophyllotoxin, which causes diarrhea, severe digestive upset. Preridium aquilinum
(commonly known as bracken) if ingested is carcinogenic to humans and animals such as mice,
rats, horses and cattle. The carcinogenic compound in the pant is ptaquiloside (PTQ), which can
leach from the plant into the water supply. Pteridium aquilinum (African sumac) is closely
related to poison ivy. The tree contains low levels of a highly irritating oil with urushiol. Skin
reactions to contacting the plan include blisters and rashes that be further spread by contacting

clothing of an exposed subjects. The smoke of burning Rhus lancia can cause reactions in the
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lungs, and can be fatal. Ricinus communis (castor oil plant) seeds contain ricin, an extremely
toxic water-soluble protein, ricinine, an alkaloid, and an irritant oil.

Sambucus (commonly known as elder or elderberry) roots are poisonous and cause
nausea and digestive upset. Sanguinaria canadensis (bloodroot) rhizome or stem contains
morphine-like benzylisoquinoline alkaloids, and the toxin sanguinarine. Sanguinarine kills
animal cells by blocking the action of Na+/K+-ATPase transmembrane proteins. Solanum
dulcamara (bittersweet nightshade) contains solanine which causes fatigue, paralysis,
convulsions, and diarrhea in subjects exposed to the plant. Solanum nigrum (black nightshade)
contains the toxic glycoalkaloid solanine. Solanine poisoning is primarily displayed by
gastrointestinal and neurological disorders. Symptoms include nausea, diarrhea, vomiting,
stomach cramps, burning of the throat, cardiac dysrhythmia, headache and dizziness. Taxus
baccata (yew) contains toxic taxanes. The plant seeds themselves are particularly toxic if
chewed. Toxicodendron contain a highly irritating oil with urushiol. Species of toxicodendrons
include Toxicodendron radicans (commonly known as poison ivy), Toxicodendron diversilobum
(commonly known as poison-oak), and Toxicodendron vernix (commonly known as poison
sumac. These plants cause skin reactions such as blisters and rashes. Urtica ferox (ongaonga)
cause a painful sting that lasts several days. Veratrum (false hellebore and corn lily) contain a
highly toxic steroidal alkaloids (e.g. veratridine) that activate sodium ion channels and cause
rapid cardiac failure and death if ingested. Symptoms typically occur between 30 minutes and
four hours after ingestion and include nausea and vomiting, abdominal pain, numbness,
headache, sweating, muscle weakness, bradycardia, hypotension, cardiac arrhythmia, and
seizures. Xanthium (commonly known as cocklebur) includes X. strumarium, a native of North
America, that is poisonous to livestock, including horses, cattle, and sheep.The seedlings and
seeds are the most toxic parts of the plants and produce unsteadiness and weakness, depression,
nausea and vomiting, twisting of the neck muscles, rapid and weak pulse, difficulty breathing,
and eventually death. Zantedeschia (Calla lily) contain calcium oxalate and other toxins that
producing irritation and swelling of the mouth and throat, acute vomiting and diarrhea.

Endosperm of castor seeds contain two highly toxic proteins (Ghetie et al. U.S. patent
number 5,578,706 issued November 26, 1996; and Lord et al., 1994 The FASEB Journal 8§, 201—
208, each of which is incorporated by reference herein in its entirey). R. communis agglutinin
(RCA), a 120 kDa hemagglutinin lectin, and ricin, a 65 kDa cytotoxic lectin, are lethal to
eukaryotic cells. Ricin has two polypeptide chains, A and B, which together are highly lethal to
mammalian cells. Agglutinin protein has four polypeptides, linked by disulfide bonds

(Butterworth et al., 1983 Eur. J. Biochem. 137, §7-65 ), two of which are similar to the A chain

84



10

15

20

25

30

WO 2015/100409 PCT/US2014/072340

(ricin A chain; RTA) and two similar to the B chain of ricin (ricin B chain, RTB). The A and B
chains of ricin, together. Ricin E is a variant of the ricin toxin, having an A chain similar to ricin
and a B chain, which is a hybrid of the ricin and RCA and B chains (Ladin et al. 1987 Plant
Molecular Biology 9: 287-295).

Ricin A chain (32 kDa) has a ribosome-inactivating activity (Lord et al., 1994 The
FASEB Journal 8, 201-208), irreversibly altering the ribosomal RNA subunits involved in
translation. The A chain specifically binds 28S ribosomal subunits; the A chain requires the B
chain to enter the cells as a heterodimeric toxin.

Ricin's B chain is a lectin which specifically binds glycoproteins and glycolipids on the
cell surface terminating in galactose or N-acetylgalactosamine (Lord et al., 1994 The FASEB
Journal 8, 201-208). The B chain binds more strongly to complex galatosides than to simple
sugars. The B chain has four disulfide bonds and has a galactose/N-acetylgalactosamine binding
activity. The N-terminal and C-terminal halves of the B chain contain 41 homologous pairs of
amino acids when the two disulfide bonds in each half are aligned, yielding a bilobal structure
with two galactose binding sites. Subdomains formed by the four disulfide bonds represent a
conserved peptide which is repeated four times (Roberts et al., 1985 Journal of Biological
Chemistry 260, 15682-8.). Up to 108 ricin B chains bind to an individual cell by hydrogen
bonds (Lord et al., 1994 The FASEB Journal 8, 201-208). The B chain attaches to the
eukaryotic cell and the intact toxin enters the cell by receptor mediated endocytosis (Bilge et al.,
1995 Journal of Biological Chemistry 1995;270(40):23720-23725). The B chain protects the A
chain from proteolytic activities of lysosomes and cathepsins. Mannose residues attached to ricin
are bound by cellular mannose receptors and initiate endocytosis (Montfort et al., 1987 Journal
of Biological Chemistry 262, 5398-403).

A portion of the various embodiments herein are described in Tremblay et al. Figures in
Tremblay et al. show that VHH domains neutralize Stx1 and/or Stx2.

Tremblay et al. is a published paper that describes heavy-chain-only camelid antibodies
(VHHs) that were found to neutralize Stx1 and/or Stx2 in cell-based assays. It was observed that
VHHs are effective heterodimer toxin neutralizing agents. The VHHs containing two linked
Stx1-neutralizing VHHs or two Stx2-neutralizing VHHs were observed to be much more
effective at neutralizing Stx in cell-based assays and in vive in mouse subjects than a mixture of
the two component monomers, e.g., heterodimer A5/D10 was found to have greater
neutralization ability than a mixture of VHH AS and VHH D10.

Further, clearance of toxins was observed to have been promoted by the presence of anti-

tag monoclonal antibody co-administered with a VHH-based toxin neutralizing agent, referred to
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herein as the “effector Ab”. The effector Ab binds to a common epitopic tag which was
engineered to be located on each of the two VHH heterodimer molecules that bind to the toxin.
It was observed that co-administration of effector Ab (or a plurality of effector Abs)
substantially improved the efficacy of Stx toxin neutralizing agents, and prevention of death and
kidney damage in mice following challenge with Stx1 or Stx2. A single toxin neutralizing agent
composed of a double-tagged VHH heterotrimer co-administered with effector Ab was observed
to effectively prevent all symptoms of intoxication due to Stx1 and Stx2. The VHH heterotrimer
was engineered to contain a Stx1-specific VHH, a Stx2-specific VHH, and a Stx1/8tx2 cross-
specific VHH. Without being limited by any particular theory or mechanism of action, it is
envisioned that availability of simple, defined, recombinant proteins as described herein and in
Tremblay et al. results in cost-effective protection against diseases such as hemolytic uremic
syndrome, opening up new therapeutic approaches to managing these diseases.

A portion of the various embodiments herein are described in David J. Vance, Jacqueline
M. Tremblay, Nicholas J. Mantis, and Charles B. Shoemaker; “Stepwise Engineering of
Heterodimeric Single Domain Camelid VyH Antibodies That Passively Protect Mice from Ricin
Toxin”; Journal of Biological Chemistry; 288(51):365-36547 (2013) (hereinafter Vance et al.)
which is incorporated herein by reference in its entireties.

A skilled person will recognize that many suitable variations of the methods may be
substituted for or used in addition to those described above and in the claims. It should be
understood that the implementation of other variations and modifications of the embodiments of
the invention and its various aspects will be apparent to one skilled in the art, and that the
invention is not limited by the specific embodiments described herein and in the claims.
Therefore, it is contemplated to cover the present embodiments of the invention and any and all
modifications, variations, or equivalents that fall within the true spirit and scope of the basic
underlying principles disclosed and claimed herein.

The following examples and claims are illustrative and are not meant to be further
limiting. Those skilled in the art will recognize or be able to ascertain using no more than
routine experimentation, numerous equivalents to the specific procedures described herein. Such
equivalents are within the scope of the present invention and claims. The contents of all
references including issued patents and published patent applications cited in this application are

hereby incorporated by reference.
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Examples

Example 1: Toxins and reagents

Botulinum neurotoxin serotype Al (BoNT/A) and serotype B (BoNT/B) were obtained
from Metabiologics Inc. Each batch of toxin was calibrated to establish the LDso dose in mice
and stored in aliquots at -80°C until use. Purified recombinant BoNT serotype Al and B
holotoxins containing mutations rendering them catalytically inactive (ciBoNTA, ciBoNTB)
obtained. Sheep anti-BoNT/A1 antiserum was produced by immunization of sheep with
BoNT/Al toxoid followed by BoNT/A1 holotoxin. Less than 1 ul of this sheep antitoxin serum
protects micé from lethality when co-administered with 10,000-fold the LDso of BoNT/AL.
Reagents for Western blotting were purchased from KPL (Gaithersburg, Maryland).

C. difficile holotoxins TcdA and TcdB were generated by transformation of shuttle vectors
pHis1522 (pHis-TcdA and pHis-TcdB respectively) into B. megaterium described in Yang et al.
2008 BMC Microbiolgoy 8:192. Point mutations were introduced into conserved amino acids
that are responsible for binding to the substrate, uridine diphosphoglucose (UDP-Glucose), in
order to generate GT-deficient holotoxins. To generate GT-mutant holotoxin A, a unique
restriction enzyme (BamHI) site was designed and constructed between sequences encoding GT
and CPD domains using overlapping PCR. The primer sets used were:
pHis-F (5’- TTTGTTTATCCACCGAACTAAG -3’; SEQ ID NO: 90),

Bam-R (5’- TCTTCAGAAAGGGATCCACCAG-3"; SEQ ID NO: 91),
Bam-F (5’- TGGTGGATCCCTTTCTGAAGAC -3’; SEQ ID NO: 92), and
Bpu-R (5°- ACTGCTCCAGTTTCCCAC -3’°; SEQ ID NO: 93).

The final PCR product was digested with BsrGI and Bpul0l, and was used to replace the
corresponding sequence in pHis-TcdA. The resulting plasmid was designated pH-TxA-b.
Sequences encoding triple mutations (W101A, D287N, and W519A) in the GT were synthesized
by Geneart (Regensburg, Germany) and cloned into pH-TxA-b through BsrGl/BamHI digestion.
To generate the mutant holotoxin B construct, the sequence between BsrGl and Nhel containing
two point mutations (W102A and D288N) was synthesized and inserted into pHis-TcdB at the
same restriction enzyme sites, leading to a new plasmid pH-aTcdB. The mutant aTcdA and
aTcdB were expressed and purified identical to the wild types in B. megaterium as described by
Yang et al. 2008 BMC Microbiology 8:192. The purified aTcdA and aTcdB were used to

immunize alpacas.
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Example 2: Alpaca immunization and VHH-display library preparation

Purified, catalytically inactive mutant forms of full-length recombinant BoNT/A
(ciBoNTA) and BoNT/B (ciBoNTB) proteins were obtained as described in Webb et al. 2009
Vaccine 27: 4490-4497. Alpacas (two animals per immunization type) were immunized with
either ciBoNTA or with ciBoNTB. Additional alpacas were immunized with aTcdA or aTcdB.
The immunization regimen employed 100 pg of protein in the primary immunization and 50 pg
in three subsequent boosting immunizations at three weekly intervals in aluminum hydroxide gel
adjuvant in combination with oligodeoxynucleotides containing unmethylated CpG
dinucleotides (alum/CpG; Superfos Biosector; Copenhagen, Denmark) adjuvant. Five days
following the final boost immunization, blood from each animal was obtained for lymphocyte
preparation and VHH-display phage libraries were prepared from the immunized alpacas as
previously described (Maass et al. 2007 Int J Parasitol 37: 953-962 and Tremblay et al. 2010
Toxicon. 56(6): 990-998). Independent clones (greater than 10° total) were prepared from B

cells of alpacas successfully immunized with each of the BoNT immunogens.

Example 3: Anti-BoNT VHH identification and preparation
The VHH-display phage libraries were panned for binding to ciBoNTA or ciBoNTB

targets that were coated onto each well of a 12-well plate. Coating was performed by overnight
incubation at 4°C with one ml of a 5 pg/ml target solution in PBS, followed by washing with
PBS and two hours incubation at 37°C with blocking agent (4% non-fat dried milk powder in
PBS). Panning, phage recovery and clone fingerprinting were performed as previously described
(Ibid.). Based on phage ELISA signals, a total of 192 VHH clones were identified as strong
candidate clones for binding to BoNT/A, and 142 VHH clones were identified as strong
positives for binding to BoNT/B respectively. Of the strong positives, 62 unique DNA
fingerprints were identified among the VHHs selected for binding to BoNT/A and 32 unique
DNA fingerprints were identified for VHHSs selected for binding to BoNT/B. DNA sequences of
the VHH coding regions were obtained for each phage clone and compared for identifying
homologies. Based on these data, twelve of the anti-BoNT/A VHHs and eleven anti-BoNT/B
VHHs were identified as unlikely to have common B cell clonal origins and were selected for
protein expression. Expression and purification of VHHs in E. coli as recombinant thioredoxin
(Trx) fusion proteins containing hexahistidine was performed as previously described in
Tremblay et al. 2010 Toxicon. 56(6): 990-998. For heterodimers, DNA encoding two different
VHHs were joined in frame downstream of Trx and separated by DNA encoding a fifteen amino

acid flexible spacer having the amino acid sequence (GGGGS)3. VHHs were expressed with a
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carboxyl terminal E-tag epitope. Furthermore, a number of VHH expression constructions were
engineered to contain a second copy of the E-tag by introducing the coding DNA in {rame
between the Trx and VHH domains. An example of a Trx fusion to a VHH heterodimer with
two E-tags is ciA-H7/ciA-B5(2E) shown in FIG. 13 C.

Example 4: VHH target binding competition analysis

Phage displaying individual VHHSs were prepared and titered by phage dilution ELISA
for recognition of ciBoNTA or ciBoNTB using HRP/anti-M13 Ab for detection (Maass et al.
2007 Int J Parasitol 37: 953-962). A dilution was selected for each phage preparation that
produced a signal near the top of the linear range of the ELISA signal. The selected phage
dilution (100 ul) for each VHH-displayed phage preparation were added to 96 well plate that has
been coated with ciBoNTA or ciBoNTB and then pre-incubated for 30 minutes with 100 pl of a
10 pg/ml solution containing a purified Trx/VHH fusion protein test agent or control in PBS.
After an hour, the wells were washed and phage binding was detected. Test VHHs that reduced
target binding of phage-displayed VHHs by less than two-fold compared to controls were
considered to recognize distinct epitopes. Positive controls were prepared in which the Trx/VHH
competitor contained the same VHH as displayed on phage and typically reduced the ELISA
signal detected by greater than 95%.

Example 5: Characterization of VHH binding properties

VHHs were tested for binding to native or atoxic mutant BoNT holotoxins by standard
ELISA using plates coated with 100 ul of 1 pug/ml protein. VHHs were also tested for
recognition of BoNT subunits by ELISA using plates coated with 5 pg/ml purified recombinant
BoNT light chain or 1 pug/ml BoNT heavy chain. See Tremblay et al. 2010 Toxicon. 56(6): 990-
998. VHHs were also characterized for recognition of subunits by Western blotting on BoNT
holotoxin following SDS-PAGE electrophoresis under reducing conditions. VHHSs were

detected with HRP-anti-E-tag mAb (GE Healthcare) by standard procedures.

Example 6: Kinetic analysis by surface plasmon resonance

Assays to assess the kinetic parameters of the VHHs were performed using a ProteOn
XPR36 Protein Interaction Array System (Bio-Rad, Hercules, CA) after immobilization of
ciBoNT/A by amine coupling chemistry using the manufacturer recommended protocol.
Briefly, after activation of a GLH chip surface with a mixture of 0.4 M ethyl
(dimethylaminopropyl) carbodiimide (EDC) and 0.1 M N-hydroxysulfosuccinimide (sulfo-
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NHS) injected for 300 s at 30 uL/min, ciBoNT/A was immobilized by passing a 60 pg/mL
solution of the protein at pH 5 over the surface for 180 s at 25 pL/min. The surface was
deactivated with a 30 pL/min injection of 1 M ethanolamine for 300 s. A concentration series
for each VHH (between 2.5 nM and 1000 nM, optimized for each antibody fragment) was
passed over the surface at 100 pL/min for 60 s, then dissociation was recorded for 600 s or 1200
s. The surface was then regenerated with a 36 s injection of 10 mM glycine, pH 2.0 at 50
uL/min. The running buffer used for these assays was 10 mM Hepes, pH 7.4, 150 mM NaCl,
0.005% Tween-20. Data was evaluated with ProteOn Manager software (version 2.1.2) using

the Langmuir interaction model.

Example 7: BoNT neutralization assay using primary neurons

Neuronal granule cells from the pooled cerebella of either 7-8 day old Sprague-Dawley
rats or 5-7 day old CD-1 mice were harvested (Skaper et al 1979 Dev Neurosci 2: 233-237) and
cultured in 24 well plates as described by Eubanks et al 2010 ACS Med Chem Lett 1: 268-272.
After at least a week of culture the well volumes were adjusted to 0.5 ml containing various
VHH dilutions or buffer controls followed immediately by addition of BONT/A in 0.5 ml to a
final 10 pM. After overnight at 37°C, cells were harvested and the extent of SNAP25 cleavage
assessed by Western blot as previously described (Eubanks, L.M. et al. 2007 Proc. Natl. Acad.

© Sci. USA 104: 2602-2607).

Example 8: Mouse toxin lethality assay

Feméle CD1 mice (Charles River) about 15-17 g each were received from three to five
days prior to use. On the day each assay was initiated, mice were weighed and placed into
groups in an effort to minimize inter-group weight variation. Appropriate dilutions of the VHH
agents were prepared in PBS. BoNT holotoxins were separately prepared in PBS at the desired
doses. Amounts (600 pl) of VHH agent and (600 pl) of the toxin were combined and incubated
at room temperature for 30-60 minutes. An amount (200 pl) of each mixture was administered
by intravenous injection at time point zero to groups of mice (five mice per group). Mice were
monitored at least four times per day and assessed for symptoms of toxin exposure and
lethality/survival. Moribund mice were euthanized. Time to onset of symptoms and time to

death were established for each mouse.
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Example 9: Mouse toxin lethality assay with agents administered post-intoxication

Groups of mice were prepared as described in the description of the mouse toxin lethality
assay. Subjects were administered 10 LDso of BONT/A by intraperitoneal injection. At indicated
times post-intoxication, mice were administered 200 ul of material (e.g., VHH monomer or
VHH heterodimer) in PBS by intravenous injection. Mice were monitored for symptoms of

intoxication and death as described herein.

Example 10: Single-chain Fvs (scFv) that recognize and bind BoNT/A

To improve therapies that involve multiple monoclonal antibodies (mAbs) by using
small recombinant peptide, protein or polynucleotide agents that have the same binding
specificity as the mAbs, each of the recombinant binding agents is produced containing the same
epitopic tag. A single mAb that recognizes the epitopic tag is co-administered to patients with
the binding agents. The different agents bind to the same targets as the multiple mAbs and the
anti-tag mAb binds to these agents through the epitopic tag. This permits delivery of the same
therapeutic effect that is achieved with multiple mAb therapy, but requires only a single mAb. If
desired, mAbs of different isotypes, or polyclonal anti-tag antibodies, could be used
therapeutically to deliver different immune effector activities.

A number of small recombinant protein agents were generated. They were called single-
chain Fvs (scFvs) and were observed to recognize botulinum neurotoxin serotype A (BoNT/A).
These scFvs are recombinant proteins that represent the antigen combining region of an
immunoglobulin. Several anti-BoNT/A scFvs were produced and were purified. Each scFv
contains the amino acid sequence (GAPVPYPDPLEPR; SEQ ID NO: 15) near the carboxyl
terminus which is an epitopic tag referred to herein as “E-tag.” An scFvs (scFv#2) was shown to
neutralize BoNT/A in a cell-based toxin assay (IC50 ~7 nM). A second scFv (scFv#7) had little
or no neutralization activity in the assay, and was found to bind to BoNT/A with high affinity
(Kd ~1 nM).

The scFvs were tested for their ability to protect mice from the botulinum toxin BoNT/A
by intravenous administration of the agents and toxin. The two scFvs were administered
individually or together, and were given to mouse subjects with and without anti-E-tag mAb by
intravenous administration. Each subject was administered a dose of 10 LDso of BoNT/A (i.e.,

an amount of BoNT/A ten-fold the LDsg), five mice per group. The results are shown in Table 1.
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Table 1: scFv administration with and without anti-tag antibody alleviates toxin morbidity

Agents Administered (dose) Survival Observations
none 0% Death in less than a
day
scFv#2 (20 pg) 0% | Death delayed about
a day
scFv#7 (20 pg) 0% | Death delayed less
than a day

scFv#2 (20 pg) + anti-E-tag mAb (25 pg) 100% | Symptoms severe

scFv#7 (20 pg) + anti-E-tag mAb (25 ug) 0% Death delayed
several days

scFv#2 (10 pg) + scFv#7 (10 ug) + anti-E- No symptoms
tag mADb (25 pg) 100%

The results shown in Table 1 clearly show that a BoNT/A neutralizing scFv (scFv#2)
alone did not significantly protect mice from the toxin. Subjects survived (100%) following co-
administration scFV#2 and mAb that recognizes an epitopic tag (E-tag) on the scFv. More
importantly, co-administering two scFvs, each with E-tag, and anti-tag mAb dramatically
improved the protective effect.

Subjects were administered 10 LDs and lower doses of the scFvs and the anti-E-tag
mAb, and were analyzed for percent survival. Further, two additional non-neutralizing anti-
BoNT/A scFvs (scFv#3 and scFv#21) were tested in combination with the neutralizing scFv#2.
Whether the anti-E-tag mAb would function upon administration at a different site and time than
the toxin was also tested.

The results in Table 2 confirm those data herein and further show that the mAb specific
for the epitopic tag does not have to be pre-mixed with the scFv containing the epitopic tag to be
effective. In fact, doses were administered at different sites and times. Combinations of two
scFvs (each with E-tags) and the single anti-E-tag mAb, provided greater protection than with
one scFv alone. This synergistic protective effect occurred using different scFvs and was
observed at significantly lower doses of the scFvs or mAb than used in the data observed in
Table 1.
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Table 2: Anti-E-tag mAbs administered separately protected subjects from toxin

Agents Administered (dose) Survival Observations
none 0% Death in about a day
scFv#2 (10 ug) 0% Death delayed about 2 days
scFv#2 (10 pg) + anti-E-tag mAb (10 100% Symptoms moderate

1e)
(mAb administered intraperitoneally)

scFv#2 (10 pg) + anti-E-tag mAb (10 100% Symptoms mild

Ry

scFv#2 (10 pg) + anti-E-tag mAb (2 pg) 100% Symptoms mild
scFv#2 (2 pg) + anti-E-tag mAb (2 pg) 100% Symptoms moderate
scFv#2 (5 pg) + scFv#7 (3 nug) + 100% No symptoms

anti-E-tag mAb (10 pg)

scFv#2 (1 ug) + scFv#7 (1 pg) + 100% No symptoms
anti-E-tag mAb (10 pg)

scFv#2 (5 ng) + scFv#3 (4 pug) + 100% No symptoms
anti-E-tag mADb (10 pg)

scFv#2 (5 ng) +scFv#21 (3 pg) + 100% No symptoms
anti-E-tag mAb (10 pg)

Examples herein tested whether combinations of three and four scFvs with anti-tag mAb
protect subjects from an amount of BoNT/A 100-fold, 1000-fold, or 10,000-fold the LDso, i.e.,
100 LDso BoNT/A, 1000 LDso BoNT/A or 10,000 LDso BoNT/A.

The data shown in Table 3 demonstrate the excellent potency of a tagged binding agent
as an antitoxin. Specifically, completely protection of subjects from even mild symptoms of
intoxication by 1,000 LDsy was observed using combinations of three or four scFvs with anti-E-
tag mAb. Subjects were protected from lethality from a 10,000 LDsp dose with a combination of
four scFvs, although moderate symptoms were observed. The ability to protect mice receiving
up to 10,000 LDsp of BoNT/A is equivalent to the highest level of protection reported with pools
of different anti-BoNT/A mAbs (Nowakowski et al, Proc Natl Acad Sci U S A, 99:11346-50).
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Table 3: Combinations of scFv protect from 100, 1000, and 10,000 fold LDsy BoNT/A doses in
presence of 10 ug of anti-E-tag mAb

BoNT/A Additional agents administered (dose) Survival Observations

100 LDsp None 0% |Death in less than a day

100 LDso scFv#2 (2 pg) + scFv#3 (2 pg) + scFvi#21 (2 pug)| 100% |No symptoms

1,000 LDsp None 0% |Death in less than a day

1,000 LDs; scFv#2 (2 pg) + scFv#3 (2 pg) + scFv#21 (2 pg)| 100% |No symptoms

1,000 LDso scFv#2 (2 pg) + scFvi#3 (2 ug) + scFv#7 (2 pg) +| 100% |No symptoms
scFv#21 (2 ug)

10,000 LDso None 0% |Death in a few hours

10,000 LDso scFv#2 (2 pg) + scFv#3 (2 ug) + scFv#21 (2 ug)| 0% | Death delayed one day

10,000 LDs scFv#2 (2 pg) + scFv#3 (2 pg) + scFv#7 (2 pg) + 100% |Moderate symptoms
scFv#21 (2 ng)

The next example tested efficacy of a binding agent containing two copies of the epitopic
tag. The anti-BoNT/A binding agent, scFv#7, was engineered to contain another copy of the E-
tag peptide. The E-tag peptide was present on the carboxyl terminus of each scFv. An altered
version of scFv#7 (called scFv#7-2E) was engineered to be identical to scFv#7 and to have an

additional copy of the E-tag peptide fused to the amino terminus.

Table 4: Protection from BoNT/A using scFvs having multiple tag sequences in presence of 10

ug of anti-E-tag mAb

BoNT/A Additional agents administered (1 pg each) Survival Observations
LDso
100 None 0% Death in less than 6
hours
100 scFv#2 + scFv#3 + scFv#7 100% | No symptoms
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BoNT/A Additional agents administered (1 pg each) Survival Observations
LDso

100 scFv#2 + scFv#3 + scFv#7-2E 100% | No symptoms

1.000 None 0% Death in less than 2
hours

1.000 scFv#2 + scFv#3 + scFv#7 0% Death delayed 2 days

1.000 ScFv#2 + scEFv#3 + scFv#7-2E 100% |[No symptoms

10.000 None 0% Death in less than 2
hours

10.000 scFv#2 + scFv#3 + scFv#7 0% Death delayed less than a
day

10.000 scFv#2 + scFv#3 + scFv#7-2E 20% | Death delayed many
days

10.000 scFv#2 + scFv#3 + scFv #21 + scFv#7 0% Death delayed 2 days

10.000 scFv#2 + scFv#3 + scFv #21 + scFv#7-2E 100% | Moderate symptoms

The results in Table 4 demonstrate that the binding agent with two epitope tags

dramatically improved the in vivo antitoxin efficacy of the tagged binding agent. Witha

combination of three scFvs, including scFvs#2, scFvs#3 and scFvs#7 or scFvs#7-2E, clearly the

use of scFvs#7-2E was substantially superior in protection of mice to the use of scFvs#7 with

only one E-tag. The improvement by presence of two copies of tag was particularly evident in

the groups of mice challenged with 1,000 LDs. In these groups, the triple combination of

scFv#2 + scFv#3 + scFv#7 was insufficient to allow survival of the mice. When scFv#7 was

replaced with scFv#7-2E, all the mice survived without symptoms. Furthermore, use of a pool of

scFv#2 + scFv#3 + scFv#7-2E permitted the survival of one of five mice challenged with 10,000

LDsy and delayed the death of the other mice by several days. The equivalent pool with scFv#7

having only one E-tag only delayed death for one day in mice challenged with 10,000 LDs.

Finally, an identical combination of four scFvs (#2, #3, #21 and #7) in which the efficacy usin’g

scFv#7 was compared with scFv#7-2E. Administering only one pg of each scFv, the presence of

scFv#7 did not result in survival of mice challenged with 10,000 LDs,, and the same

combination the scFv#7-2E was protective. These data show that mice were effectively
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protected from high doses of toxin by administering a smaller number high affinity binding
agents, each containing two or more epitope tags together with an anti-tag mAb.

The method herein improves therapeutic agent flexibility, provides highly stable binding
agents with long shelf life, substantially reduces the cost of production, and permits
commercially feasible therapeutic applications that involve multiple target agents. Furthermore,
the strategy herein will permit much more rapid development of new antitoxins. The binding
agents are much more quickly developed to commercialization than mAbs. The single anti-tag
mAb needed for co-administration is the same for therapies requiring different tagged binding
agents and thus can be pre-selected for its commercial scale up properties and stockpiled in
advance of the development of the binding agents.

An immediate application is in anti-toxin therapy, an area of high interest because of
bioterrorist threats. For example, it is now thought that effective prevention of botulinum
intoxication using toxin neutralizing mAbs will require administration of three different mAbs
each targeting the same toxin. Since there are at least seven different botulinum toxins, this
suggests that 21 different mAbs (or more) may need to be stockpiled for use in the event of a
major botulism outbreak as might occur through bioterror. Monoclonal antibodies are very
expensive to produce and have relatively short shelf lives. Methods and compositions herein
would make it possible to produce 21 different recombinant binding agents, each having longer
shelf-life and lower production costs, and then stockpile only a single mAb. It is possible that
this approach could open up many other mAb therapeutic strategies that involve multiple
binding targets, but which have not been pursued because of prohibitive development and
production costs and poor product shelf life. Methods and compositions herein permit the use of
mAbs of different antibody isotypes to be used with the same binding agents to provide greater

therapeutic flexibility.

Example 11: BoNT/A VHHSs binding agents

VHH binding agents were identified, produced and purified that were specific to each of
botulinum neurotoxin serotype A (BoNT/A) and serotype B (BoNT/B). The VHHS made herein
included nine amino acids at the amino coding end and which are associated with the forward
PCR primer sequence. See FIG. 3 A-C for the sequences. These sequences derive from
‘framework 1° and include minor variants of the original coding sequence. The most common
amino acid sequence is QVQLVESGG (SEQ ID NO: 16) and which is the amino acid sequence

used in assays shown in FIG. 3 A-C.
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At the carboxyl coding end of the VHHs either amino sequence, AHHSEDPS (SEQ ID
NO: 17), or the amino sequence, EPKTPKPQ (SEQ ID NO: 18) is located, present in the VHHSs
sequence as shown in FIG. 3 A-C, and these were observed to be interchangeable without loss
of function. Identical clones were identified from alpacas that vary only in the hinge sequence
and retain virtually the same target binding function. See also D.R. Maass et al. 2007 Journal of
Immunological Methods 324:13-25.

As a result of the altered splicing, the amino acid sequence that joins the VH domain to
the CH2 domain in heavy chain IgGs is called the “hinge” region, and is unique to this class of
camelid antibodies (See D.R. Maass et al. 2007 Journal of Immunological Methods 324:13-25
which is incorporated by reference in its entirety). The two distinct hinge sequence types found
in camels and llamas are referred to as the “short” hinge and the “long” hinge respectively. SEQ
ID NO: 17 is a short hinge sequence derived from a camel, and SEQ ID NO: 18 is a long hinge
sequence derived from a llama.

During screening for VHH binding agents, different coding sequences are identified that
display significant homology among randomly identified clones. VHH sequences that are
homologous are predicted to be related and thus to recognize the same epitope on the target to
which they have been shown to bind. Examples herein experimentally demonstrate epitope
recognition by methods for binding competition. These findings demonstrate that significant
variation is permitted in VHH amino acid sequences without loss of target binding. An example
of the extent of variation permitted is shown in FIG. 4 A-B. Each VHH identified in FIG. 4 A-B
as a BoNT/A binder was experimentally observed to bind to the same epitope as JDQ-B5 based
on binding competition assays.

FIG. 5 shows a phylogenetic tree that compares the homology among BoNT/A binding
VHHs within the JDQ-B5 competition group to random alpaca VHHs. The homology
comparison uses the unique amino acids that are present between the forward PCR primer
sequences and the hinge region (above). The distance of the lines is a measure of homology; the
shorter the distance separating two VHHs, the more homologous. Four VHHs that bind to the
same epitope as JDQ-B3 cluster within a group that is distinct from the random VHHs as shown,
strong evidence of relatatedness of these clones. The results show that substantial variation in
the VHH sequence is tolerated without loss of the target binding capability.

The coding DNAs for two different VHH monomers were cloned in an E. coli expression
vector in several different ways to produce different recombinant proteins. To produce single
VHH monomers, the VHH coding DNA was inserted into the plasmid pET32b to fuse the VHH

in frame with an amino terminal bacterial thioredoxin and a carboxyl terminal epitopic tag (E-
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tag GAPVPYPDPLEPR; SEQ ID NO: 15). Additional coding DNA deriving from the pET32b
expression vector DNA was also present between the thioredoxin and VHH coding sequences,
the DNA encoding six histidines (to facilitate purification) and an enterokinase cleavage site,
DDDDK to permit enzymatic separation of thioredoxin from the VHH. The resulting
expression vectors were used for expression of VHH monomers. VHH monomers JDQ-H7
(SEQ ID NO: 32, referred to as “H7) and JDQ-B5 (SEQ ID NO: 24, referred to as “B5”) were
expressed using this system (FIG. 6). A representation of the two monomer VHH proteins
produced by these expression vectors, labeled H7/E and B5/E, is shown in FIG. 10 A.

Expression vectors were prepared in pET32b in which DNA encoding two iterations of
the VHH monomer (e.g., SEQ ID NOs: 46 and 48) was present, and the monomers joined in
frame to yield heterodimers. For these constructions, the two nucleic acid sequences encoding
the VHHs were separated by a nucleotide sequence encoding a 15 amino acid linker, SEQ 1D
NO: 55, that provides a flexible spacer (fs) between the expressed VHH proteins to separate the
domains and facilitate independent folding. The E-tag coding DNA followed the second VHH
coding DNA (SEQ ID NO: 49) in frame to obtain a single-tagged VHH heterodimer H7BS/E
(SEQ ID NO: 50), expression of which is shown in FIG. 10 B. A second copy of the E-tag
coding DNA (e.g., SEQ ID NO: 51) was included upstream of the first VHH (at the amino
coding end) for expression of a double-tagged VHH heterodimer E/H7/B5/E (SEQ ID NO: 52)
shown in FIG. 10 B.

The thioredoxin fusion partner was included to improve expression and folding of the
VHHs, and was observed as not necessary for VHH function. The activity of the VHH agents to
protect mice from BoNT/A intoxication in mouse lethality assays was tested using VHH agents
in which thioredoxin was cleaved (by enterokinase) from the VHH. It was observed that absence
of thioredoxin caused no significant reduction in activity.

A single-tagged heterodimer VHH was predicted to lead to decoration of the BoNT toxin
by the anti E-Tag mAb in a ratio of 1:1. Accordingly, a single-tagged heterodimer was expected
to bind at two sites on the toxin and lead to decoration of the toxin with two anti E-tag
antibodies (see FIG. 7). A double-tagged heterodimer provides for binding of the anti E-tag
antibody in a ratio of 2:1 and thus should bind at two sites on the toxin and lead to decoration of
the toxin with four anti-tag antibodies (see FIG. 8). These agents were tested for their ability to
protect mice from BoNT/A toxin.

For these examples, the VHH agents and the toxin were pre-mixed and then
intravenously administered to groups of five subjects (mice) per group. The subjects were

monitored and the time to death was noted for those that succumbed to the toxin. In the results
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shown in FIG. 9 A, a pool of two VHH monomers, H7/E and BS/E (1 pg of each monomer per
subject), in the presence of anti-E-tag mAb (Phadia, Sweden) (5 pg/mousc) delayed death only
about one day in mice exposed to 1,000 LDs, of BoNT/A. The single-tagged VHH heterodimer,
H7/B5/E (2 ng/mouse) in the presence of anti-E-tag mAb (5 pug/mouse) delayed death by about a
day and a half in mice exposed to 1,000 LDs, of BoNT/A.

In contrast, it was observed that the double-tagged heterodimer, E/H7/B5/E (2 pg/mouse)
administered with anti-E-tag mAb resulted in full survival of mice exposed to 1,000 LDso and
even 10,000 LDso of BoNT/A (FIG. 9 B). Mice given the double-tagged VHH heterodimer,
E/H7/B5/E, in the absence of co-administered anti-E-tag mAb, did not survive a 1,000 LDsp
amount of BoNT/E, showing that the anti-tag mAb was necessary for full efficacy. The ability
of the double-tagged VHH heterodimer, E/H7/B5/E, administered with anti-E-tag mAb to
protect mice against 10,000 LDso demonstrates that this treatment achieved a level of efficacy
similar to that obtained with a commercial polyclonal antitoxin sera.

In other examples, the BoNT/A-binding VHH heterodimer agents were tested for their
ability to prevent death in subjects previously exposed to BoNT/A. In these examples, groups of
five subjects were first exposed to 10 LDs; BoNT/A. Then after 1.5 or three hours from
exposure mice were treated either with the E/H7/BS/E heterodimer agent (2 pg/ subject)
administered with anti-E-tag mAb (5 pg/ subject), or with a dose of potent polyclonal anti-
BoNT/A sera that had been prepared in sheep. This sera had been previously shown to protect
subjects against 10,000 LDso of BONT/A when it was co-administered with the toxin (assays
performed as in previous paragraph). All subjects were monitored and the time to death was
determined for non-survivors. Control subjects (2 groups of five each) died within about a day.
All subjects treated with polyclonal antisera 1.5 hour post-intoxication (five) survived, and four
of five subjects treated three hours post-exposure both 1.5 hours and three hours post-
intoxication survived. Five out of five subjects treated with the VHH heterodimer and anti-E-tag
mADb both 1.5 hours and three hours post-exposure survived. Thus the VHH heterodimer and
anti-E-tag treatment was at least as effective as conventional polyclonal antitoxins at protecting

subjects from BoNT exposure in the more clinically relevant post-exposure challenge model.

Example. 12: Neutralization of botulinum neurotoxin using VHH binding proteins

Examples herein show that scFv antitoxin compositions prevent development of disease
symptoms in subjects exposed to a botulinum toxin. These antitoxin agents were antibodies that
bound the toxin and neutralized the activity of the toxin and/or promoted rapid clearance from

the body. Data show that effective neutralization was achieved using a mixture of two high-
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affinity toxin VHH binding agents, each of which strongly neutralized toxin in cell-based assays.
Administration of a multimeric composition was much more effective at protecting subjects
from toxin than a pool of two neutralizing monomer binding agents only.

Camelid heavy chain only Vh domain (VHH) binding agents with high affinity for
Botulinum neurotoxin serotype A (BoNT/A) were produced including H7 (SEQ ID NO: 56), BS
(SEQ ID NO: 57). Methods of generating VHH binding agents are shown in Shoemaker et al.
U.S. application serial number 12/032,744 which is application 2010/0278830 A1 published
November 4, 2010, and Shoemaker et al. U.S. application serial number 12/899,511 which is
application 2011/0129474 A1 published June 2, 2011, each of which is incorporated herein by
reference in its entirety.

VHHs (H7, B5 and C2) displayed potent BoNT/A neutralization activity in assays of
exposure or intoxication of primary neurons in culture. The H7 VHH and B5S VHH monomers
were expressed in E. coli and a single heterodimeric polypeptide (H7/B5) was constructed and
expressed with the H7 and B5 VHH domains/subunits separated by a fifteen amino acid flexible
spacer having three repeats of amino acid sequence GGGGS (SEQ 1D NO: 55). A combination
of the H7 monomer binding agent and B5 monomer binding, and a H7/BS5 single chain
heterodimer binding agent were tested to determine ability to protect mouse subjects from death
caused by BoNT/A. The subjects received ten-fold the lethal dose of BoNT/A that causes death
in 50% of mice (10 LDsp), and either 1.5 hours or three hours later were administered either: 1
micrograms (pg) of H7 binding agent; a sheep antitoxin serum produced against BoNT/A; 1 pg
of B5 monomer binding agent; or 2 pg of H7/BS single chain heterodimer binding agent (FIG.
11 A-B). The amount of sheep antitoxin serum administered was equivalent to the amount of
commercial antitoxin serum generally administered.

Data show that subjects administered a combination of monomeric H7 and B5 binding
agents died within three days. Control subjects administered no therapeutic agent died within
one day (FIG. 11 A-B). Subjects administered the sheep antitoxin serum survived at 80%. Most
important, subjects administered H7/B5 single chain heterodimer binding agent survived
additional days compared to the control subjects, with 80% of subjects administered H7/B5

heterodimer binding agent surviving for seven days.

Example. 13: Neutralization of C. difficile toxins using heteromultimer binding agents

A set of VHH binding agents that bind Clostridium difficile toxin B (TcdB) were

obtained and shown in Examples herein to inhibit the ability of the toxin to intoxicate or infect

cells (FIG. 12 A). Potent anti-TcdB neutralizing VHHs were selected, identified by codes names
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5D and E3, and were expressed as separate monomers or as a heterodimer. A pool/mixture of
VHH monomers, 5D and E3, was compared in for ability to prevent TcdB lethality to cells to
the 5D/E3 heterodimer.

CT26 cells were exposed to TedB (100 picograms/ml) in the presence of different
concentrations (0.03 nM, 0.1 nM, 0.3 nM, 1 nM, 3 nM, 10 nM, or 30 nM) of: a mixture of 5D
VHH monomer (SEQ ID NO: 67) and E3 VHH monomer (SEQ ID NO: 68), or a SD/E3
heterodimer (SEQ ID NO: 87). Control cells were not administered neutralizing agents. Cell
rounding caused by TcdB was monitored using a phase-contrast microscope.

Culture media from expressing cells were administered with either the mixture of 5D and
E3 VHH monomers, or the SD/E3 VHH heterodimer were found to be effective in protecting the
cells from TcdB associated cell rounding. Control cells (100%) showed cell rounding and
negative indicia of TcdB following toxin exposure.

It was observed that administering 0.1 nM SD/E3 heterodimer to subjects prior to TcdB
exposure resulted in 50% cell rounding (i.e., 50% TcdB infection; FIG. 12 B). The same level
cell rounding protection (50%), was achieved with1 nM of the mixture of 5D and E3 monomers.
Thus, the SD/E3 VHH heterodimer was observed to be about ten-fold more potent as a toxin
neutralizing agent than a pool containing the same two VHHs as monomers (FIG. 12 B).

The improved antitoxin and protective potency SD/E3 heterodimer was further analyzed
using an in vivo toxin challenge mouse model. Subjects were co-administered a lethal dose of
TcdB (1 ng/mL) with either a mixture of 500 nanograms (ng) of 5D monomer and 500 ng E3
VHH monomer; or with 250 ng of 5D/E3 VHH heterodimer; or with phosphate buffered saline,
PBS. See FIG. 12 C. See Data show that each of the VHH binding agents was a more effective
TcdB neutralizing agent for subjects than the PBS control. Survival was observed at 100% for
subjects administered 5D/E3 VHH heterodimer (250 ng) and at about 40% for subjects
administered a mixture of 5D and E3 VHH monomers. Control subjects receiving PBS survived
at a rate of 20%.

Data show that subjects administered a mixture of 5D and E3 monomers survived for
fewer days and were less protected from a lethal TcdB challenge than subjects administered the
5D/E3 heterodimer (FIG. 12 C). Most important the improved protection and neutralizing ability
of the 5D/E3 heterodimers was observed even if the amount of heterodimer administered was
75% less than the amount of the mixture of 5D and E3 monomers. Further analysis was
performed in Examples below to determine the relative factors for VHH monomers and

heterodimers to effectively neutralize and clear disease agent targets from the body (FIG. 12 A-
O).
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Example 14: Identification and characterization of anti-BoNT VHHSs

Serum clearance of Botulinum neurotoxin serotype A (BoNT/A) was dramatically
accelerated by administering a pool of different epitopically-tagged single-chain Ig variable
fragment (scFv) domain binding agents with an anti-tag monoclonal antibody (Shoemaker et al.
U.S. 12/032,744 application 2010/0278830 A1 published November 4, 2010; Shoemaker et al.
U.S. 12/899,511 application 2011/0129474 A1 published June 2, 2011; Sepulveda et al. 2009
Infect Immun 78: 756-763, and Tremblay et al. 2010 Toxicon. 56(6): 990-998, each of which is
incorporated herein in its entirety).

To determine whether a more commetcially and clinically acceptable binding agent than
scFvs could be identified, a panel of camelid heavy-chain-only Vh (VHH) binding agents having
high affinity for epitopes of BONT/A holotoxin was produced. VHHs were obtained that bound
to an epitope of a distinct BoNT serotype, BoNT/B holotoxin, and these VHHs were tested for
antitoxin efficacy. Competition ELISAs were performed to identify the VHHSs with the highest
affinity for unique epitopes on BoNT/A and BoNT/B. VHHs specific for each of BONT/A (FIG.
13 A) and for BoNT/B (FIG. 13 B) were identified.

The VHHs in FIG. 13 A-B include amino acid sequence QLQLVE (SEQ ID NO: 88) and
QVQLVE (SEQ ID NO: 89) at the amino terminus region. The sequence was encoded by the
PCR primer used to generate the VHH-display library (Maass et al. 2007 Int J Parasitol 37: 933-
962). The eight amino acids shown at the carboxy-terminus end were encoded by the short hinge
or long hinge PCR primers that were used to generate the VHH library.

The amino acid sequences for double-tagged VHH heterodimer antitoxins that
specifically bind BoNT/A: c¢iA-H7/ciA-B5(2E) and ciA-F12/ciA-D12(2E) are shown in FIG. 13
C. Each heterodimer included two VHH monomers and two epitopic tags. The amino acid
sequences of the tags within the amino acid sequences of the heterodimers are underlined (FIG.
13 C). The amino acid sequence preceding the first E-tag in each VHH protein contained the
thioredoxin fusion partner and hexahistidine encoded by the pET32b expression vector. The
VHH sequences were flanked by the two E-tag peptides and were separated by the unstructured
spacer having amino acid sequence (GGGGS);, SEQ ID NO: 35.

Each VHH was purified from E. coli as a thioredoxin fusion protein containing a single
carboxyl-terminal epitopic tag (E-tag). Sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) analyses of VHH monomers and VHH heterodimers was
performed (FIG. 14 A-B). The channels were loaded with one microgram (pg) of each VHH
monomer or heterodimer. Molecular weight markers (12, 31, 45, 66, 97, 116 and 200
kilodaltons) are shown on the border of each gel. FIG. 14 A shows SDS-PAGE analysis of the
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tagged (E) VHH monomers: ciA-D1, ciA-H4, ciA-H11, ciA-AS, ciA-C2, ciA-D12, ciA-F12,
ciA-G3, and ciA-H7. Dark bands were observed at approximately 35-38 kilodalton molecular
weight for all single tagged VHH monomers. Channels loaded with ciA-D1, ciA-H4, ciA-H11,
and ciA-BS showed light bands at about 45-46 kilodaltons (kDa), and at about 59 kDa to about
62 kDa molecular weight. SDS-PAGE analysis was performed also on single- or double-tagged
VHH heterodimers: ciA-H7/ciA-B5 singly tagged on ciA-BS5; double tagged ciA-H7/ciA-BS
having a tag on both ciA/H7 and ciA-BS5, ciA-F12/ciA-D12 singly tagged on ciA-B5; double
tagged ciA-F12/ciA-D12 having a tag on both ciA/F12 and ciA-D12, double tagged ciA-
A11/ciA-BS5 having a tag on both ciA/A11 and ciA-B35 (FIG. 14 B). Strong dark bands at about
48 kDa to about 58 kDa molecular weight were observed for each heterodimer (FIG. 14 B).

The unique BoNT/A binding VHHs were further characterized and analyzed for ability
to affinity target BONT/A using surface plasmon resonance (SPR) in which a lower Kd indicates
stronger binding/affinity between the VHH and the toxin target. Analysis was performed also to
determine the ability of the BoNT/A binding VHHs to prevent intoxication of primary neurons
in culture (FIG. 15 and Table 5).

Neuronal granule cells from pooled cerebella of seven day old to eight day old Sprague-
Dawley rats or five day old to seven day old CD-1 mice were harvested as described by Skaper
et al 1979 Dev Neurosci 2:233-237. The cells were then cultured in 24-well plates as described
by Eubanks et al 2010 ACS Med Chem Lett 1: 268-272. After a week or more of culture, each
culture well was adjusted to a volume of 0.5 ml with dilutions of VHHs (ciA-H7, ciA-BS, ciA-
C2, ciA-D12, ciA-F12, ciA-A35 or ciA-G3) or a buffer control, and BoNT/A (ten picomoles) was
added. After overnight incubation at 37°C, cells were harvested and the extent of synaptosomal-
associated protein 25 (SNAP25) cleavage was determined by Western blot using commercially
available rabbit anti-SNAP25 (Sigma-Aldrich Inc.). See FIG. 15. SNAP-25 is a membrane
bound protein anchored to the cytosolic face of membranes by palmitoyl side chains within the
molecule that is involved in the regulation of neurotransmitter release. Botulinum toxin
serotypes including serotypes A, C and E function to cleave SNAP-25, resulting in paralysis and
clinically developed botulism.

The upper band shown in the Western blot photographs is uncleaved SNAP235, and the
lower band indicates cleaved SNAP25 (FIG. 15). SNAP25 cleavage (i.e., presence of a lower
band) resulting from exposure to botulinum toxin was observed. VHHs were identified by the
criterion that at concentrations of less than 0.1 nanomoles (nM) were observed to inhibit
BoNT/A cleavage of SNAP2S (i.e., no lower band), are strong neutralizing agents. Weak
neutralizing VHHs were identified as VHHs that required greater than 1 nM to inhibit BONT/A
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cleavage of SNAP25. VHHs that required greater than 10nM to prevent SNAP2S cleavage were
identified as having no toxin neutralizing ability (FIG. 15).

It was observed that about equimolar amounts of ciA-BS, ciA-C2 and ciA-H7 VHHs
prevented intoxication of neurons with 10 picomoles of BONT/A. Two VHHs (ciA-D12 and
ciA-F12) were observed to have no or negligible toxin neutralizing activity even at 1,000-fold
excess VHH to toxin. Two VHHs (ciA-AS5 and G5) displayed intermediate neutralizing activity
compared to ciA-BS, ciA-C2 and ciA-H7, the strongly neutralizing VHHs, and ciA-D12 and
ciA-F12, the non-neutralizing VHHs (FIG. 15 and Table 5).

Thus, ciA-B3, c¢iA-C2 and ciA-H7 were determined to be strong neutralizing VHHs.
Other isolates including ciA-D12 and ciA-F12 were observed to be non-neutralizing VHHs that

produced no detectable toxin neutralization.

Example 15: Protection from BoNT/A lethality using monomeric anti-BoNT/A VHHs

Epitopically tagged anti-BoNT/A VHH compositions were shown in the Example herein
to prevent toxin induced lethality in the presence or absence of the clearing anti-tag mAb.
Methods of testing VHHs are shown in Sepulveda et al. 2009 Infect Immun 78:756-763, and
Tremblay et al. 2010 Toxicon. 56(6): 990-998. Pools/mixtures of two, three, four or six different
anti-BoNT/A VHH monomers with or without anti-E-tag clearing antibody were co-
administered to subjects with an amount (1000 LDsg or 10,000 LDso) of BoNT/A holotoxin.
Subjects were then monitored for symptoms of toxin lethality and were observed for time to
death.

The subjects were co-administered BoNT/A with either a mixture of ciA-H7 and ciA-B5
monomers, or a mixture of ciA-D12 and ciA-F12 monomers (FIG. 16 A bottom graphs). Each
mixture was administered with (+ aE) or without (- oE) anti-E-tag clearing antibody that
specifically bound the epitopic tags located on the VHHs. Control subjects were administered
toxin only. Unless indicated otherwise, a dashed line in FIGS. 16-24 indicates that no anti-E-tag
antibody was administered to the subjects. Each monomeric VHH was used at a total dose of
two micrograms (pg) per mouse to ensure that the only the complexity and/or identity of the
VHH mixtures was varied among groups and was the cause of observed antitoxin efficacy.

Results obtained show that subjects administered ciA-D12 and ciA-F12, two anti-
BoNT/A VHH monomers previously determined not to neutralize BoNT/A in cell assays, did
not survive toxin challenge for any greater time than did control subjects administered toxin
only (FIG. 16 A bottom graphs). Administration of 5 pg amounts of anti-E-tag clearing antibody
(aE) to subjects only slightly prolonged time before death. Data show that subjects administered
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neutralizing VHH monomers ciA-H7 and ciA-B5 with anti-E-tag clearing antibody were slightly
protected against BoONT/A compared to subjects administered ciA-D12 and ciA-F12, and anti-E-
tag clearing antibodies. Thus, the decoration of BoNT/A with two clearing antibodies provided
little or no therapeutic benefit to the subjects.

Administration to subjects of a mixture of ciA-B5, and ciA-H7 monomers absent
clearing antibody only delayed time to death. Data show that subjects challenged with 100-fold
the LDsy of BoNT/A (approximately 5 nanograms total) survived longer following
administration of a mixture of neutralizing ciA-B3 and ciA-H7 compared to control subjects
administered no VHHs. Most important, it was observed that co-administration of clearing
antibody and the neutralizing VHHs resulted in 100% survival of subjects challenged with 100-
fold the LDsy of BoNT/A (FIG. 16 A bottom left graph). At a challenge of 1,000-fold the LDsp
of BONT/A, death was delayed about one additional day for subjects co-administered a mixture
of ¢iA-B5 and ciA-H7 and anti-E-tag clearing antibody compared to subjects administered
VHHs alone or control subjects (FIG. 16 A bottom right graph). Thus, it was observed that
administering a mixture of toxin neutralization VHH monomers with clearing antibody provided
greater therapeutic benefit and protection against BONT/A than administering VHHs absent the
clearing antibody. Relative affinity of each VHH influences the therapeutic effect of the VHH,
likewise for VHHs having similar sub-nanomolar aftinities (See Table 5).

Whether mixtures of VHH monomers containing both neutralizing VHHs and non-
neutralizing VHHs were effective antitoxin agents was further tested. Subjects were co-
administered 1,000-fold or 10,000-fold BoNT/A LDsy and one VHH monomer mixture of either
a mixture of ciA-BS5, ciA-H7, and ciA-C2; or a mixture of ciA-H7, ciA-AS5 and ¢iA-D12 with (+
aE) or without (- oF) an anti-E-tag clearing antibody preparation that specifically binds the
epitopic tags located on the VHHs (FIG. 16 B bottom graphs). Control subjects were
administered toxin only.

Administration of a mixture of ciA-BS5, ciA-H7, ciA-C2 monomers, each capable of
potent toxin neutralization, delayed death less than a day in mice exposed to 1000-fold the LDsp
of BoNT/A (FIG. 16 B bottom left graph). Subjects were completely protected (100% survival)
at 1000-fold the LDsg of BoNT/A following administration mixture of ciA-B35, ciA-H7, and ciA-
C2 monomers and clearing antibody. Co-administration of 10,000-fold the LDsoof BoNT/A (a
total amount of 0.5 ug), a mixture of ciA-BS5, ciA-H7, ciA-C2 monomers and clearing antibody
delayed death more than two days in subjects (See FIG. 16 B bottom right graph) compared to

control subjects.
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It was observed that administration of a mixture of ciA-H7, ciA-AS5, and ¢iA-DI2 in
which two VHH monomers (ciA-AS and ciA-D12) in the mixture of monomers were weak toxin
neutralizers, resulted in subjects surviving much less after exposure to an amount of BoNT/A
1,000-fold BoNT/A LDs, (FIG. 16 B bottom left graph).

Thus, administration of the mixture of ciA-BS, ciA-H7, and ciA-C2 tagged monomers,
each of which are strong neutralizing VHHs, to subjects provided greater protection against
BoNT/A than the mixture of ciA-H7, ciA-A5 and ciA-D12, in which two of the three VHH
monomers do not neutralize BoNT/A. Data show that 100% of subjects administered the
mixture of ¢iA-B3, ciA-H7, and ciA-C2 with the anti-tag clearing antibody survived a dose of
BoNT/A that was 1,000-fold the LDso of a BONT/A (FIG. 16 B bottom left graph), and survived
additional days following administration of 10,000-fold the LDsp of a BoNT/A (FIG. 16 B
bottom left graph).

Table 5: SPR binding data for VHH monomers and heterodimers
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Complete survival (100%) was observed for subjects administered a mixture of ciA-B3,
ciA-H7, ciA-D12 and ciA-F12 tagged monomers and anti-tag clearing antibodies of the
challenge with an amount of BoNT/A that was 1,000-fold the LDs, (FIG. 16 C bottom left
graph). Administering a pool of anti-BoNT/A VHHs (ciA-BS5, ciA-H7, ciA-D12 and ciA-F12) in
which only two VHHs (ciA-B3, ciA-H7) were strong toxin neutralizers only slightly delayed
death in subjects exposed to 1000-fold the LDs; of BoNT/A (FIG. 16 C bottom left graph). At
10,000-fold the LDso of a BoNT/A, subjects co-administered the mixture of four VHH tagged
monomers and anti-tag clearing antibody survived additional days compared to control subjects
(FIG. 16 C bottom left graph).

The antitoxin efficacy of a pool of four anti-BoNT/A VHHs tagged monomers (ciA-AS,
ciA-B3, ciA-C2 and ciA-H7) was compared to a pool of six different VHH tagged monomers
(ciA-A3, ciA-BS5, ciA-C2, ciA-H7, ciA-D12, and ciA-GS5). The pool of six VHH monomers
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contained the same VHHs as the pool of four VHHs and further included two VHHSs (ciA-D12,
and ciA-GS5) that were weak neutralizers of BoNT/A (FIG. 17 and Table 5). The different pools
of VHH monomers were each administered in the presence of clearing anti-tag antibody. It was
observed that 100% of subjects administered either the pool of four VHH tagged monomers or
the pool of six VHHs tagged monomers with anti-tag clearing antibody survived challenge with
1000-fold the LDso of BoNT/A (FIG. 17 left graph). Subjects challenged with 10,000-fold the
LDs, of BoNT/A survived longer following co-administration of either the pool of four VHH
monomers or the pool of six VHH monomers with clearing anti-tag antibody, than control
subjects administered only toxin (FIG. 17 right graph). These results show that decoration of
BoNT/A with a greater number of VHH antibodies, four or more VHHSs, greatly improved
antitoxin efficacy. Administering a pool of four VHH monomers or a pool of six VHH
monomers to the subjects provided additional antitoxin efficacy compared to administering three
or fewer VHH monomers.

These data clearly show that toxin clearance was rendered much more effective under
conditions in which BoNT is decorated by at least three VHH antibodies and at least about three
clearing antibodies. It was observed also that mixtures of monomers having greater number or
percentage of toxin neutralization VHHs greatly contributed to percent survival of subjects co-

administered a vast excess of the lethal dose of BoNT/A.

Example 16: VHH affinity and antitoxin efficacy

Toxin neutralization and clearance mechanisms were observed herein to depend on
affinity of antitoxin binding to the toxin. Without being limited by a particular theory or
mechanism of action, the kinetics of toxin binding (Kon) and release (Kog) by the antitoxin
binding agents contribute to the antitoxin efficacy.

To determine the relationship of toxin affinity to antitoxin efficacy and the role of each,
assays were performed for identification of multiple VHHs recognizing the same epitope. In the
course of anti-BoNT/A VHH screening and based on competition ELISA analysis, several
VHHs (ciA-D1, ciA-H4 and ciA-H11) were identified that recognized the same epitope as ciA-
H7. SPR analysis showed that each VHH monomer recognized and bound the ciA-H7 epitope
with a different affinity. The dissociation constant (Kd) identifies the strength of binding or
affinity between a ligand and a receptor, between the VHH antibody and the toxin.

The VHH Kd values for the VHHs having the stronger binding to BoONT/A were
determined to be 0.06 = 0.07 nM for ciA-H7, 0.71 £ 0.004 for ciA-D1, and the VHH Kd values
for the VHHSs having the weakest binding to BoNT/A were determined to be the 1.54 + 0.06 for
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ciA-H4, and 4.3 = 0.09 for ciA-H11 respectively (FIG. 18 A). These four VHHs were tested
with anti-tag clearing antibody for their efficacy as antitoxin VHHs in combination with the two
VHHs (ciA-B35, ciA-C2) that recognize distinct, non-overlapping epitopes of BoNT/A (FIG. 18
B left and right graphs).

Subjects (five mice per group) were co-administered BoNT/A and one of four mixtures
containing three VHH monomers: ciA-H7, ciA-B5 and ciA-C2; ciA-D1, ciA-B5 and ciA-C2;
ciA-H4, ciA-B35 and ciA-C2; or ciA-H11, ciA-B5 and ciA-C2. Each mixture included two
strong neutralizing VHH monomers (ciA-B5 and ciA-C2), and one VHH of ¢iA-H7, ciA-D1,
ciA-H4, or ciA-H11. Control subjects received toxin only.

Data show that 100% of subjects survived following co-administration of 100 BoNT/A
LDsp and VHH mixtures containing c¢iA-B35 and ¢iA-C2 and either ciA-H7, ciA-D1 or ciA-H4.
Subjects administered the VHH mixture of ciA-BS5, ciA-C2 and ciA-H11 survived the 100 LDsg
of BONT/A at 80% (FIG. 18 B left graph). Among subjects challenged with 1,000-fold the LDs,
of a BoNT/A (FIG. 18 B right graph), the level of protection was a function of the relative
binding affinity or Kd of the VHH to BoNT/A shown in FIG. 18 A. Specifically the greatest
protection at 1,000-fold BoNT/A LDso was observed in subjects administered the VHH mixture
containing ciA-B5, ¢iA-C2, and ciA-H7, which had the strongest BoNT/A affinity (i.e., lowest
Kd value of 0.06 + 0.07; FIG. 18 A and FIG. 18 B right graph). The least extent of protection
was observed in subjects administered the VHH mixture containing ciA-BS, ciA-C2, and ciA-
H11 (weakest BONT/A affinity and highest Kd value of 4.3 + 0.09; FIG. 18 A and FIG. 18 B
right graph), the survival of which was comparable to control subjects not administered VHH
monomers.

Correlating the Kd values with antitoxin-toxin binding and affinities, it was observed that
the lower the Kd value the greater the respective toxin affinity and the greater the antitoxin
efficacy of the VHH. VHH ciA-H7 was observed to have the lowest Kd and the strongest
binding affinity to BoNT/A, and was determined to have greater antitoxin efficacy than other
VHH compositions identified in FIG. 18 A. Thus, sub-nanomolar affinities or Kd values for the
tagged toxin binding agents is an important factor in identifying the VHH with greatest antitoxin

efficacy and most effective ability to protect subjects from toxin-associated infection and death.

Example 17: Antitoxin VHHs heterodimers

By engineering and expressing two anti-BoNT/A VHHs as a heterodimer, a resulting
multimeric binding protein molecule was obtained, and this composition was found to bind to

two different sites on the toxin and yield an improved toxin affinity. Examples herein analyzed
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the role of epitopic tags on the heterodimer and the role of the amount of the tagging of the
heterodimer compared to the clearing antibody with respect to increasing antitoxin efficacy of
the heterodimer.

VHH heterodimers were engineered to contain an epitopic tag for decoration of BONT/A
with two anti-tag clearing antibodies (FIG. 19 A top drawing). Survival and protection of
subjects was analyzed following challenge with each of 100-fold and 1000-fold the LDs; of
BoNT/A (FIG. 19 A bottom left and right graphs). Data show that administering heterodimer
containing two strongly neutralizing VHHs, ciA-B5 and ciA-H7, resulted in greater antitoxin
efficacy and longer survival of subjects than administering heterodimers containing two weak or
non-neutralizing VHHSs, c¢iA-D12 and ciA-F12 (FIG. 19 A bottom left and right graphs).

A second copy of the epitopic tag to the heterodimers compared to only one epitopic tag
was observed to promote toxin decoration with four clearing antibodies and to yield greater
clearing efficacy (FIG. 19 B top drawing). All (100%) of subjects survived a challenge with
either 1000-fold or 10,000-fold the LDs, of BoNT/A and co-administration of ciA-B5/ciA-H7
heterodimer having two epitopic tags and anti-tag clearing antibody (FIG. 19 B bottom graphs).

To further analyze whether two or more epitopic tags improved heterodimer antitoxin
efficacy, two sets of anti-BoNT/A VHH heterodimers were constructed in which the two VHHSs
in the heterodimers were either non-neutralizing (ciA-D12/F12) or potent toxin neutralizing
agents (CiA-B5/H7). The two different VHH heterodimers were engineered containing either one
or two copies of the epitopic tag (E-tag) and were expressed. SPR analysis confirmed that the
heterodimer affinities were in the range of 10 picomolar to 100 picomolar which was
significantly greater than the affinities of the component monomers (FIG. 15 and Table 5).

The antitoxin efficacies of the single tagged heterodimers administered to mouse subjects
after challenge with 1000-fold LDs; of BoNT/A (FIG. 19 A bottom left graph) were observed to
be similar to results obtained from administering a mixture of the two corresponding monomers
only (FIG. 16 A bottom right graph). Administering the non-neutralizing single-tagged
heterodimer, ciA-D12/F12(1E), resulted in no protection from challenge with 1000-fold LDs; of
BoNT/A in the absence of clearing antibody, and only slightly delayed death in the presence of
clearing antibody 9 FIG. 19 A bottom left graph). The toxin neutralizing single-tagged
heterodimer, ciA-BS/H7(1E), delayed death in mice exposed to 1000 LDsq BoNT/A for one to
two days in the absence of clearing antibody and efficacy was only slightly improved by the
addition of clearing antibody (FIG. 19 A bottom left graph).

Improved antitoxin efficacy was observed in subjects administered a heteromultimeric

agent having a second copy of the epitopic tag, with both non-neutralizing and neutralizing anti-
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BoNT/A VHH heterodimers in which the heterodimer agent was co-administered with clearing
antibody. Without being limited by any particular theory or mechanism of action, it is here
envisioned that component binding regions in a ‘double-tagged heterodimer” bind at two sites on
the toxin and each bound heterodimer decorates toxin with two clearing antibodies, resulting in
decoration of the toxin with at least four clearing antibodies (FIG. 19 B top drawing) which
Examples herein show had increased clearance. Administering non-neutralizing double-tagged
heterodimer containing ciA-D12/F12(2E) resulted in virtually no antitoxin efficacy in subjects in
the absence of clearing antibody at both 1000-fold and 10,000-fold the LDsy of BoNT/A (FIG.
19 B bottom left and right graphs). In fhe presence of clearing antibody, ciA-D12/F12(2E)
heterodimer fully protected subjects (100% survival) from 100-fold BoNT/A LDso and delayed
death about a day in subjects receiving 1000-fold BoNT/A LDs, compared to control subjects
(FIG. 19 B bottom right graph and FIG. 20 left graph). Thus the presence of a second epitopic
tag attached to the heterodimer dramatically improved the antitoxin efficacy.

Non-neutralizing heterodimer, ciA-D12/F12, with either one, two or three epitopic tags
was analyzed for antitoxin efficacy in the presence of clearing antibody (FIG. 20). The single-
tagged heterodimer only slightly protected subjects from toxin challenge of 100-fold the LDso of
BoNT/A. Subjects challenged with double-tagged heterodimers and triple-tagged heterodimers
were fully protected from a challenge of 100-fold the LDso of BoNT/A (FIG. 20 left graph).
Only little improvement in antitoxin efficacy was observed with the triple-tagged heterodimers
compared to the double-tagged heterodimers, consistent with the observation that near maximal
clearance was achieved by decorating the target with four clearing antibodies. A titration of the
clearing antibody administered with the double-tagged ciA-D12/F12 heterodimer demonstrated
that maximal antitoxin efficacy against both 100-fold and 1,000-fold the LDso of BoNT/A was
achieved with the number of clearing antibody molecules (measured in picomoles) administered
in an amount approximately equivalent to the number of epitopic tags (FIG. 21 left and right
graphs).

An even more dramatic antitoxin effect was observed in cell culture intoxication assays
using the double-tagged heterodimer, ciA-B5/H7(2E), in which both of the component anti-
BoNT/A VHHs individually possess potent neutralizing activity (FIG. 15). In the absence of
clearing antibody, the double-tagged ciA-B5/H7(2E) heterodimer produced the same antitoxin
efficacy as the equivalent single-tagged heterodimer (compare FIG. 19 A bottom left and right
graphs to FIG. 19 B bottom left and right graphs). In the presence of clearing antibody, the

neutralizing double-tagged heterodimer at 40 picomoles (pmoles) was observed to be a highly
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potent antitoxin that fully protected cells from lethality when co-administered with 10,000-fold
the LDsp of BoNT/A, i.e., the total amount was about 3 pmoles.

A dose-response assay was performed in mouse subjects with double-tagged ciA-
B5/H7(2E) heterodimer co-administered with 1000-fold the LDso of BoNT/A (FIG. 22). Tt was
observed that both 40 pmoles and 13 pmoles of double-tagged ciA-BS/H7(2E) heterodimer
completely protected the subjects against an exposure of 1000-fold the LDso of BONT/A. A dose
of 4 pmoles ciA-B5/H7(2E) heterodimer had the same protective efficacy for 1,000-fold the
LDsy of BONT/A as a dose of 40 pmoles did with 10,000-fold the LDsy of BONT/A (FIG. 15 B
and FIG. 22). These data show that co-administering about a fifteen-fold molar excess of the
double-tagged heterodimer binding agent with the clearing antibody was sufficient to effectively

neutralize and/or clear substantially all (greater than 99.99%) of the BoNT/A.

Example 18: Recombinant antitoxin efficacy in a clinically relevant post-intoxication assay

Assays in which varying doses of toxins are co-administered with antitoxin agents were
observed to permit sensitive quantification of antitoxin efficacy. To more accurately reflect the
typical clinical situation, antitoxin agents were tested in an assay of greater clinical relevance by
intraperitoneally administering to mouse subjects ten-fold the LDso of BoNT/A, and at 1.5 hours
and three hours afterwards, administering intravenously neutralizing heterodimer antitoxin
agents with and without the anti-tag clearing antibody. Different sets of anti-BoNT/A VHH
heterodimers were tested: a heterodimer containing non-neutralizing double-tagged ciA-
D12/F12(2E), and a heterodimer containing neutralizing double-tagged ciA-H7/B5(2E)
heterodimer (FIG. 23 A-B). A potent sheep anti-BoNT/A serum was used as a control in the
assay at a dose demonstrated to protect 100% of mice from lethality given 10,000-fold the LDso
of BoNT/A.

The non-neutralizing ciA-D12/F12(2E) heterodimer was observed to have little or no
antitoxin efficacy in absence of clearing antibody following administration either 1.5 hours or
three hours after BONT/A challenge (FIG. 23 A left and right graphs). However, ciA-
D12/F12(2E) heterodimer administered with clearing antibody displayed an efficacy nearly
equivalent to the positive control sheep antiserum (FIG. 23 B left and right graphs). These
results show that toxin clearance alone is sufficient to protect mice from a Jow dose BoNT
challenge, even when administered several hours post-exposure to toxin.

Surprisingly the neutralizing ciA-H7/B5(2E) heterodimer was observed to be as highly
effective as an antitoxin in this assay, in the presence or even absence of clearing antibody (FIG.

23 B). The double-tagged toxin neutralizing heterodimer administered 1.5 hours after toxin
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challenge with ten-fold the LDsy of BoNT/A resulted in an antitoxin efficacy equivalent to the
sheep serum polyclonal antitoxin. It was observed that following challenge at 10 BoNT/A LDso
for 1.5 hours, subjects administered ciA~-H7/B5(2E) heterodimer absent anti-tag clearing fully
survived (100% survival; FIG. 23 B left graph). The survival for subjects administered ciA-
H7/B5(2E) heterodimer was comparable to subjects administered sheep antitoxin (FIG. 23 B left
graph).

Data show that three hours after toxin challenge at ten-fold the LDso of BoNT/A, the
neutralizing ciA-H7/B5(2E) heterodimer resulted in greater subject survival (80%) than the
sheep serum polyclonal antitoxin (60% survival; FIG. 23 B right graph). Most important, the
survival of subjects using neutralizing ciA-H7/B5(2E) heterodimer was the same with or without
clearing antibody (FIG. 23 B right graph).

These data clearly show that BoNT neutralization was sufficient for full antitoxin
efficacy in a clinically relevant post-intoxication (post-exposure to toxin) assay with low dose
toxin challenge. A single recombinant multimeric binding protein with potent toxin
neutralization properties was as effective as antitoxin sera in a model of a typical clinical

situation involving toxin exposure and subsequent treatment.

Example 19: Antitoxin efficacy of a double-tagged heterodimer targeting botulinum toxin,

BoNT/B

Double-tagged VHH heterodimer antitoxins that specifically recognized and bound
unique epitopes on BoNT/B holotoxin (FIG. 13 B) were identified and expressed. Two of the
VHHs, ciB-All and ciA-B5, were observed to be the most effective antitoxins of those obtained
from monomer pool assays, and were engineered and expressed as double-tagged heterodimer,
ciB-A11/B5(2E).

Subjects were exposed to either 1,000-fold (FIG. 24 A left graph) or 10,000-fold (FIG.
24 A right graph) BoNT/B LDs; and were administered a ciB-A11 and ciB-B5 heterodimer with
(+ oE) or without (- aE) anti-tag clearing antibody. Control subject were exposed only to toxin
(no heterodimer binding proteins). Data show that in the presence of clearing antibody the ciB-
A11/B5(2E) heterodimer fully protected subjects challenged with 1000-fold the LDso of
BoNT/B (FIG. 24 A left graph) and extended the life of subjects challenged with 10,000-fold the
LDso of BONT/B (FIG. 24 A right graph).

Analysis was performed to determine whether the ciB-A11 and ciA-B5 double tagged

heterodimer was effective to treat subjects in a BoNT/B post-exposure in vivo model.
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Subjects were intravenously exposed to 10 LDsg of BONT/A, and then administered 1.5
hours or three hours afterward either: ciB-A11 and ciA-B5 double tagged heterodimeric protein
with or without clearing antibody, or a sheep antitoxin serum. Control subjects were only
exposed to 10 LDspof BoNT/B (no heterodimeric binding protein was administered). See FIG.
24 B left and right graphs. Data show 60% of subjects administered ciB-A11/B5 double tagged
heterodimer with anti-tag antibody survived 1.5 hours and three hours after BONT/B exposure,
and further that 20% more subjects survived with ciB-A11/B5 double tagged heterodimer with
clearing antibody treatment than with sheep antitoxin at both time points (FIG. 24 B left and
right graphs). It was observed that three hours after BoONT/B exposure subjects administered
A11/B5 double tagged heterodimer binding protein only (without anti-tag antibody) survived as
long as subjects administered sheep antitoxin (FIG. 24 B right graph).

Results from these clinically relevant post-intoxication assays herein showed that ciB-
A11/B5 heterodimer with or without clearing antibody was as effective as sheep anti-BoNT/B

serum in protecting subjects from death caused by BoNT/B holotoxin exposure.

Example 20: VHH monomers protect CT26 cells from TcdA

Cells of murine colorectal cancer cell line CT26 were exposed to TcdA (2 ng/ml) for 24
hours and to a VHH monomer specific to TcdA (A3H, SEQ ID NO 61; A11G, SEQ IDNO:63;
ACI, SEQ ID NO: 62; AE1, SEQ ID NO: 64; AH3, SEQ ID NO: Al; or AA6, SEQ ID NO: 60).
Controls cells were exposed to TcdA (no VHH monomer was administered). The percentage of
cell rounding was monitored using a phase contrast microscope. Control cells administered only
TcdA showed extensive cell rounding and distorted cell morphology associated with TedA toxin
exposure.

It was observed that each of the VHH monomers reduced the percentage of affected cells
and protected the cells from TcdA exposure (FIG. 25). In order of greatest VHH monomer
activity to the weakest VHH monomer activity, the greatest activity was observed for AA6,
followed AH3, AC1, A3H, AE1, and A116 respectively. It was observed that VHH monomers
AA6 and AH3 neutralized TcdA and protected 50% of cells from toxin cytotoxicity at VHH
concentrations less than about 10nM, and thus were considered to have strong TcdA neutralizing

activity.

Example 21: Multimeric binding proteins protect cells from TcdA
CT26 cells were contacted to TedA (2 ng/ml) and concentrations (0.1 nM, 0.48 nM, 2.4
nM, 12 nM, 60 nM, or 300 nM) of each of VHH monomers: A3H, A11G, AC1, AE1, AH3, or
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AA6. Control cells were administered toxin only. The strength of each neutralizing VHH
activity was observed by analyzing protection of cells from the toxin by VHH monomers.
Percentage of cell rounding (% cell affected) caused by TedA was monitored using a phase
contrast microscope (FIG. 25). Thus, the strongest VHH produced the greatest protection at the
lowest concentration. The VHHs were identified in the following order of efficacy: AA6 as the
strongest therapeutic agent, followed by AH3, AC1, AE1, A11G, and then A3H as weakest
therapeutic agent.

To determine whether VHH monomers or VHH multimers effectively neutralized TcdA,
CT26 cells were exposed for 24 hours to TedA (2 ng/ml) and different concentrations (0.03
ng/mL, 0.1 ng/mL, 1 ng/mL, 3 ng/mL, 10 ng/mL, 30 ng/mL, 100 ng/mL, 300 ng/mL, or 1000
ng/mL) of VHH monomers (AH3 or AA6), VHH heterodimer containing AH3 and AA6, or a
homodimer of the heterodimer containing the heterodimer of AH3 and AA6 and fused to an
artificial homodimerization domain called 0AgB (Ah3/AA6/0AgB; SEQ ID NO: 95). The 0AgB
domain encodes a peptide having amino acid sequence
TSPSTVRLESRVRELEDRLEELRDELERAERRANEMSIQLDEC (SEQ ID NO: 94) that
binds to proteins having the same sequence to form homodimers. The cysteine (amino acid
abbreviation Cys or C) at the carboxyl end of AgBc becomes oxidized forming a covalent
disulfide linkage between the two protein molecules to stabilize the homodimer (dimerizing
sequence). Thus the AH3/AA6 heterodimer itself becomes a homodimer containing two copies
of AH3/AAG6 joined by the 0AgBc dimerization domain (SEQ ID NO: 95). Control cells were
exposed to toxin only and not to VHH agents. The percentage of cell rounding (% cell affected)
was monitored using a phase contrast microscope (FIG. 26).

Data show that control cells contacted with toxin only showed extensive toxin mediated-
cell rounding, and that each of the VHH monomers, AH3/AAG6 heterodimer and
AH3/AA6/0AgB heterodimer/homodimer neutralized TcdA and protected the CT26 cells from
the toxin (FIG. 26). The AH3/AA6/0AgB heterodimer/homodimer displayed greatest activity to
neutralize and protect cells compared to the AH3/AA6 heterodimer, AH3 monomer, and AA6
monomer respectively. The AH3/AA6/0AgB heterodimer/homodimer displayed about three-fold
stronger neutralizing activity for TcdA and protection of the cells than the AH3/AA6
heterodimer alone, and about ten-fold better activity and protection than the VHH monomers

(AH3 and AA®6 respectively).

114



10

15

20

25

30

WO 2015/100409 PCT/US2014/072340

Example 22: Heterodimer binding proteins protect cells from TedA and TcdB
To determine activity of VHH heterodimers to neutralize both TcdA and TedB, CT26

cells were exposed overnight to TcdA (2 ng/ml) or TedB (0.1 ng/ml), and then treated with a
heterodimer composition containing VHH 5D and VHH AA6 (FIG. 27 left graph) or with a
heterodimer composition containing VHH 5D and VHH AH3 (FIG. 27 right graph). Each
heterodimer was engineered to contain a VHH (5D) that strongly neutralized TcdB (FIG. 13)
and to contain also a VHH (AA6 or AH3) that strongly neutralized TcdA (FIG. 25). The
percentage of cell rounding (% cell affected) was monitored using a phase contrast microscope
(FIG. 27 left and right graphs).

Data show that each of the 5D/AA6 heterodimer and the SD/AH3 heterodimer
neutralized both TcdA and TcedB (FIG. 27 left and right graphs). It was observed that SD/AA6
heterodimer was about five-fold more effective in neutralizing TcdA than the SD/AH3
heterodimer. Thus, the relative neutralization strength of each heterodimer (FIG. 27)
corresponded to the relative neutralization strength of each corresponding AA6 monomer and
AH3 monomer shown in FIGS. 25-26.

It was observed that the SD/AAG6 heterodimer was about three-fold or four-fold more
effective to neutralize TcdB than the SD/AH3 heterodimer. Using a concentration of about 0.2
nM of administered SD/AA6 heterodimer, 50% of cells were protected, compared to about 1 nM
of 5D/AH3 heterodimer required for this same level of protection. Without being limited by any
particular theory or mechanism of action, it is here envisioned that the relative greater TedA
neutralization ability of the AA6 binding region compared to AH3 binding region resulted in a
synergistically greater ability of the respective heterodimer to neutralize a separate toxin TcdB.
The increased toxin neutralization for 5D/AA6 for TcdB is presumably caused by amino acid
sequences in TcdA and TcdB that are similar and are neutralized effectively by the AA6

component of the heterodimer compared to the AH3 component of the heterodimer.

Example 23: 5SD/AAG6 heterodimer protected subjects from C. difficile infection

To further determine whether a single heterodimer could neutralize both TcdA and TedB
and protect mice from oral C. difficile spore challenge, a protocol for a clinically relevant mouse
C. difficile infection model (Chen et al. 2008 Gastroenterology 135: 1984-1992) was performed
as shown in FIG. 28. Groups of mice (ten mice/group) were treated to obtain a model of C.
difficile associated diarrhea by treatment for three days with antibiotics in drinking water of the
subjects, and then two days later by intraperitoneal administration of a single dose clindamycin

before challenge with spores of a C. difficile strain expressing both TcdA and TcdB (10°
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spores/subject) on day zero (FIG. 28 A). To induce more severe and fulminant disease, steroid
dexamethasone was supplied to the subjects in drinking water on day -6 (100mg/mL) until day
zero (Sun et al. 2001 Infection and Immunity 79: 2556-2864). Subjects were intraperitoneally
injected with VHH heterodimer containing 5D and AA6 (1 mg/kg) three times (six hours, 16
hours, and 24 hours following inoculation/challenge). Control subjects were similarly treated by
injection with PBS instead of the VHH heterodimer. Subjects were monitored hours and days
following the VHH injection.

Data show that 100% of control subjects administered toxin died within two days of
toxin challenge (FIG. 28 B) and suffered diarrhea (FIG. 28 C). Only 20% of subjects
administered 5D/AA6 heterodimer developed diarrhea and 90% survived (FIG. 28 B and C).
Thus, 5D/AA6 heterodimer protected subjects from both TcdA and TedB spore challenge in a

clinically relevant mouse C. difficile infection model.

Example 24: Recombinant multimeric binding proteins neutralize a plurality of disease agents

Effectiveness of the antitoxin treatment using multimeric binding proteins are analyzed

by determine ability of the binding proteins to bind to and neutralize a disease agent target.

Recombinant heteromultimeric neutralizing binding protein containing multiple binding
regions with or without epitopic tags are produced. The binding regions are not identical and
each binding region has affinity to specifically bind a non-overlapping portion of a disease
agent: TcdA toxin, TedB toxin, and a Shiga toxin. The genes encoding proteins are multimerized
to form different heteromultimeric binding proteins using the oAgBc dimerization domain (SEQ
ID NO: 94) shown in Example 21.

Subjects are exposed to a mixture of disease agents (TcdA toxin, TedB toxin, Shiga toxin
and a norovirus), and then are administered each of the heteromultimeric binding proteins, or a
mixture of monoclonal antibodies specific for either TcdA, TedB, Shiga Toxin 1, and the
norovirus. Control subjects are administered the mixture of disease agents only (no multimeric
binding proteins). Subjects are monitored for indicia of exposure to the pathogenic molecules
such as diarrhea, fever, tachycardia, respiratory distress, and death.

Meyer-Kaplan plots quantifying survival of subjects are prepared and weeks later
remaining subjects are sacrificed to analyze tissue and cell morphology. A surprising synergistic
protective effect is observed for subjects administered the multimeric binding proteins with or
without epitopic tags. Data show that subjects administered the multimeric binding proteins
survive longer and have little or no indicia of exposure to the mixture of disease agents

compared results for subjects administered monoclonal antibodies to each disease agent and for
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control subjects administered only disease agents. Subject administered heteromultimeric
binding proteins specific for disease agents do not experience diarrhea, fever or other indicia of
exposure to the disease agents. Tissues from subjects administered multimeric binding proteins
show normal cell appearance without signs of cell rounding or cell lysis caused by either TcdA,
TedB, Shiga Toxin 1, and the norovirus. The multimeric binding proteins neutralize each of
these disease agents. Control subjects have diarrhea, and tissues excised from the intestinal
systems show indicia of colitis and extensive internal bleeding.

The multimeric binding protein specific for a mixture of bacterial toxins and a viral
infectious agent neutralize each of the disease agents and protected the cells from the subjects

from cytotoxicity and cell lysis.

Example 25: Materials and Methods

Purified, catalytically inactive mutant forms of full-length recombinant disease agent
(shiga toxin, anthrax protective antigen, ricin A chain toxin, or ricin B chain) were obtained as
described in Tremblay et al. pages 4593-4594. Shiga toxins were obtained from Phoenix Lab at
Tufts Medical Center. Purified anti-Stx1 monoclonal antibody (mAb) 4D3, anti-Stx2 mAbs 3D1
and 5C12, and recombinant Stx1 B chain and recombinant Stx2 A and B chain were kindly
provided by Dr. Abhineet Sheoran. Stx1 and Stx2 toxoids were prepared by formalin
inactivation of the holotoxins and then dialyzed. Reagents for Western blotting were purchased
from KPL Inc. (Gaithersburg, Maryland). Antibodies used were anti-E-tag mAb (Phadia;
Uppsala, Sweden); HRP-anti-E-tag mAb (Bethyl Laboratories Inc.; Montgomery, TX ); HRP-
anti-M13 Ab (GE Healthcare; Woburn, MA). Tremblay et al. pages 4593-4594 describe in detail

the materials and methods used in examples herein.

Example 26: VHHs that bind and shiga toxin

VHH binding agents were produced, purified and were screened to identify those that
specifically bind to Shiga toxins. It was observed that one resulting VHHH, JET-HI2, bound
specifically to both Shiga-like toxin (Stx) 1 and Stx2. Another VHH, JFG-H6, was observed to
bind specifically to Stx2 (See Fig. 29 A-B). The amino acid sequences and nucleotide sequences
for JET-H12 and JFG-H6 were determined and are shown below:

JET-H12

QVOQLVETGGGLVQAGDPLRLSCVASGRTVSRYDKAWFRQAPGKEREFVAGISW
NGDTKIYADSVKGRFTISRENSRDTLDLQIDNLKPEDTAAYYCAVGIAGVQSMA
RMLGVRYWGQGTQVTVSSEPKTPKPQ (SEQ ID NO: 96);
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CAGGTGCAGCTCGTGGAGACGGGGGGAGGATTGGTGCAGGCTGGGGACCCT
CTGAGACTCTCCTGTGTAGCCTCTGGACGCACCGTCAGTCGCTATGACAAGG
CCTGGTTCCGCCAGGCTCCAGGGAAGGAGCGTGAGTTTGTAGCAGGAATTAG
CTGGAACGGCGATACAAAAATTTATGCAGACTCCGTGAAGGGCCGATTCACC
ATCTCCAGAGAGAACTCCAGGGATACACTGGATCTGCAAATTGACAACCTGA
AACCTGAGGACACGGCCGCGTATTACTGTGCGGTCGGAATTGCGGGTGTTCA
GAGTATGGCGCGTATGCTCGGAGTGCGCTACTGGGGCCAGGGGACCCAGGT
CACCGTCTCCTCAGAACCCAAGACACCAAAACCACAA (SEQ ID NO: 97);

JFG-H6
QVQLVETGGGLVQPGGSLRLSCAASGFSLDPYVIGWFRQAPGKEREGVSCITSR
AASRTSVDSVNERFTISRDNAKNTVDLHINNLKPEDSGVYYCAAVPPAKLPLFSL
CRSLPAKYDYWGQGTQVTVSSAHHSEDPS (SEQ ID NO: 98);

CAGGTGCAGCTCGTGGAGACGGGGGGAGGCTTGGTGCAGCCTGGGGGGTCT
CTGAGACTCTCCTGTGCAGCCTCTGGTTTCAGTTTGGACCCTTATGTGATAGG
ATGGTTCCGGCAGGCCCCAGGGAAGGAGCGTGAGGGGGTCTCATGTATTAC
GAGTAGGGCTGCTAGTCGAACGTCTGTAGACTCCGTGAACGAGCGATTCACC
ATCTCCAGAGACAACGCCAAGAATACGGTCGATCTACACATCAATAACCTGA
AACCTGAGGACTCGGGCGTTTATTACTGTGCAGCGGTCCCCCCTGCCAAATT
ACCACTTTTCAGCCTATGTCGCTCCCTGCCAGCAAAGTATGACTACTGGGGC
CAGGGGACCCAGGTCACCGTCTCCTCAGCGCACCACAGCGAAGACCCCTCG
(SEQ ID NO: 99);

Example 27: VHHs that bind anthrax protective antigen

VHH binding agents were produced, purified and identified that are specific to anthrax
protective antigen (PA) positive VHHSs (See Fig. 29 A-B). Tt was observed that the following
VHHs specifically bind anthrax PA: JHD-B6, JHE-D9, J1J-A12, J1J-B8, J1J-C11, J1J-D3, JIJ-E9,
JIJ-F11, JIK-BS, JIK-B1, JIK-B12, and JIK-F4. The amino acid sequence and nucleotide

sequence of each of these VHHs were determined and are shown below:

JHD-B6
QVQLVESGGGLVQPGGSLRLSCAASGSSFSRYAMRWYRQAPGKQRELVANINS
RGTSNYADSVKGRFTISRDNAKNTVYLQMNSLKPEDTAVYYCNAEWLGRSEPS
WGQGTQVTVSSEPKTPKPQ (SEQ ID NO: 100);

CAGGTGCAGCTCGTGGAGTCGGGGGGAGGCTTGGTGCAGCCTGGGGGGTCT
CTGAGACTCTCCTGTGCAGCCTCTGGAAGTAGCTTCAGTAGATATGCCATGC
GCTGGTACCGCCAGGCTCCAGGGAAGCAGCGCGAGTTGGTCGCAAACATTA
ATAGTCGTGGTACCTCAAACTATGCAGACTCCGTGAAGGGCCGATTCACCAT
CTCCAGAGACAACGCCAAGAACACGGTGTATCTGCAAATGAACAGCCTGAA
ACCTGAAGACACGGCCGTCTATTATTGTAATGCAGAGTGGTTGGGACGATCG
GAGCCTTCCTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCGGAACCCAAGA
CACCAAAACCACAA (SEQID NO: 101);
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JHE-D9
QVQLVESGGGLVQPGGSLRLSCAASGFIFSLYTMRWHRQAPGKERELVATITSA
TGITNYADSVKGRFIISRDDAKK TGYLQMNSLKPEDTAVYYCNAVRTTVSRDY
WGQGTQVTVSSEPKTPKPQ (SEQ ID NO: 102);

CAGGTGCAGCTCGTGGAGTCAGGAGGAGGCTTGGTGCAGCCTGGGGGGTCT
CTGAGACTCTCCTGTGCAGCCTCTGGATTCATTTTCAGTCTITATACCATGAG
GTGGCACCGCCAGGCTCCAGGGAAGGAGCGCGAGTTGGTCGCGACTATTACT
AGTGCTACTGGTATTACAAACTATGCAGACTCCGTGAAGGGCCGATTCATCA
TCTCCAGAGACGATGCCAAGAAGACGGGGTATCTGCAAATGAACAGCCTGA
AACCTGAGGACACGGCCGTGTATTACTGTAATGCAGTCCGCACTACCGTGTC
ACGAGACTACTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCAGAACCCAA
GACACCAAAACCACAA (SEQID NO: 103);

JIJ-A12

QVQLVESGGGLVQPGGSLRLSCAASGIIFSIY TMGWYRQAPGKQRELVAAIPSGP
SANATDSVGGRFTITRDNAENTVYLQMNDLKPEDTAVYYCNARRGPGIKNY WG
QGTQVTVSSEPKTPKPQ (SEQ ID NO:104);

CAGGTGCAGCTCGTGGAGTCTGGGGGAGGCTTGGTGCAGCCTGGGGGGTCTC
TGAGACTCTCCTGTGCAGCCTCTGGAATCATCTTCAGTATCTATACCATGGGC
TGGTACCGCCAGGCTCCAGGGAAGCAGCGCGAATTGGTCGCAGCTATACCTA
GTGGTCCTAGCGCAAACGCTACAGACTCCGTGGGGGGCCGATTCACCATCAC
CAGAGACAACGCCGAGAACACGGTGTATCTGCAAATGAACGACCTGAAACC
TGAGGACACGGCCGTCTATTACTGTAATGCTCGGCGGGGTCCGGGTATCAAA
AACTACTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCAGAACCCAAGACA
CCAAAACCACAA (SEQID NO:105);

JIJ-B8

QVQLVESGGGLVQPGGSLSVSCAASGSIARPGAMAW YRQAPGKERELVASITPG
GLTNYADSVTGRFTISRDNAKRTVYLQMNSLQPEDTAVYYCHARIIPLGLGSEY
RDHWGQGTQVTVSSAHHSEDPS (SEQ ID NO:106);

CAGGTGCAGCTCGTGGAGTCCGGGGGCGGCTTGGTGCAGCCCGGGGGETCTC
TGAGTGTCTCCTGTGCAGCCTCTGGAAGCATCGCAAGACCAGGTGCCATGGC
CTGGTACCGCCAGGCTCCAGGGAAGGAGCGCGAGTTGGTCGCGTCTATTACG
CCTGGTGGTCTTACAAACTATGCGGACTCCGTGACGGGCCGATTCACCATTT
CCAGAGACAACGCCAAGAGGACGGTGTATCTGCAGATGAACAGCCTCCAAC
CCGAGGACACGGCCGTCTATTACTGTCATGCACGAATAATTCCCCTAGGACT
TGGGTCCGAATACAGGGACCACTGGGGCCAGGGGACTCAGGTCACCGTCTCC
TCAGCGCACCACAGCGAAGACCCCTCG (SEQ ID NO: 107);

JIJ-C11
QVQLVETGGGLVQPGGSLGLSCVVASGRSINNYGMGWYRQAPGKQRELVAQIS
SGGTTNYAGSVEGRFTISRDNVKKMVYLQMNSLKPEDTAVYYCNSLLRTFSWG
QGTQVTVSSAHHSEDPS (SEQ ID NO:108);

CAGGTGCAGCTCGTGGAGACGGGGGGAGGCTTGGTGCAGCCTGGGGGGTCT
CTGGGACTCTCCTGTGTAGTCGCCTCTGGAAGAAGCATCAATAATTATGGCA
TGGGCTGGTACCGCCAGGCTCCAGGGAAGCAGCGCGAGTTGGTCGCGCAAA
TTAGTAGTGGTGGTACCACAAATTATGCAGGCTCCGTAGAGGGCCGATTCAC
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CATCTCCAGAGACAACGTCAAGAAAATGGTGTATCTTCAAATGAACAGCCTG
AAACCTGAGGACACGGCCGTCTATTACTGTAATTCACTGCTCCGAACTTTTTC
CTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCGGCGCACCACAGCGAAGA
CCCCTCG (SEQ ID NO: 109);

J1J-D3
QVQLVETGGLVQPGGSLRLSCAASGLTFSSTAMAWFRQAPGKEREFVARISGAG
ITTYYSDSVKDRFTISRNNVENTVYLQMNSLKTEDTAVYYCAARRNTYTSDYNIP
ARYPYWGQGTQVTVSSEPKTPKPQ (SEQ ID NO:110);

CAGGTGCAGCTCGTGGAGACCGGGGGGTTGGTGCAGCCTGGGGGCTCCCTGC
GACTCTCCTGTGCAGCCTCCGGACTCACCTTCAGTAGCACTGCCATGGCCTG
GTTCCGCCAGGCTCCAGGGAAGGAGCGTGAGTTTGTAGCACGTATTAGCGGG
GCTGGTATTACGATCTACTATTCGGACTCCGTGAAGGACCGATTCACCATCTC
CAGAAACAACGTCGAGAACACGGTGTATTTGCAAATGAACAGCCTGAAAAC
TGAGGACACGGCCGTTTACTACTGTGCAGCAAGACGGAATACTTACACTAGC
GACTATAACATACCCGCCCGGTATCCCTACTGGGGCCAGGGGACCCAGGTCA
CCGTCTCCTCAGAACCCAAGACACCAAAACCACAA (SEQ ID NO:111);

JIJ-E9
QVQLVETGGLVQPGGSLRLSCAASRSTTATIYSMNWYRQAPGKQRELVAGMTS
DGQTNYATSVKGRFTISRDNAKNTVYLLMNSLKLEDTAVYYCY VKPWRLQGW
DYWGQGTQVTVSSEPKTPKPQ (SEQ ID NO:112);

CAGGTGCAGCTCGTGGAGACGGGGGGCTTGGTGCAGCCTGGGGGGTCTCTG
AGACTCTCCTGTGCAGCCTCTAGAAGCACGACGGCCACAATTTATAGTATGA
ACTGGTACCGCCAGGCTCCAGGGAAGCAGCGCGAGTTGGTCGCGGGTATGA
CTAGTGATGGTCAGACAAACTATGCAACCTCCGTGAAGGGCCGATTCACCAT
CTCCAGAGACAACGCCAAGAACACGGTATATTTGCTAATGAACAGCCTGAA
ACTTGAGGACACGGCCGTCTATTATTGTTATGTAAAACCATGGAGACTACAA
GGTTGGGACTACTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCAGAACCCA
AGACACCAAAACCACAA (SEQ ID NO:113);

JIJ-F11
QVQLVESGGGLVQPGGSLRLSCAAPESIVNSRTMAWYRQAPGKQRERVATITTA
GSPNYADSVKGRFAISRDNAKNTVYLQMNSLKPEDTAVYYCNTLLSTLPY GQG
TQVTVSSAHHSEDPS (SEQ ID NO:114);

CAGGTGCAGCTCGTGGAGTCGGGCGGCGGCTTGGTGCAGCCTGGGGGGTCTC
TGAGACTCTCCTGTGCAGCCCCTGAAAGCATCGTCAATAGCAGAACCATGGC
CTGGTACCGCCAGGCTCCAGGAAAGCAGCGCGAAAGGGTCGCCACTATTACT
ACTGCTGGTAGCCCAAATTATGCAGACTCTGTGAAGGGCCGATTCGCCATCT
CCAGAGACAACGCCAAGAACACGGTATATCTGCAAATGAACAGCCTGAAAC
CTGAGGACACGGCCGTCTATTACTGCAATACACTICTCAGCACCCTTCCCTAT
GGCCAGGGGACCCAGGTCACCGTCTCCTCGGCGCACCACAGCGAAGACCCCT
CG; (SEQ ID NO:1135)
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JIK-BS
QVQLVESGGGLVQPGGSLGLSCVVASERSINNYGMGWYRQAPGKQRELVAQIS
SGGTTNYADSVEGRFTISRDNVKKMVHLQVNSLKPEDTAVYYCNSLLRTESWG
QGTQVTVSSEPKTPKPQ (SEQ ID NO:116);

CAGGTGCAGCTCGTGGAGTCGGGCGGAGGCTTGGTGCAGCCTGGGGGGTCTC
TGGGACTCTCCTGTGTAGTCGCCTCTGAAAGAAGCATCAATAATTATGGCAT
GGGCTGGTACCGCCAGGCTCCAGGGAAGCAGCGCGAGTTGGTCGCGCAAAT
TAGTAGTGGTGGTACCACAAATTATGCAGACTCCGTAGAGGGCCGATTCACC
ATCTCCAGAGACAACGTCAAGAAAATGGTGCATCTTCAAGTGAACAGCCTGA
AACCTGAGGACACGGCCGTCTATTACTGTAATTCGCTACTCCGAACTTTTTCC
TGGGGCCAGGGGACCCAGGTCACCGTCTCCTCGGAACCCAAGACACCAAAA
CCACAA (SEQ ID NO:117);

JIK-B10
QVQLVETGGGLVQPGGSLRLSCAASGFTFSSYRMSWYRQAAGKERDVVATITA
NGVPTGYADSVMGRFTISRDNAKNTVYLEMNSLNPEDTAVYYCNAPRLHTSVG
YWGQGTQVTVSSEPKTPKPQ (SEQ ID NO:118);

CAGGTGCAGCTCGTGGAGACGGGAGGAGGCTTGGTGCAGCCTGGGGGGTCT
CTGAGACTCTCCTGTGCAGCCTCTGGATTCACCTTCAGTAGTTATCGCATGAG
CTGGTACCGGCAGGCTGCAGGGAAGGAGCGCGACGTGGTCGCAACAATTAC
TGCTAATGGTGTTCCCACAGGCTATGCAGACTCCGTGATGGGCCGATTCACC
ATTTCCAGAGACAATGCCAAGAACACGGTGTATCTGGAAATGAACAGCCTG
AATCCTGAGGACACGGCCGTGTATTACTGTAACGCGCCCCGTTTGCATACAT
CTGTAGGCTACTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCAGAACCCAA
GACACCAAAACCACAA (SEQID NO:119);

JIK-B12

QVQLVESGGGLVQAGNSLRLSCTASGVIFSIY TMGWFRQAPGKEREFVAAIGVA
DGTALVADSVTGRFTISRDNAKNTVYLHMNSLKPEDTAVYSCAAYLSPRVQSPY
ITDSRYQLWGQGTQVTVSSEPKTPKPQ (SEQ ID NO:120);

CAGGTGCAGCTCGTGGAGTCGGGAGGAGGATTGGTGCAGGCTGGGAACTCT
CTGAGACTCTCCTGTACGGCCTCTGGTGTGATCTTCTCTATCTATACCATGGG
CTGGTTCCGCCAGGCTCCAGGGAAGGAGCGTGAGTTTGTAGCAGCGATAGG
GGTGGCTGATGGTACCGCACTTGTGGCAGACTCCGTGACGGGCCGATTCACC
ATCTCCAGAGACAACGCCAAGAACACCGTTTATCTGCATATGAACAGCCTGA
AGCCTGAGGACACGGCCGTCTATTCCTGTGCAGCGTATCTTAGCCCCCGTGT
CCAATCCCCCTACATAACTGACTCCCGGTATCAACTCTGGGGCCAGGGGACC
CAGGTCACCGTCTCCTCAGAACCCAAGACACCAAAACCACAA (SEQ ID NO:
121)

JIK-F4 :
TGGGLVQAGGSLRLSCAASGRYAMGWFRQAPGKEREFVATISRSGAIREYADS
VKGRFTISRDGAENTVYLEMNSLKPDDTAIYVCAEGRGATFNPEYAYWGQGTQ
VTVSSAHHSEDPS (SEQ ID NO:122);

CAGGTGCAGCTCGTGGAGACTGGGGGAGGATTGGTGCAGGCTGGGGGCTCT
CTGAGGCTCTCCTGTGCAGCCTCTGGACGCTATGCCATGGGCTGGTTCCGCC
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AGGCTCCAGGGAAGGAGCGTGAATTTGTAGCGACTATTAGCCGGAGTGGTG
CTATCAGAGAGTATGCAGACTCCGTGAAGGGCCGATTCACCATCTCCAGAGA
CGGCGCCGAGAACACGGTGTATCTGGAAATGAACAGCCTGAAACCTGACGA
CACGGCCATTTATGTCTGTGCAGAAGGACGAGGGGCGACATTCAACCCCGAG
TATGCTTACTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCAGCGCACCACA
GCGAAGACCCCTCG (SEQ ID NO:123);

Example 28: VHHs that bind to ricin toxin A

VHH binding agents were produced, purified and identified that are specific to
ricin toxin A chain (RTA; see Fig. 29 A-B). The following VHHs were determined to
specifically bind RTA: JIV-F5, JIV-F6, JIV-G12, JIY-A7, JIY-D9, JIY-D10, JIY-EL, JIY-E3,
JIY-ES, JIY-F10 and JIY-G11. The amino acid sequence and nucleotide sequence of each of

these VHHs were determined and are shown below:

JIV-F5
QVQLVESGGGLVQPGGSLRLSCAASGFTLDDYAIGWFRQVPGKEREGVACVKD
GSTYYADSVKGRFTISRDNGAVYLQMNSLKPEDTAVYYCASRPCFLGVPLIDFG
SWGQGTQVTVSSEPKTPKPQ (SEQ ID NO:124);

CAGGTGCAGCTCGTGGAGTCGGGCGGAGGCTTGGTGCAGCCTGGGGGGTCTC
TGAGACTCTCCTGTGCAGCCTCTGGATTCACTTTGGATGATTATGCCATAGGC
TGGTTCCGCCAGGTCCCAGGGAAGGAGCGTGAGGGGGTCGCATGTGTTAAA
GATGGTAGTACATACTATGCAGACTCCGTGAAGGGCCGATTCACCATCTCCA
GAGACAACGGCGCGGTGTATCTGCAAATGAACAGCCTGAAACCTGAGGACA
CAGCCGTTTATTACTGTGCATCCAGGCCCTGCTTITTTGGGTGTACCACTTATT
GACTTTGGTTCCTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCGGAACCCA
AGACACCAAAACCACAA (SEQ ID NO:125),

JIV-F6
QVQLVESGGGLVQAGGSLRLSCATSGGTFSDYGMGWFRQAPGKEREFVAAIRR
NGNGGNGIEYADSVKGRFTISRDNAKNTVHLQMNSLTPEDTAVYYCAASISGYA
YNTIERYNYWGQGTQVTVSSEPKTPKPQ (SEQ ID NO:126);

CAGGTGCAGCTCGTGGAGTCAGGGGGAGGATTGGTGCAGGCTGGGGGCTCT
CTGAGACTCTCCTGCGCAACCTCTGGCGGCACCTTCAGTGACTATGGAATGG
GCTGGTTCCGCCAGGCTCCAGGGAAGGAGCGTGAGTTTGTAGCAGCTATTAG
GCGGAATGGTAATGGCGGTAATGGCATTGAATATGCAGACTCCGTGAAGGG
CCGATTCACCATCTCCAGAGACAACGCCAAGAACACGGTGCATCTACAAATG
AACAGCCTGACACCTGAGGACACGGCCGTTTATTACTGTGCAGCGTCAATAT
CGGGATACGCTTATAACACAATTGAAAGATATAACTACTGGGGCCAGGGAA
CCCAGGTCACCGTCTCCTCAGGAACCCAAGACACCAAAACCACAA (SEQ ID
NO:127);

JIV-G12

QVOQLVESGGGLVQAGGSLSLSCAASGGDFSRNAMA WFRQAPGKEREFVASINW
TGSGTYYLDSVKGRFTISRDNAKNALYLQMNNLKPEDTAVYYCARSTVFAEITG
LAGYQSGSYDY WGQGTQVTVSSEPKTPKPQ (SEQ ID NO:128);
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CAGGTGCAGCTCGTGGAGTCCGGCGGAGGATTGGTGCAGGCGGGGGGCTCT
CTGAGTCTCTCCTGTGCAGCCTCTGGAGGTGACTTCAGTAGGAATGCCATGG
CCTGGTTCCGTCAGGCTCCAGGGAAGGAGCGTGAATTTGTAGCATCTATTAA
CTGGACTGGTAGTGGCACATATTATCTAGACTCCGTGAAGGGCCGATTCACC
ATCTCCAGAGACAACGCCAAGAACGCCCTGTATCTGCAAATGAACAACCTGA
AACCTGAGGACACGGCCGTTTATTACTGTGCACGCTCCACGGTGTTTGCCGA
AATTACAGGCTTAGCAGGCTACCAGTCGGGATCGTATGACTACTGGGGCCAG
GGGACCCAGGTCACCGTCTCCTCAGAACCCAAGACACCAAAACCACAA (SEQ
D NO:129);

JIY-A7
QVQLVETGGGTVQTGGSLRLSCSASGGSFSRNAMGWFRQAPGKEREFVAAINW
SASSTYYRDSVKGRFTVSRDNAKNTVYLHLNSLKLEDTAAYYCAGSSVY AEMP
YADSVKATSYNYWGQGTQVTVSSEPKTPKPQ (SEQ ID NO:130);

CAGGTGCAGCTCGTGGAGACCGGCGGAGGAACGGTGCANACTGGGGGCTCT
CTGAGACTCTCCTGTTCAGCCTCTGGCGGCTCCTTCAGTAGGAATGCCATGG
GCTGGTTCCGCCAGGCTCCAGGGAAGGAGCGTGAATTTGTAGCAGCTATTAA
CTGGAGTGCCTCTAGTACTTATTATAGAGACTCCGTGAAGGGACGATTCACC
GTCTCCAGAGACAACGCCAAGAACACGGTGTATCTGCATTTGAACAGCCTGA
AACTTGAGGACACGGCCGCGTATTACTGTGCTGGAAGCTCGGTGTATGCAGA
AATGCCGTACGCCGACTCTGTCAAGGCAACTTCCTATAACTACTGGGGCCAG
GGGACCCAGGTCACCGTCTCCTCAGAACCCAAGACACCAAAACCACAA (SEQ
1D NO:131);

JIY-D9
QVQLVETGGGLVQAGGSLRLPCSFSGFPFDNYFVGWFRQAPGKEREGVSCISSS
DGSTYYADSVKGRFTISRDNAKNTVYLQMNSLKPEDTAVYYCGADFLTPHRCP
ALYDYWGQGTQVTVSSAHHSEDPS (SEQ ID NO:132);

CAGGTGCAGCTCGTGGAGACCGGGGGAGGCTTGGTGCAGGCTGGGGGGTCT
CTGAGACTCCCCTGTTCATTCTCTGGATTCCCTTTCGATAATTATTITCGTAGG
CTGGTTCCGCCAGGCCCCAGGGAAGGAGCGTGAGGGGGTCTCATGTATTAGT
AGTAGTGATGGTAGCACATACTATGCAGACTCCGTGAAGGGCCGGTTCACCA
TCTCCAGAGACAACGCCAAGAACACGGTGTATCTGCAAATGAACAGTCTGA
AACCTGAGGATACGGCCGTTTATTACTGTGGAGCAGATTTCCTCACCCCACA
TAGGTGTCCAGCCTTATATGACTACTGGGGCCAGGGGACCCAGGTCACCGTC
TCCTCAGCGCACCACAGCGAAGACCCCTCG (SEQ ID NO:133);

JIY-D10
QVQLVESGGGLVQPGGSLRLHCAASGSIASIYRTCWYRQGTGKQRELVAAITSG
GNTYYADSVKGRFTISRDNAKNTIDLQMNSLKPEDTAVYYCNADEAGIGGFND
YWGQGTQVTVSSAHHSEDPS (SEQ ID NO:134);

CAGGTGCAGCTCGTGGAGTCTGGTGGAGGCTTGGTGCAGCCTGGGGGGTCTC
TGAGACTCCACTGTGCAGCCTCTGGAAGCATCGCCAGTATCTATCGCACGTG
CTGGTACCGCCAGGGCACAGGGAAGCAGCGCGAGTTGGTCGCAGCCATTAC
TAGTGGTGGTAACACATACTATGCGGACTCCGTTAAGGGCCGATTCACCATC
TCCAGAGACAACGCCAAAAACACAATCGATCTGCAAATGAACAGCCTGAAA
CCTGAGGACACGGCCGTCTATTACTGTAATGCAGACGAGGCGGGGATCGGG
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GGATTTAATGACTACTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCAGCGC
ACCACAGCGAAGACCCCTCG (SEQ ID NO:135);

JIY-E1
QVQLVESGGGLVQAGGSLRLSCAASGRTFSRSSMGWFRQAPGKEREFVASIVW
ADGTTLYGDSVKGRFTVSRDNVKNMVYLQMNNLKPEDTALYYCADNKFVRGL
VAVRAIDYDYWGQGTQVTVSSEPKTPKPQ (SEQ ID NO:136),

CAGGTGCAGCTCGTGGAGTCGGGGGGAGGATTGGTGCAGGCTGGGGGCTCT
CTGAGACTCTCCTGTGCAGCCTCTGGACGCACCTTCAGTCGCAGTTCCATGG
GCTGGTTCCGCCAGGCTCCAGGGAAGGAGCGTGAATTCGTTGCGTCCATTGT
CTGGGCTGATGGTACGACGTTGTATGGAGACTCCGTAAAGGGCCGATTCACC
GTCTCCAGGGACAACGTCAAGAACATGGTGTATCTACAAATGAACAACCTGA
AACCTGAGGACACGGCCCTTTATTACTGTGCGGACAATAAATTCGTCCGTGG
ATTAGTGGCTGTCCGTGCGATAGATTATGACTACTGGGGCCAGGGGACCCAG
GTCACCGTCTCGTCAGAACCCAAGACACCAAAACCACAA (SEQ ID NO:137);

JIY-E3
QVQLVESGGLVQAGGSLRLSCAASGRADIIYAMGWFRQAPGKEREFVAAVDWS
GGSTYYADSVKGRFTISRDNAKNSVYLOQMNSLKPEDTAVYYCAARRSWYRDA
LSPSRVYEYDYWGQGTQVTVSSEPKTPKPQ (SEQ 1D NO:138);

CAGGTGCAGCTCGTGGAGTCGGGAGGATTGGTGCAGGCTGGAGGCTCTCTGA
GACTCTCCTGCGCAGCCTCTGGACGCGCCGACATAATCTATGCCATGGGCTG
GTTCCGCCAGGCTCCAGGGAAGGAGCGTGAGTTTGTAGCGGCAGTAGACTG
GAGTGGTGGTAGCACATACTATGCAGACTCCGTGAAGGGCCGATTCACCATC
TCCAGAGACAACGCCAAGAACTCGGTGTATCTGCAAATGAACAGCCTGAAA
CCTGAGGACACGGCCGTTTATTACTGTGCAGCCCGAAGGAGCTGGTACCGAG
ACGCGCTATCCCCCTCCCGGGTGTATGAATATGACTACTGGGGCCAGGGGAC
CCAGGTCACCGTCTCCTCAGAACCCAAGACACCAAAACCACAA (SEQID
NO:139);

JIY-ES
QVQLVETGGGLVQPGGSLTLSCAGSGGTLEHYAIGWFRQAPGKEHEWLVCNRG
EYGSTVYVDSVKGRFTASRDNAKNTVYLQLNSLKPDDTGIYYCVSGCYSWRGP
WGQGTQVTVSSAHHSEDPS (SEQ ID NO:140);

CAGGTGCAGCTCGTGGAGACGGGAGGAGGCTTGGTGCAGCCTGGGGGGTCT
CTGACACTCTCCTGTGCAGGCTCCGGTGGCACTTTGGAACATTATGCTATAG
GCTGGTTCCGCCAGGCCCCTGGGAAAGAGCATGAGTGGCTCGTATGTAATAG
AGGTGAATATGGGAGCACTGTCTATGTAGACTCCGTGAAGGGCCGATTCACC
GCCTCCAGAGACAACGCCAAGAACACGGTGTATCTGCAATTGAACAGTCTGA
AACCTGACGACACAGGCATTTATTACTGTGTATCGGGATGTTACTCCTGGCG
GGGTCCCTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCGGCGCACCACAGC
GAAGACCCCTCG (SEQ ID NO:141);

JIY-F10
QVOQLVESGGGLVQPGGSLKLSCRASGSIVSIYAVGWYRQAPGKQRELLAAITTD
GSTKYSDSVKGRFTISRDNAKNTVYLQMNNLKPEDTAIY SCIGDAAGWGDQYY
WGQGTQVTVSSEPKTPKPQ (SEQ ID NO:142);
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CAGGTGCAGCTCGTGGAGTCTGGGGGAGGTTTGGTGCAGCCTGGGGGGTCTC
TGAAACTCTCCTGTAGAGCCTCTGGAAGCATAGTCAGTATCTATGCCGTGGG
CTGGTACCGCCAGGCTCCAGGGAAGCAGCGCGAGTTGCTCGCGGCTATCACT
ACTGATGGTAGCACGAAGTACTCAGACTCCGTGAAGGGCCGATTCACCATCT
CCCGAGACAACGCCAAGAACACGGTATATCTGCAAATGAACAACCTCAAAC
CTGAGGACACGGCCATCTATTCCTGTATCGGGGACGCGGCGGGTTGGGGCGA
CCAATACTACTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCAGAACCCAAG
ACACCAAAACCACAA (SEQ ID NO:143);

JIY-G11
QVQLVESGGGLVQAGGSLRLSCAASGSIVNFETMGWYRQAPGKERELVATITNE
GSSNYADSVKGRFTISGDNAKNTVSLQMNSLKPEDTAVYYCSATFGSRWPYAH
SDHWGQGTQVTVSSEPKTPKPQ (SEQ ID NO:144);

CAGGTGCAGCTCGTGGAGTCAGGCGGAGGCTTGGTGCAGGCTGGGGGGTCT
CTGAGACTCTCCTGTGCAGCCTCTGGAAGCATCGTCAATTTCGAAACCATGG
GCTGGTACCGCCAGGCTCCAGGGAAGGAGCGCGAGTTGGTCGCAACTATTAC
TAATGAAGGTAGTTCAAACTATGCAGACTCCGTGAAGGGCCGATTCACCATC
TCCGGAGACAACGCCAAGAACACGGTGTCCCTGCAAATGAACAGCCTGAAA
CCTGAGGACACGGCCGTCTACTACTGTTCGGCGACGTTCGGCAGTAGGTGGC
CGTACGCCCACAGTGATCACTGGGGCCAGGGGACCCAGGTCACCGTCTCCTC
AGAACCCAAGACACCAAAACCACAA (SEQ ID NO:145),

Example 29: VHHs specific for ricin toxin B

VHH binding agents were produced, purified and identified that are specific to ricin
toxin B chain (See Fig. 29 A-B). VHHs that specifically bind RTB were determined and are:
JIW-B1, JIW-C12, IW-D12, JIW-GS5, IW-G10 , JIZ-B7, JIZ-B9, JIZ-D8, and JIZ-G4. The
amino acid sequence and nucleotid sequences of each of these VHHs were determined and are

shown below:

JIW-B1
QVQLVETGGALVHTGGSLRLSCEVSGSTFSSYGMAWYRQAPGEQRKWVAGIM
PDGTPSYVNSVKGRFTISRDNAKNSVYLHMNNLRPEDTAVYYCNQWPRTMPDA
NWGRGTQVTVSSEPKTPKPQ (SEQ ID NO:146);

CAGGTGCAGCTCGTGGAGACGGGCGGAGCATTGGTGCACACTGGGGGTTCTC
TGAGACTCTCCTGCGAAGTCTCCGGAAGCACCTTCAGTAGCTATGGCATGGC
CTGGTACCGCCAAGCTCCAGGCGAGCAGCGTAAGTGGGTCGCAGGTATTATG
CCGGATGGTACTCCAAGCTATGTAAACTCCGTGAAGGGCCGATTCACCATCT
CCAGAGACAACGCCAAGAACTCGGTGTATCTGCACATGAACAACCTGAGGC
CTGAAGACACGGCCGTCTATTATTGCAACCAATGGCCGCGCACGATGCCTGA
CGCGAACTGGGGCCGGGGGACCCAGGTCACCGTCTCCTCAGAACCCAAGAC
ACCAAAACCACAA (SEQ ID NO:147);
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JIW-C12
QVQLVETGGSLRLTCVTSGSTFNNPAITWYRQPPGKQREWVASLRSGDGPVYRE
SVKGRFTIFRDNATDALYLRMNSLKPEDTAVYHCNTASPASWLDWGQGTQVTV
SSEPKTPKPQ (SEQ ID NO:148);

CAGGTGCAGCTCGTGGAGACTGGGGGGTCTCTGAGGCTCACCTGTGTAACCT
CTGGAAGCACCTTCAATAATCCTGCCATAACCTGGTACCGCCAGCCTCCAGG
GAAGCAGCGTGAGTGGGTCGCAAGTCTTCGTAGTGGTGATGGTCCAGTATAT
AGGGAATCCGTGAAGGGCCGATTCACCATTTTTAGAGACAACGCCACGGAC

GCGCTGTATCTGCGGATGAATAGCCTGAAACCTGAGGACACGGCCGTCTATC
ACTGTAACACCGCCTCACCTGCTAGTTGGCTGGACTGGGGCCAGGGGACCCA
GGTCACTGTCTCCTCAGAACCCAAGACACCAAAACCACAA (SEQ ID NO:149);

JIW-D12
QVQLVETGGGLVQPGGSLRLSCATSGFPFSTERMSWVRQAPGKGLEWVSGITEG
GETTLAAPSVKGRFNISRDNARNILYLQMNSLKPEDAAVYYCFRGVFFRTSFPPE
LARGQGTQVTVSSEPKTPKPQ (SEQ ID NO:150);

CAGGTGCAGCTCGTGGAGACGGGAGGAGGATTGGTGCAACCTGGGGGTTCT
CTGAGACTCTCTTGTGCAACCTCTGGATTCCCCTTCAGTACGGAGCGTATGAG
CTGGGTCCGCCAGGCTCCAGGAAAGGGGCTCGAGTGGGTCTCAGGTATTACT
GAGGGTGGTGAAACCACTCTCGCGGCACCCTCCGTGAAGGGCCGATTCAACA
TCTCCAGAGACAACGCCAGGAATATCCTATATCTACAGATGAATTCCTTGAA
ACCTGAGGACGCGGCCGTTTACTATTGTTTTAGAGGTGTTTTTTTTAGAACGA
GTTTTCCTCCCGAACTCGCGCGGGGCCAGGGGACCCAGGTCACCGTCTCCTC
AGAACCCAAGACACCAAAACCACAA (SEQ ID NO:151);

JIW-G5
QVQLVESGGGLVQAGGSLRLSCAASGSAVSDSFSTYAISWHRQAPGKQREWIA
GISNRGATSYRDSVKGRFTISRDNAKNTVYLQMNNLKPEDTGVYYCEPWPREG
LGGGQGTQVTVSSEPKTPKPQ (SEQ ID NO:152);

CAGGTGCAGCTCGTGGAGTCGGGCGGAGGCTTGGTGCAGGCAGGGGGGTCT
TTGAGACTCTCCTGTGCAGCCTCTGGAAGCGCCGTCAGTGACAGCTTCAGTA
CCTATGCCATCTCCTGGCACCGCCAGGCTCCAGGGAAGCAGCGTGAGTGGAT
CGCAGGTATTAGTAATCGTGGTGCGACAAGCTATAGAGACTCCGTGAAGGGC
CGATTCACCATCTCCAGAGACAACGCCAAGAACACGGTATATCTGCAAATGA
ACAACCTGAAACCTGAGGACACGGGCGTCTATTATTGTGAGCCATGGCCACG
CGAAGGACTTGGGGGGGGCCAGGGGACTCAGGTCACCGTCTCCTCAGAACC
CAAGACACCAAAACCACAA (SEQ ID NO:153);

JIW-G10
QVQLVESGGGSVQTGGSLTLSCVVSGSTFSDYAVAWYRQVPGKSRAWVAGVS
TTGSTSYTDSVRGRFTISRDNHKKTVYLSMNSLKPEDTGIY YCNLWPETNPPSW
GQGTQVTVSSAHHSEDPS (SEQ ID NO:154);

CAGGTGCAGCTCGTGGAGTCGGGGGGAGGCTCGGTGCANACTGGGGGGTCT
CTGACACTCTCCTGTGTAGTCTCTGGAAGTACCTTCAGTGACTATGCGGTGGC
CTGGTACCGCCAGGTTCCAGGCAAATCGCGTGCGTGGGTCGCGGGTGTTAGT
ACTACTGGCTCGACATCTTATACAGACTCCGTGAGGGGCCGGTTCACCATCT
CCAGAGACAACCACAAGAAGACGGTGTATCTTTCAATGAACAGCCTGAAAC
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CTGAGGACACGGGCATCTATTACTGCAACTTATGGCCGTTCACAAATCCTCC
TTCCTGGGGCCAGGGAACCCAAGTCACCGTTTCCTCGGCGCACCACAGCGAA
GACCCCTCG (SEQ ID NO:155);

JIZ-B7
QVQLVESGGAVVQPGGSLRLSCATSGFTFSDDRMSWARQAPGKGLEWVSGIST
ASEGFATLYAPSVKGRETISRDNAKHMLYLQMDTLKPEDTAVYYCLRGVFERT
NIPPEVLRGQGTQVTVSSAHHSEDPS (SEQ ID NO:156);

CAGGTGCAGCTCGTGGAGTCTGGAGGAGCCGTGGTGCAACCTGGGGGTTCTC
TGAGACTCTCCTGTGCAACCTCTGGATTCACCTTCAGTGACGATCGTATGAGC
TGGGCCCGCCAGGCTCCAGGAAAGGGGCTCGAGTGGGTCTCAGGTATTAGTA
CTGCTAGTGAAGGTTTTGCTACACTCTACGCACCCTCCGTGAAGGGCCGATT
CACCATCTCCAGAGACAACGCCAAGCATATGCTGTATCTGCAAATGGATACC
TTGAAACCTGAGGACACGGCCGTGTATTACTGTTTAAGAGGGGTTTTTTTTAG
AACGAACATTCCTCCCGAGGTACTGCGGGGCCAGGGGACCCAGGTCACCGTC
TCCTCAGCGCACCACAGCGAAGACCCCTCG (SEQ 1D NO:157);

JIZ-BY9
QVQLVETGGDLVQPGGSLRLSCAASGSSFSRAAVGWYRQAPGKEREWVARLAS
GDMTDYTESVRGRFTISRDNAKHTVYLQMDNLKPEDTAVYYCKARIPPYYSIEY
WGKGTRVTVSSEPKTPKPQ (SEQ ID NO:158);

CAGGTGCAGCTCGTGGAGACGGGGGGAGACTTGGTGCANCCTGGGGGGTCT
CTGAGACTCTCCTGTGCAGCCTCTGGAAGCTCCTTCAGCCGCGCTGCCGTGG
GCTGGTACCGTCAGGCTCCAGGAAAGGAGCGTGAGTGGGTCGCACGTCTCGC
GAGTGGTGATATGACGGACTATACCGAGTCCGTGAGGGGCCGATTCACTATC
TCCAGAGACAACGCCAAGCACACGGTGTATCTGCAAATGGACAACCTGAAA
CCTGAGGACACGGCCGTCTACTATTGTAAGGCCAGGATACCCCCTTATTACT
CTATAGAGTACTGGGGCAAAGGGACCCGGGTCACCGTCTCCTCANAACCCAA
GACACCAAAACCACAA (SEQ ID NO:159);

JIZ-DS
QVOQLVETGGGLVQAGGSLRLSCVVSSPLFNLYDMAWYRQAPGNQRELVAGILT
DGRATYSDSVKGRETISRNNLTNTVFLQMSSLKPEDTAVYYCNRKNSIYWDSW
GQGTQVTVSSEPKTPKPQ (SEQ ID NO:160);

CAGGTGCAGCTCGTGGAGACAGGTGGAGGCTTGGTGCAGGCTGGGGGGTCT
CTGAGACTCTCCTGTGTAGTATCTAGTCCCCTGTTCAATCTTTACGACATGGC
CTGGTATCGCCAGGCTCCAGGGAATCAGCGTGAGTTGGTCGCAGGCATCTTG
ACTGATGGTCGCGCAACATATTCAGACAGCGTGAAGGGCCGATTCACCATTT
CCAGAAACAACCTGACGAACACGGTGTTTTTACAAATGAGCAGCCTGAAACC
TGAGGACACGGCCGTCTATTATTGTAATAGAAAGAATAGTATCTACTGGGAT
TCCTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCGGAACCCAAGACACCAA
AACCACAA (SEQ ID NO:161);

JIZ-G4
QVQLVESGGGLVQAGGSLRLSCVASGLTFSRYGMGWFRQAPGQERVVVSVISP
DGGSAYYADSVKGRFTISRDNAKNTVYLQMSTLRFEDTGVYYCTAGPRNGATT
VLRPGDYDYWGQGTQVTVSSEPKTPKPQ (SEQ ID NO:162); and
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CAGGTGCAGCTCGTGGAGTCGGGGGGAGGATTGGTGCAGGCTGGGGGCTCT
CTGAGACTCTCCTGCGTAGCCTCTGGACTCACCTTCAGTCGCTATGGCATGGG
CTGGTTCCGCCAGGCTCCAGGACAGGAGCGTGTAGTCGTATCAGTTATTAGT
CCCGACGGTGGTAGCGCATACTACGCAGACTCCGTGAAGGGCCGATTCACCA
TCTCCAGAGACAACGCCAAGAACACGGTGTATCTGCAAATGAGCACCCTGA
GATTTGAGGACACGGGCGTTTATTATTGTACAGCAGGGCCCCGGAATGGAGC
GACTACAGTCCTCCGGCCAGGGGATTATGACTACTGGGGCCAGGGGACCCA
GGTCACTGTCTCCTCAGAACCCAAGACACCAAAACCACAA (SEQ ID NO:163)

Example 30: VHH binding proteins bind to neutralized toxin- disease agents

Effectiveness of the antitoxin treatment using VHH binding proteins composed of SEQ
ID NOs:96-163 were analyzed to determine ability of the binding proteins to bind to and
neutralize a toxin disease agent target (see Tremblay et al. and FIG. 29 A and B). Data show that
the VHH effectively bound to and neutralized Stx 1, Stx2, anthrax toxins, RTA, and RTB.

Example 31: Recombinant multimeric binding proteins neutralize a plurality of disease agents

Recombinant heteromultimeric neutralizing binding proteins containing multiple binding
regions composed of any of SEQ ID NOs: 96-163 are produced. At least two of the binding
regions are not identical and each binding region has affinity to specifically bind a non-
overlapping portion of a disease agent associated with toxin proteins produced by bacteria or
plants such as a Shiga toxin, a ricin toxin (e.g., RTA and RTB), and anthrax toxin.

Subjects are exposed to one or more of Shiga toxin, ricin toxin A chain, and ricin toxin B
chain, and then are administered each of the heteromultimeric binding proteins. Control subjects
are administered the one or more disease agents only (no multimeric binding proteins). Subjects
are monitored for indicia of exposure to the pathogenic molecules such as diarrhea, fever,
tachycardia, respiratory distress, and death.

Subject administered heteromultimeric binding proteins specific for disease agents are
observed to have little or no indicia of exposure to the one or more disease agents. In vitro
analysis of cell, blood and tissue samples from the subjects show that the multimeric binding
proteins neutralize each of these disease agents in the samples. Control subjects show indicia of
being exposed to the disease agents (e.g., diarrhea, internal bleeding, and cell lysis). Thus, the
recombinant heteromultimeric neutralizing binding proteins are found to be effective inhibitors

of the toxin disease agents.

Example 32: VHHs that bind and neutralize plant toxins

Methods as described in Examples herein using phage libraries are used to produce and

identify VHHs that specifically bind and neutralize plant toxins. The VHHs specifically
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neutralize each of the following plant toxins: Akar saga (Abrus precatorius), Deathcamas,
Amianthium Angel's Trumpet (Brugmansia), Angel Wings (Caladium), Anticlea, Autumn crocus
(Colchicum autumnale), Azalea (Rhododendron), Bittersweet nightshade (Solanum dulcamara),
Black hellebore (Helleborus niger), Black locust (Robinia pseudoacacia), Black nightshade
(Solanum nigrum), Bleeding heart (Dicentra cucullaria), Blind-your-eye mangrove ( Excoecaria
agallocha), Blister Bush (Peucedanum galbanum), Bloodroot (Sanguinaria canadensis), Blue-
green algae (Cyanobacteria), Bobbins (drum maculatum), Bracken (Pieridium aquilinum),
Broom (Cytisus scoparius), calabar bean (Physostigma venenosumy), castor bean, Christmas rose
(Helleborus niger), Columbine (Aquilegia), Corn cockle (Agrostemma githago), corn lily
(veratrum), cowbane (Cicuta), cows and bulls (4drum maculatum), crab's eye (Abrus
precatorius), cuckoo-pint (Adrum maculatum), daffodil (Narcissus), Darnel (Lolium temulentum),
Deadly nightshade (Atropa belladonna), Devils and angels (drum maculatum), False acacia
(Robinia pseudoacacia), False hellebore (Veratrum), Foxglove (Digitalis purpurea), Frangipani
(Plumeria), Doll's eyes (4ctaea pachypoda), Dumbcane (Dieffenbachia), Dutchman's breeches
(Dicentra cucullaria), Elder/Elderberry(Sambucus), Giant hogweed (Heracleum
mantegazzianum), Giddee giddee, Gifblaar (Dichapetalum cymosum), Greater celandine
(Chelidonium majus), Gympie gympie (Dendrocnide moroides), Heart of Jesus (Caladium),
hemlock (Conium maculatum), hemlock water-dropwort (Oenanthe crocata), henbane
(Hyoscyamus niger), Horse chestnut (desculus hippocastanum), Holly (lex aquifolium),
Hyacinth (Hyacinthus orientalis), Indian licorice, Jack in the pulpit, Jamestown weed, jequirity,
Jerusalem cherry, Jimson weed, John Crow bead, Jumbie bead, Lily of the Valley, Lords and
Ladies, Madiera winter cherry, Mayapple, Meadow saffron, Milky mangrove, Monkshood,
Moonseed, Passion flower, Plumeria, Poison hemlock, Poison ivy, Poison oak, Poison parsnip,
Poison sumac, Poison ryegrass, Pokeweed, Precatory bean, Privet, ragwort, redoul, River poison
tree, Robinia pseudoacacia (also known as black locust and false acacia), Rosary pea,
Sosnowsky's Hogweed, Spindle tree, Starch-root, Stenanthium, Stinging tree, Stinkweed,
Strychnine tree, Suicide tree (Cerbera odollam), thorn apple, Toxicoscordion, Wake robin,
Water hemlock, White baneberry, White snakeroot, Wild arum, Winter cherry, Wolfsbane,

Yellow Jessamine, Yew, and Zigadenus.

Example 33: Immunoassay using VHHSs to detect toxin

Immunoassay are performed using VHH camelids to detect toxin in samples. Each of
toxin-specificVHHs SEQ ID NO: 96, SEQ ID NO: 98, SEQ ID NO:100, SEQ ID NO:102, SEQ
ID NO:104, SEQ ID NO:106, SEQ ID NO:108, SEQ ID NO:100, SEQ ID NO:102, SEQ ID
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NO:104, SEQ ID NO:106, SEQ ID NO:108, SEQ ID NO:110, SEQ ID NO:112, SEQ ID
NO:114, SEQ ID NO:116, SEQ ID NO:118, SEQ ID NO:120, SEQ 1D NO:122, SEQ ID
NO:124, SEQ ID NO:126, SEQ ID NO:128, SEQ ID NO:130, SEQ ID NO:132, SEQ ID
NO:134, SEQ ID NO:136, SEQ ID NO:138, SEQ ID NO:140, SEQ 1D NO:142, SEQ ID
NO:144, SEQ ID NO:146, SEQ ID NO:148, SEQ ID NO:150, SEQ ID NO:152, SEQ ID
NO:154, SEQ ID NO:156, SEQ ID NO:158, SEQ ID NO:160, and SEQ ID NO:162 are
separately incubated in buffer in wells of a plastic microtiter plate. The VHH camelids are
incubated for sufficient time and under conditions such that the VHHSs are adsorbed to the
surface of the well. Control cells are incubated with buffer only.

A panel of diluated aliquots of a sample containing either a Shiga toxin, a B. anthracis
toxin, a ricin A chain toxin, or a ricin B chain toxin are incubated in duplicate in the VHH-
coated wells and control wells, such that the VHH in the VHH-coated wells specifically bind to
the toxin, thereby retaining the toxin in the well. Wells are washed to remove toxin that is not
specifically bound to the VHH camelids.

A polyclonal antibody with enzymes or dye molecules attached to the polyclonal
antibody is contacted to the wells, thereby forming an toxin antigen ‘sandwich’ between the
VHH camelids and the polyclonal antibody. The enzymes or dye molecules attached to the
polyclonal antibodies generate a color signal proportional to the amount of target toxin present
in the sample added to the wells of the plate. It is observed that the toxin-specific VHHs
specifically bound the respective toxin, such that SEQ ID NO: 96 and SEQ ID NO: 98
specifically bind the Shiga toxin, and SEQ ID NO: 100, SEQ ID NO: 102, SEQ ID NO: 104,
SEQ ID NO: 106, SEQ ID NO: 108, SEQ ID NO: 110, SEQ ID NO: 112, SEQ ID NO: 114,
SEQ ID NO: 116, SEQ ID NO: 118, SEQ ID NO: 120, and SEQ ID NO: 122 specifically bind
the anthrax toxin, and SEQ ID NO: 124, SEQ ID NO: 126, SEQ ID NO: 128, SEQ ID NO: 130,
SEQ ID NO: 132, SEQ ID NO: 134, SEQ ID NO: 136, SEQ ID NO: 138, SEQ ID NO: 140,
SEQ ID NO: 142, and SEQ ID NO: 144 specifically bind the ricin A chain toxin, and wherein
SEQ ID NO: 146, SEQ ID NO: 148, SEQ ID NO: 150, SEQ ID NO: 152, SEQ 1D NO: 154,
SEQ ID NO: 156, SEQ ID NO: 158, SEQ ID NO: 160, and SEQ ID NO: 162 specifically bind

the ricin B chain toxin.

Example 34: Immunofluorescence staining using the toxin-specificVHHs

Subconfluent test cells on coverslips are treated with toxin (either a Shiga toxin, a B.
anthracis toxin, a ricin A chain toxin, or a ricin B chain toxin) alone or toxin in the presence of

the toxin-specific VHHs (specificVHHs SEQ ID NO: 96, SEQ ID NO: 98, SEQ ID NO:100,
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SEQ ID NO:102, SEQ ID NO:104, SEQ ID NO:106, SEQ ID NO:108, SEQ ID NO:100, SEQ

IDNO:102, SEQ ID NO:104, SEQ ID NO:106, SEQ ID NO:108, SEQ ID NO:110, SEQ ID

NO:112, SEQ ID NO:114, SEQ ID NO:116, SEQ ID NO:118, SEQ ID NO:120, SEQ ID
NO:122, SEQ ID NO:124, SEQ ID NO:126, SEQ ID NO:128, SEQ ID NO:130, SEQ ID
NO:132, SEQ ID NO:134, SEQ ID NO:136, SEQ ID NO:138, SEQ ID NO:140, SEQ ID
NO:142, SEQ ID NO:144, SEQ ID NO:146, SEQ ID NO:148, SEQ ID NO:150, SEQ ID
NO:152, SEQ ID NO:154, SEQ ID NO:156, SEQ ID NO:158, SEQ 1D NO:160, and SEQ ID
NO:162). The cells are fixed with paraformaldehyde, followed by permeabilization in a
permeabilizing buffer. For immunocomplex or toxin staining, cells are incubated with
fluorochrome-conjugated anti-VHH, or polyclonal rabbit anti-toxin serum (prepared herein by
methods known to one of skill in the art of antibody production), followed by fluorochrome-
conjugated anti-rabbit-IgG. Cells are counterstained with 4°, 6-diamidino-2-phenylindole
(DAPI) and imaged using a confocal microscope. Surface binding of toxin-specific VHHS to
cells is examined by flow cytometry.

Data from the immunofluorescence staining that the toxin-specific VHHs specifically
bind the respective toxin, and the toxin-specific VHHs are effective for detecting the toxin, such
that SEQ ID NO: 96 and SEQ ID NO: 98 specifically bind the Shiga toxin, and SEQ ID NO:
100, SEQ ID NO: 102, SEQ ID NO: 104, SEQ ID NO: 106, SEQ ID NO: 108, SEQ ID NO:
110, SEQ ID NO: 112, SEQ ID NO: 114, SEQ ID NO: 116, SEQ ID NO: 118, SEQ ID NO:
120, and SEQ ID NO: 122 specifically bind the anthrax toxin, and SEQ ID NO: 124, SEQ ID

NO: 126, SEQ ID NO: 128, SEQ ID NO: 130, SEQ ID NO: 132, SEQ ID NO: 134, SEQ ID NO:

136, SEQ ID NO: 138, SEQ ID NO: 140, SEQ ID NO: 142, and SEQ ID NO: 144 specifically
bind the ricin A chain toxin, and wherein SEQ ID NO: 146, SEQ 1D NO: 148, SEQ ID NO: 150,

SEQ ID NO: 152, SEQ ID NO: 154, SEQ ID NO: 156, SEQ ID NO: 158, SEQ ID NO: 160, and

SEQ ID NO: 162 specifically bind the ricin B chain toxin.

Test cells are incubated with toxin alone, toxin / toxin-specific VHH, or toxin/ non-
specific VHH, followed by phycoerythrin-conjugated anti-VHH staining. Cells are subsequently
analyzed by cell sorting using a FACS Calibur flow cytometer. Data show that the VHHs
effectively detect the location and relative abundance of specific Shiga toxin proteins, anthrax

proteins, and ricin toxin proteins.
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Example 35: Construction and expression of a heterotetramer of four VHHS, two neutralizing

VHHs that target TcdA and two VHHSs that target TedB

An embodiment of the invention herein provides small binding agents that neutralize one
of the C. difficile toxins have been identified. The binding agents are Vh domains prepared from
heavy chain-only antibodies of Camelid animals such as alpacas, also called VHHs. U.S. patent
application number 13/566,524 filed August 3, 2012 and U.S. provision patent application
number 61/809685 filed April 8, 2013, which are hereby incorporated by reference in their
entirety, describe proteins that have two linked pathogen neutralizing VHHs that recognize
distinct, non-overlapping epitopes on the target, and those proteins have enhanced substantially
enhance neutralization potency compared to each VHH separately. Example 24 herein envisions
linking neutralizing VHHs into a heteromultimer to target more than one pathogen, thereby
permitting the neutralization of multiple pathogens by a single biomolecule. The present
example describes construction and expression of a heterotetramer of four VHHs, two
neutralizing VHHs that target TcdA and two VHHs that target TcdB and was demonstrated to be
active. This molecule, a VHH-based neutralizing agent (VNA) which targets both C. difficile
Ted toxins, is referred to as ‘VNA2-Tcd’.

The amino acid sequence of VNA2-Tcd protein is shown below (SEQ ID NO: 170). The
protein contains two copies of an epitopic tag, E-tag (GAPVPYPDPLEPR; SEQ ID NO: 15) that
flanks the four linked recombinant VHH binding domain proteins and permits binding an anti-E-
tag mADb to the target to promote antibody effector activities (see U.S. patent number 8,349,326
issued January 8, 2013). The epitopic tag is optional and this sequence is merely exemplary and
not further limiting. The sequence further includes an optional 13 amino acid albumin binding
domain (DICLPRWGCLWED; SEQ ID NO: 168) at the carboxyl terminus to improve serum
persistence of the VNA. See, Nguyen et al, 2006, Protein Engineering, Design and Selection,
19:291. The VNA2-Tcd contains also an optional amino terminal E. coli thioredoxin protein to
improve protein folding and levels of soluble expression. The sequence was derived from the
expression vector, pET32b. A thrombin and enterokinase cleavage site was introduced between
the thioredoxin and the functional VNA to permit separation of the two domains following
expression of the product. The vector was designed to separate the VHH proteins (underlined)
by a flexible spacer to promote independent folding of each of the distinct VHH proteins.

Several amino acid modifications were made to the VHH protein sequences as originally
obtained and described in U.S. patent application number 13/566,524 filed August 3, 2012 and
U.S. provision patent application number 61/809685 filed April 8, 2013 to improve the

framework region near the amino ends and improve protein folding and function (the amino
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terminal coding region is typically modified during the VHH cloning process, and the changes
can be deleterious). Codons were optimized for improved expression in E. coli cells and regions
of high DNA sequence homology were modified to reduce the homology and thus reduce the
likelihood of DNA recombination. SEQ ID NO: 169 shows the coding DNA for the expressed
VNA2-Ted. ‘

The VNA2-Tcd protein was expressed in E. coli and was purified using Ni-affinity
chromatography followed by gel filtration chromatography (FIG. 44). Excellent purity and
yields of soluble protein were observed. The purified VNA2-Tcd protein was demonstrated to
be functional and bound to both C. difficile toxins, TcdA and TedB, with high affinity in
ELISAs and displayed sub-nM ICs, neutralization potencies specific for both TcdA and TedB in
cell-based assays (FIG. 45). To test for in vivo efficacy, a C. difficile toxin systemic mouse
challenge study was performed. Six week old female C57BL/6 mice were treated, via
intraperitoneal (IP) injection, with 50 ug/mouse of purified VNA2-Tcd one hour prior to IP
challenge with 100 ng/mouse of C. difficile toxin A (TcdA) and 200 ng/mouse of C. difficile
toxin B (TcdB). Control mice challenged with TcdA and TcdB all died or became moribund
within 4 hours post challenge. Untreated, VNA2-Tcd alone, TcdA + VNA2-Ted, TedB +
VNA2-Tcd, and TedA + TedB + VNA2-Ted treated animals showed no signs of systemic
effects and survived until study termination at 7 days post challenge (FIG. 46). These data
demonstrate that VNA2-Tcd protein prevented lethality from intoxication by both TcdA and
TcdB toxins. VNA2-Ted protein was demonstrated to be efficacious in a mouse model of C.
difficile infection (CDI) (FIG. 47). Mice were treated with an antibiotic cocktail delivered in
their drinking water for 3 days and then treated with a single IP injection of clindamycin one day
prior to infection. Mice were infected with 10° C. difficile UK6 spores alone or UK6 spores plus
3 doses of VNA2-Tcd protein (2.5 mg/kg at 4, 24 and 48 hours after infection). Animals that
received only the UK6 spores lost weight, had diarrhea, and 60% were moribund by Day 3. In
contrast, animals that received treatment with VNA2-Tcd protein displayed minimal or no
weight loss, did not have diarrhea after Day 1, and 100% of the animals survived for the
duration of the study. These data demonstrate the efficacy of VNA2-Ted protein delivery as a
therapy for CDI. The efficacy of VNA2-Tcd was evaluated in a large animal model of CDI, the
gnotobiotic pig model. For this study, gnotobiotic piglets were derived via Cesarean section and
maintained in sterile isolators for the duration of the experiment. Cohorts of 6, 5 day old piglets
were orally inoculated with 106 C. difficile UKS6 spores only (control group), or were
administered VNA2-Ted (Img/pig, IP) 4 hours prior to oral inoculation with spores (treated
group). After the initial dose, the treated group received 2 doses of VNA2-Tcd (1mg/pig) each
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day for the duration of the experiment. Three out of six control pigs were moribund with signs
of weakness, lethargy, severe diarrhea and severe edematous rectal prolapse (Table 6). All pigs
in the control and treated groups developed diarrhea within 48 hrs of inoculation with spores,
however none of the VNA2-Tcd treated pigs became moribund, or developed rectal prolapse,
and diarrhea was only mild to moderate in this group (Table 6). All control piglets had signs of
extra-intestinal lesions including pleural effusion and ascities (Table 6). In contrast, no VNA2-

Ted piglets showed any signs of ascities or pleural effusion (Table 6).

Table 6: Clinical outcome in VNA2-Tcd-treated and untreated C. difficile-infected piglets

Clinical symptoms Treatment
UKS6 spores only VNA2-Tcd+UKS6 spores

Diarrhea * 100 100
Mild diarrhea * 0 16
Mild/Moderate diarrhea * 0 66
Moderate diarrhea * 66 16
Severe diarrhea * 33 0
Rectal prolapse 83 0
Ascites 100 0
Pleural effusion 50 0
Edema 100 100
Systemic Disease ° 83 0
Fatal discase © 50 0

*Severity of gastrointestinal disease was determined by clinical signs and histopathologic lesions, ranging from
mild to severe

® Systemic disease indicates that piglets developed systemic signs such as lethargy, weakness, anorexia, or dyspnea
° Fatal disease indicates that piglets were euthanized due to the severity of the disease

Additional gastrointestinal lesions in the severely affected piglets include profound
thickening of the wall of the colon and rectum, which was minimal or absent in treated piglets
(FIG. 48). Histopathologic analysis showed edema and lesions in both the control and treated
groups with primary differences seen in levels of mesocolonic edema and neutrophil infiltration
in the distal colon (FIG. 49). Control pigs had statistically significantly more neutrophil foci in

the lamina propria of the distal colon compared to treated pigs. Control pigs had severe
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microvilli degradation and neutrophil infiltration, while treated pigs had reduced microvilli
degradation compared to controls and less neutrophil infiltration (FIG. 49). These data
demonstrate the efficacy of VNA2-Ted protein for the treatment of CDI in a large animal model
of the disease.

VNA2-Ted coding DNA was inserted into a mammalian expression vector. The protein
was observed secreted in the conditioned medium of the cells, and the product was observed to
have retained full biological activities.

The amino acid sequence of the full translation product expressed as VNA2-Ted:
MSDKITHLTDDSFDTDVLKADGAILVDFWAEWCGPCKMIAPILDEIADEYQGKLTVAKL
NIDQNPGTAPKYGIRGIPTLLLFKNGEVAATKVGALSKGQLKEFLDANLAGSGSGHMH
HHHHHSSGLVPRGSGMKETAAAKFERQHMDSPDLGTDDDDKAMAISDPNSGAPVPYP
DPLEPRAAAQVQLVESGGGLVQPGGSLRLSCAASGFTLDYSSIGWFRQAPGKEREGVSC
ISSSGDSTKYADSVKGRFTTSRDNAKNTVYLQMNSLKPDDTAVYYCAAFRATMCGVEP
LSPYGKDDWGKGTLVTVSSEPKTPKPQPTSAIAGGGGSGGGGSGGGGSAAAQLQLVES
GGGLVQPGGSLRLSCEASGFTLDYYGIGWFRQPPGKEREAVSYISASARTILYADSVKG
RFTISRDNAKNAVYLQMNSLKREDTAVYYCARRRFSASSVNRWLADDYDVWGRGTQ
VAVSSEPKTPKPQTSALVGGGGSGGGGSGGGGSLQAMAAAQVQLVESGGGLVQTGGS
LRLSCASSGSIAGFETVTWSRQAPGKSLQWVASMTKTNNETYSDSVKGRFIISRDNAKN
TVYLQMNSLKPEDTGVYFCKGPELRGQGIQVTVSSEPKTPKPQAIAGGGGSGGGGSGG
GGSLQGQVQLVESGGGLVQPGGSLRLSCAASGFTFSDYVMTWVRQAPGKGPEWIATIN
TDGSTMRDDSTKGRFTISRDNAKNTLYLOMTSLKPEDTALYYCARGRVISASAIRGAVR
GPGTQVTVSSEPKTPKPQPARQGAPVPYPDPLEPRGGGSDICLPRWGCLWED (SEQ ID
NO: 170)

The coding sequence of VNA2-Tcd:
ATGAGCGATAAAATTATTCACCTGACTGACGACAGTTTTGACACGGATGTACTCAA
AGCGGACGGGGCGATCCTCGTCGATTTCTGGGCAGAGTGGTGCGGTCCGTGCAAAA
TGATCGCCCCGATTCTGGATGAAATCGCTGACGAATATCAGGGCAAACTGACCGTT
GCAAAACTGAACATCGATCAAAACCCTGGCACTGCGCCGAAATATGGCATCCGTGG
TATCCCGACTCTGCTGCTGTTCAAAAACGGTGAAGTGGCGGCAACCAAAGTGGGTG
CACTGTCTAAAGGTCAGTTGAAAGAGTTCCTCGACGCTAACCTGGCCGGTTCTGGTT
CTGGCCATATGCACCATCATCATCATCATTCTTCTGGTCTGGTGCCACGCGGTTCTG
GTATGAAAGAAACCGCTGCTGCTAAATTCGAACGCCAGCACATGGACAGCCCAGAT
CTGGGTACCGACGACGACGACAAGGCCATGGCGATATCGGATCCGAATTCTGGCGC
ACCTGTCCCATACCCAGACCCTCTGGAACCACGAGCGGCCGCCCAAGTCCAACTGG
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TCGAAAGTGGTGGTGGTCTGGTCCAACCGGGTGGCTCTCTGCGTCTGTCCTGCGCTG
CGAGTGGTTTTACCCTGGATTATAGCTCTATTGGTTGGTTCCGCCAGGCGCCGGGTA
AAGAACGTGAAGGCGTGAGCTGCATCAGTTCCTCAGGTGATAGTACCAAATATGCG
GACTCCGTCAAAGGCCGCTTTACCACGAGTCGTGATAACGCCAAAAATACGGTTTA
CCTGCAGATGAACTCCCTGAAACCGGATGACACCGCAGTGTATTACTGCGCGGCCT
TTCGCGCTACGATGTGTGGTGTTTTCCCGCTGAGCCCGTATGGCAAAGATGACTGGG
GTAAAGGCACCCTGGTGACGGTTTCGAGCGAACCGAAAACCCCGAAACCGCAGCCG
ACGTCTGCGATCGCCGGTGGTGGTGGTTCGGGTGGTGGTGGTAGCGGTGGTGGTGG
TTCTGCAGCTGCGCAGCTGCAACTGGTGGAAAGCGGCGGTGGTCTGGTTCAACCGG
GTGGTTCCCTGCGTCTGTCATGCGAAGCCTCGGGTTTTACCCTGGATTATTACGGTA
TTGGTTGGTTCCGTCAGCCGCCGGGCAAAGAACGTGAAGCAGTGAGCTATATTTCC
GCATCAGCACGTACCATCCTGTACGCAGATTCAGTTAAAGGCCGCTTTACGATCTCG
CGTGACAACGCGAAAAATGCCGTCTATCTGCAGATGAACAGTCTGAAACGTGAAGA
TACCGCAGTGTATTACTGTGCTCGTCGCCGTTTCTCCGCGTCTAGTGTCAATCGCTG
GCTGGCCGATGACTACGATGTGTGGGGTCGTGGCACCCAAGTCGCCGTGTCCTCAG
AGCCTAAAACGCCGAAACCGCAAACGTCTGCACTAGTTGGCGGTGGTGGCTCAGGT
GGAGGCGGGTCAGGCGGTGGCGGTTCCCTGCAAGCAATGGCCGCAGCTCAGGTGCA
ACTGGTTGAATCCGGTGGTGGTCTGGTGCAGACCGGTGGTAGCCTGCGTCTGTCTTG
CGCATCGAGCGGTAGCATTGCTGGCTTTGAAACCGTTACGTGGTCTCGTCAAGCGCC
GGGTAAATCACTGCAGTGGGTCGCCTCGATGACCAAAACGAACAATGAAATCTATT
CGGATAGCGTTAAAGGCCGCTTTATTATCTCACGCGATAACGCGAAAAATACCGTG
TATCTGCAGATGAACTCGCTGAAACCGGAAGATACGGGTGTTTACTTCTGCAAAGG
CCCGGAACTGCGCGGTCAAGGCATTCAGGTTACCGTCTCTAGTGAGCCTAAAACCC
CGAAACCGCAAGCAATCGCAGGCGGCGGCGGCAGCGGCGGCGGCGGCTCTGGTGG
TGGTGGTTCCCTGCAGGGTCAAGTCCAGCTGGTGGAATCTGGCGGTGGTCTGGTGC
AACCGGGTGGTAGTCTGCGTCTGTCCTGTGCAGCCTCAGGCTTTACCTTCTCAGATT
ATGTTATGACGTGGGTCCGTCAGGCACCGGGTAAAGGTCCGGAATGGATTGCTACC
ATCAATACGGACGGTAGCACCATGCGCGATGACTCTACCAAAGGCCGCTTCACGAT
TAGCCGTGATAATGCCAAAAATACCCTGTACCTGCAGATGACGTCTCTGAAACCGG
AAGACACCGCGCTGTATTACTGTGCCCGCGGTCGTGTTATTTCTGCAAGTGCTATCC
GTGGCGCCGTCCGTGGTCCGGGCACCCAAGTCACCGTCTCCTCAGAACCGAAAACG
CCGAAACCGCAACCGGCGCGCCAGGGTGCGCCGGTGCCGTATCCGGACCCGCTGGA
ACCGCGTTAA (SEQ ID NO: 169).
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The amino acid sequence of the full translation product of mammalian cell secreted
VNA2-Ted:
METDTLLLWVLLLWVPGSTGDAAQPARRARRTKLSGAPVPYPDPLEPRAAAQVQLVES
GGGLVQPGGSLRLSCAASGFTLDY SSIGWFRQAPGKEREGVSCISSSGDSTKYADSVKG
RFTTSRDNAKNTVYLQMNSLKPDDTAVYYCAAFRATMCGVFPLSPYGKDDWGKGTL
VTVSSEPKTPKPQPTSAIAGGGGSGGGGSGGGGSAAAQLQLVESGGGLVQPGGSLRLSC
EASGFTLDYYGIGWFRQPPGKEREAVSYISASARTILYADSVKGRFTISRDNAKNAVYL

QMNSLKREDTAVYYCARRRFSASSVNRWLADDYDVWGRGTQVAVSSEPKTPKPQTSA

LVGGGGSGGGGSGGGGSLQAMAAAQVQLVESGGGLVQTGGSLRLSCASSGSIAGFETV
TWSRQAPGKSLQWVASMTKTNNEIYSDSVKGRFIISRDNAKNTVYLQMNSLKPEDTGV
YFCKGPELRGQGIQVTVSSEPKTPKPQAIAGGGGSGGGGSGGGGSLQGQVQLVESGGG
LVQPGGSLRLSCAASGFTFSDYVMTWVRQAPGKGPEWIATINTDGSTMRDDSTKGRFTI
SRDNAKNTLYLQMTSLKPEDTALYYCARGRVISASAIRGAVRGPGTQVTVSSEPKTPKP
QPARQGAPVPYPDPLEPRGGGSDICLPRWGCLWED (SEQ ID NO: 167).

Example 36; Dimer and Tetramer Constructs for C. difficle

In this example, the structure of the VNA multimers was modified to enhance resistance
to GI proteases and improve therapeutic efficacy.

Potent, camelid C. difficile toxin binding single chain antibodies, VHHs, were developed to
neutralize C. difficile toxins. To develop an orally-deliverable protein therapy for the treatment
of C. difficile infection (CDI), the C. difficile toxin-binding protein therapeutic should persist
within the GI tract for sufficient time to neutralize the toxin. However, the GI track of mammals
contains an abundance of protease enzymes used in food digestion that can degrade and
inactivate orally delivered therapeutic proteins. The C. difficile toxin-binding proteins (VHHs)
display unexpected potent neutralizing activity when joined together in one molecule to form
heterodimers and heterotetramers. Initial studies using GI tract extracts from pigs demonstrated
that the C. difficile toxin-binding proteins, when delivered in heterodimeric and heterotetrameric
forms, were rapidly digested into monomers.

To determine the sites of cleavage in the heterodimeric and heterotetrameric C. difficile
binding proteins, proteins were exposed to extracts of the porcine Gl tract for different amounts
of time, the products resolved by SDS-PAGE, purified, and subjected to amino-terminal
sequence analyses. Sequencing revealed that the VHH functional domains were resistant to
cleavage, while the sites sensitive to cleavage were within the unstructured region(s) flanking

the flexible spacer ((GGGGS)s) that connect the VHH domains together. This was an
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unexpected finding as the cleavage sites identified in this study do not represent those of known
proteases, and were not predicted by proteomic analyses. Here, the identified sites contain one
or more alanine residues, especially several adjacent alanines.

Without wishing to be bound by theory, to test the hypothesis that modification of the
amino acid sequence flanking the flexible spacer ((GGGGS)s) would reduce proteolytic
cleavage of the heteromeric proteins in the GI tract, new proteins were designed and produced,
VNA-TcdA (toxin A binding heterodimer, AH3 + AA6; Seq ID NO: 171) and VNA-TcdB
(toxin B-binding heterodimer, 5D + E3, Seq ID NO: 172), where alanine residues were not
included within the regions flanking the flexible spacer ((GGGGS);) linking the VHH domains.
The new dimer VNAs were compared directly to the heterotetrameric VNA, VNA2-Tcd, that
contains the original, protease-sensitive regions (Seq ID NO: 167). VNA2-Tcd contains the
same four VHHs present in the new dimer VNAs, VNA-TcdA (AH3 + AA6) and VNA-TcdB
(5D + E3), joined into a heterotetramer (AH3 + 5D + E3 + AA6). FIG. 50 shows that new
dimers were highly resistant to cleavage by proteases present in the pig GI tract, while the
tetramer was rapidly cleaved to VHH monomers. These data demonstrate, among others, that
the VNA multimers contained unexpected protease-sensitive sites and that modification of the

sequence to remove these sites resulted in resistance to digestion by GI tract proteases.

Example 37: Removal of protease-sensitive sites did not affect C. difficile toxin binding activity
of dimeric VINAs
The C. difficile toxin A-binding VHH dimer, VNA-TcdA, and toxin B-binding VHH

dimer, VNA-TcdB, both containing the protease-resistant region connecting the VHH
monomers, were compared directly to the tetramer, VNA2-Tcd, that contains the protease-
sensitive spacer regions connecting the VHH monomers, in an ELISA (FIG. 51). The tetramer
and dimers showed similar affinities to the C. difficile toxins A (TcdA) or toxin B (TcdB).
Therefore, the sequence modification of the dimers had no effect on toxin binding activities.
Therefore, removal of the protease-sensitive sites resulted in multimers with increased resistance
to GI proteases (FIG. 50) without loss of functional activity. Such improved protease-resistant
multimers are anticipated to achieve greater persistence in the Gl tract, improve the efficiency of

C. difficile toxin neutralization, and result in improved therapy for C. difficile infection.
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What is claimed is:

1. A pharmaceutical composition comprising: at least one recombinant binding protein that
neutralizes a disease agent, wherein the binding protein comprises at least one disease agent
binding domain amino acid sequence selected from the group of:
QVQLVESGGGLVQPGGSLRLSCAASGFTLDYSSIGWFRQAPGKEREGVSCISSSGDSTK
YADSVKGRFTTSRDNAKNTVYLQMNSLKPDDTAVYYCAAFRATMCGVFPLSPYGKDD
WGKGTLVTVSSEPKTPKPQ (SEQ ID NO: 163);
QLQLVESGGGLVQPGGSLRLSCEASGFTLDY YGIGWFRQPPGKEREAVSYISASARTILY
ADSVKGRFTISRDNAKNAVYLQMNSLKREDTAVYYCARRRFSASSVNRWLADDYDV
WGRGTQVAVSSEPKTPKPQ (SEQ ID NO: 164);
QVQLVESGGGLVQTGGSLRLSCASSGSIAGFETVTWSRQAPGKSLQWVASMTKTNNEI
YSDSVKGRFISRDNAKNTVYLQMNSLKPEDTGVYFCKGPELRGQGIQVTVSSEPKTPK
PQ (SEQ ID NO: 165); and

QVQLVESGGGLVQPGGSLRLSCAASGFTFSDY VMTWVRQAPGKGPEWIATINTDGSTM
RDDSTKGRFTISRDNAKNTLYLQMTSLKPEDTALYYCARGRVISASAIRGAVRGPGTQV
TVSSEPKTPKPQ (SEQ ID NO: 166).

2. The pharmaceutical composition according to claim 1, wherein the recombinant binding

protein comprises at least one Vh domain corresponding to heavy chain-only camelid antibodies.

3. The pharmaceutical composition of any one of claims 1 or 2, wherein the recombinant

binding protein comprises at least three Vh disease agent binding domains.

4. The pharmaceutical composition of any one of claims 1-3, wherein the three disease
agent binding domains comprise at least two of the amino acid sequences selected from the

group of: SEQ ID NO: 163, SEQ ID NO: 164, SEQ ID NO: 165, and SEQ 1D NO: 166.

5. The pharmaceutical composition of any one of claim 1-4, wherein each of the disease
agent binding domains is separated from another disease agent binding site by flexible spacer

amino acid sequences.

6. The pharmaceutical composition of claim 10, wherein the flexible spacer amino acid

sequence comprises amino acid sequence: GGGGSGGGGSGGGGS (SEQ ID NO: 35).

139



10

15

20

25

30

WO 2015/100409 PCT/US2014/072340

7. The pharmaceutical composition of any of the above claims, further comprises a plurality
of disease agent binding domains that bind and neutralize toxin A of Clostridium difficile

(TedA).

8. The pharmaceutical composition of any of the above claims, further comprising a
plurality of disease agent binding domains that bind and neutralize toxin B of Clostridium

difficile (TcdB).

9. The pharmaceutical composition according to any of the above claims, wherein the at
least one disease agent comprises a first and second non-identical disease agent, and the binding

protein binds and neutralizes the first and the second of disease agents.

10.  The pharmaceutical composition according to claim 1, wherein the disease agent

comprises a Clostridium difficile toxin.

11.  The pharmaceutical composition according to claim 10, further comprising a plurality of
the disease agent binding domains that bind and neutralize toxin A of Clostridium difficile
(TcdA).

12, The pharmaceutical composition according to claim 10, further comprising a plurality of
the disease agent binding domains that bind and neutralize toxin B of Clostridium difficile

(TedB).

13.  The pharmaceutical composition according to claim 1, wherein the pharmaceutical
composition comprises one or more of the amino acids sequences of SEQ 1D NOs: 167, 171,

172, and 173.

14. A method for treating or preventing an antibiotic-induced adverse effect in the GI tract,
comprising administering to a subject in need thereof an effective amount of the pharmaceutical

composition of any of the above claims.
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15. A method for treating or preventing a C. difficile infection (CDI) or C. difficile-
associated disease, comprising administering to a subject in need thereof an effective amount of

the pharmaceutical composition of any of the above claims.

16.  The method of claim 14 or 15, wherein the subject is receiving or likely to receive one or
more antibiotic treatments, optionally selected from fluoroquinolones, cephalosporins,

clindamycin and penicillins.

17.  The method of claim 15 or 16, wherein the C. difficile infection (CDI) or C. difficile-
associated disease is one or more of: antibiotic-associated diarthea, C. difficile diarrhea (CDD),
C. difficile intestinal inflammatory disease, colitis, pseudomembranous colitis, fever, abdominal
pain, dehydration and disturbances in electrolytes, megacolon, peritonitis, and perforatioﬁ and

rupture of the colon.
18. The method of any one of claims 14-17, wherein the pharmaceutical composition

comprises one or more of SEQ ID NO: 163, SEQ ID NO: 164, SEQ ID NO: 165, SEQ ID NO:
166, SEQ 1D NO: 167, SEQ ID NO: 171, SEQ ID NO: 172, and SEQ ID NO: 173
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Anti-BoNT/A sheep scFv coding nucleotide sequences

>goFv#2
CAGGCTGTGCTGACTCAGCCGTCCTCCGTGTCCGGGTCCCCGGGCCNNANGG
TCTCCATCACCTGCTCTGGAAGCAGGAGTAACGTTGGCACATATGETGTAGEG
TTGGTTCCAACAGCTCCCAGGATCGGGCCTCAGAACCATCATCTATTATAATG
ACAAACGACCCTCAGGGGETCCCCGACCGATTCTCTGCCTCCAAATCGGGCAA
CACAGCCACCCTGATCATCAGCTCGCTCCAGGCTGAGGATGAGGCCGATTAT
TTCTGTGGAAGTGCCGACGGTAGTAGTTATGGTATTTTCGGCAGTGGGACCA
GACTGACCGTCCTGGGTCAGCCCGCGGCCGCTGGTGGAGGCGGTTCAGGCGG
AGGTGGCTCTGGCGGTEGCGCGATCGGCGCGCCAGGTGGGGCTGCAGGAGTCG
GGACCCAGCCTGGTGAAGCCCTCACAGACCCTCTCCCTCACCTGCACGGTCTC
TGGATTCTCATTGTCCAACAGTGTTGTAGGCTGGGTCCGCCAGGCTCCAGGAA
AGGTGCCGGAGTGGCTTGGTAGTATAGACAGTGGTGGTTACACAGTCGCTGA
CCCGGCCCTGAAATCCCGACTCAGCATCACAAGGGACACTTCCAAGAGCCAA
GTCTCCCTGTCACTGAACAGCGTGACAACTGAGGACACGGCCGTGTACTACT
GTACAAGGGCTTATAGTATTACTTATTATGCGTATCCCCCCTATATCGACTAC
TGGGGCCCAGGACTCCTGGTCACCGTCTCCTCAACTAGTGGTGCGCCGGTGC
CGTATCCGGATCCGCTGGAACCGCGTGCCGCA (SEQ ID NO:1)

>scFv#3
CAGGCTGTGCTGACTCAGCCGTCCTCCGTGTCCAGGTCCCTGGGCCAGAGTGT

CTCCATCACCTGCTCTGGAAGCAGCAGCAACGTTGGATATGGTGATTATGTG
GGCTGGTTCCAACGGGTCCCAGGATCAGCCCCCAAACTCCTCATCTATGGTG
CAACCACTCGAGCCTCGGGGGTCCCCGACCGATTCTCCGGCTCCAGGTCTGG
CAACACAGCGACTCTGACCATCAGCTCGCTCCAGGCTGAGGACGAGGCCGAT
TATTACTGTTCATCTTACGACAGTAGTCACTATAGTATTTTCGGCAGTGGGAC
CAGCCTGACCGTCCTGGGTCAGCCCGCGGCCGCTGGTGCAGGCGGTTCAGGL
GGAGGTGGCTCTGGCGGTGGCGGATCGGCGCGCCAGGTGGAGCTGCAGGAG
TCGGGACCCAGCCTGGTGAAGCCCTCACAGACCCTCTCCCTCACCTGCACGG
TCTCTGGATTCTCATTAAGTAGCAATGCTGTAGGCTGGGTCCGCCAGGCTCCA
GGAAAGGCGCCGGAGTGGGTTGGTGGTATAGATATAGATGGAAGGCCGGTCT
ATAAACCAGGCCTTAAGTCCCGGCTCAGCATCACCAGGGACACCTCCAACGC
TCAAGTCTCCCTGTCACTGAGCAGCGTGACAACTGAGGACACGGCCGTGTAC
TTCTGTGCAAGTTATTATGGTGGTTATCTTTATAATTATGCCCCTGGGGCATAT
ATCGAGCACTTGAGCCCAGGACTCCTGATCACCGTCTCCTCAACTAGTGGTGC
GCCGGTGCCGTATCCGGATCCGCTGGAAACCGCGTGCCGCA (SEQ ID NO:3)
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>scFv#7

TCCTATGAACTGACCCAGCCGCCTTCAATGTCGGTGGCCTTGGGACAGACGG
CCAAGGTCACCTGCCAGGGAGACAACTTAGAAAACTTTTATGTTCAGTGGCA
CCAGCAGAAGCCGGGCCAGGCCCCTGTGACGGTCATTTTTCAGGATAATAAG
AGGCCCTCGGGGATCCCTGACCGGTTCTCTGGCTCCAACTCGGGGAACACGG
CCACCCTGACCATCAGCGGGGCCCGGACCGAGGACGAGGCCGACTATTACTG
TCAGTCAGGCCACAGCAGTATCGGTGGTGTTTTCGGCAGCGGGACCAGCCTG
ACCGTCCTGGGTCAGCCCGCGGCCGCTGCTGGAGGCGGTTCAGGCGGAGGTG
GCTCTGGCGGTGGCGGATCGGCGCGCCAGGTGCAGCTGCAGGAGTCGGGACC
CAGCCTGGTGAAGCCCTCACAGACCCTCTCCCTCACCTGCACGGTCTCTGGCT
TCTCATTAACGGGAAATTCTGTAACCTGGGTCCGCCAGGCTCCAGGAAACGT
GCCGGAGTGGCTTGGTGGTATAAGCCGCGGTGGACGCACATACTATGATACG
GCCCTGAAGTCCCGGCTCAGCATCACCAGGGACACCTCCAAGAGGCAAGTCT
CCCTATCACTGAGCAGCGTGACGACTGAGGACACGGCCATGTACTTCTGTGC
AAGATCGGCATATAGTACTCTTTATGATTATGAGTATGCCGCTGATATCTACG
ACTGGGGCCCAGGACTCCTGGTCACCGTCTCCTCAACTAGTGGTGCGCCGGT
GCCGTATCCGGATCCGCTGGAACCGCGTGCCGCA (SEQ ID NO:5)

>scFv#S

TCCTATGAACTGACCCAGCCGCCTTCAGTGTCGGTGGTTTGGGGNCNGANGG
CCGAGATCACCTGCCAGGGAGACCTACTGGATAAAAAATATACAGCTTGGTA
CCAGCAGAAGCCGGGCCAGGCTCCTATGAAAATCATTAATARAAGACAGTGAG
CGGCCTTCAGGGATCCGGGACCGGTTCTCGGGCTCCAGCTCAGGCAAAACAG
CCACCCTAACCATCAACGGGGCCCGGCCTGAGGACGAGGCCGACTATTACTG
TTTATCAGGTGACAGCAATAATAATGGTGTCTTCGGCAGCGGGACCAGCCTG
ACCGTCCTGGGTCAGCCCGCGGCCGCTGGTGGAGGCGGTTCAGGCGGAGGTG
GCTCTGGCGGTGGCGGATCGGCGCGCCAGCGTGGAGCTGCAGGGGTCGGGAC
CCAGCCTGGTGAAGCCCTCGCAGACCCTCTCCCTCACCTGCACGGTCTCTGGA
TTCTCATGGCCCAACAATGCTGTGGATTGGGTCCGCCAGGCTCCAGGAAAGG
CGCCGGAGTGGCTTGGTGGTATTGCCGATAATGGAAGAACAAACTACAACAC
GGCCCTAAAAGCCCGGCTCAGCATCACTAGGGACACCGCCAAGAGCCATGTC
TCCCTATCGCTGAGCAGCGTGACAGCTGAGGATACGGCCGTTTACTATTGTAC
AGCGGGGGTTATGGTCATGCACGCCACTGACTACTGGGGCCCGGGACTCCTG
GTCACCGTCTCCTCAACTAGTGGTGCGCCGGTGCCGTATCCGGATCCGCTGGA
ACCGCGTGCCGCA (SEQ ID NO:7)
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>scFv#21

CAGGCTGTGGTGACTCAGCCGTCCTCCGTGTCCGGGTCCCCGGGCCNNANAG
TCTCCATCACCTGCTCTGGAAGCAGCAGCAACGTTGGTAGATATGCTGTAGG
CTGGTTCCAACAGCTCCCAGGATCGGGCCTCAGAACCGTCATCTATTATAATA
GCAATCGACCCTCAGGGGTCCCCGACCGATTCTCTGGCTCCAAATCGGGCAA
CACAGCCACCCTGACCATCAGCTCGCTCCAGGCTGAGGATGAGGCCGATTAT
TTCTGTGGAAGTTATGACAGTAGTATCTATGGTGTTTTCGGCAGCGGGACCAG
GCTGACCGTCCTGGGTCAGCCCGCGGCCGCTGGTGGAGGCGGTTCAGGCGGA
GGTGGCTCTGGCGCTGGCGGATCGGCGCGCCAGGTGCAGCTGCAGGAGTCGG
GACCCAGCCTGGTGAGGCCCTCACAGACCCTCTCCCTCACCTGCACGATCTCT
GGATTCTCTTTAAGAGAGTATGGTGTAGGTTGGGTCCGCCAGGCTCCAGGAA
AGGCGTTGGAGTGGCTTGGGCGAATAGATGATTCTGGATACACATTACATAA
TCCTGCCCTTAAGTCCCGGCTCACCATAACTAGGGACATCTCCAAGAGCCAA
GTCTCCCTGTCACTGAGCAGCGTGACACTTGAGGACACGGCCGAATATTACT
GCGTATATGCTAGTCGTGGTACTGCTTGGTTGGGAGACATCGATGTCTGGGGC
CCAGGACTCCTGCTCACTGTCTCCTCAACTAGTGGTGCGCCGGTGCCGTATCC
GGATCCGCTGGAACCGCGCTGCCGCA (SEQ ID NO:9)

>scFv#E

CAGGCTGTGCTGACTCAGCCCTCCTCCGTGTCCAGGTCCCTGGGCCNNANTGT
CTCGATCACCTGCTCTGGAGGCAGCAGCAACGTTGGACAAGGTGATTATGTG

GCCTGGTTCCAACAGGTCCCAGGATCAGCCCCCAAACTCCTCATCTATGATGC
GACGAATCGAGCCTCGGGGGTCCCCGACCGATTCGTCGGCTCCAGATATGGEC

AACTCAGCGACTCTGATCATCACCTCGGTCCAGGCTGAGGACGAGGCCGATT

ATTATTGTGCATCTTATGACAGTAGTATGTATACGATTTTCGGCAGCGGGACC
AGCCTGACCGTCCTGGGTCAGCCCGCGGCCGCTGGTGGAGGCGGTTCAGGCE

GAGGTGGCTCTGGCGGTGGCGGATCGGCGCGCCAGGCTGGAGCTGCAGGGGTC

GGGACCCAGCCAGGTGAAGCCCTCACAGACCCTCTCCCTCATCTGCACGATC

TCTGGATTCTCATTAACCAGCAATAATGTAGCCTGGGTCCGCCAGGCTCCAGG
AAAGGGACTGGAGTGGGTTGGTGTCATAAGTGATGGTGGAACTCCATACTAT

AACTCGGCCCTGAAATCCCGGCTCAGCATCACCAGGGACACCTCCAAGAGLC

AGGTCTCCCTGTCACTGAGCAGCGTGACAACTGAGGACACGGCCGTGTACTA

CTGTGCACGGACGTTGGATTATAGTCATATTTGGTTGTACTCCGCCGACCAAT
GGGGCCCAGGACTCCTGGTCACCGTCTCCTCAACTAGTGGTGCGCCGGTGCC

GTATCCGGATCCGCTGGAACCGCGTGCCGCA (SEQ ID NO:11)
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Anti-BoNT/A sheep scFv amino acid sequences

>scFv#2
QAVLTQPSSVSGSPGXXVSITCSGSRSNVGTYGVGWFQOLPGSGLRTITIYYNDKR
PSGVPDRFSASKSGNTATLIISSLOAEDEADYFCGSADGSSYGIFGSGTRLTVLGQ
PAAAGGGGSGGGGSGGGGSARQVGLOESGPSLVKPSQTLSLTCTVSGEFSLSNSVY
VGWVRQAPGKVPEWLGSIDSGGYTVADPALKSRLSITRDTSKSQVSLSLNSVTTE
DTAVYYCTRAYSITYYAYPPYIDYWGPGLLVTVSSTSGAPVPYPDPLEPRAA
(SEQ ID NO:2)

>scFv#3
QAVLTQPSSVSRSLGOSVSITCSGSSSNVGYGDYVGWFQRVPGSAPRLLIYGATT
RASGVPDRFSGSRSGNTATLTISSLOAEDEADYYCSSYDSSHYSIFGSGTSLTVLG
QPAAAGGGGSGGGGSGGGGSARQVELQESGPSLVKPSQTLSLTCTVSGFSLSSN
AVGWVROAPGKAPEWVGGIDIDGRPVYKPGLKSRLSITRDTSNAQVSLSLSSVTT
EDTAVYFCASYYGGYLYNYAPGAYIEHLSPGLLITVSSTSGAPVPYPDPLEPRAA
(SEQ ID NO:4)

>scFv#7
SYELTQPPSMSVALGOTARVTCQGDNLENFYVOWHQQKPGQAPVITVIFQDNKR
PSGIPDRFSGSNSGNTATLTISGARTEDEADYYCQSGHSSIGGVEGSGTSLTVLGQ
PAAAGGGGSGGGGSGGGGSARQVOLOESGPSLVKPSQTLSLTCTVSGFSLTGNS
VTWVROAPGNVPEWLGGISRGGRTYYDTALKSRLSITRDTSKROQVSLSLSSVITE
DTAMYFCARSAYSTLYDYEYAADIYDWGPGLLVTVSSTSGAPVPYPDPLEPRAA
(SEQ ID NO:6)

>scFv#8
SYELTQPPSVSVVWGXXAEITCOGDLLDKRKYTAWYQOKPGQAPMKIINKDSERP
SGIRDRFSGSSSGKTATLTINGARPEDEADYYCLSGDSNNNGVFGSGTSLTVLGO
PAAAGGGGSGGGGSGGGGSAROQVELOGSGPSLVKPSQTLSLTCTVSGFSWPNNA
VDWVRQAPGKAPEWLGGIADNGRTNYNTALKARLSITRDTAKSHVSLSLSSVTA
EDTAVYYCTAGVMVMHATDYWGPGLLVTVSSTSGAPVPYPDPLEPRAA

(SEQ ID NO:8)

>gcFv#21
QAVVTQOPSSVSGSPGXXVSITCSGSSSNVGRYAVGWFQQOLPGSGLRTVIYYNSNR
PSGVPDRFSGSKSGNTATLTISSLOAEDEADYFCGSYDSSIYGVFGSGTRLTVLGQ
PAAAGGGGSGGGGSGGGGSARQVOLOESGPSLVRPSQTLSLTCTISGESLREYGY
GWVROAPGKALEWLGRIDDSGYTLHNPALKSRLTITRDISKSQVSLSLSSVTLED
TAEYYCVYASRGTAWLGDIDVWGPGLLLTVSSTSGAPVPYPDPLEPRAA

(SEQ ID NO:10)
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>scFv#E
QAVILTOPSSVSRSLGXXVSITCSGGSSNVGQGDYVAWFQOVPGSAPKLLIYDAT

NRASGVPDRFVGSRYGNSATLITITSVQAEDEADYYCASYDSSMYTIFGSGTSLTV
LGQPAAAGGGGSGGGGSGGGGSARQVELOGSGPSQVKPSQTLSLICTISGFSLTS
NNVAWVRQAPGKGLEWVGVISDGGTPYYNSALKSRLSITRDTSKSQVSLSLSSV
TTEDTAVYYCARTLDYSHIWLYSADQWGPGLLVTVSSTSGAPVPYPDPLEPRAA

(SEQ ID NO:12)
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Nucleotide sequence of scFv#7-2E is:

GGTGCGCCGGTGCCGTATCCGGATCCGCTCGAGCCGCGTGCCGGCTCCTATGAACTG
ACCCAGCCGCCTTCAATGTCGGTGGCCTTGGGACAGACGGCCAAGGTCACCTGCCAG
GGAGACAACTTAGAAAACTTTTATGTTCAGTGGCACCAGCAGAAGCCGGGCCAGGC
CCCTGTGACGGTCATTTTTCAGGATAATAAGAGGCCCTCGGGGATCCCTGACCGGTT
CTCTGGCTCCAACTCGGGGAACACGGCCACCCTGACCATCAGCGGGGCCCGGACCE
AGGACGAGGCCGACTATTACTGTCAGTCAGGCCACAGCAGTATCGGTGGTGTTTTCG
GCAGCGGGACCAGCCTGACCGTCCTGGGTCAGCCCGCGGCCGCTGGTGGAGGCGET
TCAGGCGGAGGTGECTCTGGCGETCGCGGATCGECGCGCCACGTGCAGCTGCAGGA
GTCGGGACCCAGCCTGGTGAAGCCCTCACAGACCCTCTCCCTCACCTGCACGGTCTC
TGGCTTCTCATTAACGGGAAATTCTGTAACCTGGGTCCGCCAGGCTCCAGGARACGT
GCCGGAGTGGCTTGGTGGTATAAGCCGCGGTGGACGCACATACTATGATACGGCCCT
GAAGTCCCGGCTCAGCATCACCAGGGACACCTCCAAGAGGCAAGTCTCCCTATCACT
GAGCAGCGTGACGACTGAGGACACGGCCATGTACTTCTGTGCAAGATCGGCATATA
GTACTCTTTATGATTATGAGTATGCCGCTGATATCTACGACTGGGGCCCAGGACTCC
TGGTCACCGTCTCCTCAACTAGTGGTGCGCCGGTGCCETATCCGGATCCGCTGGAAC
CGCGTGCCGCA (SEQ ID NO:13)

Amino acid sequence of scFv#7-2E is:

GAPVPYPDPLEPRAGSYELTQPPSMSVALGQTAKVTCQGDNLENFYVQWHQOQKPGOAP
VTVIFQDNKRPSGIPDRFSGSNSGNTATLTISGARTEDEADYYCQSGHSSIGGVFGSGTSL
TVLGQPAAAGGGGSGGGGSGGGGSARQVOLQESGPSLVKPSQTLSLTCTVSGFSLTGNS
VIWVRQAPGNVPEWLGGISRGGRTYYDTALKSRLS ITRDTSKRQVSLSLSSVTTEDTAM
YFCARSAYSTLYDYEYAADIYDWGPGLLVTVSSTSGAPVPYPDPLEPRAA

(SEQ ID NO:l4)

FIG. 2



PCT/US2014/072340

WO 2015/100409

7/75

l-V€& "Dl

(zz:ON 4I 0HS) SAJIASHHYSSALADLOOOMITXJSVHISOOVIOAANAALYDAAAVIAEAN
INAWOTAAINIINAYS I LIIOIASALAALSDASSSIDSADTIANDIVOLAMDIVAAATINDYSYVISTITSDDIOATODDSHATOAD

:9ouanbas pioe oujwe

(tTz:ON dI 0IS)
5LIIDIOYOVYOHIDYITIOVIDIOVILIILILOIIYIILOOVIIIVOHNNOYIINDDDLILYYYDLYLIIDIDYDID
OYILIVIILOODLODIDOYIVIDILOVIOVLOVYLIODLOVIVDIOILOLOVLIVLILODIDD OV IYDOYDLIOVYYDLLILYYOVD
5ILYYYIOIDIYOVIODIVIVYOVYIOVIYVIVIOVOYIDLILYIOVILIYOOINIOYYDLODDLIOVOVIVIVILILOLOYIDVLOD
LVOIOYVIOVIOVLIVIOLYILILOODDOVIIDIOVIOVYIIOVIIIINOVIINIILLOILIOOVILYIIDILVLIYILYDDILOLY
¥O99YIOLILIIOYIDLOLIDLILIVOYDIILIINNNDIDLIDOVIOLODLLIDOYDDLODIDLOVIDLOILIDYIDLODYD

:@2uanbas apnosponN
Sv-oar

(0zZ:ON I 0dS) 0dAMAIMdASSAIATIONOMAAIDACOVIMYDNMAYNIAANDYAAL
VTOIROTAALNVYNAYS ILAIOMASODANINDALL I AVATIAIIDIADI AMONT AINIASOSAADSTITSDOAOATODOSHIATOAD

:2duanbas ppe oujwe

(6T:0ON dI 0ES) YYIYIIUYYVDIIVIVIYYIIIVYDYILIDLILOIDYILODLIIOYIDIVYYIDIDDLIOVLIOYDIL
YIO9DIYLIYOODDDIDIIYIDLYIDLODDLVDVYIILIVIVIDIOVYLOLILILVLLVYLODDIDIVDIVYDLIDVYYDLIOODD
DLIOIYYYIDLIIVIOLODIYIVYVYYDDDIVYIVIVYIVIOLILYIDYILLYDOVODIDVIVLIDILODOIDDLVLOVVYYOVYYY
¥OOVVOHLIVLIVLLYIYOVIOILODLLOYIDDDDIDDVYIDIDYIDLILIDYIDIDIOVLDDLODDDLYILYLYELDDOVLVVOLLOY
HIOYYODLOLILOVIOLOLIDLILIVOYILILILYDODDDILIDIDYDDLDDLLODDVIDYDOYILIVIILIDLIDVIDLODOVD

:23uanbas apriospnN
aLa-var

'SHHA Buipuiq uixolojoy y/INog



PCT/US2014/072340

WO 2015/100409

8/75

Z-v¢€ ‘Dld

(9Z:0N 4I 03S) 0aMdIMdESSIIADLOOOMATDANIKAAVIATINTNANWDT
ATDINYNAYS T LIYDIASATAIATIOSIdANVATHAITISHOIIOIAMNALNIAALIMIOIDSYIDS THISDOIOVIDODSHATOAD

:3ousnbas pide oujwe

(GZ:0ON dI 03S) YYIVOIVYVYYIOIVIVDVYIOIDVYOYILIDIILYDIVILODYIIDYDD
HHYIDD99OLLLLYVOLODDLOLYYIDLIVILYLILDDDDIIVIVIDIVDLIDYYYDLIIVYOVYDDLYYYIDLOLLLIODDLYY
YYYYYIDDIVYIVOVOYIILDIYDIVILLYDIDDDIVYILODDLIVOVLLIVILIIVYLDDLVIDILOVYVYYIDOVLLDOLIDD
IO99LIOVOIVIDLIOVOIDIDIIOTYYDIYIDLIDOYIIDIIVLODLIVYDILDIDVIVYDVILYDILLIDVILLIDLYIVID
SLLLIDDLILOOOVYDIDLIOLILIYOVILILILODDDIDLIDIVIOIODLLIDDYIDLODLILOVODLDDLODVYIDLDDVYD

:2duanbas appospnN
z3-0ar

(PZ:ON dI 03S) OdAMdIMIASSAIATIONOMAHLAHEIHDAALVYSAIJYTISA
WOTAALNMYNQHS ILAYOMASAVANI IO I SYANTIONDAVOY AMDARNNAINAILSATSVSAVOSTITSODIHATODDSTATOAD

:30u3anbas pide ounwe

(£Z:0N 4aI 0ES) VYIYIIVYYYIOIVOVIOVYIDIVYIDILIDLIIODIOYILIDLOID
¥OOOVYYIHDODLIOVILIVIIDYOYLYYDYLVILYILDLOYLOVLYIVODOVILOYIDYDLIOVIODLOODVIVDODLYDYIILOL
YOOLODIVIVYDYYOIDIVYOVOVOVIDILILVYIIVILLYDDIDIDVYDLOODLIOVDVYIDLVLIVY VLV VOOVLOLODLLY LDY
¥O9ILODIVVYYOIDIOVIVYYLIDOYIILOIDYILIDIVLIDLIDODLIDLVLYYIVY D LLIIDIYVYILLOIOVOVYOLYOOYL

J319YDI9LILIDIYIDLOLLILILIYIVILILILODTIDDDLIIDEIDLIDLLIDIDYIDIDDIDLDVIOILIDLIODYIDLODVD

:aouanbas apriosdnN
<g-odr



PCT/US2014/072340

WO 2015/100409

9/75

da¢ Dl

(Z€:ON aI 0FS) SAQISHHYSSALAOLOOOMAUDSOATIORAADLAIIN
ANNWOTASIMIVYNAIS ILAYDNASHYVAALSODSATAVARTIIADIVOAAMDWY IDS IASDSAADS TITSDDADATODDSIATOAD

:92usnbas pide ouwe

(T€:ON aI 0IS) 9HOLODDOYHYYHIDYIVIOVIDIDYILIDIOLOIDYD
I99DYIIDYOD9DOYII0N0IDLIVILIVILIDIDYIDIDVLILIDOVILDLOVLIVLOLOVIIIOVOVIDYDLIDVVYDLIOVYOY
YOLYYYDOILDLYLIOVIIVOVYDVYVYOIDIYYOYIYOHVIDILOLYDIIVILLYDIIDIOYYOLOIOLIDOVODLV LOVOVOVLOVL
595099 LILILILLIYIYDVYODILODLYYYDDDIDDIDYYIDIVIILIDDYIIDIOIOVILODLIDDDLYDIDLLVYIDDLOVILYOY
HOOYYHSLILLIDVIOIOLODLIOLOVOYOLILILIODODDLLODVIDLODLLIDDYDDLODVYILOVDOLDDLODYIDLIOINYD

:9duUaNnbas spnospPnN
LH-Odr

(0g:0ON AI 0dES) OAMALAIAVSAIADLOODMANISYDAXAVIAASY
TIANDTATINNANCIS I LAUDIASAVAANTISSIVL I SYAITIANDAVOTAMSHAMADALIDSADISTITSOHDIOATIDOSHATOAD

:93uanbas pioe outwe

(6Z:0N QI 0HS) VYVYIYDIOVYYYIIVOVOHVYYIDIVYODIIDD
DILOIOIDYILOOVIIIYDHHHYDIIDDDDLIVLIVEIIIIDLODILOLIVLIVLLILIDIDDDYIVIDYDLOLYVYDLODDOLYD
HIYYYIOLOLLLOLIYIVYIVYOVYDLOLYVYOVDYIVIDLILYIDVILLYDIDDDOVYDLIDDLOYOVIDLVLLYLOVYVLOLOVL
HYLOVIDODIVLLYLOVYODILODLLYYDIDIOYIIVVIDIDIDLIDDVIODIILLIDLDDYDIVILIDDLIOTDLIDILLID
YOLIYDDLILILOVYILOLIDLILIYIVILILILDDDDDDLIDIDIYOILIDLLIODOVDIYODDLOLOVIDLDILIDVIDLIODVOD

:90UaNnbas apl1oaPnN
$9-0dr

(8Z:ON AI 04dS) OAMALAIASSAIAOIDOOMSIOATILALIXDLYDAAADLATIOT
NSWOTATINYAQISLLIYONYSADAMYLOSIII SSAMTIDTDIVOUAMSHAY SO TLADSVYISTUTSODIOATIODSHATOAD

:30uanbas pioe oulwe

(LZ:ON dI 0HS) Y¥IYIOVYYYIOVIVDVYIOOIVYOVILIILILDIDVILODYIDDYHOIDOVIDIDND
HILODLIDOLODDIDLLYDDYIOYDYDDIVOIDILVLIDOVIVY IDLOLIVILIVLLLDLDDDOYOVDDYDDIDIVYIDLIOVYID
¥HIVYVYIOLILYLLLODOVIVYYOVYIDDIVIDVYIVIVYIILLIVIOYILLYDOVIDDVYDIDIDLIVDVIDLYDDILYIDDONYL
9H9LILIIIVVIOLLYLOVYILILDDDLOYDILLODDOVIVDOVIILODDVIODODLODDDLIDVILYIVLLOIDOLODDELODD
YILLYOHLILIOOYIDLOLIDLILOYDOVDLILILIDDIDDILIDDIVIDLIDLLIDDIVOOODIDDDLOVIDLOILIDVYIDLIDVD

:92UaNbas apIoSPNN
cL3-oar



PCT/US2014/072340

WO 2015/100409

10/75

J€ Dl

(9¢:ON dI 0dS) SJdAISHHYSSALAOLOOOMIAATIALSACTHLIAIOVLOAAYYIALAY
TSNHATATHNIYNQES I LAYOMASAYAHLS DI IO TN VAITIINDIVOTAMONAVY SASYHSOHVIS TITSOHOVOATODOSHATOAD

:9ouanbas pde oulwe

(GE:ON aI 0dES) DHOLOIDOYOHVYDIOVIVIOVIDIOVILIDLILDIOYILODYILIVIDIIYILODDDLIOVIVOLVLOVD
H9IDYOIOVLILLIDOYDDLIDLY LIEDIDLIOVIDDIDVYIVIDLOVLLVLIODIDDDIVIVIDIVLIDVVVOLIDDVIOTYD
I¥O¥HILILYLOLILOLYIYYOVYOIDIOVYIVDYDYIILILYIOYILIEODIDDIDVYDLOIDLIOVIVIDLYLIVIVIOTIDYLIDL
LY LIVYVOVOVLLOVIDVIOOVLODLIVYYDYDDDVYDIVYDDDOVIDDDIDDVIIDIDLLDDLIDIDILYDLILIDIDDODYILLIDL
DHIYSDHLILIDDYIDIDLIDLDLIOVIVILILILIDODODIDDOVIDLODLLYIDDVIDLIDDIVIVIDLIOLIDVYIDLODNVD

:95uanbas spno’dnN
LLH-O3r

($€:0N AT 0FS) JANdIAIISSIYAOLOOOMNAXOIASTONNYAASNISIISYIXAADVATIN
TSNTOTAVANNTINAYSALANDIASASAHLSTOLYS IOVADTIMNDIVOTIMDAYHHEDTLADSYYISTITISDDIOATIDISHATOAD

:@ouanbas ppe oulwe

(c€:ON aI 04IS)
YYOYIIYVYYIIVIVOVYIIIYYIVILIDILIIVYOYILODYIIOVIODOYIIDIODLIVYIVILYIOVILIIOVIYILL
L3D9I9IYIVYDIDIYOIINDILIVYILIIIIOLIVOVIOVYIOILOLIVILIVILLLOLOOYIOOVIOVOLIDYYYOLIDIVIVYD
LOOYIOLIIYIOIODIODIVYIVYIILI OV IVIVOYIILIIOIIVLIIEDIIDDIIYILODILIVIOVILLYLIVIVIVIOVLIOL
HHLIVIIOIOVILLYILOIOIDDIILODDODOVILOIDVYOVYYIOVIIIIDIYDINDIIILIOLIDDLIOIDILYIIVIVOIDLLLD
YOLIVODIOLIIOYIDLOLIDLILIOVYYOLILIOLOODDDDDLIDOVIDLOOLLIDDVIDIOOVILOVIDILOILIDYIDLOOYD

:2duanbas aprospnN
Sv-0ar

:SHHA Buipuiq uixolojoy g/LNog



PCT/US2014/072340

WO 2015/100409

11/75

Vv Old

(0p:ON aI 8FS) OaAMAIMAZSSAIADIDOOMHHIAMANDXAAYILAALNT
SANOTAAIMMYNAISHIAYONASAYANINYDAS S IAVATAIOVHIYOL AMNHOA TAIT SOSALISTITSDOIDATOODDSTATOAD

:9ouanbas pide oujuie

(6€£:0N AI 0FS) YYIVIIVYYVYIIVIVIYYIIDVYIVIILIDIILOID
YOIL99YIIILYO999YIINDODLIVIOVILIVLIIVYYOLOLYVIOLIOVIIVIDIOIDDDIYIVIIYDLIIVYYILIIOYIVYID
INVYYOOILOIYIOLODOVYVYOVYIDOILYYIYIVOVYIILOLYIDYILIVOIDIOOOYYOLODILIVIOVIOLVILOVYYIVOOYDOY
ILO9ILYOLOVIOVIIYIYOVIODIOOLIOYDINIOYINDONNNOYIDLIDOIVIINIIVIODLIOVYOLYYOIOLIDVILOIYDODILLOL
YIOVYOOILILIILOYIVIOIIDILOLOVOYDILILILYDNDNNNIDOYIDLONLLIDOVOILOOVILOVIOLODLIDVIDLOOYD

:93uanbas splospPNN
za-oar

(8€:0ON AT 03S) 0aAMAIMdESSALAOLOOOMANIATINOXAVVIATINT
SNWOTAALNIYNQYS T LIUOIASAYANNEDOLO ILVATIIOND IVO T AMOWNANT XY IDSAADSTHTISHOIUATOODSTATOAD

:95uanbas pide outwe

(L£:0ON AI DIS) VYIYIOIVYYYOIVIVOVYDIIIVYOYILIDIOILD
OO¥IIOVYODIVIDDDHVIIDDDDLIVILILVYVY IOV LLLOVYIDLVYYVLOLOVLLYLODDDIDVIVIVIDYDLIODVVYDLIODDVYOVY
YOLYYYOOLOLYLOLODIVIYYOYYIIDIYYIVOVYIVIILILEDIVILLYDIDDDOVYDLDODLIOVIOVIDLVLIOVYDLYDIVL

9DLOHOYIVILODLILVLOVYYIDILODOLLOVOIDIDYILYYIIDVIDLIDDVIIDIOVLDILODDILYDLYIIDDLYYYIDYLID
9ILLYODLIIDIOVLDLOLLOLILIOVOYOLILILODODDDLIDVIDDLIDLILIDDTDIVODIDILIOVIDLIDLOIVIDLIDYD

:2>uanbas apnospnN
63-0ar

(PZ:ON QI 0HS) JaAMdIMdIOIAdINAISSATATIONOMAHLATIHIAALVSAIIYTISA
WOTAAILNYYNAYS I LAYONMASAVANIHTIDI SYARTHONDIVOT AMDARNNAINIJILSATSVSAYISTATSOOIHATOODSHATOAD

:9ouanbas pipe ouiwe

(£Z:0N dI DIS) YYIVIOIVYYYIIVIVIYYIDIIVYDDILIDIDIIIIYILODLIDD
YOO9OVYYO99DDLIYILOVIDIVOYLYYDVYILYLYDLOLOVLIOVLYDYIIDOVILIOVIDYDLODYDIDLIDDYIYDILYIVIDLIL
YO9LODIVIVIOYVYIDDDVYIVIVOVIILILYDIVILLYDDIDIOVVYILODILOVOVIODLYLOVYVLVYDIVLOLODDLILVLOY

YO92199LYYYOIDIDOYIVYVILOOVOILIDDYILDDDVLODLIDDILIDILVILVYIVYILLOIDIVYILLIDOVIOUVILY DOV
J2LOYIDDLOLIOIYIDLOLLILOLIVIVILILILDDODDDDLIIDYIDLDDLLIDOEDIDDDDILIYDDLIDLIDVIDLIDED

:93uanbas apnosPnN
Sg-odar



PCT/US2014/072340

WO 2015/100409

12/75

dv SOl

(vp:0N dI 0IS) OAMAIAIASSAIADIOOOMAHLAJUHDAXAVIAAA
T ISNWOTAAINMYNADSILAYOMASAVANLIEDAS ST SYATIIONOIVONAMITIYNASAISHSILISTIISOOADATOODISAATOAD

:3ouanbas pioe oulute

(EP:ON dI 0HS) YYIVIIVYVYIOVIVOVYIIOVVYOVILIDLILODD
YOILOHOYIIIVONOIYIDNDIODLIVILIYIDIVIILIIDYOVIYILOLOVLILYLOLODIOYIYIYIOYDLIIYYIDLIDDYIVYD
IVYYIOILIOIVIOIOONIVIVYOVYIIODIVYIVIVIOIILILYDIVILIYIIDIODIVYIILIIDLIOVOVIDLVIDVYYIVIODLOD
I9DIYDIOVIOVYILYLOVYDDIIOOLLYYDDODDOYIOVYOHIOVIDLIDOVIIDDIVIODILOVOVIYIIDLYVYILLLOVYIYOIL

YIOYYOHOLIIVYIVYIVIILIDLILIDOVOLILIIDNDDDDLYDOVIDLIDLIIODYIODONDLILIVDHLODLIDYIDILIOYD

:3ouanbas aplIosINN
64-0dr

(zv:0N QI 04S) DAMALIJISSALADIOOOMHHIAMANDAZAVIAAIY
TSAROTAALMNANGIS I LIYOYASAYAHLYDDASS IAVATAIOVHIVOUAMSNOITIOAT SOSALISTITSOOIDATONDSTATOAD

:35usnbas pioe oujwe

(TH:0N aI 0ES) VYYOVYIOVYVYVYIDVIVOVYIIDVYIVILIDLIIOIIVD
LHDVYIDLYDODDOVIODDDDLIVIIVILIVILLLYVYDLOLYYLDLOVLLYLOLDIDDDOVIYDDOVIDLIDVYYDLIDDVOVDILY
DVYIDILOIYIDLODIYYYYIVVYIYILYVOVDVOYOILILYIDVILLIDIODDOVYYILODDLOVIVIDLNLIOVIIONVDDVODDLD
HILVYOLOVILOVLLYLYIVIDDLODLLOYIDDDDVIDIDDDDYIDLIDIVIIDILYLODLIDYDLYIDDLIOVLOODDILLILY

DOVVYODLIOLOLODOVYLOLIOLOLIDDYDILILILYDODDIDIIDVIDLIDILLODIVIDIDOVILIVIDLIDDLIDYIDLDOVYD

:9ouanbas apnospnN
sO-0dr



PCT/US2014/072340

WO 2015/100409

13/75

¢ DOl
- clol 0579°6 1
cLe /€S /1
) LE0T'61
£00Z "WIr elc
‘e 19 sseepy uonedgnd HHA €1-8 0991°'8¢
nNo C\_O.&. mI_|_> EOUCME .
HHA€1-LL £691'5¢
1o L0€8°LT
f ezl 7EESTT
[ yl 63-0ar —2C00°LL
yl sg-oar S/E6EL

saipnis uonnadwod .
uo paseq adouds awes syl <y <H-DAr SEVO'E

Buipuig SHHA Bulpulq y/LNOg 05496
yl zg-oqr2¥a6t
L Yy 64-0ar—22¢e8 |
0S/E€T

131 Y
SHHA wopuesl yum dnoib uonnadwod ¢g-DAr Jo @943 dinsusbojlyd



WO 2015/100409 PCT/US2014/072340

14/75

Two VHHs were identified that
bind to BoNT/A holotoxin, H7 and B5.
Each was expressed in different
formats fused to E-tag and, in some
cases, fused to one another

- t 14

. L

H7/E and B5/E, H7/B5/E, E/H7/B5/E,
single-tagged single-tagged double-tagged
VHH VHH VHH
monomers heterodimer heterodimer
\ S

FIG. 6
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Single-tagged heterodimer VHH
potentially leads to decoration
of toxin with two anti-tag mAbs

anti E-tag mAb

E-tag

single-tagged
heterodimer
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Double-tagged heterodimer VHH
potentially leads to decoration
of toxin with four anti-tag mAbs

anti E-tag mAb

double-tagged
heterodimer

FIG. 8
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FIG.29 A

JET-H12
QVQLVETGGGLVQAGDPLRLSCVASGRTVSRYDKAWFRQAPGKEREFVAGISWNGDTKIY
ADSVKGRFTISRENSRDTLDLQIDNLKPEDTAAYYCAVGIAGVQSMARMLGVRYWGQGTQ
VTVSSEPKTPKPQ (SEQ ID NO: 96)

JFG-H6
QVQLVETGGGLVQPGGSLRLSCAASGFSLDPYVIGWFRQAPGKEREGVSCITSRAASRTSVD
SVNERFTISRDNAKNTVDLHINNLKPEDSGVYYCAAVPPAKLPLFSLCRSLPAKYDYWGQG
TQVTVSSAHHSEDPS (SEQ ID NO: 98)

JHD-B6
QVOLVESGGGLVQPGGSLRLSCAASGSSFSRYAMRWYRQAPGKQRELVANINSRGTSNYA
DSVKGRFTISRDNAKNTVYLQMNSLKPEDTAVYYCNAEWLGRSEPSWGQGTQVTVSSEPK
TPKPQ (SEQ ID NO: 100)

JHE-D9

QVOLVESGGGLVQPGGSLRLSCAASGFIFSLY TMRWHRQAPGKERELVATITSATGITNYAD
SVKGRFIISRDDAKKTGYLQMNSLKPEDTAVYYCNAVRTTVSRDY WGQGTQVTVSSEPK TP
KPQ (SEQ ID NO: 102)

JI-A12

QVQLVESGGGLVQPGGSLRLSCAASGIIFSIY TMGWYRQAPGKQRELVAAIPSGPSANATDS
VGGRFTITRDNAENTVYLQMNDLKPEDTAVYYCNARRGPGIKNYWGQGTQVTVSSEPK TP
KPQ (SEQ ID NO:104)

J1J-B8
QVQLVESGGGLVQPGGSLSVSCAASGSIARPGAMAWYRQAPGKERELVASITPGGLTNYAD
SVTGRFTISRDNAKRTVYLOQMNSLQPEDTAVYYCHARIIPLGLGSEYRDHWGQGTQVTVSS
AHHSEDPS (SEQ ID NO:106)

JU-C11
QVQLVETGGGLVQPGGSLGLSCVVASGRSINNY GMGWYRQAPGKQRELVAQISSGGTTNY
AGSVEGRFTISRDNVKKMVYLQMNSLKPEDTAVYYCNSLLRTFSWGQGTQVTVSSAHHSE
DPS (SEQ ID NO:108)

J-D3

QVQLVETGGLVQPGGSLRLSCAASGLTFSSTAMA WFRQAPGKEREFVARISGAGITIYYSDS
VKDRFTISRNNVENTVYLQMNSLKTEDTAVYYCAARRNTYTSDYNIPARYPY WGQGTQVT
VSSEPKTPKPQ (SEQ ID NO:110)

JII-E9
QVQLVETGGLVQPGGSLRLSCAASRSTTATIYSMNWYRQAPGKQRELVAGMTSDGQTNYA
TSVKGRFTISRDNAKNTVYLLMNSLKLEDTAVYYCYVKPWRLQGWDYWGQGTQVTVSSE
PKTPKPQ (SEQ ID NO:112)
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JUJ-F11
QVQLVESGGGLVQPGGSLRLSCAAPESIVNSRTMAWYRQAPGKQRERVATITTAGSPNYAD
SVKGRFAISRDNAKNTVYLOMNSLKPEDTAVYYCNTLLSTLPYGQGTQVTVSSAHHSEDPS
(SEQ ID NO:114)

JIK-B8
QVOLVESGGGLVQPGGSLGLSCVVASERSINNYGMGWYRQAPGKQRELVAQISSGGTTNY
ADSVEGRFTISRDNVKKMVHLQVNSLKPEDTAVYYCNSLLRTFSWGQGTQVTVSSEPKTPK
PQ (SEQ ID NO:116)

JIK-B10
QVQLVETGGGLVQPGGSLRLSCAASGFTFSSYRMSWYRQAAGKERDVVATITANGVPTGY
ADSVMGRFTISRDNAKNTVYLEMNSLNPEDTAVYYCNAPRLHTSVGY WGQGTQVTVSSEP
KTPKPQ (SEQ ID NO:118)

JIK-B12
QVQLVESGGGLVQAGNSLRLSCTASGVIFSIYTMGWFRQAPGKEREFVAAIGVADGTALVA
DSVTGRFTISRDNAKNTVYLHMNSLKPEDTAVYSCAAYLSPRVQSPYITDSRYQLWGQGTQ
VTVSSEPKTPKPQ (SEQ ID NO:120)

JIK-F4
TGGGLVQAGGSLRLSCAASGRYAMGWFRQAPGKEREFVATISRSGAIREYADSVKGRFTIS
RDGAENTVYLEMNSLKPDDTAIYVCAEGRGATFNPEYAYWGQGTQVTVSSAHHSEDPS
(SEQ ID NO:122)

JIV-F5
QVQLVESGGGLVQPGGSLRLSCAASGFTLDDYAIGWFRQVPGKEREGVACVKDGSTYYAD
SVKGRFTISRDNGAVYLQMNSLKPEDTAVYYCASRPCFLGVPLIDFGSWGQGTQVTVSSEP
KTPKPQ (SEQ ID NO:124)

JIV-F6
QVQLVESGGGLVQAGGSLRLSCATSGGTFSDYGMGWFRQAPGKEREFVAAIRRNGNGGNG
[EYADSVKGRFTISRDNAKNTVHLOQMNSLTPEDTAVYYCAASISGYAYNTIERYNYWGQGT
QVTVSSEPKTPKPQ (SEQ ID NO:126)

nv-Giz
QVQLVESGGGLVQAGGSLSLSCAASGGDFSRNAMAWEFRQAPGKEREFVASINWTGSGTYY
LDSVKGRFTISRDNAKNALYLQMNNLKPEDTAVYYCARSTVFAEITGLAGYQSGSYDYWG
QGTQVTVSSEPKTPKPQ (SEQ ID NO:128)

JOY-A7
QVQLVETGGGTVQTGGSLRLSCSASGGSFSRNAMGWFRQAPGKEREFVAAINWSASSTYY
RDSVKGRFTVSRDNAKNTVYLHLNSLKLEDTAAYYCAGSSVYAEMPYADSVKATSYNYW
GQGTQVTVSSEPKTPKPQ (SEQ ID NO:130)

JIY-D9
QVQLVETGGGLVQAGGSLRLPCSFSGFPFDNYFVGWFRQAPGKEREGVSCISSSDGSTYYA
DSVKGRFTISRDNAKNTVYLQMNSLKPEDTAVYYCGADFLTPHRCPALYDY WGQGTQVTV
SSAHHSEDPS (SEQ ID NO:132)
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JIY-D10
QVQLVESGGGLVQPGGSLRLHCAASGSIASIYRTCWYRQGTGKQRELVAAITSGGNTY YAD
SVKGRETISRDNAKNTIDLQMNSLKPEDTAVYYCNADEAGIGGFNDYWGQGTQVTVSSAH
HSEDPS (SEQ ID NO:134)

HY-E1
QVQLVESGGGLVQAGGSLRLSCAASGRTFSRSSMGWFRQAPGKEREFVASIVWADGTTLY
GDSVKGRFTVSRDNVKNMVYLQMNNLKPEDTALYYCADNKFVRGLVAVRAIDYDYWGQ
GTQVTVSSEPKTPKPQ (SEQ ID NO:136)

JIY-E3
QVQLVESGGLVQAGGSLRLSCAASGRADIHYAMGWFRQAPGKEREFVAAVDWSGGSTYYA
DSVKGRFTISRDNAKNSVYLQMNSLKPEDTAVYYCAARRSWYRDALSPSRVYEYDYWGQ
GTQVTVSSEPKTPKPQ (SEQ ID NO:138)

JIY-ES
QVQLVETGGGLVQPGGSLTLSCAGSGGTLEHYAIGWFRQAPGKEHEWLVCNRGEYGSTVY
VDSVKGRFTASRDNAKNTVYLQLNSLKPDDTGIYYCVSGCYSWRGPWGQGTQVTVSSAH
HSEDPS (SEQ ID NO:140)

JIY-F10
QVOQLVESGGGLVQPGGSLKLSCRASGSIVSIYAVGWYRQAPGKQRELLAAITTDGSTKYSD
SVKGRFTISRDNAKNTVYLQMNNLKPEDTAIYSCIGDAAGWGDQYYWGQGTQVTVSSEPK
TPKPQ (SEQ ID NO:142)

nY-Git
QVQLVESGGGLVQAGGSLRLSCAASGSIVNFETMGWYRQAPGKERELVATITNEGSSNYAD
SVKGRFTISGDNAKNTVSLQMNSLKPEDTAVYYCSATFGSRWPYAHSDHWGQGTQVTVSS
EPKTPKPQ (SEQ ID NO:144)

JIW-B1
QVQLVETGGALVHTGGSLRLSCEVSGSTFSSYGMAWYRQAPGEQRKWVAGIMPDGTPSYV
NSVKGRFTISRDNAKNSVYLHMNNLRPEDTAVYYCNQWPRTMPDANWGRGTQVTVSSEP
KTPKPQ (SEQ ID NO:146)

IW-C12
QVQLVETGGSLRLTCVTSGSTFNNPAITWYRQPPGKQREWVASLRSGDGPVYRESVKGRFT
IFRDNATDALYLRMNSLKPEDTAVYHCNTASPASWLDWGQGTQVTVSSEPKTPKPQ (SEQ
D NO:148)

JIW-D12
QVQLVETGGGLVQPGGSLRLSCATSGFPFSTERMSWVRQAPGKGLEWVSGITEGGETTLAA
PSVKGRFNISRDNARNILYLOQMNSLKPEDAAVYYCFRGVFFRTSFPPELARGQGTQVTVSSE
PKTPKPQ (SEQ ID NO:150)

JIW-GS
QVQLVESGGGLVQAGGSLRLSCAASGSAVSDSFSTYAISWHRQAPGKQREWIAGISNRGAT
SYRDSVKGRFTISRDNAKNTVYLQMNNLKPEDTGVYYCEPWPREGLGGGQGTQVTVSSEP
KTPKPQ (SEQ ID NO:152)
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JIW-G10
QVQLVESGGGSVQTGGSLTLSCVVSGSTFSDYAVAWYRQVPGKSRAWVAGVSTTGSTSYT
DSVRGRFTISRDNHKKTVYLSMNSLKPEDTGIYYCNLWPFINPPSWGQGTQVTVSSAHHSE
DPS (SEQ ID NO:154)

NZ-B7
QVQLVESGGAVVQPGGSLRLSCATSGFTFSDDRMSWARQAPGKGLEWVSGISTASEGFATL
YAPSVKGRFTISRDNAKHMLYLQMDTLKPEDTAVYYCLRGVFFRTNIPPEVLRGQGTQVTV
SSAHHSEDPS (SEQ ID NO:156)

JIZ-B9
QVOQLVETGGDLVQPGGSLRLSCAASGSSFSRAAVGWYRQAPGKEREWVARLASGDMTDY
TESVRGRFTISRDNAKHTVYLQMDNLKPEDTAVYYCKARIPPY YSIEYWGKGTRVTVSSEP
KTPKPQ (SEQ ID NO:158)

J1Z-D8
QVOQLVETGGGLVQAGGSLRLSCVVSSPLFNLYDMAWYRQAPGNQRELVAGILTDGRATYS
DSVKGRFTISRNNLTNTVFLQMSSLKPEDTAVYYCNRKNSIY WDSWGQGTQVTVSSEPKTP
KPQ (SEQ ID NO:160)

JIZ-G4
QVQLVESGGGLVQAGGSLRLSCVASGLTFSRYGMGWFRQAPGQERVVVSVISPDGGSAYY
ADSVKGRFTISRDNAKNTVYLQMSTLRFEDTGVYYCTAGPRNGATTVLRPGDYDYWGQGT
QVTVSSEPKTPKPQ (SEQ ID NO:162)
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JET-H12
CAGGTGCAGCTCGTGGAGACGGGGGGAGGATTGGTGCAGGCTGGGGACCCTCTGAGAC
TCTCCTGTGTAGCCTCTGGACGCACCGTCAGTCGCTATGACAAGGCCTGGTTCCGCCAG
GCTCCAGGGAAGGAGCGTGAGTTTGTAGCAGGAATTAGCTGGAACGGCGATACAAAAA
TTTATGCAGACTCCGTGAAGGGCCGATTCACCATCTCCAGAGAGAACTCCAGGGATACA
CTGGATCTGCAAATTGACAACCTGAAACCTGAGGACACGGCCGCGTATTACTGTGCGGT
CGGAATTGCGGGTGTTCAGAGTATGGCGCGTATGCTCGGAGTGCGCTACTGGGGCCAGG
GGACCCAGGTCACCGTCTCCTCAGAACCCAAGACACCAAAACCACAA (SEQ ID NO: 97)

JFG-H6
CAGGTGCAGCTCGTGGAGACGGGGGGAGGCTTGGTGCAGCCTGGGGGGTCTCTGAGAC
TCTCCTGTGCAGCCTCTGGTTTCAGTTTGGACCCTTATGTGATAGGATGGTTCCGGCAGG
CCCCAGGGAAGGAGCGTGAGGGGGTCTCATGTATTACGAGTAGGGCTGCTAGTCGAAC
GTCTGTAGACTCCGTGAACGAGCGATTCACCATCTCCAGAGACAACGCCAAGAATACG
GTCGATCTACACATCAATAACCTGAAACCTGAGGACTCGGGCGTTTATTACTGTGCAGC
GGTCCCCCCTGCCAAATTACCACTTTTCAGCCTATGTCGCTCCCTGCCAGCAAAGTATGA
CTACTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCAGCGCACCACAGCGAAGACCCCT
CG (SEQ ID NO: 99)

JHD-B6
CAGGTGCAGCTCGTGGAGTCGGGGGGAGGCTTGGTGCAGCCTGGGGGGTCTCTGAGAC
TCTCCTGTGCAGCCTCTGGAAGTAGCTTCAGTAGATATGCCATGCGCTGGTACCGCCAG
GCTCCAGGGAAGCAGCGCGAGTTGGTCGCAAACATTAATAGTCGTGGTACCTCAAACTA
TGCAGACTCCGTGAAGGGCCGATTCACCATCTCCAGAGACAACGCCAAGAACACGGTG
TATCTGCAAATGAACAGCCTGAAACCTGAAGACACGGCCGTCTATTATTGTAATGCAGA
GTGGTTGGGACGATCGGAGCCTTCCTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCGG
AACCCAAGACACCAAAACCACAA (SEQID NO: 101)

JHE-D9
CAGGTGCAGCTCGTGGAGTCAGGAGGAGGCTTGGTGCAGCCTGGGGGGTCTCTGAGAC
TCTCCTGTGCAGCCTCTGGATTCATTTTCAGTCTTTATACCATGAGGTGGCACCGCCAGG
CTCCAGGGAAGGAGCGCGAGTTGGTCGCGACTATTACTAGTGCTACTGGTATTACAAAC
TATGCAGACTCCGTGAAGGGCCGATTCATCATCTCCAGAGACGATGCCAAGAAGACGG
GGTATCTGCAAATGAACAGCCTGAAACCTGAGGACACGGCCGTGTATTACTGTAATGCA
GTCCGCACTACCGTGTCACGAGACTACTGGGGCCAGGGGACCCAGGTCACCGTCTCCTC
AGAACCCAAGACACCAAAACCACAA (SEQ ID NO: 103)

J1J-A12
CAGGTGCAGCTCGTGGAGTCTGGGGGAGGCTTGGTGCAGCCTGGGGGGTCTCTGAGACT
CTCCTGTGCAGCCTCTGGAATCATCTTCAGTATCTATACCATGGGCTGGTACCGCCAGGC
TCCAGGGAAGCAGCGCGAATTGGTCGCAGCTATACCTAGTGGTCCTAGCGCAAACGCTA
CAGACTCCGTGGGGGGCCGATTCACCATCACCAGAGACAACGCCGAGAACACGGTGTA
TCTGCAAATGAACGACCTGAAACCTGAGGACACGGCCAGTCTATTACTGTAATGCTCGGC
GGGGTCCGGGTATCAAAAACTACTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCAGA
ACCCAAGACACCAAAACCACAA (SEQ ID NO:105)
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J1J-B8
CAGGTGCAGCTCGTGGAGTCCGGGGGCGGCTTGGTGCAGCCCGGGGGGTCTCTGAGTGT
CTCCTGTGCAGCCTCTGGAAGCATCGCAAGACCAGGTGCCATGGCCTGGTACCGCCAGG
CTCCAGGGAAGGAGCGCGAGTTGGTCGCGTCTATTACGCCTGGTGGTCTTACAAACTAT
GCGGACTCCGTGACGGGCCGATTCACCATTTCCAGAGACAACGCCAAGAGGACGGTGT
ATCTGCAGATGAACAGCCTCCAACCCGAGGACACGGCCGTCTATTACTGTCATGCACGA
ATAATTCCCCTAGGACTTGGGTCCGAATACAGGGACCACTGGGGCCAGGGGACTCAGG
TCACCGTCTCCTCAGCGCACCACAGCGAAGACCCCTCG ((SEQ ID NO: 107)

JIJ-CI1
CAGGTGCAGCTCGTGCGAGACGGGGGGAGGCTTGGTGCAGCCTGGGGGGTCTCTGGGAC
TCTCCTGTGTAGTCGCCTCTGGAAGAAGCATCAATAATTATGGCATGGGCTGGTACCGC
CAGGCTCCAGGGAAGCAGCGCGAGTTGGTCGCGCAAATTAGTAGTGGTGGTACCACAA
ATTATGCAGGCTCCGTAGAGGGCCGATTCACCATCTCCAGAGACAACGTCAAGAAAAT
GGTGTATCTTCAAATGAACAGCCTGAAACCTGAGGACACGGCCGTCTATTACTGTAATT
CACTGCTCCGAACTTTTTCCTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCGGCGCAC
CACAGCGAAGACCCCTCG (SEQ 1D NO: 109)

J1J-D3
CAGGTGCAGCTCGTGGAGACCGGGGGGTTGGTGCAGCCTGGGGGCTCCCTGCGACTCTC
CTGTGCAGCCTCCGGACTCACCTTCAGTAGCACTGCCATGGCCTGGTTCCGCCAGGCTC
CAGGGAAGGAGCGTGAGTTTGTAGCACGTATTAGCGGGGCTGGTATTACGATCTACTAT
TCGGACTCCGTGAAGGACCGATTCACCATCTCCAGAAACAACGTCGAGAACACGGTGT
ATTTGCAAATGAACAGCCTGAAAACTGAGGACACGGCCGTTTACTACTGTGCAGCAAG
ACGGAATACTTACACTAGCGACTATAACATACCCGCCCGGTATCCCTACTGGGGCCAGG
GGACCCAGGTCACCGTCTCCTCAGAACCCAAGACACCAAAACCACAA (SEQID NO:111)

J-E9
CAGGTGCAGCTCGTGGAGACGGGGGGCTTGGTGCAGCCTGGGGGGTCTCTGAGACTCTC
CTGTGCAGCCTCTAGAAGCACGACGGCCACAATTTATAGTATGAACTGGTACCGCCAGG
CTCCAGGGAAGCAGCGCGAGTTGGTCGCGGGTATGACTAGTGATGGTCAGACAAACTA
TGCAACCTCCGTGAAGGGCCGATTCACCATCTCCAGAGACAACGCCAAGAACACGGTA
TATTTGCTAATGAACAGCCTGAAACTTGAGGACACGGCCGTCTATTATTGTTATGTAAA
ACCATGGAGACTACAAGGTTGGGACTACTGGGGCCAGGGGACCCAGGTCACCGTCTCC
TCAGAACCCAAGACACCAAAACCACAA (SEQIDNO:113)

JIJ-F11
CAGGTGCAGCTCAGTGGAGTCGGGCGGCGGCTTGGTGCAGCCTGGGGGGTCTCTGAGACT
CTCCTGTGCAGCCCCTGAAAGCATCGTCAATAGCAGAACCATGGCCTGGTACCGCCAGG
CTCCAGGAAAGCAGCGCGAAAGGGTCGCCACTATTACTACTGCTGGTAGCCCAAATTAT
GCAGACTCTGTGAAGGGCCGATTCGCCATCTCCAGAGACAACGCCAAGAACACGGTAT
ATCTGCAAATGAACAGCCTGAAACCTGAGGACACGGCCGTCTATTACTGCAATACACTT
CTCAGCACCCTTCCCTATGGCCAGGGGACCCAGGTCACCGTCTCCTCGGCGCACCACAG
CGAAGACCCCTCG; (SEQ 1D NO:115)

JIK-B8

CAGGTGCAGCTCGTGGAGTCGGGCGGAGGCTTGGTGCAGCCTGGGGGGTCTCTGGGAC
TCTCCTGTGTAGTCGCCTCTGAAAGAAGCATCAATAATTATGGCATGGGCTGGTACCGC
CAGGCTCCAGGGAAGCAGCGCGAGTTGGTCGCGCAAATTAGTAGTGGTGGTACCACAA
ATTATGCAGACTCCOGTAGAGGGCCGATTCACCATCTCCAGAGACAACGTCAAGAAAAT



WO 2015/100409 PCT/US2014/072340

48/75

GGTGCATCTTCAAGTGAACAGCCTGAAACCTGAGGACACGGCCGTCTATTACTGTAATT
CGCTACTCCGAACTTTTTCCTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCGGAACCC
AAGACACCAAAACCACAA (SEQ ID NO:117)

JIK-B10
CAGGTGCAGCTCGTGGAGACGGGAGGAGGCTTGGTGCAGCCTGGGGGGTCTCTGAGAC
TCTCCTGTGCAGCCTCTGGATTCACCTTCAGTAGTTATCGCATGAGCTGGTACCGGCAGG
CTGCAGGGAAGGAGCGCGACGTGGTCGCAACAATTACTGCTAATGGTGTTCCCACAGG
CTATGCAGACTCCGTGATGGGCCGATTCACCATTTCCAGAGACAATGCCAAGAACACGG
TGTATCTGGAAATGAACAGCCTGAATCCTGAGGACACGGCCGTGTATTACTGTAACGCG
CCCCGTTTGCATACATCTGTAGGCTACTGGGGCCAGGGGACCCAGGTCACCGTCTCCTC
AGAACCCAAGACACCAAAACCACAA (SEQ ID NO:119)

JIK-B12
CAGGTGCAGCTCGTGGAGTCGGGAGGAGGATTGGTGCAGGCTGGGAACTCTCTGAGAC
TCTCCTGTACGGCCTCTGGTGTGATCTTCTCTATCTATACCATGGGCTGGTTCCGCCAGG
CTCCAGGGAAGGAGCGTGAGTTTGTAGCAGCGATAGGGGTGGCTGATGGTACCGCACTT
GTGGCAGACTCCGTGACGGGCCGATTCACCATCTCCAGAGACAACGCCAAGAACACCG
TTTATCTGCATATGAACAGCCTGAAGCCTGAGGACACGGCCGTCTATTCCTGTGCAGCG
TATCTTAGCCCCCGTGTCCAATCCCCCTACATAACTGACTCCCGGTATCAACTCTGGGGC
CAGGGGACCCAGGTCACCGTCTCCTCAGAACCCAAGACACCAAAACCACAA (SEQ ID
NO: 121)

JIK-F4
CAGGTGCAGCTCGTGGAGACTGGGGGAGGATTGGTGCAGGCTGGGGGCTCTCTGAGGC
TCTCCTGTGCAGCCTCTGGACGCTATGCCATGGGCTGGTTCCGCCAGGCTCCAGGGAAG
GAGCGTGAATTTGTAGCGACTATTAGCCGGAGTGGTGCTATCAGAGAGTATGCAGACTC
CGTGAAGGGCCGATTCACCATCTCCAGAGACGGCGCCGAGAACACGGTGTATCTGGAA
ATGAACAGCCTGAAACCTGACGACACGGCCATTTATGTCTGTGCAGAAGGACGAGGGG
CGACATTCAACCCCGAGTATGCTTACTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCA
GCGCACCACAGCGAAGACCCCTCG (SEQ ID NO:123)

IIV-F5
CAGGTGCAGCTCGTGGAGTCGGGCGGAGGCTTGGTGCAGCCTGGGGGGTCTCTGAGAC
TCTCCTGTGCAGCCTCTGGATTCACTTTGGATGATTATGCCATAGGCTGGTTCCGCCAGG
TCCCAGGGAAGGAGCGTGAGGGGGTCGCATGTGTTAAAGATGGTAGTACATACTATGC
AGACTCCGTGAAGGGCCGATTCACCATCTCCAGAGACAACGGCGCGGTGTATCTGCAA
ATGAACAGCCTGAAACCTGAGGACACAGCCGTTTATTACTGTGCATCCAGGCCCTGCTT
TTTGGGTGTACCACTTATTGACTTTGGTTCCTGGGGCCAGGGGACCCAGGTCACCGTCTC
CTCGGAACCCAAGACACCAAAACCACAA (SEQ ID NO:125)

JIV-Fo
CAGGTGCAGCTCGTGGAGTCAGGGGGAGGATTGGTGCAGGCTGGGGGCTCTCTGAGAC
TCTCCTGCGCAACCTCTGGCGGCACCTTCAGTGACTATGGAATGGGCTGGTTCCGCCAG
GCTCCAGGGAAGGAGCGTGAGTTTGTAGCAGCTATTAGGCGGAATGGTAATGGCGGTA
ATGGCATTGAATATGCAGACTCCGTGAAGGGCCGATTCACCATCTCCAGAGACAACGCC
AAGAACACGGTGCATCTACAAATGAACAGCCTGACACCTGAGGACACGGCCGTTITATT
ACTGTGCAGCGTCAATATCGGGATACGCTTATAACACAATTGAAAGATATAACTACTGG
GGCCAGGGAACCCAGGTCACCGTCTCCTCAGGAACCCAAGACACCAAAACCACAA
(SEQ 1D NO:127)
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nv-G12
CAGGTGCAGCTCGTGGAGTCCGGCGGAGGATTGGTGCAGGCGGGGGGCTCTCTGAGTC
TCTCCTGTGCAGCCTCTGGAGGTGACTTCAGTAGGAATGCCATGGCCTGGTTCCGTCAG
GCTCCAGGGAAGGAGCGTGAATTTGTAGCATCTATTAACTGGACTGGTAGTGGCACATA
TTATCTAGACTCCGTGAAGGGCCGATTCACCATCTCCAGAGACAACGCCAAGAACGCCC
TGTATCTGCAAATGAACAACCTGAAACCTGAGGACACGGCCGTTTATTACTGTGCACGC
TCCACGGTGTTTGCCGAAATTACAGGCTTAGCAGGCTACCAGTCGGGATCGTATGACTA
CTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCAGAACCCAAGACACCAAAACCACAA
(SEQ ID NO:129)

JIY-A7
CAGGTGCAGCTCGTGGAGACCGGCGGAGGAACGGTGCANACTGGGGGCTCTCTGAGAC
TCTCCTGTTCAGCCTCTGGCGGCTCCTTCAGTAGGAATGCCATGGGCTGGTTCCGCCAGG
CTCCAGGGAAGGAGCGTGAATTTGTAGCAGCTATTAACTGGAGTGCCTCTAGTACTTAT
TATAGAGACTCCGTGAAGGGACGATTCACCGTCTCCAGAGACAACGCCAAGAACACGG
TGTATCTGCATTTGAACAGCCTGAAACTTGAGGACACGGCCGCGTATTACTGTGCTGGA
AGCTCGGTGTATGCAGAAATGCCGTACGCCGACTCTGTCAAGGCAACTTCCTATAACTA
CTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCAGAACCCAAGACACCAAAACCACAA
(SEQ ID NO:131)

JIY-D9
CAGGTGCAGCTCGTGGAGACCGGGGGAGGCTTGGTGCAGGCTGGGGGGTCTCTGAGAC
TCCCCTGTTCATTCTCTGGATTCCCTTTCGATAATTATTTCGTAGGCTGGTTCCGCCAGGC
CCCAGGGAAGGAGCGTGAGGGGGTCTCATGTATTAGTAGTAGTGATGGTAGCACATACT
ATGCAGACTCCGTGAAGGGCCGGTTCACCATCTCCAGAGACAACGCCAAGAACACGGT
GTATCTGCAAATGAACAGTCTGAAACCTGAGGATACGGCCGTTTATTACTGTGGAGCAG
ATTTCCTCACCCCACATAGGTGTCCAGCCTTATATGACTACTGGGGCCAGGGGACCCAG
GTCACCGTCTCCTCAGCGCACCACAGCGAAGACCCCTCG (SEQ 1D NO:133)

JIY-D10
CAGGTGCAGCTCGTGGAGTCTGGTGGAGGCTTGGTGCAGCCTGGGGGGTCTCTGAGACT
CCACTGTGCAGCCTCTGGAAGCATCGCCAGTATCTATCGCACGTGCTGGTACCGCCAGG
GCACAGGGAAGCAGCGCGAGTTGGTCGCAGCCATTACTAGTGGTGGTAACACATACTA
TGCGGACTCCGTTAAGGGCCGATTCACCATCTCCAGAGACAACGCCAAAAACACAATC
GATCTGCAAATGAACAGCCTGAAACCTGAGGACACGGCCGTCTATTACTGTAATGCAGA
CGAGGCGGGGATCGGGGGATTTAATGACTACTGGGGCCAGGGGACCCAGGTCACCGTC
TCCTCAGCGCACCACAGCGAAGACCCCTCG (SEQ ID NO:135)

JIY-E1
CAGGTGCAGCTCGTGGAGTCGGGGGGAGGATTGGTGCAGGCTGGGGGCTCTCTGAGAC
TCTCCTGTGCAGCCTCTGGACGCACCTTCAGTCGCAGTTCCATGGGCTGGTTCCGCCAGG
CTCCAGGGAAGGAGCGTGAATTCGTTGCGTCCATTGTCTGGGCTGATGGTACGACGTTG
TATGGAGACTCCGTAAAGGGCCGATTCACCGTCTCCAGGGACAACGTCAAGAACATGG
TGTATCTACAAATGAACAACCTGAAACCTGAGGACACGGCCCTTTATTACTGTGCGGAC
AATAAATTCGTCCGTGGATTAGTGGCTGTCCGTGCGATAGATTATGACTACTGGGGCCA
GGGGACCCAGGTCACCGTCTCGTCAGAACCCAAGACACCAAAACCACAA (SEQ ID
NO:137)
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JY-E3
CAGGTGCAGCTCGTGGAGTCGGGAGGATTGGTGCAGGCTGGAGGCTCTCTGAGACTCTC
CTGCGCAGCCTCTGGACGCGCCGACATAATCTATGCCATGGGCTGGTTCCGCCAGGCTC
CAGGGAAGGAGCGTGAGTTTGTAGCGGCAGTAGACTGGAGTGGTGGTAGCACATACTA
TGCAGACTCCGTGAAGGGCCGATTCACCATCTCCAGAGACAACGCCAAGAACTCGGTGT
ATCTGCAAATGAACAGCCTGAAACCTGAGGACACGGCCGTTTATTACTGTGCAGCCCGA
AGGAGCTGGTACCGAGACGCGCTATCCCCCTCCCGGGTGTATGAATATGACTACTGGGG
CCAGGGGACCCAGGTCACCGTCTCCTCAGAACCCAAGACACCAAAACCACAA (SEQ ID
NO:139)

JIY-ES
CAGGTGCAGCTCGTGGAGACGGGAGGAGGCTTGGTGCAGCCTGGGGGGTCTCTGACAC
TCTCCTGTGCAGGCTCCGGTGGCACTTTGGAACATTATGCTATAGGCTGGTTCCGCCAG
GCCCCTGGGAAAGAGCATGAGTGGCTCGTATGTAATAGAGGTGAATATGGGAGCACTG
TCTATGTAGACTCCGTGAAGGGCCGATTCACCGCCTCCAGAGACAACGCCAAGAACAC
GGTGTATCTGCAATTGAACAGTCTGAAACCTGACGACACAGGCATTTATTACTGTGTAT
CGGGATGTTACTCCTGGCGGGGTCCCTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCG
GCGCACCACAGCGAAGACCCCTCG (SEQ ID NO:141)

JIY-F10
CAGGTGCAGCTCGTGGAGTCTGGGGGAGGTTTGGTGCAGCCTGGGGGGTCTCTGAAACT
CTCCTGTAGAGCCTCTGGAAGCATAGTCAGTATCTATGCCGTGGGCTGGTACCGCCAGG
CTCCAGGGAAGCAGCGCGAGTTGCTCGCGGCTATCACTACTGATGGTAGCACGAAGTAC
TCAGACTCCGTGAAGGGCCGATTCACCATCTCCCGAGACAACGCCAAGAACACGGTAT
ATCTGCAAATGAACAACCTCAAACCTGAGGACACGGCCATCTATTCCTGTATCGGGGAC
GCGGCGGGTTGGGGCGACCAATACTACTGGGGCCAGGGGACCCAGGTCACCGTCTCCT
CAGAACCCAAGACACCAAAACCACAA (SEQID NO:143)

JY-G11
CAGGTGCAGCTCGTGGAGTCAGGCGGAGGCTTGGTGCAGGCTGGGGGGTCTCTGAGAC
TCTCCTGTGCAGCCTCTGGAAGCATCGTCAATTTCGAAACCATGGGCTGGTACCGCCAG
GCTCCAGGGAAGGAGCGCGAGTTGGTCGCAACTATTACTAATGAAGGTAGTTCAAACTA
TGCAGACTCCGTGAAGGGCCGATTCACCATCTCCGGAGACAACGCCAAGAACACGGTG
TCCCTGCAAATGAACAGCCTGAAACCTGAGGACACGGCCGTCTACTACTGTTCGGCGAC
GTTCGGCAGTAGGTGGCCGTACGCCCACAGTGATCACTGGGGCCAGGGGACCCAGGTC
ACCGTCTCCTCAGAACCCAAGACACCAAAACCACAA (SEQ ID NO:145)

JIW-B1
CAGGTGCAGCTCGTGGAGACGGGCGGAGCATTGGTGCACACTGOGGGGTTCTCTGAGAC
TCTCCTGCGAAGTCTCCGGAAGCACCTTCAGTAGCTATGGCATGGCCTGGTACCGCCAA
GCTCCAGGCGAGCAGCGTAAGTGGGTCGCAGGTATTATGCCGGATGGTACTCCAAGCTA
TGTAAACTCCGTGAAGGGCCGATTCACCATCTCCAGAGACAACGCCAAGAACTCGGTGT
ATCTGCACATGAACAACCTGAGGCCTGAAGACACGGCCGTCTATTATTGCAACCAATGG
CCGCGCACGATGCCTGACGCGAACTGGGGCCGGGGGACCCAGGTCACCGTCTCCTCAG
AACCCAAGACACCAAAACCACAA (SEQ ID NO:147)

JIwW-C12
CAGGTGCAGCTCGTGGAGACTGGGGGGTCTCTGAGGCTCACCTGTGTAACCTCTGGAAG
CACCTTCAATAATCCTGCCATAACCTGGTACCGCCAGCCTCCAGGGAAGCAGCGTGAGT
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GGGTCGCAAGTCTTCGTAGTGGTGATGGTCCAGTATATAGGGAATCCGTGAAGGGCCGA
TTCACCATTTTTAGAGACAACGCCACGGACGCGCTGTATCTGCGGATGAATAGCCTGAA
ACCTGAGGACACGGCCGTCTATCACTGTAACACCGCCTCACCTGCTAGTTGGCTGGACT
GGGGCCAGGGGACCCAGGTCACTGTCTCCTCAGAACCCAAGACACCAAAACCACAA
(SEQ ID NO:149)

IwW-D12
CAGGTGCAGCTCGTGGAGACGGGAGGAGGATTGGTGCAACCTGGGGGTTCTCTGAGAC
TCTCTTGTGCAACCTCTGGATTCCCCTTCAGTACGGAGCGTATGAGCTGGGTCCGCCAG
GCTCCAGGAAAGGGGCTCGAGTGGGTCTCAGGTATTACTGAGGGTGGTGAAACCACTCT
CGCGGCACCCTCCGTGAAGGGCCGATTCAACATCTCCAGAGACAACGCCAGGAATATC
CTATATCTACAGATGAATTCCTTGAAACCTGAGGACGCGGCCGTTTACTATTGTTTTAGA
GGTGTTTTTTTTAGAACGAGTTTTCCTCCCGAACTCGCGCGGGGCCAGGGGACCCAGGT
CACCGTCTCCTCAGAACCCAAGACACCAAAACCACAA (SEQTD NO:151)

JIW-G5
CAGGTGCAGCTCGTGGAGTCGGGCGGAGGCTTGGTGCAGGCAGGGGGGTCTTTGAGAC
TCTCCTGTGCAGCCTCTGGAAGCGCCGTCAGTGACAGCTTCAGTACCTATGCCATCTCCT
GGCACCGCCAGGCTCCAGGGAAGCAGCGTGAGTGGATCGCAGGTATTAGTAATCGTGG
TGCGACAAGCTATAGAGACTCCGTGAAGGGCCGATTCACCATCTCCAGAGACAACGCC
AAGAACACGGTATATCTGCAAATGAACAACCTGAAACCTGAGGACACGGGCGTCTATT
ATTGTGAGCCATGGCCACGCGAAGGACTTGGGGGGGGCCAGGGGACTCAGGTCACCGT
CTCCTCAGAACCCAAGACACCAAAACCACAA (SEQ ID NO:153)

JIW-G10
CAGGTGCAGCTCGTGGAGTCGGGGGGAGGCTCGGTGCANACTGGGGGGTCTCTGACAC
TCTCCTGTGTAGTCTCTGGAAGTACCTTCAGTGACTATGCGGTGGCCTGGTACCGCCAG
GTTCCAGGCAAATCGCGTGCGTGGGTCGCGGGTGTTAGTACTACTGGCTCGACATCTTA
TACAGACTCCGTGAGGGGCCGGTTCACCATCTCCAGAGACAACCACAAGAAGACGGTG
TATCTTTCAATGAACAGCCTGAAACCTGAGGACACGGGCATCTATTACTGCAACTTATG
GCCGTTCACAAATCCTCCTTCCTGGGGCCAGGGAACCCAAGTCACCGTTTCCTCGGCGC
ACCACAGCGAAGACCCCTCG (SEQ 1D NO:155)

NZ-B7
CAGGTGCAGCTCGTGGAGTCTGGAGGAGCCGTGGTGCAACCTGGGGGTTCTCTGAGACT
CTCCTGTGCAACCTCTGGATTCACCTTCAGTGACGATCGTATGAGCTGGGCCCGCCAGG
CTCCAGGAAAGGGGCTCGAGTGGGTCTCAGGTATTAGTACTGCTAGTGAAGGTTTTGCT
ACACTCTACGCACCCTCCGTGAAGGGCCGATTCACCATCTCCAGAGACAACGCCAAGCA
TATGCTGTATCTGCAAATGGATACCTTGAAACCTGAGGACACGGCCGTGTATTACTGTTT
AAGAGGGGTTTTTTTTAGAACGAACATTCCTCCCGAGGTACTGCGGGGCCAGGGGACCC
AGGTCACCGTCTCCTCAGCGCACCACAGCGAAGACCCCTCG (SEQ ID NO:157)

JIZ-B9
CAGGTGCAGCTCGTGGAGACGGGGGGAGACTTGGTGCANCCTGGGGGGTCTCTGAGAC
TCTCCTGTGCAGCCTCTGGAAGCTCCTTCAGCCGCGCTGCCGTGGGCTGGTACCGTCAG
GCTCCAGGAAAGGAGCGTGAGTGGGTCGCACGTCTCGCGAGTGGTGATATGACGGACT
ATACCGAGTCCGTGAGGGGCCGATTCACTATCTCCAGAGACAACGCCAAGCACACGGT
GTATCTGCAAATGGACAACCTGAAACCTGAGGACACGGCCGTCTACTATTGTAAGGCCA
GGATACCCCCTTATTACTCTATAGAGTACTGGGGCAAAGGGACCCGGGTCACCGTCTCC
TCANAACCCAAGACACCAAAACCACAA (SEQID NO:159)
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JZ-D8
CAGGTGCAGCTCGTGGAGACAGGTGGAGGCTTGGTGCAGGCTGGGGGGTCTCTGAGAC
TCTCCTGTGTAGTATCTAGTCCCCTGTTCAATCTTTACGACATGGCCTGGTATCGCCAGG
CTCCAGGGAATCAGCGTGAGTTGGTCGCAGGCATCTTGACTGATGGTCGCGCAACATAT
TCAGACAGCGTGAAGGGCCGATTCACCATTTCCAGAAACAACCTGACGAACACGGTGTT
TTTACAAATGAGCAGCCTGAAACCTGAGGACACGGCCGTCTATTATTGTAATAGAAAGA
ATAGTATCTACTGGGATTCCTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCGGAACCC
AAGACACCAAAACCACAA (SEQ ID NO:161)

J17-G4
CAGGTGCAGCTCGTGGAGTCGGGGGGAGGATTGGTGCAGGCTGGGGGCTCTCTGAGAC
TCTCCTGCGTAGCCTCTGGACTCACCTTCAGTCGCTATGGCATGGGCTGGTTCCGCCAGG
CTCCAGGACAGGAGCGTGTAGTCGTATCAGTTATTAGTCCCGACGGTGGTAGCGCATAC
TACGCAGACTCCGTGAAGGGCCGATTCACCATCTCCAGAGACAACGCCAAGAACACGG
TGTATCTGCAAATGAGCACCCTGAGATTTGAGGACACGGGCGTTTATTATTGTACAGCA
GGGCCCCGGAATGGAGCGACTACAGTCCTCCGGCCAGGGGATTATGACTACTGGGGCC
AGGGGACCCAGGTCACTGTCTCCTCAGAACCCAAGACACCAAAACCACAA (SEQID
NO:163)
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TGGELAQAGDSLRLSCVEPGR~~TLDMYAMGHI ROAPGEEREFVASI SGVGES PRYADSVRGRFTI SKONTRS TIWLOMNS LEPEDTAVY Y CARG-— - == e GDIYYGGSPOWRGQETRVIVSS
SGEELYQPEGSLTLSCTASGF-~TLNS YKI GHFRQAPGREREGVSC INSGGNLR -~~~ SVEGRFTI SRONTRNTVSLEMDSLKPEDTGVY ECARA P~ ~ALNVF S PCVLAPRYDYWGQGTOVIVSS
TGGELVOPGGSLRLSCARSGF--SLDPYVI GHFROAPGREREGVSCT TSRAAS R SVDSVNERFT L SRONAKNTVD LE INNLK PEDSGVY Y CRAAVPPAR L PLF SLCRSLPARYDYWGQETQVIVAS
SGEGLVQPEESLELSCAASGF -~ TLADYVIVHEROAPCKIREGVSCTSSSRGTPNYADSVKGRATV S RNNANNTVY LOMRG LK PDDTATYY CAR TRPARLRATRECLS SQREYDYWGQGTQVIVSS
SGEGLVYPGGSLELSCAMSGT~~TODY SAVGWFRQA PGREREGVSCISRSGRRTNYADSVRGRETI SRONAKDTVY LOMNS LRPDDTAVY Y CAARK ~~ ~TDOMSDRYYVECNGMDYWGKBTLVIVSS
SGEGLVQPEGSLRLSCAASGF--TLDNYRI GWFRQOAPCKEREGVSCTARTGD IRNYGDSVKGRITI SRONAKNTVY LOMHS LRPEDTAVY Y CAAVR -~~~ TS SY SCDLRASYMDYWGRGTLVIVSS
TGEELVQPGGSLRLSCAASGF~~TLEGYHI GHFRDAPGNEREGTSCISSREDSIKYADSVRGRFTI SRONAKTTVY LEMNS LEPEDTAVY YCAAVR -~~~ EVESSSPCTLATRINYWGOGTQVIVST
$GEGLVQPGGSLRLSCAASGV-~TLDNYHI GHFRQAPGKEREGASCISSREDTIKYAD SVKGRFTT FRONAKSTVY LOMNS LKPEDTALYVCAAVR -~ ~ EVF SDS ECTLATRYDNWGQGTQVTVSS
TGEGLV)PGGSLRLSCAASGF~~TLDNY HIGNFRQAPGKEREGTSCISSRGDDIKYADSVRGRFTI SRDSAMSTVY LOMNSLKPGD TADY FCAAVR - -~ EVFADS PCTLAFRYNYWGQGTRVIVSS
TGEGLVOPCGSLRVSCAASGF~-TLDNYHI GHFROAPGKEREGT SCISSREDILKYADSVRGRFTI SRDNAKRTVYLOMNSLKPED TAVY FCAAVR -~ ~ EVFPDSECTLATRYNYWEGQGSQVTVSS
TGGELVOPGGSLRVSCAASGF~-TLDNYHI GRFROARPGKEREGI SCIS SRGDILKYADSVRGRF T SRDNAKRTVY LOMNSLK PEDTRVYLCAAVR~~~ PVFPESACTLATRYNYHGQGSQVTVSS
SGGELVQPGGSLRLSCAASGF~~TLDNYAT GHFREAPGKEREGTACT SGSGDNTKYADSVKGRFTT SRDNARTTVYLOMNAMKPED TALYVCAAVR - ~~ PVFEF SPCTLAPRYNDWGQGTQVTVSS
SGEELVOPGESLRLSCAASGF--TLGSYHI GHFREPPGKEREGTSCLS SRGDY TRYAFAVRGRFTT SRONTRS IVY LOMNNLKPED TG YVCAAT R~~~ PVL.SDSHCTLARRINYHGOGTQVTVSS
TGGGLVRPGGSLRLSCAASEF-~TLDNYHI GHFROA PGREREGVSCISSSRTS TKYADSVKGRFTT SEDNAKETVYLOMNSLEPEDTAVY ICART R~~~ PVLSNS PCTLATRYNYWGQGTQVTVSS
TGGEIVOPGGSLRLSCAGSAT ~~TLEYYATGWEROAPGKEREST SCIS S SGENTNYADFVKERPTI SRONARKNTVY LOMNSLK PEDTAVY HCAAVR -~ BV SDSPCTLATRYDNWGQGTQVTVSS
SGGGLVQPGGSLRLSCAALEF--TLEDYATAWFRQAPGREREGVSCISKSG-VTRY TDSVKGRFTVARDNAKS TVILOMNNLR PED TAVYHCARVR - - ~-PVFVDSVCTLATRY TYWEES TQVTVSS
TGGGLVQPGGSLKLSCAASEF -~ TLDDYRI GKFRQA PGKEREGVSC INKRGDY INYKDSVKGRETI SROGAKS TVFLOMNNLR PEDTAVY Y CAAVN -~ - FVFPDSRCTLATRYTHWGQGTQVIVSS

PEGELVQPGESLRLSCRASED -~ TLDRYA T GWFRQAPGERRERVSC IS IRGI PYDYADSVKSRETISRDGARTTVILOMN S LN PEDTCLY SCARAG ~ o« w s meom mmm ACYREFNTWGQGTQVTIVSS
TGG-LVOAGGSLRLSCARSEV-~PFSDY TMAWFROA PAKEREVVAR I TWRGGGPYYGNSGNGRFAI SRD IAR SHVY LAMDS LKPED TAVY Y CARSR~ " LRPALASMASDYDYWGQGTQVSVSS
SGECVVOAGGSLRLSCAASGH~~TSIGY MAWFRQTPGKERESVAATNWMGS STYY SDSVEGRFTI SRORAKDTLDLOMNS LRAEDTAVY Y CAAG ~ ===~ GGSETDPTRYAYHGQGTOVTVSS
SGEGLVQAGGSLRLSCAASGR--INGDYAMGWFRQA PCEEREFVAVNSWI GG TY Y TDSVKGRETLSRONARNTLS LOVNS LEPEDTAVY Y CRAG-—-~~—] -HYTDFPTYFKEYDYWGQGTQVIVSS

TGEELVQAGDSLRLSCAPSVR~-SF I TYAMGHFROAPGREREFVGAI SSIGLETY Y SDSVKGRFTI SROGAENTLY LOMN S LK PEDTARY YCAATT -~~~ KRTTAWSTEPYQINYWGOGTOVIVSS
3GGGLVYAGASIRLSCAASTSGLTFIRYAMGHFROA PGRERDEVGA INWI TS TTY YADSVRGRFTI SRONADNTLNLOMNNLEPEDTAVY Y CAATS -~~~ RRIPYTITTASAYDYWGQGTQVIVSS
SGEGLVRPGESLRLSCVASAS—~TFS TS LMGHVRQAPSRGLESVARVRTTG- GTE AR SVAGRPTT SRONAKN TLY LOMNS LEAED TEVY Y CTAG—— == w ] BGPIATRYRGQGTOVIVSS
TGEGELVOACDFLRLICVASGR-~TVSRYDKRRFROAPGREREFVACI SHNGD TKI YADSVKGRFTL SRENSRDTLDLQI DNLKPED TARY Y CAVGY - - ===, RGVQSMARMLGVRYWGQGTQVTVSS
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The amino acid sequence of the full translation product expressed as VNA2-Tcd:
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MSDKITHLTD DSFDTDVLKA DGAILVDFWA EWCGPCKMIA PILDEIADEY

QGKLTVAKLN IDQNPGTAPK YGIRGIPTLL LFKNGEVAAT KVGALSKGQL
KEFLDANLAG SGSGHMHHHH HHSSGLVPRG SGMKETAAAK FERQHMDSPD
LGTDDDDKAMAISDPNSGAP VPYPDPLEPR AAAQVQLVES GGGLVOPGGS
LRLSCAASGF TLDYSSIGWF RQAPGKEREG VSCISSSGDS TKYADSVKGR

FTTSRDNAKN TVYLOMNSLK PDDTAVYYCA AFRATMCGVF PLSPYGKDDW

GKGTLVTVSS EPKTPKPOPT SAIAGGGGSG GGGSGGGGSA AAQLOLVESG
GGLVQPGGSL, RLSCEASGFT LDYYGIGWFR QPPGKEREAV SYISASARTI

LYADSVKGRF TISRDNAKNA VYLOMNSLKR EDTAVYYCAR RRFSASSVNR

WLADDYDVWGRGTOVAVSSE PKTPKPQTSA

MAAAQVOQLVESGGGLYQTGG SLRILSCASSG

LVGGGGSGGG GSGGGGSLQA
SIAGFETVITW SROAPGKSLQ

WVASMTKTNNEIYSDSVKGR

FIISRDNAKN

TVYLOMNSLK PEDTGVYFCK

GPELRGQGIQ VTVSSEPKTP

KPQAIAGGGG

SGGGLVOPGG SLRILSCAASG

SGGGGSGGGG SLQGQVOLVE

FTFSDYVMTW VROAPGKGPE WIATINTDGS

TIMRDDSTKGR FTISRDNAKN

TLYLOMTSLK

PEDTALYYCA RGRVISASAI

RGAVRGPGTQ VTVSSEPKTP

KPOPARQGAP

801

VPYPDPLEPR GGGSDICLPR

WGCLWED (SEQ ID NO: 170)
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The coding nucleotide sequence of VNA2-Tcd:

1 ATGAGCGATA AAATTATTCACCTGACTGACGACAGTTTTGACACGGATGT 50

51 ACTCAAAGCG GACGGGGCGATCCTCGTCGATTTCTGGGCAGAGTGGTGCG 100

101 GTCCGTGCAAAATGATCGCCCCGATTCTGGATGAAATCGCTGACGAATAT 150

151 CAGGGCAAACTGACCGTTGCAAAACTGAACATCGATCAAAACCCTGGCAC 200

201 TGCGCCGAAATATGGCATCCGTGGTATCCCGACTCTGCTGCTGTTCAAAA 250
251 ACGGTGAAGTGGCGGCAACCAAAGTGGGTGCACTGTCTAAAGGTCAGTTG 300
301 AAAGAGTTCCTCGACGCTAACCTGGCCGGTTCTGGTTCTGGCCATATGCA 350
351 CCATCATCATCATCATTCTTICTGGTCTGGTGCCACGCGGTTCTGGTATGA 400
401 AAGAAACCGCTGCTGCTAAATTCGAACGCCAGCACATGGACAGCCCAGAT 450
451 CTGGGTACCGACGACGACGACAAGGCCATGGCGATATCGGATCCGAATTC 500
501 TGGCGCACCTGTCCCATACCCAGACCCTCTGGAACCACGAGCGGCCGCCC 550
551 AAGTCCAACTGGTCGAAAGTGGTGGTGGTCTGGTCCAACCGGGTGGCTCT 600
601 CTGCGTCTGTCCTGCGCTGCGAGTGGTTTTACCCTGGATTATAGCTCTAT 650
651 TGGTTGGTTCCGCCAGGCGCCGGGTAAAGAACGTGAAGGCGTGAGCTGCA 700
701 TCAGTTCCTCAGGTGATAGTACCAAATATGCGGACTCCGTCAAAGGCCGC 750
751 TTTACCACGAGTCGTGATAACGCCAAAAATACGGTTTACCTGCAGATGAA 800
801 CTCCCTGAAACCGGATGACACCGCAGTGTATTACTGCGCGGCCTTTCGCG 850
851 CTACGATGTGTGGTGTTTTCCCGCTGAGCCCGTATGGCAAAGATGACTGG 900
901 GGTAAAGGCACCCTGGTGACGGTTTCGAGCGAACCGAAAACCCCGAAACC 950
951 GCAGCCGACGTCTGCGATCGCCGGTGGTGGTGGTTCGGGTGGTGGTGGTA 1000
1001 GCGGTGGTGGTGGTTICTGCAGCTGCGCAGCTGCAACTGGTGGAAAGCGGC 1050
1051 GGTGGTCTGGTTCAACCGGGTGGTTCCCTGCGTCTGTCATGCGAAGCCTC 1100
1101 GGGTTTTACCCTGGATTATTACGGTATTGGTTGGTTCCGTCAGCCGCCGG 1150
1151 GCAAAGAACGTGAAGCAGTGAGCTATATTTCCGCATCAGCACGTACCATC 1200
1201  CTGTACGCAGATTCAGTTAAAGGCCGCTTTACGATCTCGCGTGACAACGC 1250
1251 GAAAAATGCCGTCTATCTGCAGATGAACAGTCTGAAACGTGAAGATACCG 1300
1301 CAGTGTATTACTGTGCTCGTCGCCGTTTCTCCGCGTCTAGTGTCAATCGC 1350
1351 TGGCTGGCCGATGACTACGATGTGTGGGGTCGTGGCACCCAAGTCGCCGT 1400
1401 GTCCTCAGAGCCTAAAACGCCGAAACCGCAAACGTCTGCACTAGTTGGCG 1450
1451  GTGGTGGCTCAGGTGGAGGCGGGTCAGGCGGTGGCGGTTCCCTGCAAGCA 1500
1501  ATGGCCGCAGCTCAGGTGCAACTGGTTGAATCCGGTGGTGGTCTGGTGCA 1550
1551 GACCGGTGGTAGCCTGCGTCTGTCTTGCGCATCGAGCGGTAGCATTGCTG 1600
1601  GCTTTGAAACCGTTACGTGGTCTCGTCAAGCGCCGGGTAAATCACTGCAG 1650

FIG. 42 (first sheet)
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1651 TGGGTCGCCTCGATGACCAAAACGAACAATGAAATCTATTCGGATAGCGT 1700
1701  TAAAGGCCGCTTTATTATCTCACGCGATAACGCGAAAAATACCGTGTATC 1750
1751  TGCAGATGAACTCGCTGAAACCGGAAGATACGGGTGTTTACTTCTGCAAA 1800
1801  GGCCCGGAACTGCGCGGTCAAGGCATTCAGGTTACCGTCTCTAGTGAGCC 1850
1851 TAAAACCCCGAAACCGCAAGCAATCGCAGGCGGCGGCGGCAGCGGCGGCG 1900
1901  GCGGCTCTGGTGGTGGTGGTTCCCTGCAGGGTCAAGTCCAGCTGGTGGAA 1950
1951 TCTGGCGGTGGTCTGGTGCAACCGGGTGGTAGTCTGCGTCTGTCCTGTGC 2000
2001 AGCCTCAGGCTTTACCTTCTCAGATTATGTTATGACGTGGGTCCGTCAGG 2050
2051 CACCGGGTAAAGGTCCGGAATGGATTGCTACCATCAATACGGACGGTAGC 2100
2101 ACCATGCGCGATGACTCTACCAAAGGCCGCTTCACGATTAGCCGTGATAA 2150
2151 TGCCAAAAATACCCTGTACCTGCAGATGACGTCTCTGAAACCGGAAGACA 2200
2201 CCGCGCTGTATTACTGTGCCCGCGGTCGTGTTATTTCTGCAAGTGCTATC 2250
2251 CGTGGCGCCGTCCGTGGTCCGGGCACCCAAGTCACCGTCTCCTCAGAACC 2300
2301 GAAAACGCCGAAACCGCAACCGGCGCGCCAGGGTGCGCCGGTGCCGTATC 2350
2351 CGGACCCGCTGGAACCGCGTTAA (SEQ ID NO: 169)

FIG. 42 (continuation sheet)
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METDTLLLWVLLLWVPGSTGDAAQPARRARRTKLSGAPVPYPDPLEPRAA
AQVQLVESGGGLVQPGGSLRLSCAASGFTLDYSSIGWFRQAPGKEREGVS
CISSSGDSTKYADSVKGRFTTSRDNAKNTVYLQMNSLKPDDTAVYYCAAF
RATMCGVFPLSPYGKDDWGKGTLVTVSSEPKTPKPQPTSAIAGGGGSGGG
GSGGGGSAAAQLQLVESGGGLVQPGGSLRLSCEASGFILDYYGIGWFRQP
PGKEREAVSYISASARTILYADSVKGRFTISRDNAKNAVYLQMNSLKRED
TAVYYCARRRFSASSVNRWLADDYDVWGRGTQVAVSSEPKTPKPQTSALYV
GGGGSGGGGSGGGGSLQAMAAAQVQLVESGGGLYQTGGSLRLSCASSGS]
AGFETVTWSRQAPGKSLQWVASMTKTNNEIYSDSVKGRFIISRDNAKNTV
YLQMNSLKPEDTGVYFCKGPELRGQGIQVTVSSEPKTPKPQAIAGGGGSG
GGGSGGGGSLQGQVQLVESGGGLVQPGGSLRLSCAASGFTFSDYVMTWVR
QAPGKGPEWIATINTDGSTMRDDSTKGRFTISRDNAKNTLYLQMTSLKPE
DTALYYCARGRVISASAIRGAVRGPGTQVTVSSEPKTPKPQPARQGAPVP
YPDPLEPRGGGSDICLPRWGCLWED (SEQ ID NO: 167)
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