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ANTIBODY MOLECULE-DRUG CONJUGATES AND USES THEREQK

CROSS REFERENCE TO RELATED APPLICATIONS
This application clairos the benefit of U.S. Provisional Application No. §62/253,345, filed
November 10, 2015, U.5. and U5, Provisional Application No. 62/375,800, filed August 16, 2016.

The contents of the aforementioned applications are hereby incorporated by reference in their entirety.

SEQUENCE LISTING
The instant apphication contains a Sequence Listing which has been submitted electronically
in ASCH format and is hereby incorporated by reference in its entirety. Said ASCII copy, created on

Noveraber 10, 2016, is named P2029-7003W0O_SL.txt and 1s 89,456 byles in size.

BACKGROUND

A wide range of bacteria can cause infections that lead to mild to serious ilinesses. Bacterial
infections are often treated by antibiotics. However, the emergence of antibiotic-resistant bacterial
strains has complicated the treatmeat of infections. Aantibiotic-resistant infections oftea result in
greater disability and death compared with infections that are easily treatable with antibiotics.
According to the Centers for Diisease Control and Prevention (CDC), cach year 1n the United States, at
feast 2 million people acquire serious infections with bacteria that are resistant 1o one or more of the
antibiotics designed to treat those infections. At least 23,000 people die each year as a direct resalt of
these antibiotic-resistant infections. These estimates were based on conservative assurnptions and are
fikely minimum estimates. More patients may die from other conditions that were complicated by a
bacterial infection. When first-Hine and then second-lige antibiotic treatment options are limited by
resistance or are unavailable, healtheare providers are forced to use antibiotics that may be more toxic
to the patient and frequently more expensive and less effective. In maay cases, antibiotic-resistant
infections require prolonged or costlier treatments, extend hospital stays, and necessitate additional
doctor visits and healtheare use.

The vse of antibiotics is one of the most traportant factors leading to antibiotic resistance
around the world. Antibiotics are among the most commonly prescribed drugs used in human
raedicine. However, according to CDC, up to0 50% of all the antibiotics prescribed for people are not
needed or are not optimally effective as prescribed. Antibiotics are also commonly used in food
animals to prevent, control, and treat disease, and to promote the growth of food-producing animals.
The resistant strains of bacteria may spread from person to person, or from the non-human sources in
the environment, including food.

There is a need for developing new approaches for treating, preventing and diagnosing

bacterial infections.
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SUMMARY

This disclosure provides, at least in part, antibody molecules or antibody molecule-drug
conjugates (ADC) that bind to bacteria, e.g., Gram-negative bacteria, e.g., lipopolysaccharides (LF3)
on the outer membrane of Gram-negative bacteria, and that comprise fonctional and stractural
properties disclosed herein. In an embodiment, the antibody molecule or ADC binds to a core
pentasaccharide region of the LPS. In an embodiment, the antibody molecule or ADC binds to,
inhibits, and/or reduces the viability of, one or more bacteria, ¢.g., Gram-negative bacteria, of
different genera, species, and/or subspecies. In an embodiment, the antibody molecule is selected
from Table 1 or 8. In an embodinent, the ADC comprises an antibody molecule that is selected from
Table 1 or 8. In an embodiment, the antibody molecule or ADC comprises one or more heavy chain
variable regions and/or one or more light chain vaciable regions described in Table L or 8. Inan
embodiment, the antibody molecule or ADC comprises one or more heavy chain CDRs and/or one or
more Hght chain CDRs described in Table 1 or 8. In an embodiment, the ADC comprises an
antimicrobial peptide, e.g., an antimicrobial peptide described herein, e.g., in Tables 3 or 6A-68, or
in FIGS. 4 or 15A-15B. While not wishing to be bound by theory, it is believed that in an
embodiment, the conjugation of an antibody molecule with an antimicrobial peptide may iraprove one
or more properties of the antibody molecule and/or antimicrobial peptide, e.g., improve the ability of
an antimicrobial peptide to inhibit, or reduce the viability, of one or more hacteria, e.g., one or more
Gram-negative bacteria, of different genera, species, and/or subspecies. Nucleic acid molecules
encoding the antibody molecules, ADCs, or antimicrobial peptides, expression vectors, host cells,
compositions {e.g., pharmaceutical compositions), kits, and methods for making the antibody
molecules, ADCs, or antimicrobial peptides are also provided. The antibody molecules, ADCs, and
antimicrobial peptides disclosed herein can be used (alope or in combination with other agents or
therapeutic modalities) to treat, prevent and/or diagnose bacterial infections or related disorders, e.g.,

caused by or associated with Grarg-negative bacteria,

Accordingly, in certain aspects, this disclosure provides an antibody molecule-drug conjugate
(ADC), e.g., an ADC comprising an antibody molecule described herein and an antimicrobial peptide
(e.g., an antimicrobial peptide described herein), having one or more (e.g., 1,2, 3, 4,5, 6,7, 8, 9, 10,
TE, 12,13, 14, 15, 16, 17, 18, 19, 206, 21, 22, 23, 24, 23, 26, 27, or all) of the following properties:

3) Bindstooneormore{e.g., 2,3, 4.5, 6,7, 8,9, 10, or more) Gram-negative bacteria of
different geners, species, and/or subspecies {e.g., one or more bacteria from
Enterchacteriaceae (e.g., Kiebsiella, Enterobacter, Shigella, Escherichia, Salmonella, or
Citrobacter, e.g., pan-resistant Enterobacteriaceae), ong or more bacteria from
Fseudomonas, one or more hacteria from Acinetobacter, or any combination thereof) with
high affinity, e.g., with a dissociation constant (Kp) of less than about 100 nM, typically

about 10 nM, and more typically, about 1(-0.01 nM, about 3-0.01 nM, about 3-0.05 nM,

3%
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about 1-(1.1 nM, or stronger, ¢.g., less than about 80, 70, 60, 50, 40, 30, 20, 16, §, 6, 4, 3,
2,1,0.5,02,01,003 or 001 oM,

b} Binds to lipopolysaccharide (LPS) with high affinity, e g., with a dissociation constant
{Kp) of less than about 100 nM, typically about 10 oM, and more typically, about 16-0.01
nM, about 3-0.01 nM, about 3-0.03 oM, about 1-0.1 nM, or stronger, e.g., less than about
80,70, 60, 50, 40, 30, 20,10, 8,6, 4,3, 2, 1, 0.3, 0.2, 8.1, 0.05, or 0.01 oM,

[#2]

¢} Inhibits one or more {e.g., 2,3, 4,5, 6,7, 8, 9, 10, or more) Gram-negative bacteria of
different genera, species, and/or subspecies {(e.g., one or more Gram-negative bacteria
described herein), e.g., as determined by measuring the miniroum inhibitory conceatration

10 (MIC) of the ADC, e.g., by a method described herein,

dy TInhibits one or more {e.g., 2,3, 4,5, 6,7, 8, 9, 10, or more) Gram-negative bacteria of
different genera, species, and/or subspecies {e.g., one or more Gram-negative bacteria
described herein) with a lower MIC compared to the antimicrobial peptide alone, e.g., at
least 2,3, 4,5, 6,7, 8,9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 500, 1,000-fold

15 fowered MIC, e.g., on a molar basis, e g.. as measured by a method described herein,

e) Reduces the viability of one or more {e.g., 2, 3,4, 5, 6,7, 8,9, 10, or more) Gram-
negative bacteria of different genera, species, and/or subspecies (e.g., one or more Gram-
negative bacteria described herein), e.g., as determined by measvring the minimom
bactericidal concentration (MBC), e.z., by a method described herein,

20 fy Reduces the viability of one or more (e.g., 2,3, 4,5, 6,7, 8, 9, 10, or more) Gram-
negative bacteria of different genera, species, and/or subspecies (e.g., one or more Gram-
negative bacteria described herein) with a lower MBC compared to the antimicrobial
peptide alone, e.g., atleast 2, 3,4, 5, 6,7, 8,9, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200,
500, 1,000-fold lowered MBC, e.g., ou a molar basis, e.g., as measured by a method

25 described herein,

gy Displays an opsonophagocytic activity (OPA), e.g., determined by an OPA assay, e.g., as
described herein,

b} Binds specifically to an epitope on LPS, e.g., the same or similar epitope as the epitope
recogrized by an antibody molecole described in Table 1 or 8, e.g., mAbOO] (e.g., &

30 humanized mAbOOL), ADGI-25, hWNOGL, hWNvi, 3E7, 3Gl, 2C7, or 3D6,

1) Shows the same or similar binding affinity or specificity, or both, as an antibody molecule
described in Table 1 or 8, e.z., mABOU (e.g., a humanized mADOGT), ADGI-25, KWWNGH,
BWNv1, 3E7, 3G1, 2C7, or 3D6,

1} Shows the same or similar binding affinity or specificity, or both, as an ADC comprising

35 an antibody molecule described in Table 1 or §, 2. g, mAbU0] (e.g., a huwpanized

mAbO0T), AGGE-25, hWNO1, hWNvl, 3E7, 3G1, 2C7, or 3D6,
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k)

I

m)

1y

t)

Shows the same or similar binding affinity or specificity, or both, as an antibody molecude
coraprising a heavy chain varabie region and/or Hight chain vagable region described i
Table 1 or & e.g.. a heavy chain variable region and/or light chain variable region of
mAbBUG {e.g., a hurnanized mADBGOT), AGCE-25, hWNGE, hWNvi, 3E7, 3GH, 2C7, or
3De,

Shows the same or similar binding affinity or specificity, or both, as an ADC comprising
a heavy chain variable region and/or light chain variable region described in Table 1 or §,
e.g., a heavy chain variable region and/or flight chain variable region of mAbGO1 (e.g., a
humanized mAbOOL), ADGI-25, hWNOGL, hWNvi, 3E7, 3Gl, 2C7, or 3D6,

Shows the same or similar binding affinity or specificity, or both, as an antibody molecule
comprising oge of raore {e.g., two or three) heavy chain CDRs and/or one or more {e.g.,
two or three) light chain CDRs described in Table 1 or 8, e.¢., one or more {e.g., two or
three) heavy chain CDRs and/or one or more (two or three) light chain CDRs of mAbG0O1
{e.g., a humanized mAb001 ), AG01-25, hWNO1, hWNvI, 3E7, 3G1, 2C7, or 3D6,

Shows the same or similar binding affinity or specificity, or both, as an ADC comprising
one or more {e.g., two or three) heavy chain CDRs and/or one or more {e.g., two or three)
light chain CDRs described in Table 1 or 8, e.g., one or more {e.g., two or three) heavy
chain CDRs and/or one or more (two or three) light chain CDRs of mAb001 (e.g., a
humanized mAbOOL), ADOL-25, hWNOT, hWhNv1, 3E7, 3G1, 2C7, or 3006,

Shows the same or similar hinding affinity or specificity, or both, as an antibody molecule
comprising an amino acid sequence shown in Table 1 or §,

Shows the same or similar binding affinity or specificity, or both, as an ADC comprising
an amino acid sequeace shown in Table § or §,

Inhibits, e.g., competitively inhibits, the binding of a second antibody molecule to a
Grame-negative bacterium, LPS, or both, wherein the second antibody molecule (s an
antibody molecule chosen from Table 1 or &, e.g., mADbO0! (e.g., a humanized mAbU0OT ),
AQOL-25, hWNGL, kWNvE, 3E7, 3GH, 2C7, or 3D6,

Inhibits, e.g., competitively inhibits, the binding of a second ADC comprising a second
antibody molecole to a Gram-negative bacterium, LPS, or both, wherein the second
aniibody molecule is an antibody molecule chosen from Table 1 or 8, e.g., mABOOT (e g,
a humanized mAbOO1), AGOT-25, hWNOI, hWNvl, 3E7, 3G1, 2C7, or 3D6,

Binds the same or an oveclapping epitope as a second antibody molecule, wherein the
second antibody molecule is an antibody molecule chosen from Table L or 8, e.g.,
mAbJ0G! (e.g., a humanized eAbOOL), AGDE-25, hWNOT, hWNvi, 3E7, 3G, 2C7, or
3006,

Binds the same or an overlapping epitope with a second ADC comprising a second

anttbody molecule, wherein the second antibody molecule is an antihody molecule chosen
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u)

W)

et
N

2)

from Table 1 or 8, e.g., mAbOO! (e.g., a humanized mAbBOG1), AQGL-25, hWNOT,
WWNvE, 3E7, 3G1, 207, or 3D6,

Competes for binding with a second antibody molecule to a Gram-negative bacterium,
LPS, or hoth, wherein the second antibody mwolecule is an antibody molecule chosen from
Table 1 or 8, e.g., mAbOJ] {e.g.. a humanized mAbQGL), AGGL-25, hWNOT, hWNvl,
3E7, 3G, 2C7, or 306,

Competes for binding with a second ADC comprising a second ADC to a Gram-negative
bacterium, LPS, or both, wherein the second antibody molecule is an antibody molecule
chosen from Table 1 or 8, e.g., mAbOOL (e.g., a humanized mAbGG1L), ADGT-25, hWNGH,
hWNvi, 387, 3G1, 2C7, or 3D6,

Has one of more biological properties of an antibody molecule chosen from Table { or 8,
e.g., mAbO0I {e.g.. a humanized mADbOOT), AGOT-25, hWHNOT, hWNv, 3E7, 3G1, 2C7,
or 3036,

Has one or more biological properties of an ADC comprising an antibody mwolecule
chosen from Table 1 or 8, e.g, mAbO01 {e.g., a humanized mAbBOOL), AGGT-25, hWNGT,
BWNvi, 3E7, 3G1, 2C7, or 3D6,

Has one or more pharmacokinetic properties of ADC comprising an antibody molecule
chosen from Table 1 or 8, e.g., mAB001 {e.g.. a humanized mAbOO1), AGOL-25, hWNGT,
BWNv1, 3E7, 3G1, 2C7, or 3D6,

Reduces the viability of Gram-negative bacteria from a first genus, species, or subspecies
(e.g., Pseudomonas) with high selectivity, compared to the reduciion of viability of Gram-
negative bacteria from a second genus, species, or subspecies {e.g., £. coli, Kilebsiella
spp., or both), e.g., at least at least 2, 5, 1, 20, 50, 100, 200, 500, or 1000 fold more in %
killing

&

e.g., as determined by a mixed microbial killing assay described herein,

3 Binds to one or more P. geruginosa strains {e.g., one or more P. geruginosa strains

described in Table 7) with high affinity, e.g., with an avidity ECs, of about 200 pM or
less, e.g., less than about 150 pM or less, about 120 pM or less, about 100 pM or less,
about 80 pM or less, about 60 pM or less, or about 40 pM or less, e.g., between about 40
pM aund about 120 pM, between about 50 pM and 110 pM, between about 60 pM and 100
oM, between about 40 pM 30d 80 pM, or between 80 pM a30d 120 pM, or

bb) Inhibits one or more {e.g., 2,3, 4, 5, 6,7, 8, 9, 10, or more) Gram-negative bacteria of

different genera, species, and/or subspecies (e.g., one or more Gram-negative bactecia
described herein, e.g., P. aeruginosa) in vive, e.g., at least 2, 5, 10, 20, 50, 100, 200, 500,
1000, or more fold reduction in bacterial burden, ¢.g., as determined using an aniral

&

model, e.g., a murine acute pueumonia model described herein.
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Accordingly, in certain aspects, this disclosure provides an antibody molecule, ez, an

antibody molecule described herein, having one or more {e.g., 1,2,3,4,5,6,7, 8,9, 10, 11, 12, 13,

14, 15, or all) of the following properties:

a)

7

e

Y

Binds to one or more (e.g., 2,3, 4, 5, 6,7, 8, 9, 10, or more) Gram-negative bacteria of
different genera, species, and/or subspecies {e.g., one or more bacteria from
Enterobacterinceae {(e.g., Klehsiellu, Enterobacter, Shigella, Escherichia, Salmonella, or
Citrobacter, e.g., pan-resistant Emrerobacteriaceae), one or more bacteria from
Pseudomonas, ong or more bacteria from Acinetebacter, or any combination thereof) with
high affinity, e.g., with a dissociation coastant (Kp) of less than about 100 oM, typically
about 10 nM, and more typically, about 10-0.01 nM, about 5-0.01 nM, about 3-0.03 nM,
about 1-0.1 nM, or stronger, e.g., less than about 80, 70, 60, 50, 40, 30, 20, 10, 3, 6, 4, 3,
2,1,05,02,0.1,0.05, or 0.01 oM,

Binds to lipopolysaccharide (EPS) with hugh affinity, e g., with a dissociation constant
(Kp) of less than about 100 nM, typically about 10 oM, and more typically, about 10-0.01
nM, about 5-0.01 nM, about 3-0.05 nM, about 1-0.1 nM, or stronger, ¢.¢., less than about
80,70, 60, 56, 40, 30,20, 10,8, 6,4, 3,2, 1,0.5, 0.2, 0.1, 0.05, or 0.01 oM,

Displays an opsonophagocytosis activity (OPA), e.g., determined by an OPA assay, e.g.,
as described herein,

Binds specifically to an epitope on LPS, e.g., the same or sirailar epitope as the epitope
recognized by an antibody molecule described in Table 1 or 8, e.g., mAbOU (e.g., 2
humanized mAbO01), AQOL-25, hWNO1L, hWiv1, 3E7, 3G1, 2C7, or 3D6,

Shows the same or similar binding affinity or specificity, or both, as an antibody molecule
described in Table 1 or §, e.g., mABOG! (e.g., a humanized mAbBOGT), AOGL-25, hWNOT,
hWNv1, 3E7, 3G1, 2C7, or 3D6,

Shows the same or similar binding affinity or specificity, or both, as an ADC comprising
an antibody molecule described in Table 1 or 8, e.g., mADBOG1 (e g, a humanized
mAbGGE), ADGE-25, hWNGL, hWNvl, 3E7, 3G1, 2C7, or 3D6,

Shows the same or similar binding affinity or specificity, or both, as an antibody molecule
comprising a heavy chain variable region and/or light chain variable region described in
Table 1 or 8, ¢.2., a heavy chain variable region andfor light chain variable region of
mAbOUT (e.g., a humanized mAbG01), AGO1-25, hWNO1T, hWNvl, 3E7, 3G1, 2C7, or
3D0,

Shows the same or similar binding affinity or apecificity, or both, as an antibody molecule
comprising one or more {(e.g., two or three) heavy chain CDRs and/or one or more {e.g.,
two ot three) light chain CDRs described in Table 1 or 8, e.g., one or more {e.g., two or
three) heavy chain CDRs and/or one or more {¢wo or three) light chain CDRs of mAbGO1

(e.g., a humanized mAbGO1), ADGI-25, hWNGL, hWNvi, 3E7, 3G1, 2C7, or 3D6,
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1} Shows the same or similar binding affinity or specificity, or both, as an antibody molecule
coraprising an amino acid sequence shown in Table 1 or §,

1} Inhibits, e.g., competitively inhibits, the binding of a second antibody molecule to a
Granvnegative bacterium, LPS, or both, wherein the second antibody molecule is an
antibody molecule chosen from Table 1 or &, e.g., mAbOO1(e.g., a humanized mAbOO1),
AQ01-25, hWNOIL, hWNv1, 3E7, 3Gl, 2C7, or 3D6,

k} Binds the same or an overlapping epitope as a second antibody molecule, wherein the
second antibody molecule is an antibody molecule chosen from Table 1 or 8, e.g.,
mAbJGI (e.g., a humanized mADbGGL), AGOT-25, hWNGE, hWNvi, 3E7, 3G, 2C7, or
36,

I} Competes for binding with a second antibody molecule {0 a Gram-negative bacterium,
L.PS, or both, wherein the second antibody molecule is an antibody molecule chosen from
Table 1 or §, e. g, mAbOO (e.g., a humanized mAbJOL), A00L-23, hWNGT, hWNvl,
3E7,3G1, 2C7, or 3D6,

m)

N

Has one or more biological properties of an antibody molecule chosen from Table 1 or &,
e.g., mABOGE {e g, a humanized mADbDGT ), AGOL-25, hWHNGE, BWNvE, 3E7, 3G, 207,
or 306,

n) Has one or more biological properties of an antibody molecule chosen from Table 1 or 8,
e.g., mAbO0I {e.g.. a humanized mADbOOT), AGOT-25, hWHNOT, hWNv, 3E7, 3G1, 2C7,
or 3036,

o} Has one or more pharmacokineiic properties of an aniibody molecule chosen from Table
1or& eg, mADbOOT (e.g., a humanized mADbJOL ), A001-25, hWNOT, hWNvl, 3E7, 3G1,
2C7, or 3DO, or

p) Binds to one or more F. aeruginosa strains (e.g., one or more P. geruginosa strains

described 1n Table 7) with high affinity, e.g., with an avidity ECs, of about 200 pM or

iess, e.g., less than about 150 pM or less, about 120 pM or less, about 100 pM or less,

about 30 pM or less, about 60 pM or less, or about 40 pM or less, e.g., between about 40

pM and about 120 pM, between about 50 pM and 110 pM, between about 60 pM and 100

pM, between about 40 pM and 80 pM, or between 50 pM and 120 pM.

In an aspect, the disclosure features an antibody molecule-drug conjugate (ADC) comprising
a) an antibody raolecule that binds to fipopolysaccharide (1.P3) and b) an antimicrobial peptide.

In an embodiment, the ADC or antibody molecule binds to a core pentasaccharide region of
the LPS. In an embodiment, the core pentasaccharide region comprises one or more {e.g., two) Kdo
residucs and one or more (e.g., two or three) Hep residues. In an embodiment, the ADC or antibody
molecule hinds to one or more {e.g., two) Kdo residues, or one or more {e.g., two or three} Hep

residues, or any combination thereof.
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It an embodiment, the ADC or antibody mnlecule comprises a heavy chain variable region
{VH), wherein the heavy chain variable region comprises three heavy chain complementarity
determining regions (HCDR1, HCDR2, and HCDR3), wherein the heavy chain variable region
coraprises one, two, or all of the following: an HCDRI coraprising an amino acid sequence that
differs by no more than 1, 2, or 3 amino acid residues from, or has at least 85, 90, 93, 89 or 100%
homology with, the amnino acid sequence of the HCDRY of antibody mAbGOG! or hurnanized mAbOG
{e.g., SEQ 1D NO: 108); an HCDRZ comprising an amino acid sequence that differs by no more than
1, 2, or 3 amino acid residues from, or has at feast 853, 84, 95, 99 or 100% homology with, the amino
acid sequence of the HCDR2 of antibody mAbO( or burnanized mAbBG (e.g., any of SEQ [D NGS:
109, 143, or 146); or an HCDR3 comprising an amino acid sequence that differs by no more than 1, 2,
or 3 amine acid residues from, or has at least 85, 90, 95, 99 or 100% homalogy with, the amino acid
sequence of the HCDR3 of antibody mAbO0OT or humanized mAbO0T (e.g., SEQ 1D NO: 107).

In an embodiment, the heavy chain variable region comprises one, two, or all of the
following: an HCDR1 comprising the amino acid sequence of the HCDRI of antibody mAbOO1 or
humanized mAbOGT (e.g., SEQ ID NOG: 108); an HCDRZ2 comprising the amino acid sequence of the
HCDR?2 of antibody mAbI(G1 or humanized mAbIOI {e.g., any of SEQ ID NOS: 109, 145, or 146); or
an HCDR3 comprising the amino acid sequence of the HCDR3 of antibody mAbG01 or humanized
mAbOO1 {e g, SEQ ID NO: 107},

In an embodiment, the heavy chain variable region comprises an HCDR1 comprising the
aming acid sequence of the HCDR1 of antibody mABOOT or humanized mAbO0E (e.g., SEQ D NO:
108); an HCDRZ comprising the amino acid sequence of the HCDRZ of antibody mAbOOT or
humanized mAbOGT (e.g., any of SEQ ID NOS: 109, 145, or 146); and an HCDR3 comprising the
amino acid sequence of the HCDR3 of antibody mABIGT or humanized mAbO0T (e.g., SEQ 1D NG:
107).

In an embodiment, the ADC or antibody molecule comprises a light chain varable region
(VL), wherein the light chain variable region comprises three light chain complementarity
determining regions (LCDRI, LCDR2, and LCDR3), wherein the light chain variable region
comprises one, two, or all of the following: an LCDR1 comprising an amino acid sequence that
differs by no more than 1, 2, or 3 amino acid residues from, or has at least 85, 90, 95, 99 or 100%
homology with, the anino acid sequence of the LCDRI of astibody v ABGGT or humanized o ABGGH
(e.g., any of SEQ ID NOS: 110, 138, 140, or 144); an LCDR2 comprising an amino acid sequence
that differs by no more than 1, 2, or 3 amino acid residues from, or has at least &5, 90, 95, 99 or 100%
homology with, the amino acid sequence of the LCDR2 of antibody mAbGGT or humanized mAbGG]
{e.g.,any of SEQ ID NOS: 111, 139, 141, 142, or 143); or an LCDR3 comprising an amino acid
sequence that differs by no more than 1, 2, or 3 amino acid residues from, or has at least 83, 90, 95, 99
or 100% homology with, the amino acid sequence of the LCDR3 of antibody mAbOO1 or humanized

mAbI01 {e. g, SEQ D NO: 112).
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It an embodiment, the light chain variable region comprises one, two, or all of the following:
an LCDR1 comprising the amino acid sequence of the LCDRI of antibody mAbO01 or humanized
mAbBOO1 (e.g., any of SEQ ID NOS: 110, 138, 140, or 144); an LCDR2 comprising the amino acid
sequence of the LCDR2 of antibody mAbGG! or humanized mAbOG! (2. 2., any of SEQ ID NOS: 111,
139, 141, 142, or 143); or an LCDR3 comprising the amino acid sequence of the LCDR3 of antibody
mAbJ01 or humanized mAbI0T (e.g., SEQ D NG: 112).

In an embodiment, the light chain variable region comprises an LCDR1 comprising the amino
acid sequence of the LCDR1 of antibody mAbBOO1 or humanized mAbOO] (e.g., any of SEQ [D NOS:
116G, 138, 140, or 144); an LCDR2 comprising the amino acid sequence of the LCDR2 of antibody
mABJ0 or humanized mAbOOY (e.g., any of SEQ ID NOS: 111, 139, 141, 142, or 143); and an
LCDR3 comprising the amino acid sequence of the LCDR3 of antibody mAbGG! or humanized
mAbOGT (e.g., SEQ ID NO: 112}

In an embodiment, the ADC or antibody molecule comiprises a heavy chain variable region
(VH) and a light chain variable region (VL), wherein the heavy chain variable region comprises three
heavy chain complementarity determining regions {HCDR1, HCDR2, and HCDR3), and the light
chain variable region comprises three light chain complementarity determining regions (LLCDRI,
LCDR2, and LCDR3),

wherein the heavy chain variable region comprises one, two, or all of the following: an
HCDR]1 comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid
residoes from, or has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the
HCDR1 of antibody mAbBOO1 or humanized mAbQO1 (e.g., SEQ ID NO: 108); an HCDR2 comprising
an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or has at
feast 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the HCDR2 of antibody
mAbJ0T or humanized mAbOOT (e.g., any of SEQ ID NOS: 109, 145, or 146); or an HCDR3
comaprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues frony,
or has at least 85, 90, 95, 99 or 100% honwlogy with, the amino acid sequence of the HCDR3 of
antibody mAbOO1 or humanized mAbBOU (e.g., SEQ [D NG: 107), and

wherein the ight chain vaable region comprises one, two, or all of the following: an LCDR1
comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from,
or has at least 83, 90, 93, 99 or 100% homology with, the amino acid sequeace of the LCDRI of
antibody mAbOO1 or humanized mAbBOU] (e.g., any of SEQ ID NOS: 110, 138, 140, or 144); an
LCDR2 comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid
residues from, or has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the
LCDR2 of antibody mAbQO! or humanized mAbQOL {e.g., SEQ ID NO: 111, 139, 141, 142, or 143);
or an LCDR3 comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid
residues from, or has at least 85, 90, 95, 99 or 100% homwology with, the amino acid sequence of the

LLDR3 of antibody mAbOG! or humanized mAbOG (e.g., SEQ 1D NG 112).
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It an embodiment, the heavy chain variable region comprises one, two, or all of the
following: an HCDR1 comprising the amino acid sequence of the HCDRI of antibody mAbGG or
humanized mAbO0T (e.g., SEQ D NG: 108); an HCDR2 comprising the amino acid sequence of the
HCDR?2 of antibody reAbO0T or humanized reAbO0! {e.g., any of SEQ ID NOS: 109, 143, or 146); or
an HCDR3 comprising the aming acid sequence of the HCDR3 of antibody mAbJ0! or humanized
mAbO0T {e.g., SEQ [D NO: 107), and the light chain variable region comprises one, two, or all of the
following: an LCDRI comprising the amino acid sequence of the LCDR1 of antibody mAbOOT or
humanized mAbOGT (e.g., any of SEQ ID NOS: 110, 138, 140, or 144); an LCDR2 comprising the
amino acid sequence of the LCDR2 of antibody mAbJ0GT or humanized mADbJOL (e.g., any of SEQ 1D
NGS: 111, 139, 141, 142, or 143); or an LCDR3 comprising the amino acid sequence of the LCDR3
of antibody reABO0T or humanized reAbO0T (e g, SEQID NG 112}

In an embodiment, the heavy chain variable region comprises an HCDR1 comprising the
aming acid sequence of the HCDR1 of antibody mABOOT or humanized mAbO0E (e.g., SEQ D NO:
108); an HCDRZ comprising the amino acid sequence of the HCDRZ of antibody mAbOOT or
humanized mAbOGT (e.g., any of SEQ ID NOS: 109, 145, or 146); and an HCDR3 comprising the
amino acid sequence of the HCDR3 of antibody mABIGT or humanized mAbO0T (e.g., SEQ 1D NG:
107), and the light chain variable region comprises an LCDR1 comprising the amino acid sequence of
the LCDR1 of antibody mAb(01 or humanized mAbOU1 (e.g., any of SEQ ID NOS: 110, 138, 140, or
144); an LCDR?2 comprising the amino acid sequence of the LCDR?2 of antibody mAbOGT or
humanized mAbO0I (e.g., any of SEQ ID NOS: 111, 139, 141, 142, or 143); and an LCDR3
comprising the amino acid sequence of the LCDR3 of antibody mAbOGT or humanized mAbO01 (e g,

SEQID NG: 112).

In an embodiment, the ADC or aniibody molecule comprises a heavy chain variable region
(VH), wherein the heavy chain variable region comprises three heavy chain complementarity
determining regions (HCDR1, HCDRZ, and HCDR3), wherein the heavy chain variable region
comprises one, two, or all of the following: an HCDR1 comprising an amino acid sequence that
differs by no more than 1, 2, or 3 amino acid residues from, or has at least §53, 90, 93, 99 or 100%
homology with, the amino acid sequence of the HCDRI of antibody mAbOGT or humanized mAbOGT
{z.z., SEQ ID NO: 105); an HCDRZ cormprising an amino acid sequence that differs by no more thag
1, 2, or 3 amino acid residaes from, or has at feast 83, 90, 93, 99 or 100% homology with, the amino
acid sequence of the HCDR?Z of antibody mAbGG] or humanized o AbGG (e.g., SEQ ID NO: 106); or
an HCDR3 comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid
residoes from, or has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the
HCDR3 of antibody mAbOGT or humanized mAbOGT (e g, SEQ ID NG: 107).

In an embodiment, the heavy chain variable region comprises one, two, or alf of the

following: an HCDR1 comprising the amino acid sequence of the HCDRI of antibody mABOGGT or
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humanized mAbQ0E {e.g., SEQ ID NG: 105); an HCDR2 comprising the amino acid sequence of the
HCDR2 of antibody mADBDOT or humanized mADBDOI (e.g., SEQ ID NG: 186); or an HCDR3
comprising the amino acid sequence of the HCDR3 of antibody mAbJG! or humanized mAbU0I {e.g.,
SEQID NG: 167

In an embodiment, the heavy chain variable region comprises an HCDR1 comprising the
aming acid sequence of the HCDR1 of antibody mABOOT or humanized mAbO0E (e.g., SEQ D NO:
105); an HCDRZ comprising the amino acid sequence of the HCIDRZ of antibody mAbOOT or
humanized mAbGUT (e.g., SEQ ID NO: 106); and an HCDR3 comprising the amino acid sequence of
the HCDR3 of antibody mAbIG] or humanized mAbOGE {e.g., SEQ ID NG: 107).

In an embodiment, the ADC or antibody molecule comiprises a light chain variable region
(VL), wherein the light chain variable region comaprises three light chain complementarity
determining regions (LCDRI, LCDR2, and LLCDR3), wherein the light chain variable region
comprises one, two, or all of the following: an LCDRY comprising an amino acid sequence that
differs by no more than 1, 2, or 3 amino acid residues from, or has at least §53, 90, 93, 99 or 100%
homology with, the amino acid sequence of the LCDRI of antibody mAbOOT or humanized mAbOO1
{e.g., any of SEQ ID NOS: 110, 138, 140, or 144); an LCDRZ comprising an amino acid sequence
that differs by no more than 1, 2, or 3 amino acid residues from, or has at least 85, 90, 95, 99 or 100%
homology with, the amino acid sequence of the LCDR?2 of antibody mAbOU! or humnanized mAbOG
{e.g., any of SEQ ID NOS: 111, 139, 141, 142, or 143); or an LCDR3 comprising an amino acid
sequence that differs by no more than 1, 2, or 3 amino acid residues from, or has at least 85, 90, 95, 99
or 100% homology with, the amino acid sequence of the LCDR3 of antibody miAb0(1 or humanized
mAbOOI {e.g., SEQ ID NOG: 112

In an embodiment, the light chain variable region cormaprises one, two, or all of the following:
an LCDR1 comprising the amino acid sequence of the LCDR1 of antibody mAbO01 or humanized
mAbJGI (e.g., any of SEQ 1D NOS: 110, 138, 140, or 144); an LCDR2 comprising the amino acid
sequence of the LCDR2 of antibody mAbOO1 or humanized mAbO01 {e.g., any of SEQ ID NOS: 111,
139, 141, 142, or 143}; or an LCDR3 comprising the amino acid sequence of the LCDR3 of antibody
mAbJOT or humanized mAbOOT (e.g., SEQ ID NO: 112).

Int an embodiment, the light chain variable region comprises an LCDR1 comprising the amino
acid sequence of the LCDRI of antibody mABOG] or humanized mAbGG] {e.g., any of SEQ ID NOS:
110, 138, 140, or 144); an LCDR2 comprising the amino acid sequence of the LCDR1 of antibody
mAbJGE or humanized mAbJ0!T (e.g., any of SEQ ID NOS: 111, 139, 141, 142, or 143); and an
LLCDR3 comprising the amino acid sequence of the LCDRI of antibody mAbO01 or humanized
mAbO0T {e.g., SEQ D NO: 112).

In an embodiment, the ADC or aniibody molecule comprises a heavy chain variable region
{(VH) and a light chain variable region {(VL), wherein the heavy chain variable region comprises three

heavy chain complementarity determining regions (HCDR1, HCDRZ, and HCDR3), and the light
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chain variable region comprises three light chain complementarity determining regions (LCDRI,
LLCDR2, and LCDR3),

wherein the heavy chain variable region comprises one, two, or all of the following: an
HCDRI corpprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid
residues from, or has at least 85, 90, 95, 99 or 100% homwology with, the amino acid sequence of the
HCDR1 of antibody mAbBOOT or humanized mAbOOT (e.g., SEQ ID NO: 185); an HCDR2 comprising
an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or has at
least 83, 90, 953, 99 or 100% homology with, the amino acid sequence of the HCDR2 of antibody
mADBIGT or hurnanized mADBNG (e g, SEQ ID NG: 106); or ann HCDR3 comprising an amino acid
sequence that differs by no more than 1, 2, or 3 amino acid residues from, or has at least 83, 90, 95, 89
or 100% homology with, the amino acid sequence of the HCDR3 of antibody mAbOG! or humanized
mAbOGT (e.g., SEQ ID NO: 107}, and

wherein the light chain variable region comprises one, two, or all of the following: an LCDRI
comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues frony,
or has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the LCDRI of
antibody mAbGO1 or humanized mADBGOL (e.g., any of SEQ ID NOS: 110, 138, 140, or 144); an
LCDR?2 comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid
residues from, or has at least 85, 90, 95, 99 or 100" homwology with, the amino acid sequence of the
LCDR?2 of antibody mAbO01 or humanized mAbOO1 (e.g., any of SEQ TD NOS: 111, 139, 141, 142,
or 143); or an LCDR3 comprising an amino acid sequence that differs by no more than 1, 2, 0r 3
amino acid residues from, or has at least 85, 90, 95, 99 or 100% homology with, the amino acid
sequence of the LCDR3 of antibody mAb0OG1 or humanized mAbOG1 (e.g., SEQ 1D NO: 112).

In an embodiment, the heavy chain variable region comprises one, two, or all of the
following: an HCDR1 comprising the amino acid sequence of the HCDRI of antibody mAbOO1 or
humanized mAbGGE {e.g., SEQ ID NOG: 135); an HCDR2 comprising the amino acid sequence of the
HCDRZ of antibody mAbOO1 or humanized mAbUOOT (e.g., SEQ D NO: 106); or an HCDR3
comprising the amino acid sequence of the HCDR3 of antibody mAbGO0! or humanized mAbG01 {(e.g.,
SEQID NO: 107), and

the light chain variable region comprises one, two, or all of the following: an LLDRY
comprising the amino acid sequence of the LCDRI of antibody mAbBUG]T or humanized mAbU0] {(e.g.,
any of SEQ 1D NOS: 110, 138, 140, or 144); an LCDR2 comprising the amino acid sequence of the
LCDR2 of antibody mAbBOGI or humanized mAbJ0I (e.g., any of SEQ ID NOS: 111, 139, 141, 142,
or 143); or an LCDR3 comprising the amino acid sequence of the LCDR3 of antibody mAbG0O1 or
humanized mAbO0T {e.g., SEQ ID NG: 112).

In an embodiment, the heavy chain variable region conmprises an HCDR1 comprising the
amino acid sequence of the HCDR1 of antibody mAbUO1 or humanized mAbOOL (e.g., SEQ ID NO:

105); an HCDRZ comprising the amino acid sequence of the HCDRZ of antibody mAbGGE or
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humanized mAbGOE {e.g., SEQ ID NG: 106); and an HCDR3 comprising the amino acid sequence of
the HODR3 of antibody mABOGT or humanized mAbBOG] (e g, SEQ D NG: 107), and the hght chain
variable region comprises an LCDR1 comprising the amino acid sequence of the LCDR1 of antibody
mAbJGL or humanized aAbJ0E (e.g., any of SEQ 1D NOS: 110, 138, 140, or 144); an LCDR2
comprising the amino acid sequence of the LCDR2 of antibody mAbO01 or humanized mAbU01 (e.g.,
any of SEQ 1D NOS: 111, 139, 141, 142, or 143}; and an LCDR3 comprising the amino acid
sequence of the LCDR3 of antibody mAbO01 or humanized mAbOGT (e.g., SEQ 1D NO: 112).

In an embodiment, the ADC or antibody molecule further comprises one or more human or
human derived heavy or light chain variable region frammeworks.

In an embodiment, the ADC or antibody molecule comiprises a heavy chain variable region
(VH), wherein the heavy chain variable region comprises an amino acid sequence that differs by no
morethan 1,2,3,4,5,6,7,8, 9,10, 11, 12, 13, 14, or 13 amino acid residues from, or has at least 85,
90, 95, 96, 97, 98, 99, or 13{0% homology with, the amino acid sequence of the VH of antibody
mADbOOT or humanized mAbOGT (e g., any of SEQ ID NOS: 103 or 115-118). In an embodiment, the
heavy chain variable region comprises the amino acid sequence of the VH of antibody mAbOG1 or
humanized mABUGE {e.g., any of SEQ D NGs: 183 or 115-118).

In an embodiment, the ADC or antibody molecule comiprises a light chain variable region
(VL), wherein the light chain variable region comprises an amino acid sequence that differs by no
morethan 1,2,3,4,5,6,7,8, 9,10, 11, 12, 13, 14, or 13 amino acid residues from, or has at least 85,
90, 95, 96, 97, 98, 99, or 1007 homology with, the amino acid sequence of the VL of antibody
mADbOOT or humanized mAbOGT (e g., any of SEQ ID NOS: 104 or 119-137). In an embodiment, the
light chain variable region comprises the amino acid sequence of the VL of antibody mAbGO1 or
humanized mABUGE {e.g., any of SEQ D NG5S 184 or 119-137).

In an embodiment, the ADC or aniibody molecule comprises a heavy chain variable region
(VH) and a light chain variable region {VL), wherein the heavy chain variable region comprises an
amino acid sequence that differs by no more than 1,2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, o1 15
aming acid residues from, or has at least 85, 90, 95, 96, 97, 98, 99, or 100% homology with, the
amino acid sequence of the VH of antibody mAbO01 or humanized mAbO0T (e.g., any of SEQ ID
NOS: 103 or 115-118), and wherein the light chain variable region comprises an amino acid sequence
that differs by nomore than 1, 2, 3,4, 5,6, 7,8, 9, 14, 11, 12, 13, 14, or 15 amino acid residues from,
or has at least 85, 90, 95, 96, 97, 85, 99, or 100% homology with, the amino acid sequence of the VL
of antibody reAbO0T or humanized reAbO0! {e.g., any of SEQ ID NOS: 104 or 119-137),

In an embodiment, the heavy chain variable region comprises the amino acid sequence of the
VH of antibody mAbOQ! or humanized mAbBO0T (e.g., any of SEQ [D NOS: 103 or 115-118) and the
{ight chain variable region comprises the amino acid sequence of the VL of antibody mAbGO1 or

humanized mAbGUT (e.g., any of SEQ D NOS: 104 or 119-137).
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It an embodiment, the ADC or antibody mnlecule comprises or consists of two heavy chain
variable regions and two light chain variable regions. In an embodiment, the ADC or antibody
molecule comprises a Fab, a F(ab”)2, an Fv, or a single chain Fv fragment (scFv).

In an embodiment, the ADC or antibody molecule further comprises a heavy chain constant
region, a light chain constant region, or both. In an embodiment, the ADC or antibody molecule is an
[gG antibody molecule, e.g., 1gG1, 1gG2, 1gG3, or 1gG4 antibody molecule. In an embodiment, the
aniibody molecule is not an IgM antibody molecule. In an embodiment, the ADC or antibody
molecule comprises a lght chain constant region fron a kappa or lambda light chain.

In an embodiment, the antibody molecule is a monoclonal antibody molecule. In an
embodiment, the antibody molecude is a humanized antibody molecule. In an embodiment, the
antibody molecule is an isolated antibody molecule. In an embodiment, the antibody molecule is a
synthetic antibody molecule.

In an embodiment, the ADC or antibody molecule binds to one or more bacteria, e.g., one or
more Gram-negative bacteria, e.g., of different genera, specics, subspecies, and/or strains.

In an embodiment, the one or more Gram-negative bacteria are selected from a species of
Enterobacteriaceae (e.g., a species ia Klebsiella, Enterobacter, Shigella, Escherichia, Salmonelia,
Yersinia, or Citrobacter, e.g., pan-resistant Enterobacteriacede), a species of Pseudomonas, a species
of Acinetobacter, or any combination thereof.

In an embodiment, the ADC or antibody molecule binds to one or more of Kiebsielia
preumonia (e.g., Klebsiella pnewmoniae subsp. ozaenae, Klebsiella pneumoniae subsp. prewmoniae,
ot Klebsiella prneumoniae subsp. rhinoscleromatis), Enterobacter cancerogenous, Enterobacter
cloacae, Enterobacter hormaechel, Enterobacter asburiae, Shigella boydii, Shigella dvsenteriae,
Shigella flexneri, Shigella sonnei, Escherichic coli (e.g., Escherichia coli ATCC 11775, Escherichia

coli ATCC 23922, Escherichia coli ATCC 354014, or Escherichia coli ATCC 43895, Escherichia

Jfergusonii, Salmonella choleraesuis, Salmonella choleraesuis subsp. indica, Salmonella enreritidis,

Salmonella virchow, Salmonella paratyphi B, Salmonella typhimurium, Salmonella paratyphi A,
Salmonella typhi, Salmonella choleraesuis subsp. arizonae, Salmonella choleraesuis subsp.
diarizonae, Salmonella choleraesuis subsp. houtenae, Salmonella bongori, Citrobacter sediakii,
Citrobacter braakii, Citrobhacter werkmanti, Citrobacter freundis, Citrobacter youngae, Citrobacter
amalonaticus, Yersinia enterocolitica, Yersinia frederiksenii, Yersinia pestis, Yersinia
pseudotuberculosis, Pseudomonas aeruginosa, Acinetobacter baumuannii, or any combination thereof.
In an embodiment, the ADC or antibody molecule binds to Pseudomonas aernginosa.

In an embodiment, the one or more bacteria are one or more antibiotic-resistant bacteria, e.g.,
one or more multidrug-resistant Gram-negative bacteria.

In an embodiment, the one or more antibiotic-resistant bacteria are selected from
Pseudomonas (e.g.. P. aeruginosa), Enterobacteriaceae (e.g., Kiebsiella pneumonia or £. coli), or

Acinetobacter {e.g., A. baumnannii).

-
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It an embodiment, the ADC or antibody mnlecule binds to one or more of: Faterococcus
Juecium (e.g., vancormycin-resistant {(VRE) Enterococcus faecium), Staphylococcus aureus (e.g.,
methicillin-resistant (MRS A) Staphvilococcus aureus), Clostridium difficile, Acinetobacter baumannii
(e.g., multidrag resistant (MDR) Acinerobacier), Pseudomonas aeruginosa {e.g., roultidrug resistant
(MDR) P. aeruginosa, e.g., carbapenem-resistant P. aeruginosa), Entevobacteriacene {e.g., E. coli, K.
prewmoniae, or Enterobacter spp., e.g., cartbapenem-resistant Enterobacteriaceae (CRE)), N.
gonorrhoqeae (e.g., drug-resistant N. gonorrfioaeae), Salmonella {e.g., drug resistant Salmonella),
Shigella (e.g., drug-resistant Shigella), a bacterium producing an extended spectrum B-lactamase
(ESBL), ot Mycobacterium tuberculosis {(e.g., drag-resistant M. tuberculosis).

In an embodiment, the ADC or antibody molecule binds to one or more (2.g., 2, 3,4, 5, 6, 7,
8,9, 10, or all) P. aeruginosa sirains in Table 7. In another embodiment, the ADC or antibody
molecule binds to one or more {e.g., 2, 3, 4, 5, 6, or all) multidrag-resiatant F. aeruginosa strains in
Table 7.

In an embodiment, the ADC or antibody molecule binds to LPS with high affinity, e.g., with a
Kp that 1s less than abowt 10 nM, e.g., measured by an ELISA method.

In an embodiment, the ADC or antibody molecule binds to LPS with a K slower than | X 1
45X 107, or 1X 107 51 In an embodiment, the ADC or antibody molecule binds to LPS with a K,
faster than 1 X 10", 5% 10", 1 %10°, or 5% 10° M5

In an embodiment, the antibody molecule has opsonophagocytic aciivity, e.g., as determined
by an OPA assay, e.g., as described herein.

In an embodiment, the ADC or aniibody molecule binds to an epitope comprising one or
more {(e.g., two) Kdo residues and/or one or more (e.g.. two or three) Hep residues in LPS.

In an embodiment, a) the antibody molecule that binds to Bpopolysaccharide (LPS) is coupled
{(e.g., fused) io b} the antinvicrobial peptide.

In an embodiment, the antibody molecule comprises a heavy chain variable region (VH),
wherein the heavy chain variable region is coupled (e.g., fused) to the antimicrobial peptide. 1n an
embodiment, the heavy chain variable region is N-terminal (o the antimicrobial peptide. In another
embodiment, the heavy chain variable region 5 C-terminal to the antimicrobial peptide. Inan
embodiment, the VH is fused to the antimicrobial peptide to form a fusion polypeptide, e.g., encoded
by an open reading frame.

In an embodiment, the heavy chain variable region is coupled (e.g., fused) to the
antirpicrobial peptide indirectly, e.g., wherein the C-terminus of the heavy chain variable region is
coupled {e.g., fused) fo the N-terminus of the antimicrobial peptide via a constant region, a linker, or
both.

In an embodiment, the antibody molecule comprises a light chain variable region (VL),
wherein the hight chain variable region is coupled (e.g., fused) to the antimicrobial peptide. In an

embodiment, the light chain variable region is N-terminal to the antimicrobial peptide. In another
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embodiment, the heavy chain variable region is C-terminal to the antimicrobial peptide. In an
embodimernt, the VL is fused to the antiraicrobial peptide to form a fusion polypeptide, e.g., encoded
by an open reading frame.

In an embodiment, the light chain variable region is coupled {e.g., fused) to the antimicrobial
neptide indirectly, e.g., wherein the C-terminus of the light chain variable region is coupled (e. g,
fused) to the N-terrinus of the antimicrobial peptide via a constant region, a Hnker, or both.

In an embodiment, the antibody molecule comprises a sortase acceptor sequence comprising a
sortase recognition sequence. For example, the sortase recognition sequence can have the amino acid
sequence of LPXTG (e.g., for Staphviccoccus aureus sortase Ay (SEQ ID NG: 160} or LPXTA (e.g.,
for Streptococcus pyogenes sortase A) (SEQ ID NO: 161), wherein X can be any amino acid residue.
In an embodiment, the sortase recognition sequence is LPETG (SEQ 1D NG: 162). The sortase
acceptor sequence may contain additional sequence(s) other than the sortase recognition sequence. In
an embodiment, the sortase acceptor sequence further comprises a linker sequence, e.g., a tandem
repeat of glycine—serine peptide linker sequences (e.g., (GS)5 (SEQ ID NO: 157)). Inan
embodiment, a heavy chain of the antibody molecule comprises a sortase acceptor sequence, e.g.,
the C-terminus. In an embodiment, a light chain of the aatibody molecule comprises a sortase
acceptor sequence, e.g., at the C-terminus.

It an embodiment, a heavy chain of the antibody molecule comprises a first sortase acceptor
sequence and a light chain of the antibody molecule comprises a second sortase acceptor sequence. In
an embodiment, the sortase acceptor sequence, e.g., the first sortase recognition seguence, comprises
the amino acid sequence of {(GS)LPETGGG (SEQ 1D NOG: 24). In another embodiment, the sortase
acceptor sequence, e.g., the second sortase acceptor sequence, comprises the amino acid sequence of
PGy R LPETGGSG (SEQ 1D NOG: 263

In an embodiment, the ADC comprises two or more (e.g., three, four, five, six, seven, eight,

or more) antirnicrobial peptides. In an embodiment, at least two of the antimicrobial peptides are
identical or substantially identical. In an embodiment, at least two of the antimicrobial peptides are
different. For example, a plorality of antirnicrobial peptides can be coupled (e.g., fused) to the
aniibody molecule (2.g., a heavy chain {or a portion thereof), a light chain (or a portion thereof), or
both).

In an embodiment, the ADC comprises two or raore (e.g., three or four) identical, or
substantially identical, antimicrobial peptides, each is coupled {e.¢., fused) to a heavy chain variable
region, e.g., indirectly, e.g., via a constant region, linker, or both. In an embodiment, the ADC
comprises two or mote {e.g., three or four) identical, or substantially identical, antimicrobial peptides,
each is coupled (e.g., fused) to a light chain vadable region, e.g., indirectly, e.g., via a constant region,
{inker, or both. In an embodiment, the ADC comprises two identical, or substantially identical,
antimicrobial peptides, each is coupled (e.g., fused) to a heavy chain variable region, e.g., indirectly,

e.g., via a constani region, linker, or both. In an embodiment, the ADC comprises two identical, or
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substantially identical, antimicrobial peptides, each is coupled {e.g., fused) (o a light chain variable
region, e.g., indirectly, e.g., via a constant region, linker, or both. In an embodiment, the ADC
comprises at feast four identical, or substantially identical, antimicrobial peptides. In an embodiment,
the ADC or antibody molecule comprises two heavy chain vadable regions and two light chain
ariable regions, and each of the heavy and light chain variable regions is coupled (e.g., fused) with at
least one antimicrobial peptide, e.g., indirectly, ¢.g., via a constant region, linker, or both.

In an embodiment, the antimicrobial peptide is coupled o the antibody molecule by
enzymatic comjugation (e.g., a sortase reaction). In an embodiment the antimicrobial peptide is
coupled to the antibody molecule by chemical conjugation.

In an embodiment, the ADC s more effective in inhibiting, e.g., inhibiting the growth,
viralence, or infectivity of, a Grarg-negative bacteriur {e.g., a Grany-negative bacterium described
herein) than the antimicrobial peptide or antibody molecule alone, e.g., having a minimum inhibitory
concentration (MIC) that is lower, e.g., at least 2,3, 4, 5, 6,7, 8, 9, 10, 20, 30, 40, 50, 60, 70, 80, 90,
or 100 fold lower, than the MIC of the antimicrobial peptide alone.

In an embodiment, the ADC is more effective in reducing the viability of, e.g., killing, a
Grany-negative bacterium {e.g., a Grarg-negative bacteriurg described herein) than the antimicrobial
peptide or antibody molecule alone, e.g., having a minimum bactericidal concentration (MBC) that is
lower, e.g. atleast 2,3, 4,5, 6,7, 8,9, 13, 26, 30, 40, 50, 60, 70, 80, 90, or 100 fold lower, than the
MIC of the antimicrobial peptide alone.

In an embodiment, the ADC has opsonophagocytosis activity {e.g., is phagocytized when
bound o the Fe receptor (FcR) of a neutrophil), e.g., as determained by an OPA assay, e.g., as
described herein.

In an embodiment, the ADC does not inhibit, e.g., does not inhibit the growth, viruleace, or
infectivity of, a Gram-positive bacterium (e.g., a Gram-positive bacterium described herein}, e.g.,
having a mininwn ishibitory concendration (MIC) for a Gram-negaiive bacierium {e.g., a Gram-
negative bacterium) that is lower, e.g., at least 2, 5, 10, 20, 50, 100, 200, 500, or 1000 fold jower, than
a MIC for a Gram-positive baclerium (e.g., a Gram-positive bacterium).

In an embodiment, the ADC does not reduce the viability of, e.g., does not kill, a Gram-
positive bacterinm (e.g., a Gram-positive bacterium described herein), e.g., having a minimum
baciericidal concentration {(MBC) for 3 Grars-negative bacierium (e 2., a Gram-negative bacterivm)
that is lower, e.g., at least 2, 5, 10, 20, 50, 100, 200, 500, or 1000 fold lower fold lower, than a MBC
for a Gram-positive bacterium {(e.g., a Gram-positive bacteriom). In an embodiment, the Gram-
positive bacterivm is Staphylococcus aureus.

In an embodiment, the ADC does not alter, or does not significanty alter microbiome (e.g., is
microbionie sparing).

In an embodiment, the antimicrobial peptide comprises or consists of an alpha-helical

antimicrobial peptide, e 2., a peptide comprising turns where residues i and i+4 are on the same face.
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It an embodiment, the antimicrobial peptide comprises or consists of an amino acid sequence
that differs by no more than 1, 2, 3, 4, or 5 amino acid residoes from, or has at least 80%, 85%, 90%,
983%, V6%, 9T%, 9%, 9%, or 100% homology with, an amino acid sequence described herein, e.g.,
any of SEQ ID NOS: 67-80, 94-102, 147-136, 158-159, or 163-164. In an embodiment, the
antimicrobial peptide comprises or consists of an amino acid sequence described herein e g, any of
SEQ D NOS: 67-80, 94-102, 147-156, 158-159, or 163-164. In an embodiment, the antimicrobial
peptide comprises a carboxamide group {e.g., a C-terminal carboxamide functional group).

In an embodiment, the antimicrobial peptide comprises 1. 2,3, 4,5, 6,7, 8, 9, 10, or more D-
amino acids. In another embodiment, at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or
100% of the amino acid residues of the antimicrobial peptide are D-amino acids.

In an embodiment, the antimicrobial peptide comprises a first cysteine residue and a second
cysteine residue, and wherein the first cysteine residue is cross-linked to the second cysteine residue.

In an embodiment, the antimicrobial peptide is a broad spectrum antimicrobial peptide, e.g.,
having antiraicrobial activity against 2, 3, or all of the following: at least one species of
Ewnterobacteriaceae {e.g., one or more species of Klebsiella, Enterobacter, Shigella, Fscherichia,
Salmonella, Yersinia, or Citrobacter, e.g., pan-resistant Enterobacteriaceae), at least one species of
Pseudomonas, or at least one species of Acinetobacter.

Int an embodiment, the antimicrobial peptide is a broad spectrom antimicrobial peptide, e.g.,
having antimicrobial activity against 2, 3, 4, 3, 6, or all of the following: at least one species of
Klebsiella, at least one species of Enterobacter, at least one species of Shigeila, at least one species of
Fscherichia, at least one species of Salmonelia, at least one species of Yersinia, or at leasi one species
of Citrrobacter.

In an embodiment, the antiraicrobial peptide has a minimura inhibitory concentration (MIC)

of less than 100 pg/ml, e.g., less than 90, 80, 70, 60, 30, 40, 30, 20, 10, or 5 ug/ml, for a bacterial

strain described herein, e.g., Escherichia coli {e.g., Escherichia coli ATCC 25922), Pseudomonas

aeruginosa {e.g., Pseudomonas aeruginosa ATCC27853), or both.

In an embodiment, the antimicrobial peptide has a minimnum bactericidal concentration
(MBC) of less than 100 pg/ml, e.g., less than 90, 80, 70, 60, 50, 40, 30, 20, 10, or 5 pg/ml, for a
bacterial strain described herein, e.g., £scherichia coli (e.g., Escherichia coli ATCC 25922,
Peeudomonas aeruginosg (Pseudomonas aeruginosa ATCC27853), or both.

In an embodiment, the antiniicrobial peptide has low hemolytic activity, e.g., has a partial
iytic concentration {PLC) to MIC ratio for a Grarp-negative bacieriug {e.2., a Granr-negative
bacterium described herein) which is greater than 4:1 {e.g., greater than §:1, 16:1, 24:1, or 32:1), ..,
as determined by a red blood cell hemolysis assay and an MIC assay, respectively. Inan
embodiment, the PLC is the concentration (e.g., minimum conceniration) that results in lysis of 50%

of the red blood cells.
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It an embodiment, the antimicrobial peptide has low hemolytic activity, e.g., has a partial
Iytic concentration {(MLL) to MIC ratio for a Gram-negative bacterivm {e.g., 3 Gram-negative
bacterium described herein} which is greater than 4:1 {e.g., greater than 8:1, 16:1, 24:1, or 32:1), e.g.,
as determined by a red blood cell hemolysis assay and an MIC assay, respectively. o an
embodiment, the MLC is the concentration (e.g., minimum concentration) that results in lysis of
100% of the red blood cels.

In an aspect, the disclosure features a composition, ¢.g., a pharmaceutical composition,
comprising an ADC described herein and a pharmaceutically acceptable carrier.

In an aspect, the disclosure features a method of treating or preventing a bacterial infection or
arelated disorder, comprising administering to a subject in need thereof an ADC described herein, or
a pharmaceutical coraposition described herein, in an amount effective to treat or prevent the bacterial
infection or related disorder.

In an embodiment, the bacterial infection is a Gram-pegative bacterial infection. Inan
embodiment, the disorder is caused by, or associated with, a Gram-negative bacterial infection.

In an embodiment, the ADC is administered at a dose of 0.1-100 mg/kg, e.g., 0.1-50 mg/kg or
1-10 mg/kg, e.2., -5 o1 3-10 mg/kg. In an embodiment, the ADC is administered infravenously,
subcutancously, or intranasally or by inhalation.

It an embodiment, the ADC is administered prior (o onset of a symptom associated with the
bacterial infection or related disorder. In an embodiment, the ADC is administered at or after onset of
a symptom associated with the bacterial infection or related disorder.

In an embodiment, the subject has one or more of pncumonia {e.g., community-acquired
preumonia and hospital-acquired pneamonia), a urinary tract infection (UTT), septicemia, meningitis,
diarrhea {(e.g., traveler’s diarrhea), a soft tissue infection, a skin infection, bacteremia, a respiratory
system infeciion (e.g., a lower respiratory iract infection), endocarditis, an intra-abdominal infection,
septic arthritis, osteomyelitis, a CNS infection, an ophthalmic iafection, cholecystitis, cholangitis,
meningitis {e.g., neonatal meningiiis), typhoid fever, food poisoning, gastroenteritis, enteric fever,
shigetiosis, a blood stream infection, intra-abdominal sepsis, a brain abscess, meningitis, sepsis {e.g.,
neonatal sepsis), a joint infection, a bone infection, a gasirointestinal infection, or a wound infection.

It an embodiment, the bacterial infection is a nosocomial infection or a hospital-acquired
infection. In an embodirsent, the disorder related to bacterial infection is associated with a
nosocomial infection or a hospital-acquired infection.

In an embodiment, the subject is a human or an animal. In an embodiment, the subject is an
immunocompromised patient, e.g., a subject having an HIV infection or AIDS, cancer, solid organ
transplantation, stern cell transplantation, sickle cell disease or asplenia, a congenital immune
deficiency, a chronic inflammatory condition, a cochlear implant, malnuirition, or a cerchrospinal

fhid leak. In an embodiment, the subject is a health professional.
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In an embodiment, the subject is 18 years old or younger, e.g., 15 years old or younger, 12
years old or younger, 9 years old or younger, 6 years old or younger, or 3 years old or youager. In an
embodiment, the subject is at least 60 years old, e.g., at least 65 years old, at least 70 years old, at
feast 73 years old, or at least 8{} years old.

In an embodiment, the method {urther comprises administering to the subject a second
antimicrobial agent or therapy, ¢.g., an antibiotic or phage therapy.

In an embodiment, the antibiotic is selected from the group consisting of an aminoglycoside
{e.g., amikacin, gentamicin, kanamycin, nesmycin, netilmicin, tobramycin, paromomycin,
streptomycin, or spectinomycin), an ansamycin {e.g., geldanamycin, herbiraycin, of rifaximin), a
carbacephem {e.g., loracarbef), a carbapenem (e.g., ertapenem, doripenem, imipenem/cilastatin, or
meropenern), a cephalosporin (cefadroxil, cefazolin, cefalotin, cefalothin, cephalexin, cefacior,
cefamandole, cefoxitin, cefprozil, cefuroxime, cefixime, cefdinir, cefditoren, cefoperazone {(e.g., in
combination with sulbactam), cefotaxime, cefpodoxime, ceflazidime, celtibuten, ceftizoxime,
ceftriaxone, cefepime, ceftaroline fosamil, or ceftobiprole), a glycopeptide (e.g., teicoplanin,

ancomycin, telavancin, dalbavancin, or oritavancin), a lincosamide (e.g., chindamycin or
lincomycin), lipopeptide (e.g., daptomycin), a macrolide {e.g., azithromycin, clarithromycin,
dirithromycin, erythromycin, roxithromyein, troleandomycin, telithromycin, or spiramycing, a
monohactam {e.g., aztreonam), a nitrofuran {e.g., furazolidone or nitrofurantoin), an oxazolidinone
{e.g., inerolid, posizolid, raderolid, torezolid), a penicillin {e.g., amoxicillin, ampicillin, azlocillin,
carbenicitlin, cloxacillin, dicloxacillin, flucloxacillin, mezlocillin, methicillin, nafcillin, oxacillin,
penicillin g, penicillin v, piperacillin, penicillin g, temocillin, or ticarcillin), a penicillin combination
{e.g.. amoxicillin/clavulanate, ampicillin/sulbactam, piperacillin/tazobactam, or
ticarcillin/clavulanate), a polypeptide (e.g., bacitracin, colistin, or polymyxin b), a
quinolone/fluoroquinolone {e.g., ciprofloxacin, enoxacin, gatifloxacin, gemifloxacin, levofloxacin,
lomefloxacin, moxifloxacin, nalidixic acid, norfloxacin, ofloxacin, rovafloxacin, grepafloxacin,
sparfioxacin, or temafloxacin), a sulfonamide (e.g., mafenide, sulfacetamide, sulfadiazine, silver
sulfadiazine, sulfadimethoxdine, sulfamethizole, sulfamethoxazole, sulfanilimide, sulfasalazine,
sulfisoxazole, tamethoprim-sulfamethoxazole (co-trimoxazole), or sulfonamidochrysoidine), a
tetracycline {e.g., demeclocycline, doxycycline, minocycline, oxytetracycline, or tetracycline), a drug
against mycobacteria (e.g., clofazimine, dapsone, capreomycin, cycloserine, ethambutol, ethionamide,
isoniazid, pyrazinamide, rifampin, rifabutin, rifapentine, or streptomycin), or others (e.g.,
arsphenamine, chloramphenicol, fosfomycin, fusidic acid, metronidazole, mupirocin, platensimycin,
quinupristin/dalfopristin, thiamphenicol, tigecycline, tinidazole, or trimethoprin).

In an embodiment, the antibiotic is selected from levofloxacin, ciprofloxacin, gentamicin,
ceftriaxone, ofloxacin, amikacin, tobramycin, aztreonam, or imipenemy/cilastatin.

In an embodiment, the second antimiicrobial agent or therapy is administered before the ADC

is administered, concurrently with the administration of the ADC, or after the ADC 1s administered.
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In an aspect, the disclosure features a method of inhibiting or reducing a hacterial infection
(e.g., Gram-negative bacterial infection), comprising contacting a cell (e.g., in a sample) or a subject
in need thereof an ADC described herein, or a pharraaceuiical composition described herein, in an
amount effective to inhibit or reduce the bacterial infection.

In an embodiment, the ADC is contacted with the cell or subject in vitro, ex vivo, or in vivo.

In an aspect, the disclosure features an ADC described herein for use in treating or preventing
a bactenal infection {e.g., a Gram-negative hactenial infection) or related disorder described herein.

In another aspect, the disclosure features use of an ADC described herein in the manufacture
of a medicarsent for treating or preventing a bacierial infection {e.g., a Grara-negative bacterial

infection) or related disorder described herein.

In an aspect, the disclosure features a kit comprising an ADC described herein or a
pharmaceutical composition described herein.

In an embodiment, the kit further comprises instructions for use of the ADC or
pharmaceutical composition.

In an aspect, the disclosure features a container comprising an ADC described hereinor a

pharmaceuiical composition described herein.

In an aspect, the disclosure features a nucleic acid molecule {e.g., an isolated nucleic acid
molecule) that encodes an ADC described herein, e.g., a VH, a VL; or both, or a heavy chain, a light
chain, or both, of an antihody molecule described herein, coupled (e.g., fused) {0 an antimicrobial
peptide, as described herein.

In an embodiment, the nucleic acid molecule comprises a nucleotide sequence described in
Table 2, e.g.. any of SEQ 1D NOS: 81-93 or 113-114.

In an aspect, the disclosure features a vector comprising a nucleic acid molecule described
herein.

It an aspect, the disclosure features a cell {e.g., an isolated cell) comprising a nucleic acid

molecule described herein or a vector described herein.

In an aspect, the disclosure features a method of producing an ADC described herein, the
method comprising culturing a cell described herein under conditions that allow production of an
ADC, thereby producing the ADC described herein.

In another aspect, the disclosure features a method of producing an ADC described herein, the
method comprises contacting an antibody molecule (e.g., an antihody molecule described herein) with

a pepiide (e.g., a peptide comprising an antimicrobial peptide described herein, and optionally, a
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sortase donor sequence), in the presence of a sortase, under conditions that allow a sortase-mediated
reaction to occur, thereby producing the ADC.

In an embodiment, the antibody molecule comprises a sortase acceptor sequence, £.g., 4
sortase acceptor sequence described herein. In an erabodiment, a heavy chain of the antibody
molecule comprises a sortase acceptor sequence, e.g., at the C-terminus. In an embodiment, a light
chain of the antibody molecule comprises a sortase acceptor sequence, e.g., at the C-terminus. In an
embodiment, the sortase accepior sequence further comprises a linker sequence, e.g., a tandem repeat
of glycine—serine peptide linker sequences.

In an embodiment, a heavy chain of the antibody molecule coraprises a first sortase acceptor
sequence and a Hght chain of the antibody molecule comprises a second sortase acceptor sequence. In
an embodiment, the sortase acceptor sequence, e.g., the first sortase recognition sequence, comprises
the amino acid sequence of (GR)LPETGGG (SEQ 1D NO: 24). In another embodiment, the sortase
acceptor sequence, «.g., the second sortase acceptor sequence, comprises the amino acid sequence of
PGS pLPETGGSG (SEQ 1D NO: 26).

In an embodiment, the peptide comprises or consists of an amino acid sequence that differs by
no more than 1, 2, 3, 4, or 5 amino acid residues from, or has at least 80%, 85%, 90%, 95%, 96%,
7%, 8%, 99%, or 100% homology with, an amino acid sequence described herein, e.g., any of SEQ
1D NOS: 67-80, 94-102, 147-156, 158-139, or 163-164. In an embodiment, the antimicrobial peptide
comprises or consists of an amino acid sequence described herein e.g., any of SEQ ID NOS: 67-80,
94-102, 147-156, 158-159, or 163-164. In an embodiment, the antimicrobial peptide comprises 4
carboxamide group {e.g., a C-terminal carboxamide functional group).

In an embodiment, 1.5 mg/mL antibody molecule is contacted with 20 mol equivalents of
sortase donor peptide per sortase acceptor sequence, and 1 mol equivalent of sortase per 75 mol
equivalents of sortase acceptor sequence. In an embodiment, the coniacting is performed in the
presence of 150 M Na(ll, 50 oM Tris (pH 7.5), and 18 oM CaCly. In an embodiment, the
contacting is performed at 18°C t0 37°C, e.g., at 25°C, e.g., for 2 to 48 hours, e.g., 18 t0 24 hours,
e.g., 20 hours. In an embodiment, the sortase is a sortase A pentamutant,

In an embodiment, the further comprises detecting the sortase-mediated reaction, e.g., by (-
TOF mass spectrometry. In an embodiment, the fugther compnses purifying the ADC, e.g., by gel
electrophoresis.

In an aspect, the disclosure features a reaction mixture comprising:

(1) a sortase, ¢.g., a sortase described herein, and

(i1) an antibody miolecule described herein, an antimicrobial peptide described herein, or both.

In an aspect, the disclosure features an antibody molecule described herein.
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In an aspect, the disclosure features a nocleic acid molecule {e.g., an isolated nucleic acid
molecule) that encodes an antibody molecude described herein, e.g., a VH, a VL, or both; or a heavy
chain, a light chain, or both, of the antibody molecude described herein.

In an aspect, the disclosure features a vector coraprising a nucleic acid molecule encoding an
antibody molecule described herein.

In an aspect, the disclosure features a cell (e.g., an isolated cell) comprising a nucleic acid
molecule encoding an antibody molecule described herein or a vector described herein.

In an aspect, the disclosure features a method of producing an antibody molecule described
herein, the method comprising cudturing a cell described herein under conditions that allow

production of an antibody molecule, thereby producing the antibody molecule deseribed herein.

In an aspect, the disclosure features an antimicrobial peptide (e.g., an isolated or synthetic
antimicrobial peptide) described herein.

In an aspect, the disclosure features a nucleic acid molecule {e.g., an isolated nucleic acid
molecule) that encodes an antimicrobial peptide described herein.

In an aspect, the disclosure features a vector comprising a nucleic acid molecule encoding an
anfimicrobial peptide described herein.

It an aspect, the disclosure features a cell {e.g., an isolated cell) comprising a nucleic acid
molecule encoding an antimicrobial peptide described herein or a vector of described herein.

In an aspect, the disclosure features a method of producing an antimicrobial peptide descnbed
herein, the method comprising culturing a cell of described herein under conditions that allow
production of an antiniicrobial peptide, thereby producing the antimicrobial peptide described herein.

In an aspect, the disclosure featares an antibody molecule that hinds to the same epitope, or
substantially the same epitope, as an antibody molecule described herein.

In an aspect, the disclosure features an ADC comprising: a) an antibody molecule that binds
to the same epitope, or substantially the same epitope, as an antibody molecule described herein; and
b) an antimicrobial peptide, e.g., an antimicrobial peptide described hergin.

In an aspect, the disclosure features an antibody molecule that competes for binding with an
antibody molecule described herein.

In an aspect, the disclosure featores an ADC comprising: a} an antibody molecule that
competes for binding with an antibody molecule described herein; and b) an antimicrobial peptide,

e.g., an andimicrobial peptide described herein.
The disclosure contemplates all combinations of any one or more of the foregning aspects

and/or embodiments, as well as combinations with any one or more of the embodiments set forth in

the detailed description and examples.
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Other features, objects, and advantages of the compositions and methods herein will be
apparent from the description and drawings, and from the claims.

Figures and Tables are provided herewith.

BRIFF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts the composition and structure of core pentasaccharides of several exemplary
Gram-negative bacteria.

FIG. 2 depicts the binding of antibody 3E7 to £. celi (Eco) and K. preumoniae (Kpn) as
determined by ELISA.

F1G, 3 depicts the binding of antibody A001-25 to £. coli (Eco) and K. preumoniae (Kpn) as
determined by ELISA.

FIG. 4 depicis the process of crosslinking an exemplary alpha-helical peptide (SEQ ID NO:
158).

FiG, 3 depicts the readout of an exemplary MIC assay.

FIG. 6 depicts the mass spectrometry characterization of Sortase-ligation products vsing
QTof. All samples were reduced with DTT prior to analysis. Top: The Sortase-tagged heavy chain at
52,201 corresponds with the theoretical molecular weight based on the peptide sequence; Bottony
The Sortase-ligated reaction product shows a strong signal at 55002 corresponding to the theoretical
molecular weight for the ligated construct.

FIG. 7 depicts the binding of antibody 2C7 to representative £. coli (Eco), K. preumoniae
(Kpn) and S. oyphimrium (Sty) strains.

FIG. 8 depicts the binding of antibody 3D6 to representative £. cofi (Eeo), K preumonive
{Kpn) and 8. ryphimurium (Sty) strains.

FiG., 9 depicts the binding of antibody 3E7 to representative £. coli (Eco), K. preumoniae
(Kpn) and S. typhisnurium {(Sty) strains.

FIG. 10 depicts the binding of antibody 3G1 to representative £. coli (Eco), K. pneumoniae
(Kpn) and 8. ryphimurinm (Sty) strains.

FiG, 11A depicts the % killing of Pseudomonas, E. coli, and Klebsiella spp. in a mixed
microbial killing assay using an exemplary ADC at 8 pg/ml

FIG. 11B depicts the % kifling of Pseudomonas, E. coli, and Kiebsiella spp. 10 a mixed
microbial killing assay using an exemplary antibody alone at 125 pg/mi.

FIG. 11C depicts the % killing of Pseudomonas, E. coli, and Klebsiella spp. in a mixed
microbial killing assay using an exemplary peptide alone at 0.3 pg/mlL

FIG., 11D depicts the % killing of Pseudomonas, E. coli, and Klebsiella spp. in a mixed
microbial killing assay using a combination of antibody at 125 ug/ml and peptide at 0.3 pg/ml.

FIG. 12 depicts the binding of an exemplary ADC to P. geruginesa strains.

¥IG, 13 depicts the binding of an exeraplary ADC to bacterial surface.

24



[#4)

10

20

30

35

WO 2017/083515 PCT/US2016/061330

FIG. 14 depicts the reduction of bacterial burden in lung in a murine acote preurnonia model.

FIG, 15A depicts the serum stability of an exemplary AMP without stapling. FIG., 154
discloses SEQ D NO: 101,

FIG. 15B depicts the serum stability of an exemplary AMP with stapling. ¥iG. 158
discloses SEQ 1D NO: 159,

FIG. 15C depicts the difference in serum stability between an unoptiniized payload and an
optimized payload.

FIG. 16 depicts the effect of antibody mAbBOO1 on endotoxin (Psendomonas LPS) signal
measured by a celi-based colonmetric assay.

FIG, 17 depicts the selective killing activity of an exemplary ADC against Pseudomonas.

FIG. 18A depicts the reduction of bacterial burden in fung by an exemplary ADC 1g a murioe
acute pneumonia model (co-adminisiration study arm).

FIG. 18B depicts the reduction of bacterial burden in lung by an exemplary ADC in a murine
acute pneumonia model (intranasal study arm).

FIG. 19 depicts the bioavailability of an exemplary ADC.

FIG. 20 depicts the stability of an exemplary L-amino acid-containing antimicrobial peptide
in human serum.

FIG. 21 depicts the stability of an exemplary D-amino acid-containing antimicrobial peptide

in human serum.

BRIEF DESCRIPTION OF THE TABLES

Table 1 depicts the amino acid sequences of the heavy chain variable regions (VHs), light
chain variabie regions (VLs), heavy chain CDRs (HCDRs), and light chain CDRs (LCDRs) of the
exemplary aniibody molecules. Heavy and light chain CDRa defined according to Chothia system
and Kabat systern are shown.

Table 2 depicts the nucleotide sequences of the heavy chain variable regions (VHs) and light
chain variable regions (VLs) of the exemplary antibody molecoles.

Table 3 depicts the amino acid sequences of the exemplary antimicrobial peptides.

Table 4 depicts exerplary MIC control compound valaes.

Table 5 depicts targeted in vitro activity of exemplary ADC, antibody molecule and peptide.

Table 6A depicts the inhibitory and hemolytic activities of exemplary antimicrobial peptides.

Table 68 depicts the structure-activity relationships for exemplary AMPs.

Table 7 depicts the binding avidity of an exemplary ADC to P. aeruginosa (EC50).

Table 8 depicts the amino acid sequences of heavy chain variable regions (VHs), light chain
variable regions (VLs), heavy chain CDRs (HCDRs), and light chain CDRs (LCDRs) of exemplary
humanized antibody molecules. Heavy and light chain CDRs defined according to Chothia system

and Kabat system are shown.

25



10

15

20

25

30

WO 2017/083515 PCT/US2016/061330

Table 8 depicts the microbial killing activity of exemplary ADCs against £. aeruginosa
stains.

Table 10 depicts the microbial killing activity of exemplary ADCs against MDR strains.

DETAILED DESCRIPTION

Dhsclosed herein are antibody molecules and antibody molecule-drag conjugates (ADCs) that
bind to bacteria, e.g., Gram-negative bacteria, e.g., lipopolysaccharides on the outer membrane of
Gram-negative bacteria, with high affinity and specificity. The ADCs disclosed herein can include an
antibody molecule and an antimicrobial peptide (AMP). Advantageously, corapared to antimicrobial
peptides alone, several of the ADCs describe herein have improved ability to inhibit or reduce the
viability of one or more bacteria (e.g., Gram-negative bacteria) of different genera, species, and/for
subspecies. Nucleic acid molecules encoding the antibody molecules, ADCs, and antimicrobial
peptides, expression vectors, host cells, compositions {e.g., pharmaceutical compositions), kits, and
methods for making the antibody molecules, ADCs, and antimicrobial peptides, are also provided.
The antibody molecules, ADCs, antimnicrobial peptides, and pharmaceuotical corapositions disclosed
herein can be used (alone or in combination with other agents or therapeutic modalities) to treat,
prevent and/or diagnose bacterial infections or related disorders and conditions, e.g., caused by Gram-
negative bacteria.

In an embodiment, the ADCs described herein can have one or more of the following
properties: (i) is capable of treating or preventing a bacterial disease in a patient with unmet medical
need; (it} 15 capable of reating a genus and species of bacteria causing a bacterial disease; acts viaa
new mechanism of action; (ii1) has an added inhibitor that reduces or neutralizes a mechanism of
resistance; or (iv) has an alteration in the structure of the molecule that reduces or neutralizes a
mechanism of resistance.

In an embodiment, the ADC has an opsonophagocytosis activity (e.g., via an antibody
molecule), a bactericidal activity (e.g., via a payload, e.g., an antimicrobial peptide), or both. Without
wishing to be bound by theory, it is believed that in an embodiment, the use of an antimicrobial
peptide in ADC can achieve one or more of the following goals: a new target with low resistance,
synergistic efficacy with lower spontanecus resistance probabhility, improved directed treatment, or
rapid bactericidal activity. In an embodiment, the ADC targets a core LPS region, e.g., to reduce the
probability of resistance caused by potential target site alteration. In another embodiment, peptide
stapling is used o increase activity and/or stability, .., to reduce or prevent potential antibiotic

inactivation.
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Pefinitions

As used herein, the articles “a” and “an’ refer to one or to more than one (e.g., to at least one

g
of the grammatical object of the article.

The term “or” is used herein o mean, and is used interchangeably with, the term “and/or”,
unless context clearly indicates otherwise.

“About” and “approximately” shall generally mean an acceptable degree of error {or the
quantity measured given the nature or precision of the measurements. Exemplary degrees of error are
within 20 percent (%), typically, within 10%, and more typically, within 5% of a given value or range
of vaiues.

The compositions and methods disclosed herein enconipass polypeptides and nucleic acids
having the sequences specified, or sequences substaotially identical or siraslar thereto, e.g.. sequences
at least 85%, 90%, 95% identical or higher to the sequence specified.

In the context of an amino acid sequence, the term “substantially identical” is used herein to
refer to a first amino acid that contains a sufficient or minimum number of amino acid residues that
are i) identical to, or it} conservative substitutions of 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 83%, 90%, 91%, 92%, 93%, 94%, 95%., 96%, 97%
98% or 99% identity to a reference sequence, e.g., a sequence provided herein.

In the context of nucleotide sequence, the lerm “substantially identical” is used herein to refer
1o a first nucleic acid sequence that contains a sufficient or minimum number of nucleotides that are
identical to aligned nucleotides in a second nucleic acid sequence such that the first and second
aucleotide sequences encode a polypeptide having common functional activity, or encode a common
structural polypeptide domain or a common functional polypeptide activity. For example, nucleotide
sequences having at least about 85%, 9%, 91%, 92%, 93%, 94%, 93%, 96%, 97%, 98% or 99%
identity to a reference sequence, e.g.. a sequence provided herein.

The term “functional variant” refers polypeptides that have a substantially identical amino
acid sequence to the naturally-occurring sequence, or are encoded by a substantially identical
nucleotide sequence, and are capable of having one or more activities of the naturally-occurring
sequence.

Calculations of homology or sequence identity between sequences (the terms are used
interchangeably herein) are performed as follows

To determine the percent identity of two amino acid sequences, or of two nucleic 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 or nucleic acid sequence for optimal alignment and
non-homologous sequences can be disregarded for comparison purposes). In a typical embodiment,

the length of a reference sequence aligned for coraparison purposes is at least 30%, ¢ g., at least 409,

B
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50%, 60%, e.g., at least 70%, 80%, 90%, 100% of the length of the reference sequence. The amino
acid residues or auclentides 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 molecudes are identical at
that position.

The percent identity between the two sequences is a function of the number of ideatical
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
can be accomplished using a mathematical algorithm. In some embodiments, the percent identity
between two amino acid sequences is determined using the Needleman and Wunsch (1970} J. Mol
Biol. 48:444-453) algorithm which has been incorporated into the GAP program in the GCG software
package (available at www.geg.com), using either a Blossum 62 matrix or a PAM230 matrix, and a
gap weight of 16, 14, 12, 10, 8, 6, or 4 and a length weightof 1,2, 3, 4, 5, or 6. In certain
embodiments, the percent identity between two nucleotide sequences is determined using the GAP
prograny in the GCG software package (avaiiable at www.gcg.com), using a NWSgapdna. CMP matrix
and a gap weight of 40, 50, 60, 70, or 80 and a length weight of 1, 2, 3,4, 5, or 6. One suitable set of
parareters (and the one that should be used unless otherwise specified) are a Blossum 62 scoring
mairix with a gap penalty of 12, a gap extend penalty of 4, and a frameshift gap penalty of 5.

The percent identity between two amino acid or nucleotide sequences can be determined
using the algorithm of E. Meyers and W. Miller ((1989) CABIOS, 4:11-17) which has been
incorporated into the ALIGN program (version 2.0), using a PAM120 weight residue table, a gap
{ength penalty of 12 and a gap penalty of 4.

The nucleic acid and protein sequences described herein can be used as a “query sequence” to
perform a search against public databases o, for example, identify other farmily members or related
sequences. Such searches can be performed using the NBLAST and XBLAST programs (version 2.0}
of Altschud, er al. (1990) J. Mol. Biol. 215:403-10. BLAST nucleotide searches can be performed
with the NBLAST program, score = 100, wordlength = 12 to obtain nucleotide sequences homologous
1o a nucleic acid as described herein. BLAST protein searches can be performed with the XBLAST
prograny, score = 54, wordlengih = 3 o obtain amino acid sequegces homologous to protein
molecules described herein. To obtain gapped alignments for comparison purposes, Gapped BLAST
can be utilized as described in Altschud er al., (1997) Nucleic Acids Res. 25:3389-34(2. When
atilizing BLAST and gapped BLAST programs, the default parameters of the respective programs
{e.g., XBLAST and NBLAST) can be used. See www.nebindm.nihigov.

As used herein, the term “hybridizes under low stringency, medium siringency, high
stringency, or very high stringency conditions” describes conditions for hybridization and washing.

Guidance for performing hybridization reactions can be found in Current Protocols in Molecular
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Biclogy, John Wiley & Souns, N.Y. (1989), 6.3.1-6.3.6, which is incorporated by reference. Aqueocus
and nonaqueous methods are described 10 that reference and either can be used. Specific
hybridization conditions referred to herein are as follows: 1) low stringency hybridization conditions
in 6X sodium chloride/sodium citrate (83C) at about 45°C, followed by two washes in 0.2X S8C,
0.1% SD5 at least at 50°C (the temperature of the washes can be increased to 55°C for low siringency
conditions); 2) medium stringency hybridization conditions in 6X S5C at about 45°C, followed by
one or more washes in 0.2X SSC, 0.1% SDS at 60°C; 3} high stringency hybridization conditions in
6X SSC at about 45°C, followed by one or more washes in 0.2X 58C, (.1% 5DS at 65°C; and
preferably 4) very high stringency hybridization conditions are 4.5M sodium phosphate, 7% SDS ai
65°C, followed by one or more washes at 0.2X S5C, 1% SDS at 65°C. Very high stringency
conditions 4) are suitable conditions and the ones that should be used vnless otherwise specified.

It is understood that the molecules described herein may have additional conservative or noa-
essential amino acid substitutions, which do not have a substantial effect on their functions.

The term “amino acid” is intended to embrace all molecules, whether natural or synthetic,
which include both an amino functionality and an acid functionality and capable of being included in
a polymer of naturally-occurring amino acids. Exemplary amino acids include naturally-ocowrring
amino acids; analogs, derivatives and congeners thereof; amino acid analogs having variant side
chains; and all stereoisomers of any of any of the foregoing. As used herein the term “amino acid”
inchudes hoth the D- or L- optical 1somers and peptidomimetics.

A “conservative amino acid substitution” is one in which the amino acid residue is replaced
with an arnino acid residue having a similar side chain. Families of amino acid residues having
similar side chains have been detined in the art. These families include amino acids with basic side
chains (e.g., lysine, arginine, histidine), acidic side chains (e.g., aspartic acid, glutamic acid},
uncharged polar side chains (e.g., glycine, asparagine, glutarine, serine, threonine, tyrosine,
cysteine)}, nonpolar side chains (e.g., alanine, valing, leucine, isoleucine, proline, phenylalanine,
methionine, tryptophan), beta-branched side chains (e.g., threonine, valine, isoleucine) and aromatic
side chains {e.g., tyrosine, phenylalanine, tryptophan, histidine).

39 6¢

The terms “polypeptide,” “peptide” and “protein” (if single chain} are used interchangeably

herein to refer to polymers of amino acids of any length. The polymer may be linear or branched, it
may comprise modified aminn acids, and it may be interrupted by non-amino acids. The terms also
enconipass an amino acid polymer that has been modified; for example, disulfide bond formation,
glycosylation, lipidation, acetylation, phosphorylation, or any other manipulation, such as conjugation
with a Iabeling component. The polypeptide can be isolated fron natural sources, can be a produced
by recombinant techniques from a eukaryotic or prokaryotic host, or can be a product of synthetic

procedures.
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The terms “nucleic acid,” “nucleic acid sequence,” “nucleotide sequence,” or “polynuclectide
sequence,” and “polymucleotide” are used interchangeably. They refer to a polymeric form of
nucleotides of any length, either deoxyribonucleotides or ribonucleotides, or analogs thereof. The
polynucleotide may be either single-stranded or double-stranded, and if single-siranded may be the
coding strand or non-coding (antisense) sirand. A polynucleotide may comprise modific
nucleotides, such as methylated nucleotides and nucleotide analogs. The sequence of nucleotides may
be interrupted by non-nucleotide components. A polysucieotide may be further modified after
nolymerization, such as by conjugation with a labeling component. The nucleic acid may be a
recombinand polynucleotide, or 3 polynucieoiide of genomic, ¢cBNA, semisynthetic, or synthetic
origin which either does not occur in nature or is hinked to another polynucleotide in a non-natural
arrangernent.

The term “isolated,” as used herein, refers to material that is removed from its original or
native environment (e.g., the natwral environment if it is naturally occurring). For example, a
raturally-occurring polynucleotide or polypeptide present in a living animal is not isolated, but the
same polynucleotide or polypeptide, separated by human intervention from some or all of the co-
existing materials in the natural system, is isolated. Such polynucleotides could be part of a vector
and/or such polynucleotides or polypeptides could be part of a composition, and still be isolated in
that such vector or composition is not part of the environment in which it is found in nature.

As used herein, the term “treat,” .g., & bacterial infection or related disorder, means that a
subject {e.g., a human} who has a bacterial infection or related disorder, and/or experiences a
symptom of a bacterial infection or related disorder, will, in an embodiment, suffer less a severe
symptom and/or recover faster when an antibody molecule, ADC, or antimicrobial peptide is
administered than if the antibody molecule, ADC, or antimicrobial peptide were never administered.
In an embodiment, when an infection or related disorder is treated, an assay to detect bacteria in the
subject will detect fewer bacteria after effective freatment for the infection or disorder. For example,
a diagnostic assay using an antibody molecule or ADC, such as an antibody molecule or ADC
described herein, will detect fewer or no bacteria in a biological sample of a subject after
administration of an antibody molecule, ADC, or antimicrobial peptide for the effective freatment of
the infection or disorder. Other assays, such as PCR (e.g.. gPCR} can also be used to monitor
treatroent in a patient, to detect the presence, e.g., decreased presence {or absence) after treatment of
bacterial infection or disorder in the subject. Treatment can, e.g., partially or completely alleviate,
ameliorate, relieve, inhibit, or reduce the severity of, and/or reduce incidence and optionally, delay
onset of, one or more manifestations of the effects or symptoms, features, and/or causes of a particular
infection, disease, disorder, and/or condition {e.g., a bacterial infection). In an embodiment, treatment
is of a subject who does not exhibit certain sigos of the relevant infection, disease, disorder and/or
condition and/or of a subject who exhibits only early signs of the infection, disease, disorder, and/or

condition. In an embodiment, treatment is of a subject who exhibits one or more established signs of
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the relevant infection, disease, disorder and/or condition. In an embodiment, freatment is of a subject
diagnosed as suffering from a bacterial infection or related disorder.

As used herein, the term “prevent.” e.g., a bacterial infection, means that a subiect (e.g., a
human) is kess likely to have a bacterial infection if the subject receives the antibody molecule, ADC,
or antimicrobial peptide prior to (e.g., 1 day, 2 days, 1 week, 2 weeks, 3 weeks, or 1 month of more)
being exposed to the bacteria that caose the infection.

As used herein, the term “minimum inhibitory conceniration” or “MIC” refers to the lowest
concentration of an antimicrobial agent, e.g., an antibody molecule, ADC, or antimicrobial peptide,
that will inhibit the growth {(e.g., visible growth) of a bacterium, e.g., after incubation {e.g., overnighi
incubation). Methods for determining minimum inhibitory concentration or MIC are described, e.g.,
in Andrews, J. Antimicrob. Chemother. 2601, 48 Suppl 1:5-16 (Erratom in J. Anrimicrob. Chemother.
2002, 49(6):1049). For example, MIC can be determined by using the following procedure:
preparation of antibiotic stock solution, preparation of antibiotic ditution range, preparation of agar
difution plates, preparation of inoculum, inoculation, incubation, and reading and interpreting resulis.
MICs can also be determined by agar dilution or broth microdilution, usually following the guidelines
of areference body such as the Clinical & Laboratory Standards Institvie (CLSI), British Society for
Antimicrobial Chemotherapy (BSAC), or Furopean Commiittee on Antimicrobial Susceptibility
Testing (FUCAST). In an embodiment, the MIC is the lowest concentration of an antimicrobial
agent, e.g., an antibody molecule, ADC, or antimicrobial peptide, that inhibits growth of a bacterium,
by at least 60%, 65%, 70%, 75%, &0%, 85%, 90%, or 95%. In an embodiment, the MIC is the lowest
concentration of an antimnicrobial agent, e.g., an antibody molecule, ADC, or antimicrobial peptide,
that inhibits growth of a bacterium, by at least 30%. Exemplary method for determining MIC is also

iescribed in Example 2.

As used herein, the term “minimum bactericidal concentration” or “MBC™ refers to the lowest
concentration of an antirpicrobial agent, e.g., an antibody molecule, ADC, or antimicrobial peptide,
required to kill a particular bacterium. In an embodiment, minimum bactericidal conceniration or
MBC can be determined from broth dilution miniroum inhibitory concentration (MIC) tests by
subculturing to agar plaies that do not contain the test agent. In an embodiment, the MBC is
ideatified by determining the lowest concentration of antimiicrobial agent that reduces the viability of
the initial bacterial inoculum by 299.9%. In an embodiment, antimicrobial agents are usually
regarded as bactericidal if the MBC is no more than four times the MIC (French, J Antimicrob
Chemother. 2006; 58(6):1107-1117).

Various aspects of the compositions and methods herein are described in further detail below.

Additional definitions are set out throughowt the specification.
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Lipopolysaccharides

Disclosed herein are antibody molecules and anitbody molecule-drug conjugates (ADCs) that
can bind to lipopolysaccharides (LPS), e.g., on the outer membrane of Gram-negative bacteria. In an
embodirent, the antibody molecule or ADC binds 1o a core pentasaccharide region of the LPS.
Without wishing to be bound by theory, it is believed that in an embodiment, a core LPS region is
targeted, at keast in part, because it has one or more of the following properties: high density,
conserved within species, accessible, or essential for adhesion (Raeiz and Whitfield Annu. Rev.
Biochem. 2002; 71: 635-700; de Kievit and Lam J Bacteriol. 1894; 176(233:7129-39; Schmengler ef
al. Eur J Cell Biol. 2010, 89(1):25-33; Pier er al. Am J Respir Crit Care Med. 1996; 154(4 Pt 2):85175-
82).

L.PS, also known as lipoglycans or endotoxin, are large molecules including a lipid and a
polysaccharide composed of O-antigen, outer core and inner core joined by a covalent hond. LPS is
found, e.g., in the outer membrane of Gram-negative bacteria, which may elicit strong imrune
responses in animals. LPS contributes to the structural integrity of the bacteria and protects the
membrane from certain kinds of chemical attack. It also increases the negative charge of the cell
merabrane and helps stabilize the overall membrane structure. LPS may induce a strong tmmuse
response in animals. It has also been implicated in non-pathogenic aspects of bacterial ecology,
including surface adhesion, bacteriophage sensitivity, and interactions with predators such as
amoebae. LPS is required for the proper conformation of omptin activity; however, smooth LPS will
sterically hinder omptins. As LPS is a major component of the outer membrane of Gram-negative
bacteria, mutation or removal of LPS can result in death of Grara-negative bacteria.

LPS comprises three parts: O antigen (or O polysaccharide), Core oligosaccharide, and Lipid
IISL

() antigen, also known as O polysaccharide or O side-chain, is a repetitive glycan polymer
contained within an LPS of the bacteria. The O antigen is attached to the core oligosaccharide, and
comprises the outermost domain of the LPS molecule. The composition of the O chain varies from
strain (o strain. For example, there are over 160 different O antigen structores produced by different
F. coli strains (Raetz and Whitfield Annu. Rev. Biochem. 2002; 71: 635-700). The presence or
absence of O chains determines whether the LPS is considered rovgh or stnooth. Full-length G-chains
would render the LPS smooth, whereas the absence or reduction of O-chains would make the LPS
rough (Rittig er al. J. Leukoc. Biol. 2003; 74 (6): 1045-55). Bacteria with rough LPS usually have
raore penetrable cell membranes to hydrophobic antibiotics, since a rough LPS is more hydrophobic
(Tsujimoto et al. J. Infect. Chemother. 1999, 5 (4): 196-200. O antigen is exposed on the very outer
surface of the bactenial cell, and, can be targeted for recognition by host antibodies.

The Core oligosaccharide or core domain coniains an oligosaccharide component that
attaches directly to lipid A and commonly contains sugars such as heptose (Hep) and 3-deoxy-D-

mannooctalosonic acid (also known as Kdo or keto-deoxyociulosonate) (Hershberger and Binkley, J.
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Biol. Chem. 1968; 243 (7). 1578-1584). A typical core pentasaccharide or core pentasaccharide
region includes, e.z., two Kdo residues and one, two or three Hep residues. The composition and
structure of core pentasaccharides from exemplary bacteria are shown in FIG. 1. The LPS Cores of
many bacteria also contain non-carhohydrate components, such as phosphate, amino acids, and
ethanolamine substituents.

A LPS core can include ap inner core and an ouler core.

The “base” of the inner core is 1-3 Kdo residues. The last Kdo is often modified with a
phosphate or ethanolamine group. From the Kdo residues, there are attached 2-3 heptose residues
{e.g., L-glycero-D-mannocheptulose) that are usually phosphorylated. These Kdo and heptose residaes
form the “inner core.” The ketosidic bond between Kdo and lipid A (¢2—6) is especially susceptible
to acid cleavage. The lipid and polysaccharide portions of LPS can be separaied by a weak acid
treatment. An LPS molecule that includes only a lipid A and an inner core {or less) is referred 1o as
“deep-rough LPS.”

The outer core is made of hexose residues that are attached io the last heptose residue in the
inner core. Hexoses often found in the outer core include, e.g., D-glucose, D-mannose, or D-
galactose. There is usually at least three hexoses bound B1—3, with the O antigen being ligated o the
third hexose. Other hexoses are often found attached to the outer core, branching from the main
oligomer. LPS that inclade lipid A and a complete core oligosaccharide (inner and outer) is referred
to as “rough LPS.”

Lipid A is, in some circumstances, a phosphorylated glucosamine disaccharide decorated with
multiple fatty acids. These hydrophobic fatty acid chains anchor the LPS into the bacterial
membrane, and the rest of the LPS projects from the cell surface. The lipid A domain is responsible
for much of the toxicity of Gram-negative bacteria. When bacterial cells are lysed by the immune
system, fragments of membrane containing lipid A are released into the circulation, causing fever,
disxrhea, and possible fatal endotoxic shock (also called septic shock).

In an embodiment, a core glycan of P. aeruginosa is targeted. Without wishing to be bound
by theory, it is believed that in an embodiment, core glycans of P. aeruginosa are conserved across
strains, arc accessible in vivo, and/or have limited phase variation/resistance clements.

In an embodiment, the antibody molecale or ADC binds to phosphorylated LPS, e.g., a
phosphoryiated core pegtasaccharide region of the LPS. In an emshodiment, the antibody molecuie or
ADC described herein binds to one or more {e.g., two or three) phosphate groups in the core LPS
region of P. aeruginosa. In an embodiment, the phosphate group is bound by an Arginine residue in
the antibody molecule or ADC. 1n an embodiment, the phosphate group is inhibited or neuiralized by
an Arginine residue in the antibody molecule or ADC. In an embodiment, the antibody molecule or
ADC binds to at least three phosphate groups (e.g., Hep2,4,6-PQy) in the core LPS region of P.

aeruginosa, each of which is bound, inhibited, or neutralived by an Arginine residue {e.g., R100,
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R10L, or R103) in the antibody molecule or ADC. For exarople, the H3 and L3 cavity of the antibody

molecule can accoramodate a monosaccharide.

Antibody Molecules

Disclosed herein are antibody molecules that bind to bacteria {¢.g., Gram-negative bacteria)
and/or lipopolysaccharides (LPS}. The antibody molecale-drug conjugates (ADCs) disclosed herein
can include an antibody molecule disclosed herein.

As vsed herein, the term “antibody molecule” refers (o a protein, £.g., an immunoglobulin
chain or a fragment thereof, comprising at least one immunoglobulin variable domain sequeace. The
term “antibody molecude” includes, for example, full-length, matuwe antibodies and antigen-binding
fragments of an antibody. For example, an antibody molecule can include a heavy (H) chain variable
domain sequence (abbreviated herein as VH), and a light (L) chain variable domain sequence
{abbreviated herein as VL). In another example, an antibody molecule includes two heavy (H) chain
variable domain sequences and two light (L) chain variable domain sequence, thereby forming two
antigen binding sites, such as Fab, Fab’, F(ab™)2, Fc, Fd, Fd’, Fv, single chain antibodies (scFv for
example), single variable domain antibodies, diabodies (Dab) (hivalent and bispecific), and chimeric
{¢.g., humanized) antibodies, which may be produced by the modification of whole antibodies or
those synthesized de nove using recombinant DNA technologies. These functional antibody
fragments retain the ability o selectively bind with their respective antigen or receptor. Antibodies
and antibody fragments can be {rom any class of antibodies including, buot not Himited to, IgG, IgA,
IgM, 1gD, and IgE, and from any subclass {e.g., 1gG1, 1g(G2, 1g(G3, and 1gG4) of antibodies. The
antibody molecules can be monocional or polyclonal. The antibody molecule can also be a human,
humanized, CDR-grafted, or in vitro generated antibody. The antibody molecuie can have a heavy
chain constant region chosen from, e.g., 1gG1, IgG2, 1gG3, or [gG4. The antibody molecule can also
have a light chain chosen from, e.g., kappa or lambda. The term “immunoglobulin” (Ig) is used
interchangeably with the term “antibody” herein.

Examples of antigen-binding fragments inclede: (i) a Fab fragment, a monovalent fragment
consisting of the VL, VH, CL and CH1 domains; (i) a F(ab")2 fragment, a bivalent fragment
comprising two Fab fragments linked by a disolfide bridge at the hinge region; {iii) a Fd fragment
cousisting of the VH and CHI domains; (iv) a Fv fragment consisting of the VL and VH domains of a
single arm of an antibody, (v) a diabody (dAb) fragment, which consists of a VH domain; (vi) a
camelid or camelized variable domain; (vii) a single chain Fv (scFv), see e.g., Bird ef «f. (1988)
Science 242:423-426; and Huston er al. (1988) Proc. Natl. Acad. Sci. [TSA 85:5879-5883); (viii) a
single domain antibody. These antibody fragments may be obtained using any suitable method,
including several conventional techniques known to those with skifl in the art, and the fragments can

be screened for utility in the same manner as are intact antibodies.
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The term “antibody” includes intact molecules as well as functional fragments thereof.
Constant regions of the antibodies can be altered, e.g., mutated, to modify the properties of the
anfibody {e.g., to increase or decrease one or more of . Fe receptor binding, antibody glycosylation,
the number of cysteine residues, effector cell function, or complement function).

The antibody molecule can be a single chain antibody. A single-chain antibody (scFv} may
be engineered (see, for example, Colcher, I er al. (1999) Ann N ¥ Acad Sci 88(:263-8G; and Reiter,
Y. {1996) Clin Cancer Res 2:2435-52). The single chain antibody can be dimerized or nulitmerized to
generate multivalent antibodies having specificities for different epitopes of the same target protein.

The antibody molecules disclosed herein can also be single domain antibodies. Single
domain antibodies can inchude antibodies whose complementary determining regions are part of a
single domaia polypeptide. Examples include, but are not limited to, heavy chain antibodies,
antibodics naturally devoid of light chains, single domain antibodies derived from conventional 4-
chain antibodies, engineered antibodies and single domain scaffolds other than those derived from
aniibodies. Single domain antibodies may be any of the art, or any fuiure single domain antibodies.
Single domain antibodies may be derived from any species including, but not limited to mouse,
human, camel, llama, fish, shark, goat, rabbit, and bovine. According to some aspects, a single
domain antibody is a naturally occurring single domain antibody known as heavy chain antibody
devoid of Hght chains. Such single domain antibodies are disclosed in International Publication No.
WO 94/04678, for example. For clarity reasons, this variable domain derived from a heavy chain
antibody naturally devoid of light chain is known herein as a VHH or nanobody to distinguish il {rom
the conventional VH of four chain immunoglobulins. Such a VHH molecule can be derived from
antibodies raised in Camelidae species, for example in camel, llama, dromedary, alpaca and guanaco.
Other species besides Camelidae may produce heavy chain antibodies naturally devoid of light chain;
such VHHSs are also contemplated.

The VH and VL regions can be subdivided into regions of hypecvariability, termed
“complemeniarity determining regions” (CDR), interspersed with regions that are more conserved,
termed “framework regions” (FR or FW). The terms “complementarity determining region,” and
“CDR,” as used herein refer to the sequences of amino acids within antibody variable regions which
confer antigen specificity and hinding affinity. As used herein, the terms “framework,” “FW” and
“FR” are used interchangeably.

The extent of the framework region and CDRs has been precisely defined by a number of
methods (see, Kabat, E. A, et al. (1991 Sequences of Proteins of Immunoiogical Tnterest, Fifth
Edition, U.S. Department of Health and Human Services, NIH Publication No. 91-3242; Chothia, C.
et al. (1987) J. Mol. Biol. 196:901-917; and the ABM definition used by Oxford Molecular’s AbM
antibody modeling software. See, generally, e.g.. Protein Sequence and Structure Analysis of
Antibody Variable Domains. In: Antibody Engineering Lab Manual (Ed.: Duebel, S. and

Kontermann, R., Springer-Verlag, Heidelberg). In an embodiment, the following definitions are used:
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AbM definition of CDR1 of the heavy chain variable domain and Kabat definitions for the other
CDRs. In an embodiment, Kabat definitions are used for all CDRs. In addition, erabodiments
described with respect to Kabat or AbM CDRs may also be implemented using Chothia hypervariable
foops, Bach VH and VL typically includes three CDRs and four FRs, arranged from amino-termings
to carboxy-terminus in the following order: FR1, CDR1, FR2, CDR2, FR3, CDR3, and FR4.

As used herein, an “iromunoglobulin variable domain sequence” refers (o an amino acid
sequence which can form the structure of an tmmunoglobulin variable domain. For example, the
sequence may inclade all or part of the amino acid sequence of a naturally-occurring variable domain.
For example, the sequence may or may not include one, two, or more N- o C-terrainal argino acids,
or may include other alterations that are compatible with formation of the protein structure.

The term “antigen-binding region” refers to the part of an antibody molecule that comprises
determinants that form an interface that binds to an antigen, e.g., lipopolysaccharide (LPS), or an
epitope thereof. With respect to proteins (or protein mimetics), the antigen-binding region typically
includes one or more loops (of at least, 2. g., four amino acids or amino acid mimics) that form an
interface that binds to the antigen, e.g., LPS. Typically, the antigen-binding region of an antibody
molecule includes at feast one or two CDRs and/or hypervadiable Joops, or more typically at feast
three, four, five or six CDRs and/or hypervariable loops.

The terms “compete” or “cross-corapete” are used interchangeably herein to refer to the
ability of an antibody molecule to interfere with binding of an anti-LPS antibody molecule, e.g.. an
anti-LPS antibody molecule provided herein, to a target, e.g., LPS on a Gram-negative bacterivm.
The interference with binding can be direct or indirect {e.g., through an allosteric modulation of the
antibody molecule or the target). The extent to which an antibody molecule is able to interfere with
the binding of another antibody molecule to the target, and therefore whether it can be said to
compete, can be determined using a competition binding assay, for example, a FACS assay, an
ELISA, an SPR assay, or an OCTET® assay {(ForieBio}. In an embodiment, a corapetition hinding
assay is a quantitative competition assay. In an embodiment, a first anti-LPS antibody molecule is
said to compete for binding to the target with a second anti-LPS antibody molecule when the binding
of the firsi antibody molecule to the target is reduced by 10% or more, e.g., 20% or more, 30% or
maore, 40% or more, 50% or more, 55% or more, 60% or more, 65% or more, 70% or more, 75% or
more, 80% or more, 83% or raore, 90% or more, 95% or more, 98% or mwore, 99% or more in a
competition binding assay (e.g., a competition assay described herein).

The terms “raonoclonal anitbody” or “monocional antibody composition” as vsed herein refer
to a preparation of antibody molecules of single molecular composiiion. A monoclonal antibody
compuosition displays a single binding specificity and affinity for a particular epitope. A monoclonal
aniibody can be made by hybridoma technology or by methods that do not use hybridoma technology

{e.g., recombinant methods).



[#2]

10

20

30

35

WO 2017/083515 PCT/US2016/061330

i

Axn “effectively human” protein is a protein that does not evoke a newtralizing antibody
response, e.g., the human anti-murine antibody (HAMA) response. HAMA can be problematic in a
number of circumstances, ¢.g., if the antibody molecule is administered repeatedly, e.g., in treatment
of a chronic or recurrend disease coadition. A HAMA respoase can make repeated antibody
administration potentially ineffective because of an increased antibody clearance from the serum (see,
e.g., Saleh et al., Cancer Immunol. Immunother., 32:180-190 (19901) and also because of potential
allergic reactions (see, e.g., LoBuglio et al., Hybridoma, 5:5117-5123 (1986)).

The antibody molecule can be a polyclonal or a monoclonal antibody. In some embodiments,
the antibody can be recombinantly produced, e.g., produced by any suitable phage display or
combinatorial methods.

Various phage display and combinatorial methods for generating antibodies are known in the
art (as described in, 2.g., Ladner et al. U.S. Patent No. 3,223,409; Kang et al. International Publication
No. W3 92/18619:; Dower et al. International Publication No. WO 91/17271; Winter et al.
International Publication WO 92/20791; Markland et al. International Publication No. W 92/15679;
Breitling et al. International Publication WO 93/01288,; McCafferty et al. International Publication
No. WO 92/01047; Garrard et al. International Publication No. WO 92/09690; Ladner et al.
International Publication No. WO 90/02809; Fuchs et al. (1991) Bio/Technology 9:1370-1372; Hay et
al. (1992) Hum Antibod Hvbridomas 3:81-85; Huse et al. (1989} Science 246:1275-1281; Gnffths et
al. (1993) EMBO J 12:725-734; Hawkins et al. (1992) J Mol Biol 226:889-896; Clackson et al. (1991)
Nature 352:624-628; Gram et al. {(1992) PNAS 89:3576-3580; Garrad et al. (1991) Bio/Technology
9:1373-1377; Hoogenhoom et al. (1991 Nuc Acid Res 19:4133-4137; and Barbas et al. (1991) PNAS
88:7978-7982, the contents of all of which are incorporated by reference herein).

In an embodiment, the antibody molecule is a fully human antibody (e.g., an antibody made
in a mouse which has been genetically engineered to produce an antibody from a human
immueaoglobulin sequence), or a non-human aniibody, e.g., a rodent (mouse or rat), goat, primate
{e.g., monkey), camel antibody. In an embodiment, the non-human antibody is a rodent (mouse or rat
antibody). Methods of producing rodent antibodies are known in the art.

Human monoclonal antibodies can be generated using transgenic mice carrying the human
immunoglobualin genes rather than the mouse systermn. Splenocytes from these transgenic mice
immunized with the antigen of interest are used to produce hybridomas that secrete human mAbs with
specific affinities {or epitopes from a human protein (see, e.g., Wood et al. International Application
WO G100906, Kucherlapati ef al, PCT publication WO 91/10741; Losherg of 2l International
Application WO 92/03918; Kay et al. International Application 92/03917; Lonberg, N. et al. 1994
Nature 368:856-859; Green, L.L. et al. 1994 Nature Gener. 7:13-21; Morrison, S.L. et al. 1994 Proc.
Natl. Acad. Sci. USA 81:6851-6855; Bruggeman et al. 1993 Year Immunol 7:33-40; Tuaillon et al.
1993 PNAS 90:3720-3724; Bruggeman et al. 1991 Eur J fmmunol 21:1323-1326).
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Axn antibody can be ong in which the variable region, or a portion thereof, e.g., the CDRs, are
generated in a non-human organism, e.¢., a rat or mouse. Chimeric, CDR-grafied, and humanized
anfibodies are within the invention. Antibodies generated in a non-human organism, ¢.g., a rat or
raouse, and then modified, e.g., in the vanable framework o constant region, to decrease antigenicity
in 4 human are within the invention.

Chimeric antibodies can be produced by any suitable recombinant DNA technique. Several
are known in the art (see Robinson et al., International Patent Publication PCT/USR6/02269; Akira, et
al., Buropean Patent Application 184,187; Taniguchi, M., Euwropean Patent Application 171,496;
Morrison ef al., Huropean Patent Application 173,494; Neuberger e7 4f., International Application WG
86/01533; Cabilly er al. U.5. Patent No. 4,816,567, Cabilly et al., European Patent Application
125,023; Betier er al. (1988 Science 240:1041-1043); Lin et al. (1987) PNAS 84:3439-3443; Liu er ol
1987, J. Immunol. 139:3521-3526; Sun et al. (1987) PNAS 84:214-218; Nishimwra er al., 1987, Canc.
Res. 47:999-1005; Wood et al. (1985) Nature 314:446-449; and Shaw e al., 1988, J. Nail Cancer
fnsr. 80:1553-1359).

A humanized or CDR-grafted antibody will have at least one or two but generally all three
recipient CDRs (of heavy and or light immunoglobulin chains) replaced with a donor CDR. The
antibody may be replaced with at least a portion of a non-human CDR or only some of the CDRs may
be replaced with norn-human CDRs. Tt is only necessary to replace the nomber of CDRs required for
binding of the humanized antibody to lipopolysaccharide. In an embodiment, the donor will be a
rodent antibody, e.g., arat or mouse antibody, and the recipient will be a homan framework or a
human consensus framework. Typically, the immunoglobulin providing the CDRs is called the
“donor” and the immunogiobulin providing the framework is called the "acceptor.” In some
embodiments, the donor immunoglobulin is 2 non-human (e.g., rodent). The acceptor framework is
typically a naturally-occurring (e.g., a human) framework or a consensus framework, or a sequence
about 83% or higher, e.g., 90%, 95%, 99% or higher identical thereto.

As used herein, the term “consensus sequence” refers to the sequence formed tron the most
frequently ocowrring amino acids (or nocleotides) in a family of related sequences (See e.g., Winnaker,
From Genes to Clones (Verlagsgesellschatt, Weinheim, Germany 1987). In a family of proteins, each
position in the consensus sequernce is occupied by the armino acid ocowrring most frequently at that
position in the family. If two amino acids oceur equally frequently, either can be included in the
consensus sequence. A “consensus framework” refers fo the framework region in the consensus
immuonoglobulin sequence.

An antibody can be humanized by any suitable method, and several such methods known in
the art (see e.g., Morrison, 8. L., 1985, Science 229:1202-1207, by (i et al., 1986, BioTechniques
4:214, and by Queen et al. US 5,585,089, US 5,693,761 and US 5,693,762, the contents of all of

which are hereby incorporated by reference).
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Humanized or CDR-grafted antibodies can be produced by CDR-grafting or CDR
suhstitution, wherein one, two, or all CDRs of an tramunoglobuldin chain can be replaced. See e.g.,
U.S. Patent 5,225,539, Jones et al. Y986 Narure 321:552-525; Verhoeyan et al. 1988 Science
239:1534; Beidler et al. 1988 J. Immunol. 141:4053-4060; Winter US 5,225,539, the contents of all of
which are hereby expressly incorporated by reference. Winter describes a CDR-grafting method
which may be ased to prepare humanized antibodies (UK Patent Apphication GB 21886384, filed on
March 26, 1987; Winter US 5,225,539, the contents of which is expressly incorporated by reference.

Also provided are humanized antibodies in which specific amino acids have been substituted,
deleted or added. Criteria for selecting amino acids from the donor are described in, e.g., US
5,585,089, e.g., columns 12-16 of US 5,585,089, the contents of which are hereby incorporated by
reference. Other techniques for humanizing antibodies are described in Padlan et of. EP 519596 A,
published on December 23, 1992,

In an embodiment, the antibody mwlecule has a heavy chain constant region chosen from,
e.g., the heavy chain counstant regions of IgG1, 1gG2, 1gG3, IgG4, 1gM, 1gAl, 1gAZ, IgD, and Igk;
narticularty, chosen from, e.g., the heavy chain constant regions {e.g., the human heavy chain constant
regions) of {g(GE, 1gG2, 1g(G3, and IgG4. In another embodiment, the antibody molecule has a light
chain constant region chosen from, e.g., the hight chain constant regions {e.g., the human light chain
constant regions) of kappa or lambda. The constant region can be altered, e.g., mutated, to modifly the
properties of the antibody molecule (e g., to increase or decrease one or more of: Fe receptor binding,
antibody glycosylation, the number of cysteine residues, effector cell function, and/or complement
function). In an embodiment, the antibody molecule has effector function and can fix complement.

In another embodiment, the antihody molecule does not recruit effector cells or fix complement. In
certain embodiments, the antibody molecule has reduced or no ability to bind an Fc receptor. For
example, it may be an isotype or subtype, fragment or other mutant, which does not support binding
to an Fc receptor, e.g., it has a mutagenized or deleted Fe receptor binding region. In an embodiment,
the antibody molecule comprises an Fe region that is altered to increase an ADCC activity. Inan
embodiment, the ADCC activity is increased by 18-fold or more, e.g., 25-fold or more, 50-fold or
more, 100-fold or more, 200-fold or more, 400-fold or more, 600-fold or more, 800-fold or more, or
1000-fold or more, e.g., between 130-fold and 1000-fold or between 250-fold and 750-fold. Inan
embodiment, the antibody molecule comprises an Fc region that is altered to modulaie engagement
with an Foy receptor or an opsonophagocytosis activity.  In an embodiment, the antibody molecule
comprises an Fc region that is altered to modulate engagement with an FcRn receptor.

In an embodiment, a constant region of the antibody molecule is aliered. Methods for altering
an antibody constant region are known in the art. Antibody molecules with altered function, e.g.
altered affinity for an effector ligand, such as FcR on a cell, or the C1 component of complerent can
be produced by replacing at least one aming acid residue in the constant portion of the antibody with a

different residue (see e.g., EP 388,151 Al, U.5. Pat. No. 5,624,821 and U.S. Pat. No. 5,648,260, the

3%
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contents of all of which are hereby incorporated by reference). Amino acid mutations which stabilize
antibody structore, such as 3228P (EU nomenclature, S241P in Kabat nomenclature) in human igG4
are also conterplated. Similar type of alterations could be described which if applied to the murine,
or other species immuanoglobalin would reduce or eliminate these functions.

I an embodiment, the only amino acids in the antibody molecule are canonical amino acids.
In an embodiment, the antibody molecule comprises natwrally-occurring amino acids; analogs,
derivatives and congeners thereof; amino acid analogs having variant side chains; and/or all
stereoisomers of any of any of the foregoing. The antibody molecule may comprise the D- or L~
optical isomers of amino acids and peptidomimetics.

A polypeptide of an antibody molecule described herein may be finear or branched, it may
coraprise randified amino acids, and i may be interrupted by non-amino acids. The antibody
molecule may also be modified; for example, by disulfide bond formation, glycosylation, lipidation,
acetylation, phosphorylation, or any other manipulation, such as conjugation with a labeling
component. The polypeptide can be isolated from natural sources, can be a produced by recombinant
techniques from a eukaryotic or prokaryotic host, or can be & product of synthetic procedures.

The antibody molecule described herein can be used alone in voconjugated form, or can be
bound to a substance, e.g., & toxin or moiety {e.g., a therapeutic drug (e.g., an antibiotic); a compound
emitting radiation; molecules of plant, fungal, or bacterial origin or a hiological protein {e.¢., a
protein toxin} or particle {(e.g., a recombinani viral particle, e.g., via a viral coat protein). For
example, the anti-LPS antibody can be coupled to a radicactive isotope such as an -, §-, or y-emitter,
or a Prand y-emitter.

An antibody molecule can be derivatized or linked o another functional molecude (e.g.,
another peptide or protein). As used herein, a “derivatized” antibody molecule is one that has been
modified. Methods of derivatization include but are not limited to the addition of a fluorescent
moiety, a radionucleotide, a toxin, an enzyme or an affinity ligand such as biotin. Accordingly, the
antibody molecules are intended to include derivatized and otherwise modified forms of the
antibodies described herein, inchuding immunoadhesion molecules. For example, an antibody

]

molecule can be functionally linked (by chemical coupling, genetic fusion, noncovalent association or
otherwise) to one or more other molecular entities, such as another antibody (e.g., a bispecific
antibody or a diabody), a detectable agent, a toxin, a pharmaceutical agent, and/or a protein or peptide
that can mediate association of the antibody or antibody portion with another molecule (such as a
streptavidin core region or a polyhisiidine tag).

Some types of derivatized antibody molecule are produced by crosslinking two or more
antibodies (of the same type or of different types, e.g., to create bispecific antibodies). Suitable
crosslinkers include those that are heterobifunctional, having two distinctly reactive groups separated

by an appropriate spacer {(e.g., m-maleimidobenzoyl-N-hydroxysucecinimide ester) or

40
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homobifunctional (e.g., disuceinimidyl suberate). Such linkers are available from Pierce Chemical
Company, Rockford, TiL

Useful detectable agents with which an anti-LPS antibody molecule may be derivatized (or
{abeled) to include fluorescent compounds, various enzymes, prosthetic groups, luminescent
materials, bicluminescent materials, fluorescent emitting metal atoms, e.g., europiam (Eu}, and other
anthanides, and radicactive materials {described below). Exemplary flucrescent detectable agenis
include fluorescein, fluorescein isothiocyanate, rhodamine, Sdimethylamine-1-napthalenesulfonyi
chloride, phycoerythrin and the like. An antibody may also be derivatized with detectable enzymes,
such as alkaline phosphatase, horseradish peroxidase, B-galactosidase, acetyicholingsierase, glucose
oxidase and the like. When an antibody is derivatized with a detectable enzyme, it is detected by
adding additional reagents that the enzyme uses to produce a detectable reaction product. For
example, when the detectable agent horseradish peroxidase is present, the addition of hydrogen
peroxide and diaminobenzidine feads to a colored reaction product, which is detectable. An antibody
molecule may also be derivatized with a prosthetic group {e.g.. streptavidin/biotin and avidin/biotin}.
For example, an antibody may be derivatizved with biotin, and detected through indivect measurement
of avidin or streptavidin binding. Examples of suitable fluorescent materials include umbeliiferone,
fluorescein, fluorescein isothiocyanate, thodamine, dichlorotriazinylamine fluorescein, dansyl
chloride or phycoerythrin; an example of a luminescent material includes luminol; and examples of
bioluminescent materials include luciferase, luciferin, and aequorin.

Labeled antibody molecule can be used, {or example, diagnostically and/or experimentally in
a numnber of contexts, including (1) to isolate a predetermined antigen by standard techniques, such as
affinity chromatography or immunoprecipitation; (i) to detect a predetermined antigen {e.g., ina
celhular Tysate or cell supernatant) in order to evaluate the abundance and patiera of expression of the
protein; (iii) to monitor protein levels in tissue as part of a clinical testing procedure, e.g., to determine
the efficacy of a given treatment regimen.

An antibody molecule may be conjugated to another molecular entity, typically a label ora
therapeultic (e.g., antimicrobial {e.g., antibacterial or bactericidal), immunomodulatory,
immunostimularoty, cytotoxic, or cytostatic) agent or moiety. Radioactive isotopes can be used in
diagnostic or therapeutic applications. Radioactive isotopes that can be coupled to the antibody
molecules include, but are not limited to o-, B-, or y-emitiers, or f-and y-emitters. Such radioactive

isotopes include, but are not fimited to fodine (7' or Y, yitrium ¢ %y, futetium ( Lu), actinium
(zzsAc:), praseodymium, astatine (A, rhenium ("°Re), bismuth (mBi or 21°Bi), indiurn (M'1n),
technetium (99 mTc), phosphorus ( Py, rhodium (]BSRh), sulfur (°S) , carbon ( My, tritivrm CH).
chromiom (51&.)’ chiorine (36(31), cobalt (57C0 o SgCo)e iron (59Fej)q, seleniom (7586)3 or gallium (mGa).
Radioisotopes useful as therapeutic agents include ytirium (%'Y), tutetium {'7'La), actinium ( acy,
praseodymivm, astatine (2] 'At), rhenium (l%Re), bismuth (_ZEZBi or mBi), and rhodiuvm (msﬂh).

.. - L. . . T 131 1285y .. q: Adiyo -
Radioisotopes useful as labels, e.g., for use in diagnostics, include iodine ('L or "“T), indinm {'In),
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technetium (mTe), phosphorus (°P), carbon (C), and tritium (*H), or one or more of the therapeutic
isotopes listed above.

The present disclosure provides radiofabeled antibody miolecules and methods of labeling the
same. In an embodiment, a method of labeling an antibody molecule s disclosed. The method
includes contacting an antibody molecule, with a chelating agent. to thereby produce a conjugated
antibody. The conjugated antibody is radiolabeled with a radioisotope, e.g., ' Indium, *Yitriem and
"7 utetium, to thereby produce a labeled antibody molecule.

As is discussed gbove, the antibody molecule can be conjugated to a therapeutic agent.
Therapeutically active radioisotopes have already been meationed. Exaroples of other therapeutic
agents include antimicrobial (e.g., anti-bacterial) agents, e.g., antimicrobial peptides. In an
embodiment, an antirnicrobial pepiide can be coupled (e.g., fused) to the antibody molecule, e.g., a
heavy chain or light chain of the antibody molecule. In an embodiment, the antimicrobial peptide is
coupled (e.g., fused) to the N-terminus of the heavy chain or light chain or a functional fragment
thereof. In an embodiment, the antimicrobial peptide is coupled {e.g., fused) to the C-terminus of the
heavy chain or light chain or a functional fragment thereof. In an embodiment, the antimicrobial
peptide is coupled (e.g., fused) {0 a constant region or a portion thereof, In an ersbodiment, the heavy
chain or light chain, or a portion thereof, and the antimicrobial peptide, forms a fusion polypeptide,
e.g., encoded by an open reading frame (ORF). One or more antimicrobial peptides can be coupled
{e.g., fused) to the antibody molecule. In an embodiment, at least two of the antimicrobial peptides
are identical or substantially identical. In another embodiment, at least two of the antimicrobial
peptides are different. In an embodiment, all of the antimicrobial peptides are identical or
substantially identical.

In some aspects, this disclosure provides a method of making an antibody molecule disclosed
hercin. The method includes: providing an antigen, e.g., a bacteria (e g., a Gram-negative bacteria) or
LP3; obtaining an antibody molecule that specifically binds to the antigen; evaluating efficacy of the
antibody molecule in modulating activity of the antigen and/or organism expressing the antigen, ¢.g.,
a bacterivm {e.g., a Gram-negative bacterium). The method can further inchude administering the
aniibody molecule, including a derivative thereof {e.g., a humanized antibody molecule) to a subject,
e.g., a human.

This disclosure provides an (solated nucleic acid molecule encoding the above antibody
molecule, vectors and host cells thereof. The nucleic acid molecule includes, but is not limited to,

RNA, genomic DNA and cDNA.

Exemplary sequences of antibody molecules are described in Tables 1, 2 and 8 below.
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In an embodiment, the antibody molecule comprises one, two, or three CDRs of the VH region of
an antibody molecule described in Table 1 or 8 (e.g., mAbGOL, ADDE-25, hWNOT, hWNvi, 3E7, 3G1,
2C7, or 3D6, or any of the humanized mAb{JO1), using the Kabat or Chothia definitions of CDRs. Inan
embodiment, the antibody molecule comprises one, two, or three CDRs of the VL. region of an antibody
molecuole described in Table 1 or 8 (e.g., mAbOGT, AQOL-25, hWNO1, hWNvl, 3E7, 3G1, 2C7, or 3D6,
or any of the umanized mAbQO01), using the Kabat or Chothia definitions of CDRs. In an embodiment,
the antibody molecule comprises one or more (e.g., two or three) CDRs of the VH region and/or one or
more {e.g., two or three) CORs of the VL region of an antibody molecule described in Table 1 or 8 (e.g,,
mAbOGE, AGRI-25, hWNOT, hWNv1, 3E7, 3G1, 2C7, or 3D6, or any of the humanized mAbU01), using
the Kabat or Chothia definitions of CDRs.

In an embodiment, the antibody molecule comprises one, two, or three HCDRs described in
Tabie 1 or 8. In an embodiment, the antibody molecule comprises one, two, or three LCDRs described
in Table 1 or 8. In an embodiment, the antibody molecule comprises one or more {e.g., two or three)
HCDRs and/or one or more {e.g., two or three) LCDRs described in Table 1 or 8.

In an embodiment, the antibody molecule comprises one, two, three, or four frameworks of the
VH region of an antibody molecule described in Table 1 or 8 (e.g., mAbO(1, AGGI-25, hWNOT, hWNvI,
3E7, 3G1, 2C7, or 3D6, or any of the hamanized mAbOG1). In an embodiment, the antibody molecule
comprises one, two, three, or four frameworks of the VL region of an antibody molecule described in
Table 1 or 8 (e g, mADOGL, ADDE-25, hWNOE, hWNvE, 3E7, 3G1, 207, or 3D6, or any of the
humanized mAbOO1). In an embodiment, the antibody molecule comprises one or more (e.g., two, three,
or four) frameworks of the VH region and/or one or more (e.g., two, three, or four) frameworks of the VL
region of an antibody molecule described in Table 1 or 8 {e.g., mAbODE, AD01-25, hWNGI, hWNvl,
3E7, 31, 2C7, or 3D6, or any of the humanized mAbOG1).

In an embodiment, the antibody molecule comprises a heavy chain variable region of an antibody
molecule described in Table 1 or 8 (e g, mAbOUL, AGGI-25, hWNOL, hWNv1, 387, 3G1, 2C7, or 336,
or any of the humanized mAb001). In an embodiment, the antibody molecule comprises a light chain
variable region of an antibody molecule described in Table 1 or 8 (e.g., mAbUOOI, ABGI-25, hWNOI,
hWNvI, 3E7, 3G1, 2C7, or 3D6, or any of the humanized mAbOO1). In an cmbodiment, the antibody
molecule comprises a heavy chain variable region and a light chain variable region of an antibody
molecuole described in Table 1 or 8 (e.g., mAbOGT, AQOL-25, hWNO1, hWNvl, 3E7, 3G1, 2C7, or 3D6,
or any of the humanized mAbOD1).

In an embodiment, the antibody molecule comprises a heavy chain variable region having an
aminoe acid sequence described in Table 1 or 8. In an embodiment, the antibody molecule comprises a

light chain variable region having an amino acid sequence described in Table 1 or 8. In an embodiment,
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the antibody molecule comprises a heavy chain variable region having an amino acid sequence described
inn Table 1 or 8 and a light chain variable region having an amino acid sequences described in Table 1 or
8.

In an embodiment, the antibody molecule comprises a heavy chain variable region encoded by a
nucleotide sequence described in Table 2. In an embodiment, the antibody molecule comprises a light
chain variable region encoded by a nucleotide sequence described in Table 2. In an embodiment, the
antibody molecule comprises a heavy chain variable region encoded by a nucleotide sequence described
in Table 2 and a light chain variable region encoded by a nucleotide sequence described in Table 2.

In an embodiment, the antibody molecule further comprises a heavy chain constant region. In an
embodiment, the antibody molecule further comprises a light chain constant region. In an embodiment,
the antibody molecule further comprises a heavy chain constant region and a light chain constant region.
In an embodiment, the antibody molecule comprises a heavy chain constant region, a light chain constant
region, and heavy and Hght chain variable regions of an antibody molecule described in Table 1 or 8. In
certain embodiments, the antibody molecule comprises a heavy chain constant region, a light chain
constant region, and vartable regions that comprise one, two, three, four, five, or six CDRs of an antibody
molecule described in Table 1 or 8.

In an ernbodiment, the antibody molecule binds to a core pentasaccharide region of the LPS. In
an embodiment, the core pentasaccharide region comprises one or more {e.g., two) Kdo residues and one
or more {e.g., two or threc) Hep residues. In an ermbodiment, the antibody molecule binds to one or more
(e.g., two) Kdo residues, or one or more {e.g., two or three) Hep residues, or any combination thereof.

In an embodiment, the ADC or antibody molecule comprises a heavy chain variable region (VH),
wherein the heavy chain variable region comprises three heavy chain complementarity determining
regions {HCDR1, HCDRZ, and HCDR3). wherein the heavy chain variable region comprises one, two, or
all of the following: an HCDRI comprising an amino acid sequence that differs by no more than 1, 2, or 3
amino acid residues from, or has at least §5, 90, 95, 99 or 100% homology with, the amino acid sequence
of the HCDR1 of antibody mAbU31 (e.g., SEQ ID NG: 108); an HCDR2 comprising an amino acid
sequence that differs by no more than 1, 2, or 3 amino acid residues from, or has at least 85, 90, 93, 99 or
100% homology with, the amino acid sequence of the HCDR?2 of antibody mAbO0Y (e.g., SEQ ID NO:
109); or an HCDR3 comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid
residues from, or has at least 85, 94, 95, 99 or 100% homology with, the amino acid sequence of the
HCDR3 of antibody mAbOO1 (e.g., SEQ ID NO: 107).

In an emmbodiment, the heavy chain variable region comprises one, two, or all of the following: an
HCDR1 comprising the amino acid sequence of the HCDR1 of antibody mAbOUT (e.g., SEQ 1D NO:
108); an HCDR2 comprising the amine acid sequence of the HCDR2 of antibody mAbG01 {e.g, SEQ ID
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NG: 109); or an HCDR3 comprising the amino acid sequence of the HCDR3 of antibody mAb{(1 {e.g.,
SEQ D NO: 107).

In an embodiment, the heavy chain variable region comprises an HCDR1 cormprising the amine
acid sequence of the HCDR1 of antibody mAbU01 (e g., SEQ 1D NOG: 108); an HCDR2 comprising the
aming acid sequence of the BCDR?2 of antibody mAbU0T {e.g., SEQ ID NO: 109); and an HCDR3
comprising the amino acid sequence of the HCDR3 of antibody mAbUG1 (e.g., SEQ ID NO: 107).

In an embodiment, the ADC or antibody molecule comprises a light chain variable region (VL),
wherein the light chain variable region comprises three light chain complementarity determining regions
(LCDRI, LCDR2Z, and LCDR3), wherein the light chain variable region comprises one, two, or all of the
following: an LODRI comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino
acid residues from, or has at feast 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the
LCDR1 of antibody mAbBGUT (e.g., SEQ ID NG: 110); an LCDR2 comprising an amino acid sequence
that differs by no more than |, 2, or 3 amino acid residues from, or has at least 85, 90, 95, 99 or 100%
homology with, the amino acid sequence of the LCDRZ of antibody mAbO01 (e.g.. SEQ ID NOG: 111); or
an LCDR3 comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues
from, or has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the LCDR3 of
antibody mAbO01 (e.g., SEQ ID NO: 112).

In an embodiment, the light chain variable region comprises one, two, or all of the following: an
LCDRI comprising the amino acid sequence of the LCDRI of antibody mAb{01 {e.g., SEQ 1D NO:
116h); an LCDR2 comprising the amino acid sequence of the LCDR? of antibody mAbOOT (e.g., SEQ ID
NO:111); or an LCDR3 comprising the amino acid sequence of the LCDR3 of antibody mAbOO1 (e.g.,
SEQ ID NOG: 112).

In an embodiment, the light chain variable region comprises an LCDR1 comprising the amino
acid sequence of the LCDRI of antibody mAbQ01 (e g, SEQ ID NO: 110); an LCDRD comprising the
amino acid sequence of the LCDR2 of antibody mADbGO1 (e.g., SEQ 1D NO: 111); and an LCDR3
comprising the amino acid sequence of the LCDR3 of antibody mAbUO01 (e.g., SEQ ID NG: 112).

In an embodiment, the ADC or antibody molecule comprises a heavy chain variable region (VH)
and a light chain variable region (VL), wherein the heavy chain variable region comprises three heavy
chain complerentarity determining regions (HCDRI1, HCDR2, and HCDR3), and the light chain variable
region comprises three light chain compiementarity determining regions (LCDR1, LCDR2Z, and LCDR3),
wherein the heavy chain variable region comprises one, two, or all of the following: an HCDRI1
comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or
has at feast 85, 90, 93, 99 or 100% homology with, the amino acid sequence of the HCDR1 of antibody

mAbOG1 (e.g., SEQ ID NO: 108); an HCDR2Z comprising an amino acid sequence that ditfers by no more
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than 1, 2, or 3 amino acid residues from, or has at least 85, 90, 95, 99 or 100% homology with, the amino
acid sequence of the HCIIRZ of antibody mAbUG1 (e.g., SEQ ID NO: 109); or an HCDR3 comprising an
amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or has at least 85,
90, 95, 99 or 100% homology with, the amino acid sequence of the HCDR3 of antibody mAbOO1 {e.g.,
SEQ ID NO: 107), and wherein the light chain vartable region comprises one, two, or all of the following:
an LCDR1 comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues
from, or has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the LCDR1 of
antibody mAbOOT (e.g., SEQ ID NO: 110); an LCDR?2 comprising an amino acid sequence that differs by
no more than |, 2, or 3 amino acid residoes from, or has at least 85, 90, 95, 99 or 100% homology with,
the amino acid sequence of the LCDR2 of antibody mAbGO1 (e.g., SEQ ID NG: 111); or an LCDR3
comprising an araino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or
has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the LCDR3 of antibody
mAbJ01 (e.g., SEQID NG: 112).

In an embodiment, the heavy chain variable region comprises one, two, or all of the following: an
HCDR1 comprising the amino acid sequence of the HCDRI of antibody mAbGO1I {e.g., SEQ ID NO:
108); an HCDR2 comprising the amino acid sequence of the HCDR?2 of antibody mAb(OO1 (e.g., SEQ ID
NGO: 109); or an HCDR3 comprising the arino acid sequence of the HCDR3 of antibody mAbU0] (e.g.,
SEQ D NO: 107), and the Light chain variable region comprises one, two, or all of the following: an
LCDRI comprising the amino acid sequence of the LCDRI of antibody mAb{01 {e.g., SEQ 1D NO:
116); an LCDR2 comprising the amino acid sequence of the LCDR? of antibody mAbOOT (e.g., SEQ ID
NO:111); or an LCDR3 comprising the amino acid sequence of the LCDR3 of antibody mAbOO1 (e.g.,
SEQ ID NOG: 112).

In an embodiment, the heavy chain variable region comprises an HCDR1 comprising the amino
acid sequence of the HCDRI of antibody mAbQ(1 (e.g., SEQ 1D NO: 108); an HCDR2 comprising the
amino acid sequence of the HCDR?2 of antibody mAbOO1 {e.g., SEQ ID NG: 109); and an HCDR3
comprising the amino acid sequence of the HCDR3 of antibody mAbU01 {e.g., SEQ {3 NO: 107), and the
light chain variable region comprises an LCDR1 comprising the amino acid sequence of the LCDR1 of
antibody mAbOO1 (e.g., SEQ 1D NO: 110); an LCDR2 comprising the amino acid sequence of the
LCDR2 of antibody mAbGUT (e.g., SEQ ID NG: 111); and an LCDR3 cormprising the amino acid
sequence of the LCDR3 of antibody mAbGOT {e.g, SEQ ID NG: 112).

In an embodiment, the ADC or antibody molecule comprises a heavy chain variable region (VH),
wherein the heavy chain variable region comprises three heavy chain coroplementarity determining
regions (HCDRI, HCDR2, and HCDR3), wherein the beavy chain variable region comprises one, two, or

all of the following: an HCDRI comprising an amino acid sequence that ditfers by no more than 1, 2, or 3
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amuno acid residues from, or has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence
of the HCDR1 of antibody mAbO1 (e.g., SEQ ID NQG: 105); an HCDR?2 comprising an amino acid
sequence that differs by no more than 1, 2, or 3 amino acid residues from, or has at least 83, 90, 93, 99 or
100% homology with, the amino acid sequence of the HCDR2 of antibody mAbG0T (e.g., SEQ 1D NO:
106); or an HCDR3 comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid
residues from, or has at keast 83, 90, 93, 99 or 100% homology with, the amino acid scquence of the
HCDR3 of antibody mAbOOT (e.g., SEQ 1D NO: 107).

In an emsbodiment, the heavy chain variable region comprises one, two, or all of the following: an
HCDR1 comprising the amino acid sequence of the HCDR1 of antibody mAbOUT (e.g.. SEQ ID NO:
105); an HCDR2 comprising the amine acid sequence of the HCDR?Z of antibody mAbQ01 (e.g., SEQ ID
NO: 106); or an HCDR3 comprising the amino acid sequence of the HCDR3 of antibody mAbO01 (e. 2.,
SEQ 1D NO: 107).

In an embodiment, the heavy chain variabie region comprises an HCDR1 comprising the amino
acid sequence of the HCDR1 of antibody mAbO1 (e.g., SEQ 1D NO: 105); an HCDR?2 comprising the
amino acid sequence of the HCDRZ of antibody mAbU01T {(e.g., SEQ ID NO: 106); and an HCDR3
comprising the amino acid sequence of the HCDR3 of antibody mAbU0] (e.g., SEQ ID NO: 107},

In an emnbodiment, the ADC or antibody molecule comprises a light chain variable region (VL),
wherein the light chain variable region comprises three light chain complementarity determining regions
(LCDR1, LCDR2Z, and LCDR3), wherein the light chain variable region comprises one, two, or ail of the
following: an LLDR 1 comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino
acid residues from, or has at feast 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the
LCDR1 of antibody mABOUI {(e.g., SEQ ID NG: 110); an LCDRZ comprising an amino acid sequence
that differs by no more than 1, 2, or 3 amino acid residues from, or has at least 85, 90, 95, 99 or 100%
homology with, the amino acid sequence of the LCDRZ of antibody mADbU0] (e.g., SEQ ID NG 111} o
an LCDR3 comprising an amino acid scquence that differs by no more than 1, 2, or 3 amino acid residues
from, or has at least 85, 90, 95, 9% or 100% homology with, the amino acid sequence of the LCDR3 of
antibody mAbU01 (e.g., SEQ 1D NO: 112).

In an embodiment, the light chain variable region comprises one, two, or all of the following: an
LCDR1 comprising the amnino acid sequence of the LCDRI of antibody mAbOO1 {e.g., SEQ 1D NO:
110); an LCDRZ comprising the amino acid sequence of the LCDR2 of antibody mAbO01 (e.g., SEQ ID
NO: 111); or an LCDR3 comyprising the amino acid sequence of the LCDR3 of antibody mAbOU1 (e.g.,
SEQ HING: 1123,

In an ernbodiment, the light chain variable region comprises an LCDR1I comprising the amino

acid sequence of the LCDRI of antibody mAb{O0]1 {(e.g., SEQ ID NO: 110); an LTDR2 comprising the
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amino acid sequence of the LCDORI of antibody mAbG01 (e.g., SEQ ID NG: 111); and an LCBR3
comprising the amino acid sequence of the LCDR1 of antibody mAbU0G1 (e.g., SEQ ID NG: 112).

In an embodiment, the ADC or antibody molecule comprises a heavy chain variable region (VH)
and a light chain variable region (VL), wherein the heavy chain variable region comprises three heavy
chain complementarity determining regions (HCDRI, HCDR2, and HCDR3), and the light chain variable
region comprises three light chain complementarity determining regions (LCDR1, LCDR2Z, and LCDR3),
wherein the heavy chain variable region comprises one, two, or all of the following: an HCDR]
comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or
has at ieast 85, 90, 95, 99 or 100% homeology with, the amino acid sequence of the HCDR1 of antibody

1AbOOT (e.g., SEQ ID NOG: 103); an HCDRZ comprising an amino acid sequence that differs by no more
than 1, 2, or 3 amino acid residues from, or has at least 85, 20, 95, 99 or 100% homology with, the amino
acid sequence of the HCDRZ of antibody mAbUOT (e.g., SEQ D NO: 106); or an HCDR3 comprising an
amning acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or has at least 85,
90, 95, 99 or 100% homology with, the amino acid sequence of the HCDR3 of antibody mAbDO] (e.g.,
SEQ 1D NO: 1073, and wherein the light chain variable region comprises one, two, or all of the following:
an LCDR1 comprising an amine acid sequence that differs by no mwore than 1, 2, or 3 amino acid residues
from, ot has at least §5, 90, 93, 99 or 100% homology with, the amino acid sequence of the LCDRI of
antibody mAbJ01 (e.g.. SEQ ID NO: 110); an LCDR2 comprising an amino acid sequence that differs by
no more than 1, 2, or 3 amino acid residues from, or has at least 85, 90, 95, 99 or 100% homology with,
the amino acid sequence of the LCDR2 of antibody mAbOO1 (e.g., SEQ ID NOG: 111); or an LCDR3
comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or
has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the LCDRS3 of antibody
mAbl1 (e.g., SEQID NO: 112).

In an emmbodiment, the heavy chain variable region comprises one, two, or all of the following: an
HCDR1 comprising the amino acid sequence of the HCDR1 of antibody mAbOUT (e.g., SEQ 1D NO:
105); an HCDR2 comprising the amine acid sequence of the HCDR2 of antibody mAbG01 {e.g., SEQ ID
NG: 106); or an HCDR3 comprising the amino acid sequence of the HCDR3 of antibody mAb{(1 (e.g.,
SEQ HY NO: 1073, and the light chain variable region comprises one, two, or all of the following: an
LCDR1 comprising the armnino acid sequence of the LCDRI of antibody mAbOO1 {e.g., SEQ 1D NO:
110); an LCDRZ comprising the amino acid sequence of the LCDR2 of antibody mAbO01 (e.g., SEQ ID
NO: 111); or an LCDR3 comyprising the amino acid sequence of the LCDR3 of antibody mAbOU1 (e.g.,
SEQ HING: 1123,

In an emnbodiment, the heavy chain variable region comprises an HCDRI1 comprising the amino

acid sequence of the HCDRI of antibody mAb0G1 (e.g., SEQ ID NO: 105); an HCDR2 comprising the
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amino acid sequence of the HCDRZ of antibody mAbGOT {e.g., SEQ ID NG: 106); and an HCDR3
comprising the amino acid sequence of the HCDR3 of antibody mAbU01 (e.g., SEQ 13 NO: 167), and the
light chain variable region comprises an LUDR1 comprising the amino acid sequence of the LCDR1 of
antibody mAbOO1 (e.z., SEQ 1D NO: 110); an LCDRZ comprising the amino acid sequence of the
LCDR2 of antibody mAbBOUI (e.g., SEQ ID NG: 111); and an LCDR3 comprising the amino acid
sequence of the LCDR3 of antibody mAbOO (e.g., SEQ ID NG: 112).

In an embodiment, the ADC or antibody molecule further comprises one or more human or
human derived heavy or light chain variable region frameworks.

In an embodiment, the ADC or antibody molecule comprises a heavy chain variable region (VH),
wherein the heavy chain variable region comprises an amino acid sequence that differs by no more than 1,
2,3,4,5,6,7,8.9,10, 11, 12, 13, 14, or 15 amino acid residues from, or has at least 85, 90, 95, 96, 97,
98, 99, or 100% homology with, the amino acid sequence of the VH of antibody mAbOGT (e.g., SEQ ID
NO: 103). In an embodiment. the heavy chain variable region comprises the amino acid sequence of the
VH of antibody mAb(01 (e.g., SEQ ID NO: 103).

In an embodiment, the ADC or antibody molecule comprises a light chain variable region (VL),
wherein the light chain variable region comprises an amino acid sequence that differs by no more than 1,
2.3,4,5,6,7,8,9, 10, 11, 12, 13, 14, or 15 amino acid residues from, or has at least 85, 60, 93, 96, 97,
98, 99, or 180% homology with, the amineo acid sequence of the VL of antibody mAbGO1 {e.g, SEQ ID
NG: 104). In an embodiment, the light chain variable region comprises the amino acid sequence of the
VL of antibody mAbGO] (e.g., SEQ ID NO: 104).

In an embodiment, the ADC or antibody molecule comprises a heavy chain variable region (VH)
and a light chain variable region (VL), wherein the heavy chain variable region comprises an amino acid
sequence that differs by nomore than 1, 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, or 15 amino acid residues
from, or has at least 853, 90, 95, 96, 97, 98, 99, or 100% homology with, the amino acid sequence of the
VH of antibody mAbU01 (e.g., SEQ 1D NO: 103), and wherein the light chain variable region comprises
an amino acid sequence that differs by nomore than 1, 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, or 15 amino
acid residues from, or has at feast 85, 90, 95, 96, 97, 98, 99, or 100% homology with, the amine acid
sequence of the VL of antibody mAbOGT (e.g., SEQ 1D NG: 104},

In an embodiment, the heavy chain variable region comprises the amino acid sequence of the VH
of antibody mAbO0] (e.g., SEQ ID NO: 103) and the light chain vartable region comprises the amino acid
sequence of the VL of antibody mAbO01 (e.g., SEQ 1D NO: 1043,

In an embodiment, the heavy chain variable region comprises an amino acid sequence encoded by

a nucleotide sequence from Table 2 (e.g., SEQ 1D NG: 113). In an embodiment, the light chain variable
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region comprises and amino acid sequence encoded by a nucleotide sequence from Table 2 (e.g., SEQ ID

NO: 114).

In an embodiment, the antibody molecule comprises a heavy chain variable region (VH), wherein
the heavy chain variable region comprises three heavy chain complementarity determining regions
{(HCDRI, HCDRZ, and HCDR3), wherein the heavy chain variable region comprises one, two, or all of
the following: an HCDR1 comprising an amino acid sequence that differs by no morc than 1, 2, or 3
amino acid residues from, or has at least §5, 90, 93, 99 or 100% homology with, the amino acid sequence
of the HCDR1 of antibody AG01-25 {e.g., SEQ ID NG: 17); an HCDRZ comprising an amino acid
sequence that differs by no more than 1, 2, or 3 amino acid residues from, or has at least 85, 90, 93, 99 or
100% homology with, the amino acid sequence of the HCDR2 of antibody ABG1-25 {e.g., SEQ 1D NO:
18); or an HCDR3 comprising an amino acid sequernce that differs by no more than 1, 2, or 3 amino acid
residues from, or has at least 85, 94, 95, 99 or 100% homology with, the amino acid sequence of the
HCDR3 of antibody A(01-25 (e.g., SEQ ID NG: 16).

In an embodiment, the heavy chain variable region comprises one, two, or all of the following: an
HCDR1 comprising the amnino acid sequence of the HCDR1 of antibody A001-25 (e.g., SEQ ID NO: 17);
an HCDR2 comprising the amino acid sequence of the HCDRZ2 of antibody A001-25 (e.g., SEQ 1D NO:
18); or an HCDR3 comprising the amino acid sequence of the HCDR3 of antibody A0(1-25 (e.g.. SEQ
1D NO: 16).

In an embodiment, the heavy chain variable region comprises an HCDR1 cormprising the amine
acid sequence of the HCDR1 of antibody AG01-25 (e.g., SEQ 1D NG: 17); an HCDR2 comprising the
aming acid sequence of the BCDR?2 of antibody AGG1-25 (e.g., SEQ D NG 18); and an HCDR3
comprising the amino acid sequence of the HCDR3 of antibody A001-25 (e.g., SEQ [D NO: 16).

In an embodiment, the antibody molecule comprises a light chain variable region (V1.), wherein
the light chain variable region comprises three light chain complementarity determining regions (LCDR1,
LCDR2Z, and LCDR3), wherein the light chain variable region comprises one, two, or all of the following:
an LCDRI comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues
from, or has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the LCDR1 of
antibody A001-25 {e.g., SEQ 1D NO: 49); an LCDR2 comprising an amino acid sequence that differs by
no more than 1, 2, or 3 amino acid residues from, or has at least 85, 80, 95, 99 or 100% homology with,
the amino acid sequence of the LCDRZ of antibody ABGT-23 (e.g., SE(G 1D NO: 50); or an LCDR3
comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or
has at feast 85, 90, 93, 99 or 100% homology with, the amino acid sequence of the LCDR3 of antibody

ADD1-25 {e.g.. SEQ ID NO: 51).
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In an embodiment, the light chain variable region comprises one, two, or all of the following: an
LCDRI comprising the amino acid sequence of the LCDRI of antibody A0G1-25 (e.g.. SEQ D NO: 49);
an LCDRZ comprising the amino acid sequence of the LCDR2 of antibody A001-25 (e.g., SEQ D NO;
50); or an LCDR3 comprising the amino acid sequence of the LCDR3 of antibody A0G1-25 {e.g., SEQ ID
NO:51).

In an embodiment, the light chain variable region comprises an LCDR1 comprising the amino
acid sequence of the LCDR1I of antibody A001-25 (e.g., SEQ 1D NO: 49); an LCDR2 comprising the
amino acid sequence of the LCDR2 of antibody AQG1-23 (e.g., SEQ 1D NO: 50); and an LCDR3
comprising the amino acid sequence of the LCDR3 of antibody AD01-25 (e.g., SEQ ID NO: 51).

In an embodiment, the antibody molecuie comprises a heavy chain variable region (VH) and a
light chain variable region (VL), wherein the heavy chain variable region comprises three heavy chain
complementarity determining regions (HCDR1, HCDR2, and HCDR3), and the light chain variable
region comprises three light chain compiementarity determining regions (LCDR1, LCDR2Z, and LCDR3),
wherein the heavy chain variable region comprises one, two, or all of the following: an HCDRI1
comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or
has at feast 85, 90, 95, 99 or 100% homology with, the amine acid sequence of the HCDRI of antibody
ADG1-25 {e.g., SEQ 1D NO: 17); an HCDR2 comprising an amino acid sequence that differs by no more
than 1, 2, or 3 amino acid residues from, or has at least 85, 90, 95, 99 or 100% homology with, the amino
acid sequence of the HCIIRZ of antibody AD01-25 {e.g., SEQ ID NO: 18); or an HCDR3 comprising an
amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or has at least 85,
90, 95, 99 or 100% homology with, the amino acid sequence of the HCDR3 of antibody AG01-25 (e.g.,
SEQ ID NO: 16), and wherein the light chain variable region comprises one, two, or all of the following:
an LCDR1 comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues
from, or has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the LCDR1 of
antibody AG01-25 (e.g., SEQ 1D NO: 49); an LCDR2 comprising an amino acid sequence that differs by
no more than |, 2, or 3 amino acid residoes from, or has at least 85, 90, 95, 99 or 100% homology with,
the amino acid sequence of the LUDR2 of antibody AG01-25 {e.g., SEQ ID NOG: 50); or an LCDR3
comprising an araino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or
has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the LCDR3 of antibody
AQ01-25 (e.g., SEQ ID NG: 51).

In an embodiment, the heavy chain variable region comprises one, two, or all of the following: an
HCDR1 comprising the amnino acid sequence of the HCDR1 of antibody A001-25 (e.g., SEQ D NO: 17);
an HCDR2 comprising the amino acid sequence of the HCDRZ2 of antibody A001-25 (e.g., SEQ 1D NO:
18); or an HCDR3 comprising the amino acid sequence of the HCDR3 of antibody A0(1-25 (e.g.. SEQ
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1B NO: 16), and the light chain variable vegion comprises one, two, or all of the following: an LCDRI
comprising the amino acid sequence of the LCDR1 of antibody AGO1-25 {e.g., SEQ ID NG: 49); an
LLCDR?Z comprising the amino acid sequence of the LCDR2 of antibody AU001-25 (e.g., SEQ HD NG: 50);
or an LCDR3 comprising the amino acid sequence of the LCDR3 of antibody A0U1-25 (e.g., SEQ 1D
NO:51).

In an embodiment, the heavy chain variable region comprises an HCDR1 comprising the amino
acid sequence of the HCDR1 of antibody AG01-25 (e.g., SEQ 1D NO: 17); an HCDR2 comprising the
amino acid sequence of the HCDR?2 of antibody A001-25 (e.g., SEQ D NG: 18); and an HCDR3
comprising the amino acid sequence of the HCDR3 of antibody AG01-25 {e.g., SEQ ID NO: 16), and the
light chain variable region comprises an LCDR1 comprising the amino acid sequence of the LCDR1 of
antibody AO001-25 (e.g., SEQ ID NO: 49); an LCDRZ comprising the amino acid sequence of the LCDR2
of antibody A001-25 (e.g., SEQ ID NG: 50); and an LCDRS3 comprising the amino acid sequence of the
LCPR3 of antibody AD01-25 {e.g., SEQ ID NO: 51).

In an embodiment, the antibody molecule comprises a heavy chain variable region (VH), wherein
the heavy chain variable region comprises three heavy chain complementarity determining regions
{(HCDR1, HCDR2Z, and HCDR3), wherein the heavy chain variable region comprises one, two, or all of
the following: an HCDR1 comaprising an amino acid sequence that differs by no more than 1, 2, or 3
amuno acid residues from, or has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence
of the HCDR1 of antibody AQ001-25 (e.g., SEQ ID NO: 14); an HCDRZ comprising an amino acid
sequence that differs by no more than 1, 2, or 3 amino acid residues from, or has at least 853, 90, 93, 99 or
100% homology with, the amino acid sequence of the HCDR2 of antibody ADG1-25 (e.g., SEQ [D NO:
15% or an HCDR3 comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid
residues from, or has at least 83, 90, 93, 99 or 100% homology with, the amino acid scquence of the
HCDR1 of antibody AG01-25 {(e.g., SEQ ID NOG: 16},

In an emnbodiment, the heavy chain variable region comprises one, two, or all of the following: an
HCDR1 comprising the amino acid sequence of the HCDR1 of antibody AQG1-25 (e.g., SEQ ID NO: 14);
an HCDRZ comprising the amino acid sequence of the HUDR2 of antibody A001-25 (e.g., SEQ ID NO:
15); or an HCDR3 comprising the amino acid sequence of the HCDR3 of antibody A001-25 (e.z., SEQ
1D NG: 16).

In an embodiment, the heavy chain variabie region comprises an HCDR1 comprising the amino
acid sequence of the HCDR1 of antibody A001-25 (e.g.. SEQ ID NG: 14); an HCDR2 comprising the
amino acid sequence of the HCDR?2 of antibody AQ001-25 (e.g., SEQ ID NO: 15); and an HCDR3
comprising the amino acid sequence of the HCDR3 of antibody A001-25 (e.g., SEQ 1D NO: 16).

(5]
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In an embodiment, the antibody molecule comprises a light chain variable region (VL), wherein
the light chain variable region comprises three light chain complementarity determining regions (LCDRI,
LCDR2Z, and LCDR3), wherein the light chain variable region comprises oue, two, or all of the following:
an LCDRI1 comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues
from, or has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the LCDR1I of
antibody AOGD1-25 {e.g., SEQ ID NO: 49); an LUCDR2 comprising an amino acid sequence that differs by
no more than 1, 2, or 3 amino acid residues from, or has at least 85, 90, 95, 99 or 100% homology with,
the amino acid sequence of the LCDR2 of antibody A001-25 (e.g., SEQ 1D NO: 50); or an LCDR3
comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or
has at least 83, 90, 95, 99 or 100% homeology with, the amino acid sequence of the LCDR3 of antibody
AQGDL-25 (e.g., SEQ D NO: 51).

In an embodiment, the light chain variable region comprises one, two, or all of the following: an
LCDR1 comprising the amino acid sequence of the LCDRI of antibody AUG01-25 (e.g., SEQ ID NO: 49);
an LCDR2 comprising the amino acid sequence of the LCDR2 of antibody A001-25 {e.g., SEQ ID NO:
50); or an LCDR3 comprising the amino acid sequence of the LCDR3 of antibody A001-25 (e.g., SEQ ID
NO: 5T

In an ernbodiment, the light chain variable region comprises an LCDR1I comprising the amino
acid sequence of the LCDR1 of antibody AGG1-25 (e.g.. SEQ [D NG: 49); an LCDRZ comprising the
amino acid sequence of the LCDR1I of antibody AGG1-25 (e.g., SEQ ID NO: 50); and an LUDR3
comprising the amino acid sequence of the LCDR1 of antibody AQ0O1-25 (e.g., SEQ 1D NO: 51).

In an embodiment, the antibody molecule comprises a heavy chain variable vegion (VH)yand a
Hght chain variable region (VL), wherein the heavy chain variable region comprises three heavy chain
complementarity determining regions (HCDR1, HCDRZ, and HCDR3), and the light chain variable
region comprises three light chain complementarity determining regions (LCDR1, LCDR2, and LCDR3),
wherein the heavy chain variable region comprises one, two, or all of the following: an HCDR1
comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or
has at least 85, 90, 95, 99 or 100% homeology with, the amino acid sequence of the HCDR1 of antibody
AQGDL-25 (e.g., SEQ D NO: 14); an HCDR?2 comprising an amino acid sequence that differs by no more
than 1, 2, or 3 amino acid residues from, or has at least 85, 94, 95, 99 or 100% homology with, the amino
acid sequence of the HCDR2 of antibody AG01-25 (e.g., SEQ ID NO: 15); or an HCDR3 comprising an
amino acid sequence that ditfers by no more than 1, 2, or 3 amino acid residues from, or has at least 83,
90, 95, 99 or 100% homology with, the amino acid sequence of the HCDR3 of antibody A001-25 {e.g.,
SEQ HI NO: 16}, and wherein the light chain variable region comprises one, two, or all of the following:

an LCDRI comprising an amino acid scquence that differs by no more than 1, 2, or 3 amino acid residues
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from, or has at least 85, 90, 95, 9% or 100% homology with, the amino acid sequence of the LCDRI of
antibody AG01-25 (e.g., SEQ ID NQO: 49); an LCDRZ comprising an amino acid sequence that differs by
no more than 1, 2, or 3 amino acid residues from, or has at Ieast 85, 90, 95, 99 or 100% homology with,
the amino acid sequence of the LCDR2 of antibody AQ01-25 (e.g., SEQ {3 NO: 30); or an LCDR2
comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or
has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the LCDR3 of antibody
ADGT-25 {e.g., SEQ 1D NO: 5315,

In an emsbodiment, the heavy chain variable region comprises one, two, or all of the following: an
HCDR1 comprising the amino acid sequence of the HCDR1 of antibody AQG1-25 (e.g., SEQ ID NO: 14);
an HCDRZ comprising the amino acid sequence of the HCDR?2 of antibody AQ01-25 (e.g., SEQ ID NG:
15); or an HCDR3 comprising the amino acid sequence of the HCDR3 of antibody A001-25 (e.z., SEQ
1D NG: 16), and the light chain variable region comprises one, two, or all of the following: an LCDR1
comprising the amino acid sequence of the LCDR1 of antibody AG01-25 {e.g.. SEQ ID NO: 49); an
LCDRZ comprising the amino acid sequence of the LCDR2 of antibody A001-25 (e.g., SEQ ID NO: 50);
or an LCDR3 comprising the amino acid sequence of the LCDR3 of antibody ADD-25 (e.g., SEQ 1D
NO: 5T

In an emnbodiment, the heavy chain variable region comprises an HCDRI1 comprising the amino
acid sequence of the HCDRI of antibody AG01-25 (e.g., SEQ 1D NO: 14); an HCDRZ comprising the
amino acid sequence of the HCDRZ of antibody AJO1-23 {e.g., SEQ ID NO: 13); and an HCDR3
comprising the amino acid sequence of the HCDR3 of antibody AG01-25 (e.g., SEQ ID NO: 16}, and the
light chain variable region comprises an LCDR1 comprising the amino acid sequence of the LCDRT of
antibody AD01-25 (e.g., SEQ ID NO: 49); an LUDR2 comprising the amino acid sequence of the LCDR2
of antibody AQ01-25 (e.g.. SEQ 1D NG: 50); and an LCDR3 comprising the amino acid sequence of the
LCDR3 of antibody A0O1-25 {e.g., SEQ 1D NOG: 51).

In an ernbodiment, the antibody molecule further comprises one ot more human or human
derived heavy or light chain vartable region frameworks.

In an embodiment, the antibody molecuie comprises a heavy chain variable region (VH), wherein
the heavy chain variable region compriscs an amino acid sequence that differs by no more than 1, 2, 3, 4,
5,6,7.8,9, 104, 11, 12, 13, 14, or 15 amino acid residues from, or has at least 85, 90, 95, 96, 97, 98, 99, or
180% homology with, the amino acid sequence of the VH of antibody A001-25 (e.g., SEQ ID NO: 1). In
an embodiment, the heavy chain variable region comprises the amino acid sequence of the VH of
antibody AO001-25 (e.g., SEQ 1D NO: 1).

In an ernbodiment, the antibody molecule comprises a light chain variable region (VL), wherein

the light chain variable region comprises an amino acid sequence that differs by no more than 1, 2, 3, 4, 5,
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6,7,8,9, 10, 11, 12, 13, 14, or 15 amino acid vesidues from, or has at teast 85, 80, 95, 96, 97, 98, 69, or
100% homology with, the amino acid sequence of the VL of antibody A001-25 (e.g., SEQ ID NG: §). In
an embodiment, the light chain variable region comprises the amino acid sequence of the VL of antibody
AGO1-25 (e.g., SEQ 1D NOG: 8).

In an embodiment, the antibody molecule comprises a heavy chain variable region {VH) and a
Light chain variable region (VL), wherein the heavy chain variable region comprises an amine acid
scquence that differs by nomore than 1, 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, or 15 amino acid residues
from, ot has at least §5, 90, 93, 96, 97, 9§, 99, or 100% homology with, the amino acid sequence of the
VH of antibody AG01-25 (e.g.. SEQ ID NO: 1), and wherein the light chain variable region comprises an
amino acid sequence that differs by nomore than 1, 2,3, 4, 5,6,7, 8.9, 16, 11, 12, 13, 14, or 15 amino
acid residues from, or has at feast 85, 90, 95, 96, 97, 98, 99, or 100% homology with, the amineo acid
sequence of the VL of antibody A0G1-25 (e.g., SEQ 1D NOG: 8).

In an embodiment, the heavy chain variable region comprises the amino acid sequence of the VH
of antibody AGG1-25 (e.g., SEQ 1D NO: 1) and the light chain variable region comprises the amine acid
sequence of the VL of antibody AO01-25 (e.g., SEQ 1D NO: §).

In an ernbodiment, the heavy chain variable region comprises an amino acid sequence encoded by
a nucleotide sequence from Table 2 (e.g., SEQ ID NO: 81). In an embodiment, the light chain variable
region comprises and amine acid sequence encoded by a nucleotide sequence from Table 2 (e.g, SEQID

NQO: 88

In an embodiment, the antibody molecule comprises a heavy chain variable region {VH), wherein
the heavy chain variable region comprises three heavy chain complementarity determining regions
{(HCDR1, HCDR2Z, and HCDR3), wherein the heavy chain variable region comprises one, two, or all of
the following: an HCDR1 comprising an amino acid sequence that differs by no morc than 1, 2, or 3
amino acid residues from, or has at least §5, 90, 95, 99 or 100% homology with, the amino acid sequence
of the HCDR1 of antibody hWNG1 (e.g., SEQ [D NO: 22); an HCDR2 comprising an amino acid
sequence that differs by no more than 1, 2, or 3 amino acid residues from, or has at least 85, 90, 93, 99 or
100% homology with, the amino acid sequence of the HCDR2 of antibody hWNOD1 (e.g., SEQ ID NO:
23}, or an HCDR3 comprising an amino acid sequernce that differs by no more than 1, 2, or 3 amino acid
residues from, or has at least 85, 94, 95, 99 or 100% homology with, the amino acid sequence of the
HCDR3 of antibody hWNUO1 (e.g., SEQ ID NO: 21).

In an emmbodiment, the heavy chain variable region comprises one, two, or all of the following: an
HCDR1 comprising the amino acid sequence of the HCDR1 of antibody hWNOT (e.g., SEQ 1D NOG: 22);
an HCDR2 comprising the amino acid sequence of the HUCDR2 of antibody hWNUO1 (e.g.. SEQ ID NO:

(o]
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23}); or an HCDR3 comprising the amino acid sequence of the HCDR3 of antibody hWNG1 {e.g., SEQ ID
NG: 21,

In an embodiment, the heavy chain variable region comprises an HCDR1 cormprising the amine
acid sequence of the HCDR1 of antibody hWNO1 (e g., SEQ ID NO: 22); an HCDRZ comprising the
aming acid sequence of the BCDR?2 of antibody hWNG1 {e.g., SEQ D3 NO: 23); and an HCDR3
comprising the amino acid sequence of the HCDR3 of antibody hWNO1 {e.g., SEQ ID NG: 21).

In an embodiment, the antibody molecule comprises a light chain variable region (V1.), wherein
the light chain variable region comprises three light chain complementarity determining regions (LCDR1,
LCDR2Z, and LCDR3), wherein the light chain variable region comprises one, two, or all of the following:
an LCDRI comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues
from, or has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the LCDR1 of
antibody hWNO1 (2.2, SEQ 1D NO: 52); an LCDR2 comprising an amino acid sequence that differs by
no more than 1, 2, or 3 amino acid residues from, or has at least 85, 80, 95, 99 or 100% homology with,
the amino acid sequence of the LCDRZ of antibody hWNG1 (e.g., SEQ [D NG: 53); or an LLCDR3
comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or
has at feast 85, 90, 95, 99 or 100% homology with, the amine acid sequence of the LCDR3 of antibody
BWNOT (e.g., SEQ D NO: 54).

In an embodiment, the light chain variable region comprises one, two, or all of the following: an
LCDRI comprising the amino acid sequence of the LCDRI of antibody hWNO1 {e.g., SEQ 1D NO: 52;
an LCDRZ comprising the amino acid sequence of the LCDR2 of antibody hWNG1 (e.g., SEQ 1D NO:
53; or an LCDR3 comprising the amino acid sequence of the LCDR3 of antibody hWINO1 (e.g., SEQ ID
NO: 534,

In an embodiment, the light chain variable region comprises an LCDR1 comprising the amino
acid sequence of the LCDR]I of antibody hWNO1 (e.g., SEQ 1D NO: 32); an LCDR?2 comprising the
amino acid sequence of the LCDR2 of antibody hWNOT (e.g., SEQ 1D NO: 53); and an LCDR3
comprising the amino acid sequence of the LCDR3 of antibody hWNOI (e.g., SEQ ID NG: 54).

In an embodiment, the antibody molecuie comprises a heavy chain variable region (VH) and a
light chain variable region (VL), wherein the heavy chain variable region comprises three heavy chain
complementarity determining regions (HCDR1, HCDR2, and HCDR3), and the light chain variable
region comprises three light chain compiementarity determining regions (LCDR1, LCDR2Z, and LCDR3),
wherein the heavy chain variable region comprises one, two, or all of the following: an HCDRI1
comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or
has at feast 85, 90, 93, 99 or 100% homology with, the amino acid sequence of the HCDR1 of antibody

EWNO1 (e.g., SEQ [D NO: 22); an HCDRZ comprising an amino acid sequence that differs by no more
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than 1, 2, or 3 amino acid residues from, or has at least 85, 90, 95, 99 or 100% homology with, the amino
acid sequence of the HCIIRZ of antibody hWNO1 {e.g., SEQ D NO: 23); or an HCDR3 comprising an
amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or has at least 85,
90, 95, 99 or 100% homology with, the amino acid sequence of the HCDR3 of antibody hWNO1 (e.g.,
SEQ ID NO: 21), and wherein the light chain variable region comprises one, two, or all of the following:
an LCDR1 comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues
from, or has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the LCDR1 of
antibody hWINO1 (e.g., SEQ 1D NO: 52); an LCDR2 comprising an amino acid sequence that differs by
no more than |, 2, or 3 amino acid residoes from, or has at least 85, 90, 95, 99 or 100% homology with,
the amino acid sequence of the LCDR?2 of antibody hWNO1 (e.g., SEQ ID NG: 53); or an LCDR3
comprising an araino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or
has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the LCDR3 of antibody
hWNGT (e.g.. SEQ ID NO: 54).

In an embodiment, the heavy chain variable region comprises one, two, or all of the following: an
HCDR1 comprising the amino acid sequence of the HCDRI of antibody hWNOI (e.g., SEQ ID NOG: 22);
an HCDR?2 comprising the amino acid sequence of the HCDRZ of antibody hWNOT (e.g., SEQ 13 NOG:
23); or an HCDR3 cormprising the amino acid sequence of the HCDR3 of antibody hWNO1 {e.g., SEQ D
NG: 21), and the light chain variable region comprises one, two, or all of the following: an LCDRI
comprising the amino acid sequence of the LCDR1 of antibody hWNO1 (e.g., SEQ ID NG: 532); an
LLCDR?Z comprising the amino acid sequence of the LCDR2 of antibody hBWNOT (e 2., SEQ 1D NG: 53);
or an LCDR3 comprising the arnino acid sequence of the LCDR3 of antibody bBWNO1 (e.g., SEQ 1D NO:
54).

In an embodiment, the heavy chain variable region comprises an HCDR1 comprising the amino
acid sequence of the HCDRI1 of antibody hWNGO1 (e.g., SEQ D NO: 22); an HCDR2 comprising the
amino acid sequence of the HCDR?2 of antibody hWNOT (2. g, SEQ 1D NO: 23); and an HCDR3
comprising the amino acid sequence of the HCDR3 of antibody hWNO1 {e.g., SEQ D NO: 21), and the
light chain variable region comprises an LCDR1 comprising the amino acid sequence of the LCDR1 of
antibody hWNO1 (e.g., SEQ ID NO: 52}; an LCDR2 comprising the amino acid sequence of the LCDR2
of antibody hWNO1 (e.g., SEQ 1D NO: 53); and an LCDR3 comprising the amino acid sequence of the
LCDR3 of antibody hWKNO1 {(e.g., SEQ ID NO: 54).

In an embodiment, the antibody molecule comprises a heavy chain variable region (VH), wherein
the heavy chain variable region comprises three heavy chain complementarity determining regions
(HCDRI, HCDR2, and HCDR3), wherein the heavy chain variable region comprises one, two, or all of

the following: an HCDR1 comprising an amino acid sequence that differs by no more than 1, 2, or 3
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amuno acid residues from, or has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence
of the HCDR1 of antibody hWNO1 (e.g.. SEQ ID NO: 19); an HCDR2 comprising an amino acid
sequence that differs by no more than 1, 2, or 3 amino acid residues from, or has at least 83, 90, 93, 99 or
100% homology with, the amino acid sequence of the HCDR2 of antibody hWNO1 (e.g., SEQ 1D NO:
203; or an HCDR3 comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid
residues from, or has at keast 83, 90, 93, 99 or 100% homology with, the amino acid scquence of the
HCDR3 of antibody hWNO1 (e.g., SEQ D NO: 21).

In an emsbodiment, the heavy chain variable region comprises one, two, or all of the following: an
HCDR1 comprising the amino acid sequence of the HCDR1 of antibody hWN{1 (e.g., SEQ ID NG: 19);
an HCDRZ comprising the amino acid sequence of the HUDR2 of antibody hWNO1 (e.g., SEQ 1D NO:
2(0; or an HCDR3 comprising the amino acid sequence of the HCDR3 of antibody hWNO1 (e.g., SEQ ID
NO: 21

In an embodiment, the heavy chain variabie region comprises an HCDR1 comprising the amino
acid sequence of the hCDR1 of antibody hWNO1 (e.g., SEQ ID NO: 19); an HCDR2 comprising the
amino acid sequence of the HCDR?Z of antibody hWNG1 {(e.g., SEQ ID NO: 20); and an HCDR3
comprising the amino acid sequence of the HCDR3 of antibody hWNO1 {(e.g., SEQ 1D NO: 21),

In an ernbodiment, the antibody molecule comprises a light chain variable region (VL), wherein
the light chain variable region comprises three light chain complementarity determining regions (LCDR1,
LCDR2Z, and LCDR3), wherein the light chain variable region comprises one, two, or all of the following:
an LCDR1 comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues
from, or has at least 85, 80, 85, 99 or 180% homology with, the amino acid sequence of the LCDR1 of
antibody hWNG1 (e.g., SEQ ID NO: 52); an LCDR2 comprising an amino acid sequence that differs by
no more than i, 2, or 3 amino acid residues from, or has at {east 85, 90, 95, 99 or 100% homology with,
the amino acid sequence of the LCDR2 of antibody hWNO1 (e.g., SEQ 1D NG: 53); or an LLDR3
comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or
has at ieast 85, 90, 93, 99 or 100% homology with, the amino acid sequence of the LCDR3 of antibody
hWNOT (e.g., SEQ ID NG: 54).

In an embodiment, the light chain variable region comprises one, two, or all of the following: an
LCDR1 comprising the amino acid sequence of the LCDRIT of antibody hWNG1 (e.g., SEQ 1D NG: 52);
an LCDR2 comprising the amino acid sequence of the LCDR2 of antibody hWNG 1 (e.g., SEQ ID NG:
53); or an LCDR3 comprising the amino acid sequence of the LECDR3 of anttbody hWNO1 (e.g., SEQ ID
NO: 543,

In an ernbodiment, the light chain variable region comprises an LCDR1I comprising the amino

acid sequence of the LCDR1 of antibody hWNO1 {e.g., SEQ {D NO: 52); an LCDR2 comprising the
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amino acid sequence of the LCDR2 of antibody hWNO1 {e.g., SEQ 1D NO: 33); and an LCDR3
comprising the amino acid sequence of the LCDR3 of antibody hWNO1 (e.g., SEQ ID NOG: 54).

In an embodiment, the antibody molecule comprises a heavy chain variable region (VH) and a
light chain variable region (VL), wherein the heavy chain variable region comprises three heavy chain
complementarity determining regions (HCDR1, HCDR2, and HCDR3), and the light chain vartable
region comprises three light chain complementarity determining regions (LCDR1, LCDR2Z, and LCDR3),
wherein the heavy chain variable region comprises one, two, or all of the following: an HCDR]
comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or
has at ieast 85, 90, 95, 99 or 100% homeology with, the amino acid sequence of the HCDR1 of antibody
hWNO1T (e.g., SEQ ID NG: 19); an HCDRZ comprising an amine acid sequence that differs by no more
than 1, 2, or 3 amino acid residues from, or has at least 85, 20, 95, 99 or 100% homology with, the amino
acid sequence of the HCDRZ of antibody hWNO1 (e.g., SEQ D NO: 20); or an HCDR3 comprising an
amning acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or has at least 85,
90, 95, 99 or 100% homology with, the amino acid sequence of the HCDR3 of antibody hWNO1 (e.g.,
SEQ 1D NO: 213, and wherein the light chain variable region comprises one, two, or all of the following:
an LCDR1 comprising an amine acid sequence that differs by no mwore than 1, 2, or 3 amino acid residues
from, ot has at least §5, 90, 93, 99 or 100% homology with, the amino acid sequence of the LCDRI of
antibody hWINO1 (e.g.. SEQ [D NO: 52); an LCDRZ comprising an amino acid sequence that differs by
no more than 1, 2, or 3 amino acid residues from, or has at least 85, 90, 95, 99 or 100% homology with,
the amino acid sequence of the LCDR2 of antibody hWNO1 (e.g., SEQ ID NOG: 53); or an LCDR3
comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or
has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the HCDR3 of antibody
hWNO1T (e.g.. SEQ ID NG: 54).

In an emmbodiment, the heavy chain variable region comprises one, two, or all of the following: an
HCDR1 comprising the amino acid sequence of the HCDR of antibody hWNOT (e.g., SEQ 1D NOG: 19);
an HCDR2Z comprising the amino acid sequence of the HUCDR2 of antibody hWNUO1 (e.g.. SEQ ID NO:
28; or an HCDR3 comprising the amino acid sequence of the HCDR3 of antibody hWNO1 (e.g., SEQ 1D
NO: 213, and the light chain variable region comprises one, two, or all of the following: an LLDR1
comprising the amino acid sequence of the LCDR1I of antibody hWNO1 {e.g., SEQ [D NO: 52); an
LCDR2 comprising the amino acid sequence of the LCDR2 of antibody hWNO1 (e.g., SEQ ID NG: 53);
or an LCDR3 comprising the amino acid sequence of the LCDR3 of antibody hWNO1 (e.g., SEQ ID NG:
34},

In an emnbodiment, the heavy chain variable region comprises an HCDRI1 comprising the amino

actd sequence of SEQ ID NO: 19; an HCDRZ comprising the amino acid sequence of SEQ 1D NO: 20;
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and an HCDR3 comprising the amino acid sequence of SEQ D NO: 21, and the light chain variable
region comprises an LCDR1 comprising the amino acid sequence of SEQ ID NG: 52Z; an LCDR2
comprising the amino acid sequence of SEQ ) NO: 53; and an LLCDR3 comprising the amino acid
sequence of SEQ 1D NO: 54.

In an embodiment, the antibody molecule further comprises one or more human or human
derived heavy or light chain variable region frameworks.

In an embodiment, the antibody molecule comprises a heavy chain variable region (VH), wherein
the heavy chain variable region comprises an amino acid sequence that differs by nomore than 1, 2, 3, 4,
5,6,7,8,9, 10, 11, 12, 13, 14, or 15 amino acid residues from, or has at least 85, 90, 95, 95, 97, 98, 99, or
100% homology with, the amino acid sequence of the VH of antibody hWNO1 (e.g., SEQ ID NO: 2). In
an embodiment, the heavy chain variable region comprises the amino acid sequence of the VH of
antibody hWNO1 (e.g., SEQ ID NO: 2).

In an embodiment, the antibody molecule comprises a light chain variable region {VL), wherein
the light chain variable region comprises an amine acid sequence that differs by no more than 1, 2, 3, 4, 5.
6,7,8,9, 10, 11, 12, 13, 14, or 15 amino acid residues from, or has at least 85, 9, 95, 96, 97, 98, 99, or
100% homology with, the amino acid sequence of the VL of antibody hWNO1 (e.g., SEQ ID NO: 9). In
an embodiment, the light chain variable region comprises the amino acid sequence of the VL of antibody
EWNOI (e.g., SEQ ID NO: 9).

In an embodiment, the antibody molecule comprises a heavy chain variable region (VH) and a
light chain variable region (VL), wherein the heavy chain variable region comprises an amino acid
sequence that differs by nomore than 1, 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, or 15 amino acid residues
from, or has at least 85, 80, 95, 96, 97, 98, 99, or 100% homology with, the amino acid sequence of the
VH of antibody hWNOG1 (e.g., SEQ ID NO: 2}, and wherein the light chain variable region comprises an
amino acid sequence that differs by nomorc than 1,2, 3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, or 15 amino
acid residues from, or has at least 853, 90, 93, 96, 97, 98, 99, or 100% homology with, the amino acid
sequence of the VL of antibody hWNOI {e.g., SEQ ID NOG: 9). In an embodiment, the heavy chain
variable region comprises the amino acid sequence of the VH of antibody hWNO1 {e.g., SEQ 1D NO: 2),
and the light chain variable region comprises the amino acid sequence of the VL of antibody hwWNO1
{e.g., SEQ D NO: 9).

In an embodiment, the heavy chain variable region comprises an amine acid sequence encoded by
a nucleotide sequence from Tabde 2 (e g, SEQ ID NG: 82). In an embodiment, the light chain variable
region comprises and amino acid sequence encoded by a nucleotide sequence from Table 2 {e.g., SEQ 1D

NO: 893,
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In an embodiment, the antibody molecule comprises a heavy chain variable region {VH), wherein
the heavy chain variable region comprises three heavy chain complermentarity determining regions
(HCDR1I, HCDR2, and HCDR3), wherein the heavy chain variable region comprises one, two, or all of
the following: an HCDR1 comprising an amino acid sequence that differs by no more than 1, 2, or 3
amino acid residues from, or has at least 85, 90, 85, 99 or 100% homology with, the amino acid sequence
of the HCDRI of antibody hWNv1 {e.g., SEQ ID NO: 27); an HCDRZ comprising an amino acid
scquence that differs by no more than 1, 2, or 3 amine acid residues from, or has at feast 83, 90, 95, 99 or
100% bomology with, the amino acid sequence of the HCDR?2 of antibody hWNv1 (e.g., SEQ 1D NO:
28); or an HCDR3 comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid
residues from, or has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the
HCDRS3 of antibody hWNvl (e.g., SEQ 1D NG: 21).

In an embodiment, the heavy chain variable region comprises one, two, or all of the following: an
HCDR1 comprising the amino acid sequence of the HCDR1 of antibody hWNv1 (e.g., SEQ ID NO: 27);
an HCDR?Z comprising the amino acid sequence of the HCDRZ of antibody hWNvl {e.g., SEQ ID NO:
28); or an HCDR3 comprising the amino acid sequence of the HCDR3 of antibody hWNvl (e.g., SEQ ID
NO: 21

In an emnbodiment, the heavy chain variable region comprises an HCDRI1 comprising the amino
acid sequence of the HCDRI of antibody hWNvi {e.g., SEQ ID NO: 27); an HCDRZ comprising the
amino acid sequence of the HCDRZ of antibody hWhvl (e.g., SEQ ID NG: 28); and an HCDR3
comprising the amino acid sequence of the HCDR3 of antibody hWNv1 {e.g., SEQ 1D NO: 21).

In an embodiment, the antibody molecule comprises a light chain variable region (V1) wherein
the light chain variable region comprises three light chain complementarity determining regions (LCDRI,
LCDRZ, and LLCDR3), wherein the light chain variable region comprises one, two, or all of the following:
an LCDR1 comprising an amine acid sequence that differs by no mwore than 1, 2, or 3 amino acid residues
from, ot has at least §5, 90, 93, 99 or 100% homology with, the amino acid sequence of the LCDRI of
antibody hWiNvi (e.g.. SEQ [D NO: 52); an LCDRZ comprising an amino acid sequence that differs by
no more than 1, 2, or 3 amino acid residues from, or has at least 85, 90, 95, 99 or 100% homology with,
the amino acid sequence of the LCDR2 of antibody hWNv1 (e.g., SEQ ID NOG: 53); or an LCDR3
comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or
has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the LCDRS3 of antibody
hWNv1 (e.g.. SEQ ID NG: 54).

In an embodiment, the light chain variable region comprises one, two, or all of the following: an
LCDR1 comprising the amino acid sequence of the LCDRT of antthody hWhv {e.g., SEQ 1D NGO: 52);
an LCDR2 comprising the amino acid sequence of the LCDR2 of antibody hWNv1 {e.g., SEQ 1D NO:
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53); or an LCDR3 comprising the amino acid sequence of the LCDR3 of antibody hWNvl {e.g., SEQ ID
NG: 54).

In an embodiment, the light chain variable region comprises an LLCDR1 comprising the amino
acid sequence of the LCDRI of antibody hWiNvl {e.g., SEQ 1D NO: 52); an LCDRZ comprising the
aming acid sequence of the LCDR2 of antibody hwWKvi {e.g., SEQ ID NO: 53); and an LCDR3
comprising the amino acid sequence of the LCDRS3 of antibody hWNv1 {e.g., SEQ [0 NO: 54).

In an embodiment, the antibody molecule comprises a heavy chain variable region (VH) and a
light chain variable region (VL), wherein the heavy chain variable region comprises three heavy chain
complementarity determining regions (HCDR1, HCDRZ, and HCDR3), and the light chain variable
region comprises three light chain compliementarity determining regions (LCDRI, LCDR2Z, and LCDR3),
wherein the heavy chain variable region comprises one, two, or all of the following: an HCDR1
comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or
has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the HCDR1 of antibody
hWNv1 (e.g.. SEQ ID NG: 27); an HCDR2 comprising an amino acid sequence that differs by no more
than 1, 2, or 3 amino acid residues from, or has at least 83, 90, 95, 99 or 100% homology with, the amino
acid sequence of the HCDR?2 of antibody hWiNvl (e.g., SEQ ID NO: 28); or an HCDR3 comprising an
amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or has at least 85,
G40, 95, 99 or 100% homology with, the amino acid sequence of the HCDR3 of antibody hWhvi {e.g..
SEQ I3 NO: 21), and wherein the light chain variable region comprises one, two, or all of the following:
an LCDR1 comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues
from, or has at least 85, 80, 85, 99 or 180% homology with, the amino acid sequence of the LCDR1 of
antibody hWNvi (e.g., SEQ ID NO: 52); an LCDR2 comprising an amino acid sequence that differs by
no more than i, 2, or 3 amino acid residues from, or has at {east 85, 90, 95, 99 or 100% homology with,
the amino acid sequence of the LCDR2 of antibody hWNv1 (e.g., SEQ 1D NG: 53); or an LLDR3
comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or
has at ieast 85, 90, 93, 99 or 100% homology with, the amino acid sequence of the LCDR3 of antibody
hWNvl (e.g., SEQ ID NG: 54).

In an embodiment, the heavy chain variable region comprises one, two, or all of the following: an
HCDR1 comprising the amino acid sequence of the HCDR1 of antibody hWNv1 (e.g., SEQ D NO: 27);
an HCDRZ comprising the amino acid sequence of the HCDRZ of antibody hWNvl {e.g., SEQ ID NO:
28); or an HCDR3 comprising the amino acid sequence of the HCDR3 of antibody hWNvl (e.g., SEQ ID
NG: 21, and the light chain variable region comprises one, two, or all of the following: an LCDR1
comprising the amino acid sequence of the LCDR1 of antibody hWNv1 {e.g., SEQ 1D NO: 52); an
LCDRZ comprising the amino acid sequence of the LCDR2 of antibody hWNvl {e.g., SEQ 1D NO: 53);
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or an LCDR3 comprising the amino acid sequence of the LUDRS3 of antibody hWNv1 (e.g., SEQ ID NO:
54).

In an embodiment, the heavy chain variable region comprises an HCDR1 cormprising the amine
acid sequence of the HCDRI1 of antibody hWNv1 (e g., SEQ 1D NO: 27); an HCDRZ comprising the
aming acid sequence of the BCDR?2 of antibody hWihNv1 {e.g., SEQ D3 NO: 28); and an HCDR3
comprising the amino acid sequence of the HCDR3 of antibody hWNv] (e.g., SEQ ID NO: 21), and the
light chain variable region comprises an LCDRI comprising the amino acid sequence of the LCDR1 of
antibody hWINv] (e.g., SEQ 1D NO: 52); an LCDR2 comprising the amino acid sequence of the LLCDR2
of antibody hWINvVI (e.g.. SEQ ID NG: 53); and an LCDR3 comprising the amino acid sequence of the
LCDR3 of antibody hWiNv1 (e.g., SE( 1D NO: 54).

In an embodiment, the antibody molecule comprises a heavy chain variable region (VH), wherein
the heavy chain variable region comprises three heavy chain complementarity determining regions
{HCDRI1, HCDR2Z, and HCDR3), wherein the heavy chain variable region comprises one, two, or all of
the tfollowing: an HCDR1 comprising an amine acid sequence that differs by no more than 1, 2, or 3
amino acid residues from, or has at least 85, 90, 93, 99 or 100% homology with, the amino acid sequence
of the HCDR1 of auntibody hWNvi {e.g., SEQ 1D NO: 19); an HCDR2 comprising an amino acid
sequence that differs by no more than 1, 2, or 3 amino acid residues from, or has at least 85, 90, 95, 99 or
100% homology with, the amino acid sequence of the HCDRZ2 of antibody hwNvi (e.g., SEQ ID NGt
25); or an HCDR3 comprising an amino acid sequence that differs by no more than 1, 2, or 3 amine acid
residues from, or has at feast 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the
HCDR3 of antibody hWNv1 (e.g., SEQ 1D NO: 21).

In an embodiment, the heavy chain variable region comprises one, two, or all of the following: an
HCDR1 comprising the amino acid sequence of the HCDRI of antibody hWNvI (e.g., SEQ ID NO: 19);
an HCDR? comprising the amino acid sequence of the HCDRZ of antihody hWNv1 {e.g., SEQ 12 NOG:
25); or an HCDR3 comprising the amino acid sequence of the HCDR3 of antibody hWNv1 {e.g., SEQ ID
NG: 21,

In an embodiment, the heavy chain variable region comprises an HCDR1 comprising the amino
acid sequence of the HCDRI1 of antibody hWNv1 (e.g., SEQ 1D NG: 19); an HCDRZ comprising the
amino acid sequence of the HCDR?2 of antibody hWihv1 {e.g., SEQ D NO: 25); and an HCDR3
comprising the amino acid sequence of the HCDR3 of antibody hWNvi {e.g., SEQ ID NG: 21).

In an embodiment, the antibody molecule comprises a light chain variable region (VL), wherein
the light chain variable region comprises three light chain complementarity determining regions (LCDR1,
LCDR2Z, and 1LCDR3), wherein the light chain variable region comprises one, two, or all of the following:

an LCDR1 comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues
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from, or has at least 85, 90, 95, 9% or 100% homology with, the amino acid sequence of the LCDRI of
antibody hWNv1 (e.g.. SEQ ID NO: 52); an LCDRZ comprising an amino acid sequence that differs by
no more than 1, 2, or 3 amino acid residues from, or has at Ieast 85, 90, 95, 99 or 100% homology with,
the amino acid sequence of the LCDRZ of antibody BWNv1 (e.g., SEQ [D NO: 53); or an LCDR3
comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or
has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the LCDR3 of antibody
BWNvV1 (e.g., SEQ ID NO: 54).

In an embodiment, the light chain variable region comprises one, two, or all of the following: an
LCDRI comprising the amino acid sequence of the LCDR1 of antibody hWNvl (e.g., SEQ 1D NO: 52);
an LCDRZ comprising the amino acid sequence of the LCDR2 of antibody hWNv1 (e.g., SEQ 1D NO:
53); or an LCDR3 comprising the amino acid sequence of the LCDR3 of antibody hWNOT (e.g., SEQ 1D
NO: 54

In an embodiment, the light chain variable region comprises an LCDR1 comprising the amino
acid sequence of the LCDR1 of antibody hWNOL (e.g., SEQ ID NO: 532); an LCDR2 comprising the
amino acid sequence of the LUDR2 of antibody hWNO1 (e.g., SEQ ID NO: 53); and an LCDR3
comprising the amino acid sequence of the LCDR3 of antibody hWNO1 (e.g., SEQ 1D NO: 54).

In an emnbodiment, the antibody molecule comprises a heavy chain variable region (VH) and a
tight chain variable region {VL), wherein the heavy chain variable region comprises three heavy chain
complementarity determining regions (HCDR1, HCDR2Z, and HCDR3), and the light chain variable
region comprises three light chain complementarity determining regions (LCDR1, LCDR2, and LCDR3),
wherein the heavy chain variable region comprises one, two, or all of the following: an HCDRI
comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or
has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the HCDR1 of antibody
BWNv1 (e.g., SEQ ID NO: 19}; an HCDR2 comprising an amino acid sequence that differs by no more
than 1, 2, or 3 amino acid residites from, or has at least §5, 90, 95, 99 or 100% bhomology with, the amino
actd sequence of the HCDR2 of antibody hWNvi {e.g., SEQ ID NO: 25); or an HCDRS3 comprising an
amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or has at least 85,
90, 95, 99 or 100% bomology with, the amino acid sequence of the HCDR3 of antibody hWNvi (e.z.,
SEQ 1D NO: 21), and wherein the light chain variable region comprises one, two, or all of the following:
an LCDR1 comprising an amino acid sequence that differs by no more than 1. 2, or 3 amino acid residues
from, or has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the LCDRI of
antibody hWNv1 {e.g., SEG 1D NO: 52); an LLCDR2 comprising an amino acid sequence that differs by
no more than §, 2, or 3 amino acid residues from, or has at least 85, 90, 95, 99 or 100% homology with,

the amingo acid sequence of the LCDR2 of antthody hWNvl {e.g., SEQ [D NG: 53); or an LCDR3
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comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or
has at least 83, 90, 95, 99 or 100% homeology with, the amino acid sequence of the LCDR3 of antibody
hWNv (e.g., SEQ 1D NG: 54).

In an embodiment, the heavy chain variable region comprises one, two, or all of the following: an
HCDR1 comprising the amino acid sequence of the HCDR1 of antibody hWNv]1 (e.g., SEQ ID NO: 19);
an HCDR?Z comprising the amino acid sequence of the HCDRZ of antibody hWNv1 {e.g., SEQ ID NO:
23); or an HCDR3 comprising the amino acid sequence of the HCDR3 of antibody hWhvl (e.g., SEQ ID
NO: 21), and the light chain variable region comprises one, two, or all of the following: an LCDR1
comprising the amino acid sequence of the LCDR1 of antibody hWNNv1 (e.g., SEQ ID NG: 52); an
LCDR2 comprising the amino acid sequence of the LCDR2 of antibody hWNv1 (e.g., SEQ 1D NO: 53);
or an LCDR3 comprising the amine acid sequence of the LCDR3 of antibody bWINvE (e.g., SEQ 1D NO:
54).

In an embodiment, the heavy chain variabie region comprises an HCDR1 comprising the amino
acid sequence of the HCDR1 of antibody hWNv1 (e.g., SEQ D NO: 19); an HCDR2 comprising the
amino acid sequence of the HCDR?Z of antibody hWNv1 {e.g., SEQ ID NO: 25); and an HCDR3
comprising the amino acid sequence of the HCDR3 of antibody hWNV] (e.g., SEQ I3 NO: 213, and the
light chain variable region coraprises an LCDRT comprising the amino acid sequence of the LCDR1 of
antibody hWiNvl (e.g., 3SEQ ID NO: 52); an LCDR2 comprising the amino acid sequence of the LCDR2
of antibody hWNvl (e.g.. SEQ ID NO: 53); and an LCDR3 comprising the amino acid sequence of the
LCDR3 of antibody hWNv1 (e.g., SEQ 1D NO: 54).

In an embodiment, the antihody molecule further comprises one or more human or human
derived heavy or light chain variable region frameworks.

In an embodiment, the antibody molecule comprises a heavy chain variable region (VH), wherein
the heavy chain variable region comprises an amino acid sequence that differs by no more than 1, 2, 3, 4,
5.6,7,8. 9,16, 11, 12, 13, 14, or 15 amuno acid residues from, or has at least 85, 90, 95, 84, 97, 98, 99, or
106% homology with, the amino acid sequence of the VH of hWNvl {e.g., SEQID NG: 3). Inan
embodiment, the heavy chain variable region comprises the amino acid sequence of the VH of hWNvi
(e.g., SEQ D NOG: 3).

In an embodiment, the antibody molecule comprises a light chain variable region (V1) wherein
the light chain variable region comprises an amino acid sequence that differs by no more than 1, 2, 3, 4, 5,
6,7,8,9, 10, 11, 12, 13, 14, or 15 amino acid residues from, or has at least 85, 9, 95, 96, 97, 98, 99, or
100% homology with, the amino acid sequence of the VL of hbWNv1 (e.g., SEQ ID NO: 9). In an
embodiment, the light chain variable region comprises the amino acid sequence of the VL of hWNvl

(e.g.. SEQ ID NO: 9).
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In an embodiment, the antibody molecule comprises a heavy chain variable region (VH) and a
light chain variable region (VL), wherein the heavy chain variable region comprises an amino acid
sequence that differs by no more than 1, 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, or 15 amino acid residues
from, or has at least 85, 90, 95, 96, 97, 98, 99, or 100% homology with, the amino acid sequence of the
VH of hWNvl (e.g., SEQ ID NO: 3), and wherein the light chain variable region comprises an amino acid
sequence that differs by nomore than 1, 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, or 15 amino acid residues
from, or has at Ieast 853, 90, 95, 96, 97, 98, 99, or 100% homology with, the aniino acid sequence of the
VL of hfWNv1 (e g, SEQ 1D NO: 9).

In an embodiment, the heavy chain variable region comprises the amino acid sequence of the VH
of hWNV1 {e.g., SEQ 1D NO: 3), and wherein the light chain vartable region comprises the amino acid
sequence of the VL of hWNv1 (e.g., SEQ 1D NO: 9).

In an embodiment, the heavy chain variable region comprises an amino acid sequence encoded by
a nucleotide sequence from Table 2 (e.g, SEQ ID NO: 83). In an embodiment, the ight chain variable
region comprises and amino acid sequence encoded by a nucleotide sequence from Table 2 (e.g., SEQ 1D

NO: 89).

In an emsbodiment, the antibody molecule comprises a heavy chain variable region {VH), wherein
the heavy chain variable region comprises three heavy chain complementarity determining regions
(HCDR1, HCDR2, and HCDR3), wherein the heavy chain variable region comprises one, two, or all of
the following: an HCDR1 comprising an aming acid sequence that differs by no more than 1, 2, or 3
amino acid residues from, or has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence
of the HCDRI of antibody 3E7 {e.g., SEQ ID NO: 32); an HCDRZ comprising an amino acid sequence
that differs by no more than 1, 2, or 3 amino acid residues from, or has at least 85, 90, 93, 99 or 100%
homology with, the amino acid sequence of the HCDR?2 of antibody 3E7 (e.g., SEQ D NO: 33); or an
HCDR3 comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues
from, or has at least §5, 90, 95, 9% or 100% homology with, the amino acid sequence of the HCDR3 of
antibody 3E7 {(e.g., SEQ ID NO: 31).

In an embodiment, the heavy chain variable region comprises one, two, or all of the following: an
HCDR] comprising the amino acid sequence of the HCDR1 of antibody 3E7 (e.g., SEQ 1D NO: 32); an
HCDR2 comprising the amino acid sequence of the HCDRZ of antibody 3E7 {e.g., SEQ 1D NO: 33); or
an HCDR3 comprising the amino acid sequence of the HCDR3 of antibody 3E7 {e.g., SEQ 1D NG: 31).

In an emmbodiment, the beavy chain variable region comprises an HCDR1 comprising the amino

acid sequence of the HCDR1 of antibody 3E7 (e.g., SEQ 1D NO: 32); an HCDR2 comprising the amino
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actd sequence of the HCDR2Z of antibody 3E7 (e.g., SEQ ID NO: 33); and an HCDR3 comprising the
amino acid sequence of the HCDR3 of antibody 3E7 (e.g., SEQ 1D NO: 31).

In an embodiment, the antibody molecule comprises a light chain variable region (V0.), wherein
the light chain variable region comprises three light chain complementarity determining regions (LCDR1,
LCDR2, and LCDR3), wherein the light chain variable vegion comprises one, two, or all of the following:
an LCDR1 comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues
from, or has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the LCDR1 of
antibody 3E7 (e.g., SEQ 1D NG: 55); an LCDR2 comprising an amino acid sequence that differs by no
more than 1, 2, or 3 amino acid residues from, or has at least 85, 90, 85, 99 or 100% homology with, the
amino acid sequence of the LCDRZ of antibody 3E7 {e.g., SEQ 1D NO: 563; or an LCDR3 comprising an
amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or has at least 85,
90, 95, 99 or 100% homology with, the amino acid sequence of the LCDR3 of antibody 357 {e.g., SEQ
ID NG: 57).

In an embodiment, the light chain variable region compriscs one, two, or all of the following: an
LCDR1 comprising the amino acid sequence of the LCDR1 of antibody 3E7 (e.g., SEQ ID NO: 55); an
LCDR2 comprising the amino acid sequence of the LLDR2 of antibody 3E7 (e.g., SEQ D NO: 56); or an
LCDR3 comprising the amino acid sequence of the LECDR3 of antithody 3E7 (e.g., SEQ D NO: 537).

In an embodiment, the light chain variable region comprises an LCDR1 comprising the amino
acid sequence of the LCDR1 of antibody 3E7 (e.g.. SEQ ID Nk 55); an LCDR2Z comprising the amino
acid sequence of the LCDR?2 of antibody 3E7 (e.g., SEQ 1D NO: 56); and an LLUDR3 comprising the
amino acid sequence of the LCDR3 of antibody 3E7 {e.g., SEQ 1D NO: 57).

In an embodiment, the antibody molecule comprises a heavy chain variable region {VH) and a
light chain variable region (VL), wherein the heavy chain variable region comprises three heavy chain
complementarity determining regions (HCDR1, HCDR?2, and HCDR3), and the light chain variable
region comprises three light chain complernentarity determining regions (LCDR1, LCDR2, and LCDR3),
wherein the heavy chain variable region comprises one, two, or all of the following: an HCDR1
comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or
has at least 83, 90, 95, 99 or 100% homology with, the amino acid sequence of the HCDR1 of antibody
3E7 (e.g., SEQ 1D NO: 32); an HCDR2 comprising an amino acid sequence that differs by no more than
1, 2, or 3 amino acid residues from, or has at feast 85, 90, 85, 99 or 100% homology with, the amino acid
sequence of the HCDR2 of antibody 3E7 (e.g.. SEQ ID NG: 33); or an HCDR3 comprising an amino acid
scquence that differs by no more than 1, 2, or 3 amine acid residues from, or has at feast 83, 90, 95, 99 or
100% bomology with, the amino acid sequence of the HCDR3 of antibody 3E7 (e.g., SEQ 1D NGO: 31),

and wherein the light chain variable region comprises one, two, or all of the following: an LTDR]

&
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comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or
has at least 83, 90, 95, 99 or 100% homeology with, the amino acid sequence of the LCDR1 of antibody
3E7 (e.g., SEG ID NO: 55); an LCDR2 comprising an amino acid sequence that differs by no more than
1, 2, or 3 amino acid residues from, or has at feast 85, 90, 95, 99 or 100% homology with, the amino acid
sequence of the LCDRZ of antibody 3E7 (e.g., SEQ ID NO: 56); or an LCDR3 comprising an amino acid
sequence that differs by no more than 1, 2, or 3 amine acid residues from, or has at least 85, 94, 95, 99 or
100% homology with, the amino acid sequence of the LCDR3 of antibody 3E7 (e.g., SEQ 1D NO: 57).

In an emsbodiment, the heavy chain variable region comprises one, two, or all of the following: an
HCDR1 comprising the amino acid sequence of the HCDR1 of antibody 3E7 (e.g., SEQ ID NG: 32); an
HCDR2Z comprising the amino acid sequence of the HCDR2 of antibody 3E7 (e.g., SEQ ID NG: 33); or
an HCDR3 comprising the amino acid sequence of the HCDR3 of antibody 3E7 (e.g., SEQ ID NO: 31),
and the light chain variable region comprises one, two, or all of the following: an LCDR1 comprising the
amino acid sequence of the LCDR1 of antibody 3E7 (e.g., SEQ ID NO: 55); an LCDRZ comprising the
amino acid sequence of the LCDR?2 of antibody 3E7 (e.g., SEQ ID NO: 36); or an LCDR3 comprising the
amino acid sequence of the LCDR3 of antibody 3E7 {e.g., SEQ ID NG: 57}.

In an emmbodiment, the beavy chain variable region comprises an HCDR1 comprising the amino
acid sequence of the HCDR1 of antibody 3E7 (e.g., SEQ 1D NO: 32); an HCDR2 comprising the amino
actd sequence of the HCDR2Z of antibody 3E7 (e.g., SEQ ID NO: 33); and an HCDR3 comprising the
amino acid sequence of the HCDR3 of antibody 3E7 (e.g., SEQ ID NO: 31), and the light chain variable
region comprises an LCDR1 comprising the amino acid sequence of the LCDR1 of antibody 3E7 (e.g.,
SEQ 1D NO: 55); an LCDR2 comprising the amino acid sequence of the LCDR2 of antibody 3E7 (e.g.,
SEQ ID NO: 56); and an LCDR3 comprising the amino acid sequence of the LCDR3 of antibody 3E7
{e.g., SEQ ID NG: 57).

In an embodiment, the antibody molecule comprises a heavy chain variable region (VH), wherein
the heavy chain variable region comprises three heavy chain comaplementarity determining regions
(HCDRI1, HCDR2, and HCDR3), wherein the heavy chain variable region comprises ong, two, or all of
the following: an HCDR1 comprising an amino acid sequence that differs by no more than 1, 2, or 3
amino acid residues from, or has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence
of the HCDR1 of antibody 387 {e.g., SEQ ID NO: 29); an HCDR? comprising an amino acid sequence
that differs by no more than |, 2, or 3 amino acid residoes from, or has at least 85, 90, 95, 99 or 100%
homology with, the amino acid sequence of the HCDR2 of antibody 3E7 (e.g., SEQ 1D NO: 30); or an
HCDR3 comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid resicdues
from, or has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the HCDR3 of

antibody 357 {(e.g., SEQ 1D NOG: 31).
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In an embodiment, the heavy chain variable region comprises one, two, or all of the following: an
HCDR1 comprising the amino acid sequence of the HCDR1 of antibody 3E7 (e.g., SEQ ID NG: 29); an
HCDR?2 comprising the amino acid sequence of the HCDR2 of antibody 357 (e.g., SEQ ID NO: 303 or
an HCDR3 comprising the amino acid sequence of the HCDR3 of antibody 3E7 (e.g., SEQ ID NO: 31).

In an embodiment, the heavy chain variabie region comprises an HCDR1 comprising the amino
acid sequence of the HCDR1 of antibody 3E7 (e.g.. SEQ ID NO: 29); an HCDR2 comprising the amino
acid sequence of the HCDR2 of antibody 387 (e.g., SEQ 1D NO: 30}; and an HCDR3 comprising the
amino acid sequence of the HCDR3 of antibody 3E7 (e.g., SEQ 1D NOG: 31).

In an embodiment, the antibody molecule comprises a light chain variable region (VL), wherein
the light chain variable region comprises three light chain complementarity determining regions (LCDRI,
LCDR2Z, and LCDR3), wherein the light chain variable region comprises oue, two, or all of the following:
an LCDRI1 comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues
from, or has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the LCDRI of
antibody 3E7 (e.g., SEQ 1D NO: 55); an LCDR2 comprising an amino acid sequence that differs by no
more than 1, 2, or 3 amino acid residues from, or has at least 85, 90, 95, 99 or 100% homology with, the
amino acid sequence of the LCDR2 of antibody 3E7 {e.g., SEQ ID NO: 56); or an LCDR3 comprising an
amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or has at least 85,
840, 95, 89 or 100% homology with. the amino acid sequence of the LLCDR3 of antibody 3E7 {e.g., SEQ
1D NG: 57).

In an embodiment, the light chain variable region comprises one, two, or all of the following: an
LCDR1 comprising the amino acid sequence of the LCDRI of antibody 3E7 (e.g., SEQ 1D NO: 55); an
LCDR2 comprising the amino acid sequence of the LCDR2 of antibody 3E7 (e.g., SEQ ID NO: 56); or an
LCDR3 comprising the amino acid sequence of the LCDR3 of antibody 3E7 (e.g., SEQ ID NG: 57).

In an embodiment, the light chain variable region comprises an LCDR1T comprising the amino
acid sequence of the LCDR1Y of antibody 3E7 (e.g., SEQ ID NO: 55); an LCDR2 comprising the amino
actd sequence of the LCDR2 of antibody 3E7 (e.g., SEQ ID NG 56); and an LUDR3 comprising the
amino acid sequence of the LCDR3 of antibody 3E7 {e.g., SEQ 1D NO: 57).

In an embodiment, the antibody molecule comprises a heavy chain variable region (VH) and a
light chain variable region (VL), wherein the heavy chain variable region comprises three heavy chain
complementarity determining regions (HCDR1, HCDR2, and HCDR3), and the light chain vartable
region comprises three light chain complementarity determining regions (LCDR1, LCDR2Z, and LCDR3),
wherein the heavy chain variable region comprises one, two, or all of the following: an HCDR]
comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or

has at ieast 85, 90, 95, 99 or 100% homelogy with, the amino acid sequence of the HCDR1 of antibody
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3E7 {e.g., SEQ 1D NO: 29}); an HCDRZ comprising an amino acid sequence that differs by no more than
1, 2, or 3 amino acid residues from, or has at feast 83, 90, 95, 99 or 100% homology with, the amino acid
sequence of the HCDR?Z of antibody 357 {e.g., SEQ 1D NO: 30); or an HCDR3 comprising an amino acid
sequence that differs by no more than 1, 2, or 3 amino acid residues from, or has at teast 83, 90, 95, 99 or
180% homology with, the amino acid sequence of the HCDR3 of antibody 3E7 (e.g., SEQ D NO: 31),
and wherein the light chain variable region comprises one, two, or all of the following: an LCDR1
comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or
has at feast 85, 90, 93, 99 or 100% homology with, the amino acid sequence of the LCDR1 of antibody
3E7 {e.g., SEQ 1D NO: 55); an LCDR2 comprising an amino acid sequence that differs by no more than
1, 2, or 3 amino acid residues from, or has at feast 83, 90, 95, 99 or 100% homology with, the amino acid
sequence of the LCDR2 of antibody 3E7 (e.g., SEQ ID NO: 56); or an LCDR3 comprising an amino acid
sequence that differs by no more than 1, 2, or 3 amino acid residues from, or has at teast 83, 90, 95, 99 or
180% homology with, the amino acid sequence of the LCDR3 of antibody 3E7 (e.g., SEQ ID NG: 57).

In an embodiment, the heavy chain variable region comprises one, two, or all of the following: an
HCDR1 comprising the amino acid sequence of the HCDRI of antibody 3E7 {e.g., SEQ ID NO: 29); an
HCDR?2 comprising the amino acid sequence of the HCDR2 of antibody 3E7 {e.g., SEQ 1D NO: 303; or
an HCDR3 comprising the amino acid sequence of the HCDRG3 of antibody 3E7 (e.g., SEQ 1D NO: 313,
and the light chain variable region comprises one, two, or all of the following: an LCDRT comprising the
amino acid sequence of the LCDR]1 of antibody 3E7 {e.g., SEQ 1D NO: 55); an LCDR2 comprising the
amino acid sequence of the LCDR2 of antibody 3E7 {e.g., SEQ 1D NO: 56); or an LCDR3 comprising the
amino acid sequence of the LCDR3 of antibody 3E7 {e.g., SEQ ID NO: 57).

In an embodiment, the heavy chain variabie region comprises an HCDR1 comprising the amino
acid sequence of the HCDR1 of antibody 3E7 (e.g.. SEQ ID NO: 29); an HCDR2 comprising the amino
acid sequence of the HCDR2 of antibody 387 (e.g., SEQ 1D NO: 30}; and an HCDR3 comprising the
amino acid sequence of the HCDR3 of antibody 3E7 (e.g., SEQ 1D NO: 31), and the light chain variable
region comprises an LCDRI comprising the amino acid sequence of the LCDRI of antibody 3E7 (e.g.,
SEQ I3 NO: 55); an LCDR2Z comprising the amino acid sequence of the LCDRZ of antibody 3E7 {e.g.,
SEQ D NO: 56); and an LCDR3 comprising the amino acid sequence of the LCDR3 of antibody 3E7
{e.g., SEQ D NG: 57).

In an embodiment, the antibody molecule further comprises one or more human or human
derived heavy or light chain variable region frameworks.

In an embodiment, the antibody molecule comprises a heavy chain variable region (VH), wherein
the heavy chain variable region comprises an amino acid sequence that differs by nomore than 1, 2, 3, 4,

5,6,7,8,9, 10, 11, 12, 13, 14, or 15 amino acid residues from, or has at least 85, 90, 95, 95, 97, 98, 99, or
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100% homology with, the amino acid sequence of the VH of 3E7 (e.g., SEQ ID NO: 4). Inan
embodiment, the heavy chain variable region comprises the amino acid sequence of the VH of 3E7 (e.g.,
SEQ HYNO: 4).

In an embodiment, the antibody molecule comprises a light chain variable region (V1) wherein
the light chain variable region comprises an amino acid sequence that differs by no more than 1, 2, 3, 4, 5,
6,7,8,9, 10, 11, 12, 13, 14, or 15 amino acid residues from, or has at least 85, 9, 95, 96, 97, 98, 99, or
100% homology with, the amino acid sequence of the VL of 3E7 (e.g., SEQ 1D NGO: 10). Inan
embodiment, the light chain variable region comprises the amino acid sequence of the VL of 3E7 (e.g.,
SEQ D NO: 10).

In an embodiment, the antibody molecule comprises a heavy chain variable region (VH) and a
light chain variable region (VL), wherein the heavy chain variable region comprises an amino acid
sequence that differs by nomore than 1, 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, or 15 amino acid residues
from, or has at least 85, 80, 95, 96, 97, 98, 99, or 100% homology with, the amino acid sequence of the
VH of 3E7 (e.g.. SEQ ID NO: 4), and wherein the light chain variable region comprises an amino acid
sequence that differs by nomore than 1, 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, or 15 amino acid residues
from, or has at Ieast 853, 90, 95, 96, 97, 98, 99, or 100% homology with, the aniino acid sequence of the
Vi of 3E7 (e.g.. SEQ I3 NO: 10).

In an embodiment, the heavy chain variable region comprises the amino acid sequence of the VH
of 3E7 (e.g., SEQ 1D NO: 4), and wherein the light chain variable region comprises the amino acid
sequence of the VL of 3E7 (e.g., SEQ 1D NO: 10).

In an embodiment, the heavy chain variable region comprises an amino acid sequence encoded by
a nucleotide sequence from Table 2 (e g, SEQ ID NO: 84). In an embodiment, the light chain variable
region comprises and amino acid sequence encoded by a nucleotide sequence from Table 2 (e.g., SEQ 1D

NO: 903,

In an embodiment, the antibody molecule comprises a heavy chain variable region {VH), wherein
the heavy chain variable region comprises three heavy chain complermentarity determining regions
(HCDR1I, HCDR2, and HCDR3), wherein the heavy chain variable region comprises one, two, or all of
the following: an HCDR1 comprising an amino acid sequence that differs by no more than 1, 2, or 3
amino acid residues from, or has at least 85, 90, 85, 99 or 100% homology with, the amino acid sequence
of the HCDRI of antibody 3G1 (e.g., SEQ ID NO: 37); an HCDRZ comprising an amine acid sequence
that differs by no more than 1, 2, or 3 amino acid residues from, or has at least 85, 90, 95, 99 or 100%
homology with, the amino acid sequence of the HCDR2 of antibody 3G1 (e.g., SEQ 1D NG: 38); or an

HCDR3 comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues
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from, or has at least §5, 90, 95, 9% or 100% homology with, the amino acid sequence of the HCDR3 of
antibody 3G1 {e.g., SEQ D NO: 36).

In an embodiment, the heavy chain variable region comprises one, two, or all of the following: an
HCDR] comprising the amino acid sequence of the HCDR1 of antibody 3G1 (e.g., SEQ ID NO: 37); an
HCDR2 comprising the amino acid sequence of the HCDRZ of antibody 3G1 (e.g., SEQ ID NG: 38); or
an HCDR3 comprising the amino acid sequence of the HCDRS3 of antibody 3G1 {e.g., SEQ ID NG: 36).

In an embodiment, the heavy chain variable region comprises an HCDR1 comprising the amino
acid sequence of the HCDR1 of antibody 3G1 (e.g., SEQ 1D NG: 37); an HCDR2 comprising the amino
acid sequence of the HCDR2Z of antibody 3G1 (e.g., SEQ ID NG: 38); and an HCDR3 comprising the
amino acid sequence of the HCDR3 of antibody 3G (e.g., SEQ ID NO: 36).

In an embodiment, the antibody molecule comprises a light chain variable region (V0.), wherein
the light chain variable region comprises three light chain complementarity determining regions (LCDR1,
LCDR2, and LCDR3), wherein the light chain variable vegion comprises one, two, or all of the following:
an LCDR1 comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues
from, or has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the LCDRI of
antibody 3G1 (e.g.. SEQ 1D NO: 38); an LCDR2 comprising an amino acid sequence that differs by no
more than 1, 2, or 3 amino acid residues from, or has at least 85, 90, 95, 99 or 100% homology with, the
amino acid sequence of the LCDRZ of antibody 3G1 (e.g., SEQ ID NG: 59); or an LCDR3 comprising an
amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or has at least 85,
90, 95, 99 or 100% homology with, the amino acid sequence of the LCDR3 of antibody 3G1 (e.g., SEQ
ID NG: 60).

In an embodiment, the light chain variable region compriscs one, two, or all of the following: an
LCDR1T comprising the amino acid sequence of the LCDR1 of antibody 3G1 (e.g., SEQ 1D NG: 58); an
LCDR2 comprising the amino acid sequence of the LCDR2 of antthody 3G1 (e.g., SEQ ID NG 59); or
an LCDR3 comprising the amino acid sequence of the LECDR3 of antibody 3G1 (e.g., SEQ 1D NG: 60).

In an embodiment, the light chain variable region comprises an LCDR1 comprising the amino
acid sequence of the LCDR1 of antibody 3Gl {(e.g., SEQ 1D NO: 58); an LLDR2 comprising the amino
acid sequence of the LCDR?2 of antibody 3G1 {e.g., SEQ 1 NO: 59); and an LCDR3 comprising the
amino acid sequence of the LCDR3 of antibody 3G1 {e.g., SEQ 1D NO: 60).

In an embodiment, the antibody molecule comprises a heavy chain variable region {VH) and a
light chain variable region (VL), wherein the heavy chain variable region comprises three heavy chain
complementarity determining regions (HCDR1, HCDR?2, and HCDR3), and the light chain variable
region comprises three light chain complernentarity determining regions (LCDR1, LCDR2, and LCDR3),

wherein the heavy chain variable region comprises one, two, or all of the following: an HCDR1
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comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or
has at least 85, 90, 95, 99 or 100% homeology with, the amino acid sequence of the HCDR1 of antibody
3G {e.g., SEQ D NO: 373 an HCDRZ comprising an amino acid sequence that differs by no more than
1, 2, or 3 amino acid residues from, or has at feast 85, 90, 95, 99 or 100% homology with, the amino acid
sequence of the HCDR2 of antibody 3G1 {e.g., SEQ 1D NO: 38); or an HCDR3 comprising an amino acid
sequence that differs by no more than 1, 2, or 3 amine acid residues from, or has at feast 85, 94, 95, 99 or
100% homology with, the amino acid sequence of the HCDR3 of antibody 3G1 (e.g., SEQ DD NQO: 36),
and wherein the light chain variable region comprises one, two, or all of the following: an LCDR1
comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or
has at least 83, 90, 95, 99 or 100% homology with, the amino acid sequence of the LCDR1 of antibody
3G {e.g., SEQ 1D NO: 583 an LCDR2 comprising an amino acid sequence that differs by no more than
1, 2, or 3 amino acid residues from, or has at feast 85, 90, 95, 99 or 100% homology with, the amino acid
sequence of the LCDR2Z of antibody 3G1 (e.g., SEQ ID NG: 59); or an LCDR3 comprising an amino acid
sequence that differs by no more than 1, 2, or 3 amine acid residues from, or has at feast 85, 94, 95, 99 or

100% homology with, the amino acid sequence of the LUCDR3 of antibody 3G1 {(e.g., SEQ 1D NO: 66,

jou)

In an embodiment, the heavy chain variable region comprises one, two, or all of the following: an
HCDR1 comprising the amino acid sequence of the HCDR1 of antibody 3G1 (e.g., SEQ D NO: 37); an
HCDR2Z comprising the amino acid sequence of the HCDR2 of antibody 3G1 (e.g., SEQ [D NO: 38); or

an HCDR3 comprising the amino acid sequence of the HCDR3 of antibody 3G1 {e.g., SEQ 1D NO: 36},

s an

and the light chain variable region comprises one, two, or all of the following: an LCDR1 comprising the
amino acid sequence of the LCDR1 of antibody 3G1 (e.g., SEQ {13 NO: 58); an LCDR2 comprising the
amino acid sequence of the LCDR2 of antibody 3051 (e.g., SEQ D NO: 59); or an LCDR3 comprising
the amino acid sequence of the LCDR3 of antibody 3G1 {e.g., SEQ ID NG: 60).

In an embodiment, the heavy chain variable region comprises an HCDR1 comprising the amino
acid sequence of the HCDR1 of antibody 3G1 (e.g., SEQ 1D NG: 37); an HCDR2 comprising the amino
acid sequence of the HCDR2Z of antibody 3G1 (e.g., SEQ ID NG: 38); and an HCDR3 comprising the
amino acid sequence of the HCDR3 of antibody 3G1 (e.g.. SEQ I3 NO: 36), and the light chain variable
region comprises an LCDR1 comprising the amino acid sequence of the LCDR1 of antibody 3G1 {(e.g.,
SEQ 1D NO: 58); an LCDR2 comprising the amino acid sequence of the LCDRZ of antibody 3G1 (e.g.,
SEQ ID NO: 59); and an LCDR3 comprising the amino acid sequence of the LCDR3 of antibody 3Gl
{e.g., SEQ > NG: 643,

In an embodiment, the antibody molecule comprises a heavy chain variable region (VH), wherein
the heavy chain variable region comprises three heavy chain comaplementarity determining regions

(HCDRI1, HCDR2, and HCDR3), wherein the heavy chain variable region comprises ong, two, or all of
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the following: an HCDR1 comprising an amino acid sequence that differs by no more than 1, 2, or 3
amino acid residues from, or has at least 85, 90, 95, 99 or 180% homology with, the amino acid sequence
of the HCDR1 of antibody 3G1 (e.g., SEQ 1D NO: 34); an HCDR?2 comprising an amino acid sequence
that differs by no more than 1, 2, or 3 amino acid residues from, or has at feast 85, 90, 93, 99 or 100%
homology with, the amino acid sequence of the HUDR2 of antibody 3G1 {e.g., SEQ ID NO: 35); or an
HCDR3 comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues
from, or has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the HCDR3 of
antibody 3G1 {e.g., SEQ DD NO: 36).

In an embodiment, the heavy chain variable region comprises one, two, or all of the following: an
HCDR1 comprising the amino acid sequence of the HCDR1 of antibody 3G1 (e.g., SEQ 1D NO: 34); an
HCDR?2 comprising the amino acid sequence of the HCDR? of antibody 3G1 (e.g., SEQ 1D NO: 35); or
an HCDR3 comprising the amino acid sequence of the HCDR3 of antibody 3G1 {e.g., SEQ 1D NG: 36).

In an embodiment, the heavy chain variabie region comprises an HCDR1 comprising the amino
acid sequence of the HCDR1 of antibody 3G1 (e.g., SEQ 1D NO: 34); an HCDRZ comprising the amino
acid sequence of the HCDR2 of antibody 3G1 (e.g., SEQ 1D NO: 35); and an HCDR3 comprising the
amino acid sequence of the HCDR3 of antibody 3G (e.g., SEQ 1D NO: 36).

In an embodiment, the antibody molecule comprises a light chain variable region (VL), wherein
the light chain variable region comprises three light chain complementarity determining regions (LCDRI,
LCDR2Z, and LCDR3), wherein the light chain variable region comprises oue, two, or all of the following:
an LCDRI1 comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues
from, or has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the LCDRI of
antibody 3Gl (e.g., SEQ ID NGO: 38); an LCDRZ comprising an amino acid sequence that differs by no
more than 1, 2, or 3 amino acid residues from, or has at least 85, 90, 95, 99 or 100% homology with, the
amino acid sequence of the LCDR2 of antibody 3G1 (e.g., SEQ 1D NO: 59); or an LCDR3 comprising an
amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or has at least 85,
840, 95, 89 or 100% homology with, the amino acid sequence of the LCDR3 of antibody 3G1 (e.g.. SEQ
1D NOG: 60).

In an embodiment, the light chain variable region comprises one, two, or all of the following: an
LCDRT comprising the amino acid sequence of the LCDRI of antibody 3G1 (e.g., SEQ ID NO: 58); an
LCDR2 comprising the amino acid sequence of the LCDR2 of antibody 3G1 (e.g.. SEQ ID NO: 59); or
an LCDR3 comprising the amino acid sequence of the LCDR3 of antibody 3(G1 (e.g., SEQ D NG: 60).

In an embodiment, the light chain variable region comprises an LCDR1T comprising the amino

acid sequence of the LCDR1Y of antibody 3G1 (e.g., SEQ 1D NO: 58); an LCDR2 comprising the amino
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acid sequence of the LCDR2 of antibody 3G1 (e.g., SEQ ID NO: 59); and an LCDR3 comprising the
amino acid sequence of the LCDR3 of antibody 3G1 {e.g., SEQ ID NO: 60).

In an embodiment, the antibody molecule comprises a heavy chain variable region (VH) and a
light chain variable region (VL), wherein the heavy chain variable region comprises three heavy chain
complementarity determining regions (HCDR1, HCDR2, and HCDR3), and the light chain vartable
region comprises three light chain complementarity determining regions (LCDR1, LCDR2Z, and LCDR3),
wherein the heavy chain variable region comprises one, two, or all of the following: an HCDR]
comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or
has at ieast 85, 90, 95, 99 or 100% homeology with, the amino acid sequence of the HCDR1 of antibody
3G1 {e.g., SEQ ID NO: 34); an HCDRZ comprising an amino acid sequence that differs by no more than
1, 2, or 3 amino acid residues from, or has at least 85, 90, 95, 99 or 100% homology with, the amino acid
sequence of the HCDR2 of antibody 3G1 (e.g., SEQ 1D NO: 35); or an HCDR3 comprising an aroino acid
sequence that differs by no more than 1, 2, or 3 amine acid residues from, or has at least 85, 84, 95, 99 or
100% homology with, the amino acid sequence of the HCDR3 of antibody 3G1 {e.g., SEQ ID NO: 36},
and wherein the light chain variable region comprises one, two, or all of the following: an LCDR1
comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or
has at feast 85, 90, 93, 99 or 100% homology with, the amino acid sequence of the LCDR1 of antibody
3Gl {e.g., SEQ ID NG: 58); an LCDR2 comprising an amino acid sequence that differs by no more than
1, 2, or 3 amino acid residues from, or has at feast 83, 90, 95, 99 or 100% homology with, the amino acid
sequence of the LCDR2 of antibody 3G1 (e.g., SEQ 1D NO: 593; or an LCDR3 comprising an amino acid
sequence that differs by no more than 1, 2, or 3 amino acid residues from, or has at teast 83, 90, 95, 99 or
180% homology with, the amino acid sequence of the LUDR3 of antibody 3G1 {e.g., SEQ {13 NO: 60).

In an embodiment, the heavy chain variable region comprises one, two, or all of the following: an
HCDR1 comprising the amnino acid sequence of the HCDR1 of antibody 3G1 (e.g., SEQ D NO: 34); an
HCDR2 comprising the amino acid sequence of the HCDR2 of antibody 3G1 (e.g., SEQ D NO: 35); or
an HCDR3 comprising the amino acid sequence of the HCDR3 of antibody 3G1 {e.g., SEQ D NO: 36},
and the light chain variable region comprises one, two, or all of the following: an LCDR1 comprising the
amino acid sequence of the LCDR1 of antibody 3G1 (e.g., SEQ 13 NG: 58); an LCDR2 comprising the
amino acid sequence of the LCDR2 of antibody 3G1 (e.g., SEQ 11D NG: 59); or an LCDR3 comprising
the amino acid sequence of the LCDR3S of antibody 3G1 {e.g., SEQ ID NOG: 60).

In an embodiment, the heavy chain variable region comprises an HCDR1 comprising the amino
acid sequence of the HCDR1 of antibody 3G1 (e.g., SEQ 12 NO: 34); an HCDR?Z comprising the amine
acid sequence of the HCDR2 of antibody 3G1 (e.g., SEQ 1D NO: 35); and an HCDRS3 comprising the
amuno acid sequence of the HCDR3 of antibody 361 (e.g., SEQ 1D NO: 36), and the light chain variable
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region comprises an LCDRI comprising the amino acid sequence of the LCDR1 of antibody 3G1 (e.g..
SEQ D NO: 58); an LCDRZ comprising the amino acid sequence of the LCDR2 of antibody 3G1 (e.g..
SEQ 1D NO: 59); and an LCDR3 comprising the amino acid sequence of the LCDR3 of antibody 3G1
{e.g., SEQ 1D NG: 60).

In an embodiment, the antibody molecule further comprises one or more human or human
derived heavy or light chain variable region frameworks.

In an embodiment, the antibody molecule comprises a heavy chain variable region (VH), wherein
the heavy chain variable region comprises an amino acid sequence that differs by nomore than 1, 2, 3, 4,
5,6,7,8,9, 10, 11, 12, 13, 14, or 15 amino acid residues from, or has at least 85, 90, 95, 95, 97, 98, 99, or
100% homology with, the amino acid sequence of the VH of 3(G1 (e.g.. SEQ D NOG: 5). Inan
embodiment, the heavy chain variable region comprises the amino acid sequence of the VH of 3G1 (e.g.,
SEQ 1D NO: 5).

In an embodiment, the antibody molecule comprises a light chain variable region {VL), wherein
the light chain variable region comprises an amine acid sequence that differs by no more than 1, 2, 3, 4, 5.
6,7,8,9, 10, 11, 12, 13, 14, or 15 amino acid residues from, or has at least 85, 9, 95, 96, 97, 98, 99, or
100% homology with, the amino acid sequence of the VL of 3G1 {e.g., SEQ ID NO: 11). Inan
embodiment, the light chain variable region comprises the amino acid sequence of the VL of 3G1 {e.g.,
SEQ D NG: 11).

In an embodiment, the antibody molecule comprises a heavy chain variable region (VH) and a
light chain variable region (VL), wherein the heavy chain variable region comprises an amino acid
sequence that differs by nomore than 1, 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, or 15 amino acid residues
from, or has at least 85, 80, 95, 96, 97, 98, 99, or 100% homology with, the amino acid sequence of the
VH of 3G1 {e.g., SEQ 1D NO: 5), and wherein the light chain variable region comprises an amino acid
scquence that differs by nomore than 1, 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, or 15 amino acid residues
from, ot has at least §5, 90, 93, 96, 97, 9§, 99, or 100% homology with, the amino acid sequence of the
VL of 3G1 {e.g., SEQID NO: 11},

In an embodiment, the heavy chain variable region comprises the amino acid sequence of the VH
of 3G (e.g., SEQ 1D NO: 5), and wherein the light chain variable region comprises the amine acid
sequence of the VL of 3G1 (e.g., SEQID NG: 11).

In an embodiment, the heavy chain variable region comprises an amine acid sequence encoded by
a nuclentide sequence from Tabde 2 (e g, SEQ ID NG: 85). In an embodiment, the light chain variable
region comprises and amino acid sequence encoded by a nucleotide sequence from Table 2 (e g, SEQ 1D

NO: 91
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In an embodiment, the antibody molecule comprises a heavy chain variable region {VH), wherein
the heavy chain variable region comprises three heavy chain complermentarity determining regions
(HCDR1I, HCDR2, and HCDR3), wherein the heavy chain variable region comprises one, two, or all of
the following: an HCDR1 comprising an amino acid sequence that differs by no more than 1, 2, or 3
amino acid residues from, or has at least 85, 90, 85, 99 or 100% homology with, the amino acid sequence
of the HCDRI of antibody 2C7 (e.g., SEQ ID NG: 42); an HUDR?Z comprising an amino acid sequence
that differs by no more than 1, 2, or 3 amino acid residues from, or has at least 85, 90, 95, 99 or 100%
homology with, the amino acid sequence of the HCDR2 of antibody 2C7 (e.g., SEQ {3 NO: 43); or an
HCDR3 comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues
from, or has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the HUDR3 of
antibody 2C7 (e.g., SEQ 1D NO: 41).

In an embodiment, the heavy chain variable region comprises one, two, or all of the following: an
HCDR1 comprising the amino acid sequence of the HCDRI of antibody 2C7 {(e.g., SEQ ID NO: 42); an
HCDR2 comprising the amino acid sequence of the HCDRZ of antibody 2C7 (e.g., SEQ ID NO: 43); or
an HCDR3 comprising the amino acid sequence of the HCDR3 of antibody 2C7 (e.g., SEQ 1D NO: 41).

In an emmbodiment, the beavy chain variable region comprises an HCDR1 comprising the amino
acid sequence of the HCDR1 of antibody 2C7 (e g, SEQ 1D NO: 42); an HCDRZ2 comprising the amino
acid sequence of the HCDR2 of antibody 2C7 (e.g., SEQ ID Nk 43); and an HCDR3 comprising the
amino acid sequence of the HCDR3 of antibody 2C7 {e.g., SEQ 1D NO: 41).

In an embodiment, the antibody molecule comprises a light chain variable region (V0.), wherein
the light chain variable region comprises three light chain complementarity determining regions (LCDR1,
LCDR2, and LCDR3), wherein the light chain variable vegion comprises one, two, or all of the following:
an LCDR1 comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues
from, or has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the LCDR1 of
antibody 2C7 (e.g., SEQ ID NO: 61); an LCDRZ comprising an amino acid sequence that differs by no
more than 1, 2, or 3 amino acid residues from, or has at least 85, 90, 85, 99 or 100% homology with, the
amino acid sequence of the LCDRZ of antibody 2C7 (e.g.. SEQ ID NG 62); or an LCDR3 comprising an
amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or has at least 85,
90, 95, 99 or 100% homology with, the amino acid sequence of the LCDR3 of antibody 2C7 (e.g., SEQ
ID NG: 63).

In an embodiment, the light chain variable region compriscs one, two, or all of the following: an
LCDR1T comprising the amino acid sequence of the LCDR1 of antibody 207 (e.g., SEQ 1D NG 61y an
LCDR2 comprising the amino acid sequence of the LCDR2 of antibody 2C7 {e.g., SEQ 1D NO: 62); or an
LCDRS3 comprising the amino acid sequence of the LCDR3 of antibody 2C7 {e.g., SEQ ID NG: 63).
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In an embodiment, the light chain variable region comprises an LCDR1 comprising the amino
acid sequence of the LCDR1 of antibody 2C7 (e.g., SEQ ID NQO: 61); an LCDRZ comprising the amino
acid sequence of the LCDR?2 of antibody 2C7 (e.g., SEQ ID NO: 62); and an LLDR3 comprising the
amino acid sequence of the LCDR3 of antibody 2C7 (e.g., SEQ 1D NO: 63).

In an embodiment, the antibody molecule comprises a heavy chain variable region {VH) and a
light chain variable region (VL), wherein the heavy chain variable region comprises three heavy chain
complementarity determining regions (HCDR1, HCDR2, and HCDR3), and the light chain variable
region comprises three light chain complernentarity determining regions (LCDR1, LCDR2, and LCDR3),
wherein the heavy chain variable region comprises one, two, or all of the following: an HCDR1
comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or
has at least 83, 90, 95, 99 or 100% homology with, the amino acid sequence of the HCDR1 of antibody
2CT (e.g., SEQ D NO: 42); an HCDRZ comprising an amino acid sequence that differs by no more than
1, 2, or 3 amino acid residues from, or has at feast 85, 90, 85, 99 or 100% homology with, the amino acid
sequence of the HCDR2 of antibody 2C7 {(e.g., SEQ ID NO: 43); or an HCDR3 comprising an amino acid
sequence that differs by no more than 1, 2, or 3 amine acid residues from, or has at feast 85, 94, 95, 99 or
100% homology with, the amino acid sequence of the HCDR3 of antibody 2C7 (e.g., SEQ ID NO: 41},
and wherein the light chain variable region comprises one, two, or all of the following: an LCDR1
comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or
has at least 83, 90, 95, 99 or 100% homeology with, the amino acid sequence of the LCDR1 of antibody
2CT (e.g., SEQ ID NO: 61); an LCDR2 comprising an amino acid sequence that differs by no more than
1, 2, or 3 amino acid residues from, or has at feast 85, 90, 95, 99 or 100% homology with, the amino acid
sequence of the LCDR2Z of antibody 2C7 (e.g., SEQ 1D NO: 62); or an LCDR3 comprising an amino acid
sequence that differs by no more than 1, 2, or 3 amine acid residues from, or has at least 85, 94, 95, 99 or
100% homology with, the amino acid sequence of the LCDR3 of antibody 2C7 (e.g., SEQ DD NO: 63).

In an emsbodiment, the heavy chain variable region comprises one, two, or all of the following: an
HCDR1 comprising the amino acid sequence of the HCDR1 of antibody 27 {e.g., SEQ ID NO: 42); an
HCDR2Z comprising the amino acid sequence of the HCDR2 of antibody 27 (e.g., SEQ 1D NO: 43); or
an HCDR3 comprising the amino acid sequence of the HCDR3 of antibody 2C7 (e.g., SEQ ID NO: 41),
and the light chain variable region comprises one, two, or all of the following: an LCDR1 comprising the
amino acid sequence of the LCDR1 of antibody 2C7 (e.g., SEQ ID NG: 61); an LCDR2 comprising the
amino acid sequence of the LCDR2 of antibody 27 (e.g., SEQ ID NO: 62); or an LUCDR3 comprising the
amino acid sequence of the LCDR3 of antibody 2C7 (e.g., SEQ 1D NO: 63).

In an emnbodiment, the heavy chain variable region comprises an HCDRI1 comprising the amino

acid sequence of the HCDRI of antibody 2C7 (e g, SEQ ID N 42); an HCDR2 comprising the amino
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acid sequence of the HCDR2 of antibody 2C7 (e.g., SEQ ID Nk 43); and an HCDR3 comprising the
amino acid sequence of the HCDR3 of antibody 27 {e.g., SEQ 1D NO: 41}, and the light chain variable
region comprises an LCDR comprising the amino acid sequence of the LCDR1 of antibody 2C7 (e.g.,
SEQ 1D NO: 61); an LCDR2 comprising the amino acid sequence of the LODR2 of antibody 2C7 (e.g.,
SEQ ID NO: 62); and an LCDR3 comprising the amino acid sequence of the LCDR3 of antibody 2C7
{e.g., SEQ > NG: 633,

In an embodiment, the antibody molecule comprises a heavy chain variable region (VH), wherein
the heavy chain variable region comprises three heavy chain comaplementarity determining regions
(HCDRI1, HCDR2, and HCDR3), wherein the heavy chain variable region comprises ong, two, or all of
the following: an HCDR1 comprising an amino acid sequence that differs by no more than 1, 2, or 3
amino acid residues from, or has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence
of the HCDR1 of antibody 2C7 (e.g., SEQ 1D NG: 39); an HCDR?Z comprising an amino acid sequence
that differs by no more than |, 2, or 3 amino acid residues from, or has at least 85, 90, 95, 99 or 100%
homology with, the amino acid sequence of the HCDR2 of antibody 2C7 {e.g., SEQ ID NG: 40); or an
HCDR3 comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues
from, or has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the HCDR3 of
antibody 2C7 (e.g., SEQ 1D NO: 41).

In an embodiment, the heavy chain variable region comprises one, two, or all of the following: an
HCDR1 comprising the amino acid sequence of the HCDR1 of antibody 27 {e.g., SEQ ID NO: 39); an
HCDR?Z comprising the amino acid sequence of the HCDR?2 of antibody 27 {(e.g., SEQ 1D NG: 40); or
an HCDR3 comprising the amino acid sequence of the HCDR3 of antibody 2C7 (e.g.. SEQ 1D NO: 41).

In an embodiment, the heavy chain variabie region comprises an HCDR1 comprising the amino
acid sequence of the HCDR1 of antibody 2C7 {e.g., SEQ ID NO: 39); an HCDRZ comprising the amino
acid sequence of the HCDR2 of antibody 2C7 (e.g., SEQ 1D NO: 40); and an HCDR3 comprising the
amino acid sequence of the HCDR3 of antibody 2C7 {e.g., SEQ 1D NO: 41).

In an embodiment, the antibody molecule comprises a light chain variable region (VL), wherein
the light chain variable region comprises three light chain complementarity determining regions (LCDRI,
LCDR2Z, and LCDR3), wherein the light chain variable region comprises oue, two, or all of the following:
an LCDRI1 comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues
from, or has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the LCDRI of
antibody 2C7 (e.g., SEQ ID NO: 61); an LCDR2 comprising an amino acid sequence that differs by no
more than 1, 2, or 3 amino acid residues from, or has at least 85, 90, 95, 99 or 100% homology with, the
amino acid sequence of the LCDR2 of antibody 2C7 (e g, SEQ 1D NG: 62); or an LCDR3 comprising an

amuno acid sequence that differs by no more than 1, 2, or 3 amino acid vesidues from, or has at least 85,
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840, 95, 89 or 100% homology with, the amino acid sequence of the LCDR3 of antibody 2C7 (e.g., SEQ
1D NOG: 63).

In an embodiment, the light chain variable region comprises one, two, or all of the following: an
LCDR1 comprising the amino acid sequence of the LCDRI of antibody 2C7 {e.g., SEQ 1D NO: 61); an
LCDR2 comprising the amino acid sequence of the LCDRZ of antibody 2C7 {e.g., SEQ 1D NO: 62); or an
LCDR3 comprising the amino acid sequence of the LCDR3 of antibody 27 {e.g., SEQ 1D NO: 63},

In an embodiment, the light chain variable region comprises an LCDR1T comprising the amino
acid sequence of the LCDR1Y of antibody 2C7 (e.g., SEQ 1D KO: 61); an LCDR2 comprising the amino
actd sequence of the LCDR2 of antibody 2C7 (e.g., SEQ ID NGO: 62); and an LCDR3 comprising the
amino acid sequence of the LCDR3 of antibody 2C7 (e.g.. SEQ ID NG: 63).

In an embodiment, the antibody molecule comprises a heavy chain variable region (VH) and a
light chain variable region (VL), wherein the heavy chain variable region comprises three heavy chain
complementarity determining regions (HCDR1, HCDR2, and HCDR3), and the light chain vartable
region comprises three light chain complementarity determining regions (LCDR1, LCDR2Z, and LCDR3),
wherein the heavy chain variable region comprises one, two, or all of the following: an HCDRI1
comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or
has at feast 85, 90, 93, 99 or 100% homology with, the amino acid sequence of the HCDR1 of antibody
27 (e.g.. SEQ 1D NO: 39); an HCDR2 comprising an amino acid sequence that differs by no more than
1, 2, or 3 amino acid residues from, or has at feast 83, 90, 95, 99 or 100% homology with, the amino acid
sequence of the HCDR?Z of antibody 2C7 (e.g., SEQ D NG: 40); or an HCDR3 comprising an amino acid
sequence that differs by no more than 1, 2, or 3 amino acid residues from, or has at least 85, 90, 95, 99 or
180% homology with, the amino acid sequence of the HCDRS3 of antibody 2C7 (e.g.. SEQ ID NG: 41),
and wherein the light chain variable region comprises one, two, or all of the following: an LCDR1
comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or
has at feast 85, 90, 93, 99 or 100% homology with, the amino acid sequence of the LCDR1 of antibody
2C7 (e.g.. SEQ ID NO: 61); an LCDRZ comprising an amino acid sequence that differs by no more than
1, 2, or 3 amino acid residues from, or has at feast 83, 90, 95, 99 or 100% homology with, the amino acid
sequence of the LLDR2 of antibody 2C7 (e.g., SEQ 1D NO: 62); or an LLDR3 comprising an amino acid
sequence that differs by no more than 1, 2, or 3 amino acid residues from, or has at least 85, 90, 95, 99 or
180% homology with, the amino acid sequence of the LCDR3 of antibody 2C7 {e.g., SEQ ID NO: 63).

In an embodiment, the heavy chain variable region comprises one, two, or all of the following: an
HCDR1 comprising the amino acid sequence of the HCDRI of antibody 2C7 (e.g., SEQ 1D NG: 39); an
HCDR?2 comprising the amnino acid sequence of the HCDR?2 of antibody 2C7 (e.g., SEQ 1D NG: 40); or
an HCDR3 comprising the amino acid sequence of the HCDR3 of antibody 2C7 (e.g., SEQ 1D NG: 41),
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and the light chain variable region comprises one, two, or all of the following: an LCDRT comprising the
amino acid sequence of the LCDR]I of antibody 2C7 (e.g.. SEQ ID NG 61); an LCDR2 comprising the
amino acid sequence of the LCDR2 of antibody 2C7 (e.g., SEQ ID NO: 62); or an LCDR3 comprising the
amino acid sequence of the LCDR3 of antibody 2C7 (e.g., SEQ 1D NO: 63).

In an embodiment, the heavy chain variabie region comprises an HCDR1 comprising the amino
acid sequence of the HCDR1 of antibody 2C7 {e.g., SEQ ID NO: 39); an HCDR?Z comprising the amino
acid sequence of the HCDR2 of antibody 2C7 (e.g., SEQ 1D NO: 40); and an HCDR3 comprising the
amino acid sequence of the HCDR3 of antibody 2C7 {e.g., SEQ 1D NO: 41}, and the light chain variable
region comprises an LCDR1 comprising the amino acid sequence of the LCDR ] of antibody 2C7 (e.g.,
SEQ D NO: 61); an LCDRZ comprising the amino acid sequence of the LCDR2 of antibody 2C7 (e.g.,
SEQ D NO: 62); and an LCDR3 comprising the amino acid sequence of the LCDR3 of antibody 27
{e.g., SEQ 1D NG: 63).

In an embodiment, the antibody molecule further comprises one or more human or human
derived heavy or light chain variable region frameworks.

In an embodiment, the antibody molecule comprises a heavy chain variable region (VH), wherein
the heavy chain variable region comprises an amino acid sequence that differs by no more than 1, 2, 3, 4,
5.6,7,8. 9,16, 11, 12, 13, 14, or 15 amuno acid residues from, or has at least 85, 90, 95, 84, 97, 98, 99, or
100% homology with, the amino acid sequence of the VH of 2C7 (e.g., SEQ ID NO: 6). Inan
embodiment, the heavy chain variable region comprises the amino acid sequence of the VH of 2{7 {e.g.,
SEQ HYNO: 6).

In an embodiment, the antibody molecule comprises a light chain variable region (V1) wherein
the light chain variable region comprises an amino acid sequence that differs by no more than 1, 2, 3, 4, 5,
6,7,8,9, 10, 11, 12, 13, 14, or 15 amino acid residues from, or has at least 85, 9, 95, 96, 97, 98, 99, or
100% homology with, the amino acid sequence of the VL of 2C7 (e.g., SEQ HD NO: 12). Inan
embodiment, the light chain variable region comprises the amino acid sequence of the VL of 2C7 (e.g.,
SEQ D NO: 12).

In an embodiment, the antibody molecuie comprises a heavy chain variable region (VH) and a
light chain variable region (VL), wherein the heavy chain variable region comprises an amino acid
sequence that differs by nomore than 1, 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, or 15 amino acid residues
from, or has at least 85, 80, 95, 96, 97, 98, 99, or 100% homology with, the amino acid sequence of the
VH of 2C7 {e.g., SEQ ID NO: 6), and wherein the light chain variable region comprises an amino acid
scquence that differs by nomore than 1, 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, or 15 amino acid residues
from, ot has at least §5, 90, 93, 96, 97, 9§, 99, or 100% homology with, the amino acid sequence of the

VL of 2C7 (e.g., SEQ ID NO: 12).
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In an embodiment, the heavy chain variable region comprises the amino acid sequence of the VH
of 2C7 (e.g., SEQ ID NG: 6}, and wherein the light chain variable region comprises the amino acid
sequence of the VL of 2C7 (e.g., SEQ ID NO: 12).

In an embodiment, the heavy chain variable region comprises an amino acid sequence encoded by
a nucleotide sequence from Tabde 2 (e.g., SEQ ID NO: 86). In an embodiment, the light chain variable
region comprises and amino acid sequence encoded by a nucleotide sequence from Table 2 (e.g., SEQ 1D

NO: 923,

In an embodiment, the antibody molecule comprises a heavy chain variable region {VH), wherein
the heavy chain variable region comprises three heavy chain complermentarity determining regions
(HCDR1I, HCDR2, and HCDR3), wherein the heavy chain variable region comprises one, two, or all of
the following: an HCDR1 comprising an amino acid sequence that differs by no more than 1, 2, or 3
amino acid residues from, or has at least 85, 90, 85, 99 or 100% homology with, the amino acid sequence
of the HCDRI of antibody 3D6 (e.g., SEQ ID NO: 47); an HCDRZ comprising an amine acid sequence
that differs by no more than 1, 2, or 3 amine acid residues from, or has at least 85, 90, 95, 99 or 100%
homology with, the amino acid sequence of the HCDR?2 of antibody 3D6 {e.g., SEQ 1D NO: 48); or an
HCDR3 comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues
from, or has at least 85, 90, 95, 9% or 100% homology with, the amino acid sequence of the HCDR3 of
antibody 3D6 {(e.g., SEQ D NO: 46).

In an embodiment, the heavy chain variable region comprises one, two, or all of the following: an
HCDR] comprising the amino acid sequence of the HCDR1 of antibody 3D6 (e.g., SEQ 1D NO: 47); an
HCDR2 comprising the amino acid sequence of the HCDRZ of antibody 306 (e.g., SEQ ID NOG: 48); or
an HCDR3 comprising the amino acid sequence of the HCDRS3 of antibody 3D6 {e.g., SEQ ID NG: 46).

In an embodiment, the heavy chain variable region comprises an HCDR1 comprising the amino
acid sequence of the HCDR1 of antibody 3D6 (e.g., SEQ 1D NG: 47); an HCDR2 comprising the amino
actd sequence of the HCDR2Z of antibody 3D6 (e.g., SEQ ID NG: 48); and an HCDR3 comprising the
amino acid sequence of the HCDR3 of antibody 3D6 (e.g., SEQ 1D NO: 46).

In an embodiment, the antibody molecule comprises a light chain variable region (V0.), wherein
the light chain variable region comprises three light chain complementarity determining regions (LCDR1,
LCDR2, and LCDR3), wherein the light chain variable vegion comprises one, two, or all of the following:
an LCDR1 comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues
from, or has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the LCDR1 of
antibody 3D6 (e.g., SEQ {1 NO: 64); an LCDR2 comprising an amino acid sequence that differs by no

more than 1, 2, or 3 amino acid residues from, or has at least 85, 90, 85, 99 or 100% homology with, the
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amino acid sequence of the LCDR2 of antibody 3D6 (e.g., SEQ ID NG: 65); or an LCDR3 comprising an
amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or has at least 85,
90, 95, 99 or 100% bomology with, the amino acid sequence of the LCDR3 of antibody 3D6 (e.g., SEQ
1D NG: 66).

In an embodiment, the light chain variable region comprises one, two, or all of the following: an
LCDR1 comprising the amino acid sequence of the LCDR1 of antibody 3D6 (e.g.. SEQ ID NO: 64); an
LCDR2 comprising the amino acid sequence of the LCDR2 of antthody 3D6 (e.g., SEQ ID NG 65); or
an LCDR3 comprising the amino acid sequence of the LEDR3 of antibody 306 (e.g., SEQ 1D NO: 66).

In an embodiment, the light chain variable region comprises an LCDR1 comprising the amino
acid sequence of the LCDR1 of antibody 3D6 {(e.g., SEQ 1D NO: 64); an LLDR2 comprising the amino
acid sequence of the LCDR?2 of antibody 306 {e.g., SEQ 12 NO: 63); and an LCDR3 comprising the
amino acid sequence of the LCDR3 of antibody 3D6 (e.g., SEQ I3 NG: 66).

In an embodiment, the antibody molecule comprises a heavy chain variable region {VH) and a
light chain variable region (VL), wherein the heavy chain variable region comprises three heavy chain
complementarity determining regions (HCDR1, HCDRZ, and HCDR3), and the light chain variable
region comprises three light chain complementarity determining regions (LCDR1, LCDR2, and LCDR3),
wherein the heavy chain variable region comprises one, two, or all of the following: an HCDR1
comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or
has at least 85, 90, 95, 99 or 100% homeology with, the amino acid sequence of the HCDR1 of antibody
306 (e.g., SEQ D NO: 473 an HCDRZ comprising an amino acid sequence that differs by no more than
1, 2, or 3 amino acid residues from, or has at feast 85, 90, 95, 99 or 100% homology with, the amino acid
sequence of the HCDR2 of antibody 3D6 {e.g., SEQ 1D NO: 48); or an HCDR3 comprising an amino acid
sequence that differs by no more than 1, 2, or 3 amine acid residues from, or has at least 85, 94, 95, 99 or
100% homology with, the amino acid sequence of the HCDR3 of antibody 3D6 (e.g., SEQ 11D NQO: 46),
and wherein the light chain variable region comprises one, two, or all of the following: an LCDR1
comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or
has at least 83, 90, 95, 99 or 100% homeology with, the amino acid sequence of the LCDR1 of antibody
3D6 (e.g., SEQ D NO: 64); an LCDR2 comprising an amino acid sequence that differs by no more than
1, 2, or 3 amino acid residues from, or has at feast 85, 90, 95, 99 or 100% homology with, the amino acid
sequence of the LCDRZ of antibody 3D6 (e.g., SEQ ID NG: 65); or an LCDR3 comprising an amino acid
sequence that differs by no more than 1, 2, or 3 amine acid residues from, or has at least 85, 94, 95, 99 or
100% homology with, the amino acid sequence of the LCDR3 of antibody 3D6 (e.g., SEQ 1D NO: 66).

In an emmbodiment, the heavy chain variable region comprises one, two, or all of the following: an

HCDR1 comprising the amino acid sequence of the HCDR] of antibody 3D6 (e.g., SEQ D NO: 47); an
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HCDR2Z comprising the amino acid sequence of the HCDR2 of antibody 3D6 (e.g., SEQ [D NO: 48); or
an HCDR3 comprising the amino acid sequence of the HCDR3 of antibody 3D6 {e.g., SEQ 1D NO: 463,
and the light chain variable region comprises one, two, or all of the following: an LCDR1 comprising the
amino acid sequence of the LCDR1 of antibody 3D6 (e.g., SEQ {13 NO: 64); an LCDR2 comprising the
amino acid sequence of the LCDR2 of antibody 3D6 (e.g., SEQ D NO: 65); or an LCDR3 comprising
the amino acid sequence of the LCDR3 of antibody 3D6 (e.g., SEQ 1D NG: 66).

In an emmbodiment, the beavy chain variable region comprises an HCDR1 comprising the amino
acid sequence of the HCDR1 of antibody 3D6 (e.g., SEQ 1D NG: 47); an HCDR2 comprising the amino
acid sequence of the HCDR2Z of antibody 3D6 (e.g., SEQ ID NG: 48); and an HCDR3 comprising the
amino acid sequence of the HCDR3 of antibody 3D6 (e.g.. SEQ I3 NO: 46), and the light chain variable
region comprises an LCDR1 comprising the amino acid sequence of the LCDR1 of antibody 3D6 (e.g.,
SEQ 1D NO: 64); an LCDR2 comprising the amino acid sequence of the LCDRZ of antibody 3D6 (e.g.,
SEQ ID NO: 65); and an LCDR3 comprising the amino acid sequence of the LCDR3 of antibody 3D6
{e.g., SEQ > NG: 663,

In an embodiment, the antibody molecule comprises a heavy chain variable region (VH), wherein
the heavy chain variable region comprises three heavy chain complementarity determining regions
(HCDRI, HCDR2, and HCDR3), wherein the heavy chain variable region comprises one, two, or all of
the following: an HCDR1 comprising an amino acid sequence that differs by no more than 1, 2, or 3
amino acid residues from, or has at least 85, 90, 95, 99 or 180% homology with, the amino acid sequence
of the HCDR1 of antibody 3D6 (e.g., SEQ 1D NO: 44); an HCDR?2 comprising an amino acid sequence
that differs by no more than 1, 2, or 3 amino acid residues from, or has at least 85, 90, 93, 99 or 100%
homology with, the amino acid sequence of the HCDR2 of antibody 3D6 {e.g., SEQ ID NO: 45); or an
HCDR3 comprising an amino acid sequence that differs by no more than 1, Z, or 3 amino acid residues
from, or has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the HCDR3 of
antibody 3D6 {e.g., SEQ {13 NO: 46).

In an embodiment, the heavy chain variable region comprises one, two, or all of the following: an
HCDR1 comprising the amino acid sequence of the HCDR1 of antibody 3D6 (e.g., SEQ 1D NO: 44); an
HCDR?Z comprising the amino acid sequence of the HCDR?2 of antibody 3D6 (e.g., SEQ 1D NO: 45); or
an HCDR3 comprising the amino acid sequence of the HCDR3 of antibody 3D6 {e.g., SEQ 1D NO: 46).

In an embodiment, the heavy chain variabie region comprises an HCDR1 comprising the amino
acid sequence of the HCDR1 of antibody 3D6 (e.g., SEQ 1D NO: 44); an HCDRZ comprising the amino
acid sequence of the HCDR2 of antibody 306 (e.g., SEQ 1D NO: 45); and an HCDR3 comprising the
amino acid sequence of the HCDR3 of antibody 3D6 (e.g., SEQ 11D NO: 46).
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In an embodiment, the antibody molecule comprises a light chain variable region (VL), wherein
the light chain variable region comprises three light chain complementarity determining regions (LCDRI,
LCDR2Z, and LCDR3), wherein the light chain variable region comprises oue, two, or all of the following:
an LCDRI1 comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues
from, or has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the LCDR1I of
antibody 3D6 (e.g., SEQ ID NO: 64); an LCDRZ comprising an amino acid sequence that differs by no
more than 1, 2, or 3 amino acid residucs from, or has at least 83, 90, 95, 99 or 100% homology with, the
amino acid sequence of the LCDR2 of antibody 3D6 (e.g., SEQ 1D NO: 65); or an LCDR3 comprising an
amuno acid sequence that differs by no more than 1, 2, or 3 amino acid vesidues from, or has at least 85,
90, 95, 99 or 100% homology with, the amino acid sequence of the LUDR3 of antibody 3D6 (e.g., SEQ
1D NG: 66).

In an embodiment, the light chain variable region comprises one, two, or all of the following: an
LCDR1 comprising the amino acid sequence of the LCDRI of antibody 3D6 (e.g., SEQ ID NO: 64); an
LCDRZ comprising the amino acid sequence of the LCDR2 of antibody 3D6 (e.g., SEQ ID NO: 65); or
an LCDR3 comprising the amino acid sequence of the LCDR3 of antibody 3D6 (e.g., SEQ 1D NO: 66).

In an embodiment, the light chain variable region comprises an LCDR1T comprising the amino
acid sequence of the LCDR1 of antibody 3D6 (e.g., SEQ 1D NO: 64); an LCDR2 comprising the amino
acid sequence of the LCDR2 of antibody 306 (e.g., SEQ ID NO: 63); and an LCDR3 comprising the
amino acid sequence of the LCDR3 of antibody 306 {e.g., SEQ 1D NO: 66).

In an embodiment, the antibody molecule comprises a heavy chain variable region (VH) and a
light chain variable region (VL), wherein the heavy chain variable region comprises three heavy chain
complementarity determining regions (HCDR1, HCDR2, and HCDR3), and the light chain vartable
region comprises three light chain complementarity determining regions (LCDR1, LCDR2Z, and LCDR3),
wherein the heavy chain variable region comprises one, two, or all of the following: an HCDR]
comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or
has at ieast 85, 90, 95, 99 or 100% homelogy with, the amino acid sequence of the HCDR1 of antibody
3D6 {e.g., SEQ ID NO: 44); an HCDRZ comprising an amino acid sequence that differs by no more than
1, 2, or 3 amino acid residues from, or has at least 85, 90, 95, 99 or 100% homology with, the amino acid
sequence of the HCDR2 of antibody 3D6 (e.g., SEQ 1D NO: 45); or an HCDR3 comprising an aroino acid
sequence that differs by no more than 1, 2, or 3 amine acid residues from, or has at least 83, 84, 95, 99 or
100% homology with, the amino acid sequence of the HCDR3 of antibody 3D6 {e.g., SEQ ID NO: 46),
and wherein the light chain variable region comprises one, two, or all of the following: an LCDR1
comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or

has at ieast 85, 90, 93, 99 or 100% homeology with, the amino acid sequence of the LCDRI1 of antibody

o]
o]
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3D6 {e.g., SEQ ID NG: 64); an LCDR2 comprising an amino acid sequence that differs by no more than
1, 2, or 3 amino acid residues from, or has at feast 83, 90, 95, 99 or 100% homology with, the amino acid
sequence of the LLDR2 of antibody 3D6 {e.g., SEQ 1D NO: 65); or an LLDR3 comprising an amino acid
sequence that differs by no more than 1, 2, or 3 amino acid residues from, or has at least 85, 90, 95, 99 or
180% homology with, the amino acid sequence of the LUDR3 of antibody 3D6 {e.g., SEQ {13 NO: 66).

In an embodiment, the heavy chain variable region comprises one, two, or all of the following: an
HCDR1 comprising the amnino acid sequence of the HCDR1 of antibody 306 (e.g., SEQ D NO: 44); an
HCDR2 comprising the amino acid sequence of the HCDR2 of antibody 3D6 (e.g., SEQ D NO: 45); or
an HCDR3 comprising the amino acid sequence of the HCDR3 of antibody 3D6 {e.g., SEQ 1D NO: 46},
and the light chain variable region comprises one, two, or all of the following: an LCDR1 comprising the
amino acid sequence of the LCDR1 of antibody 3D6 (e.g., SEQ 13 NG: 64); an LCDR2 comprising the
amino acid sequence of the LCDR2 of antibody 3D6 (e.g., SEQ 11D NO: 63); or an LCDR3 comprising
the amino acid sequence of the LCDR3S of antibody 3D6 {(e.g., SEQ ID NO: 66).

In an embodiment, the heavy chain variable region comprises an HCDR1 comprising the amino
acid sequence of the HCDR1 of antibody 3D6 (e.g., SEQ 1D NO: 44); an HCDRZ comprising the amino
acid sequence of the HCDR?2 of antibody 306 (e.g., SEQ 1D NO: 45); and an HCDR3 comprising the
amino acid sequence of the HCDR3 of antibody 3D6 (e.g., SEQ 13 NO: 46), and the light chain variable
region comprises an LCDRI comprising the amino acid sequence of the LCDR1 of antibody 3D6 (e.g..
SEQ D NO: 64); an LCDRZ comprising the amino acid sequence of the LCDR2 of antibody 3D6 (e.g..
SEQ D NO: 65); and an LCDR3 comprising the amino acid sequence of the LCDR3 of antibody 3D6
{e.g., SEQ 1D NG: 66).

In an embodiment, the antibody molecule further comprises one or more human or human
derived heavy or light chain variable region frameworks.

In an embodiment, the antibody molecule comprises a heavy chain variable region (VH), wherein
the heavy chain variable region comprises an amino acid sequence that differs by nomore than 1, 2, 3, 4,
5,6,7,8,9, 10, 11, 12, 13, 14, or 15 amino acid residues from, or has at least 85, 90, 95, 95, 97, 98, 99, or
100% homology with, the amino acid sequence of the VH of 3D6 (e.g.. SEQ D NOG: 7). In an
embodiment, the heavy chain variable region comprises the amino acid sequence of the VH of 3D6 (e.g.,
SEQ D NO: 7).

In an embodiment, the antibody molecule comprises a light chain variable region {VL), wherein
the light chain variable region comprises an amine acid sequence that differs by no more than 1, 2, 3, 4, 5.
6,7,8,9, 10, 11, 12, 13, 14, or 15 amino acid residues from, or has at least 85, 80, 93, 96, 97, 9§, 99, or

100% homology with, the amino acid sequence of the VL of 3D6 (e.g, SEQ ID NO: 13). Inan
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embodiment, the light chain variable region comprises the amino acid sequence of the VL of 3D6 {e.g.,
SEQ ID NO: 13).

In an embodiment, the antibody molecule comprises a heavy chain variable region (VH) and a
fight chain variable region (VL), wherein the heavy chain variable region comprises an amino acid
sequence that differs by npomore than 1, 2,3,4, 5, 6,7, 8,9, 16, 11, 12, 13, 14, or 15 amino acid residues
from, or has at least 85, 90, 95, 96, 97, 98, 99, or 100% homwology with, the amino acid sequence of the
VH of 3D6 {e.g., SEQ 1D NO: 7), and wherein the light chain variable region comprises an amino acid
sequence that differs by nomore than 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, or 15 amino acid residues
from, or has at least 85, 80, 95, 96, 97, 98, 99, or 100% homology with, the amino acid sequence of the
V0L of 3D6 {e.g., SEQ [D NO: 13).

In an embodiment, the heavy chain variable region comprises the amino acid sequence of the VH
of 3D6 (e.g., SEQ 1D NGO: 7), and wherein the light chain variable region comprises the amino acid
sequence of the VL of 3D6 {e.g., SEQ ID NG: 13).

In an embodiment, the heavy chain variable region comprises an amino acid sequence encoded by
a nuclentide sequence from Tabde 2 (e.g., SEQ ID NG: 87). In an embodiment, the light chain variable
region comprises and amino acid sequence encoded by a nucleotide sequence from Table 2 (e g, SEQ 1D

NQG: 933,

In an embodiment, the antibody molecuie comprises a heavy chain variable region (VH), wherein
the VH comprises three heavy chain complementarity determining regions (HCDR1, HCDRZ, and
HCDR3), wherein the VH comprises ong, two, or all of the following: an HCDRI comprising an amino
acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or has at least 85, 90, 95,
99 or 100% homology with, the amino acid sequence of the HCDR1 of a VH described in Table 8 (e.g.,
any of SEQ 1D NOS: 115-118); an HCDR?2 comprising an amino acid sequence that differs by no more
than 1, 2, or 3 amino acid residues from, or has at least §5, 90, 95, 99 or 100% bhomology with, the amino
acid sequence of the HCDRZ of a VH described in Table 8 {(e.g., any of SEQ ID NOS: 115-118}; oran
HCDR3 comprising an amine acid sequence that differs by no more than 1, 2, or 3 amino acid residues
from, or has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the HCDR3 of a
VH described in Table 8 {e.g., any of SEQ D NOS: 115-118).

In an embodiment, the VH comprises one, two, or all of the following: an HCDR1 comprising the
amino acid sequence of the HCDR1 of a VH described in Table 8 (e.g.. any of SEQ 1D NOS: 115-118);
an HCDR2 comprising the amine acid sequence of the HCDRZ of a VH described in Table 8 (e.g, any of
SEQ D NOS: 115-118); or an HCDR3 comprising the amino acid sequence of the HCDR3 of a VH
described in Table 8 (e g, any of SEQ 13 NOS: 115-118).
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In an embodiment, the VH comprises: an HCDR1 comprising the amino acid sequence of the
HCDR1 of 2 VH described in Table 8 (e.g., any of SEQ ID NOS: 115-118); an HCDRZ comprising the
amino acid sequence of the HCDRZ of a VH described in Table 8 (e.g., any of SEQ 1D NOS: 115-118);
and an HCDR3 comprising the amino acid sequence of the HCDR3 of a VH described in Table 8 {(e.g.,
any of SEQ 1D NGO§S: 115-118).

In an embodiment, the antibody molecule comprises a light chain variable region (VL), wherein
the VL comprises three light chain complementarity determining regions (LCDRI, LCDR2, and LCDR3),
wherein the VL comprises one, two, or all of the following: an LCDR1 comprising an amino acid
sequence that differs by no more than 1, 2, or 3 amino acid residues {rom, or has at least 85, 80, 85, 99 or
100% homology with, the amino acid sequence of the LCDR1 of a VL described in Table 8 {e.g.. any of
SEQ HY NOS: 119-137); an LCDR2 comprising an amino acid sequence that differs by no more than 1, 2,
or 3 amino acid residues from, or has at least 85, 90, 95, 99 or 100% homology with, the amino acid
sequence of the LCDR2 of a VL described in Table 8 (e.g., any of SEQ ID NOS: 119-137); or an LCDR3
comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or
has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the LCDR3 of a VL
described in Table 8 (e.g., any of SEQ 1D NOS: 119-137).

In an emsbodiment, the VL comprises one, two, or all of the following: an LCDR1 comprising the
amino acid sequence of the LCDR1 of a VL described in Table 8 (e.g., any of SEQ ID NOS: 119-137);
an LCDR2Z comprising the amino acid sequence of the LCDR2 of a VL described in Table 8 (e.g.. any of
SEQ D NOS: 119-137); or an LLCDR3 comprising the amino acid sequence of the LCDR3 of 2 VL
described in Table 8 (e.g., any of SEQ 1D NOS: 119-137).

In an embodiment, the VL comprises: an LCDR1 comprising the amino acid sequence of the
LCER1T of a VL described in Table 8 (e.g., any of SEQ ID NOS: 119-137); an LCDRZ comprising the
amino acid sequence of the LCDR2 of a VL described in Table 8 (e.g., any of SEQ ID NOS: 119-137);
and an LCDR3 comprising the amino acid sequence of the LCDR3 of a VL described in Table 8 (e.g,,
any of SEQ {3 NOS: 119-137)

In an embodiment, the antibody molecule comprises a heavy chain variable region (VH) and a
light chain variable region (VL), wherein the VH comprises three heavy chain complementarity
determining regions (HCDR1, HCDR2, and HCDR3), and the VL. comprises three light chain
complementarity determining regions (LCDR1, LCDR2, and LCDR3),

wherein the VH comprises one, two, or all of the following: an HCDR1 comprising an amino acid
scquence that differs by no more than 1, 2, or 3 amine acid residues from, or has at feast 85, 90, 95, 99 or
100% bomology with, the amino acid sequence of the HCDRT of a VH described in Table § (e.g., any of

SEQ D NOS: 115-118); an HCDRZ comprising an amino acid sequence that differs by no more than I,
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2, or 3 amino acid vesidues from, or has at least 85, 90, 95, 99 or 100% homology with, the amuno acid
sequence of the HCDR?2 of a VH described in Table 8 {e.g, any of SEQ ID NOS: 115-118); oran
HCDR3 comprising an amine acid sequence that differs by no more than 1, 2, or 3 amino acid residues
from, or has at least 85, 90, 85, 99 or 100% homology with, the amino acid sequence of the HCDR3 of a
VH described in Table 8 (e.g., any of SEQ ID NOS: 115-118); and

wherein the VL comprises one, two, or all of the following: an LCDRI comprising an amino acid
scquence that differs by no more than 1, 2, or 3 amine acid residues from, or has at feast 83, 90, 95, 99 or
100% bomology with, the amino acid sequence of the LCDRI of a VL described in Table 8 (e.g., any of
SEQ D NOS: 119-137); an LCDRZ comprising an amino acid sequence that differs by no more than 1, 2,
or 3 amino acid residues from, or has at least 85, 90, 95, 99 or 100% homology with, the amino acid
sequence of the LLCDR2 of a VL described in Table 8 (e.g., any of SEQ 1D NOS: 119-137); or an LCDR3
comprising an amino acid sequence that differs by no more than 1, 2, or 3 amino acid residues from, or
has at least 85, 90, 95, 99 or 100% homology with, the amino acid sequence of the LCDR3 of a VL
described in Table 8 (e.g., any of SEQ ID NOS: 119-137).

In an embodiment, the VH comprises one, two, or all of the following: an HCDRI comprising the
amino acid sequence of the HCDR1 of a VH described in Table 8 {(e.g., any of SEQ 1D NOS: 115-118);
an HCDR2 comprising the amino acid sequence of the HCDR2 of a VH described in Table 8 (e.g., any of
SEQ D NOS: 115-118); or an HCDR3 comprising the amino acid sequence of the HCDR3 of a VH
described in Table 8 (e. g, any of SEQ 1D NOS: 115-118); and the VL comprises one, two, or all of the
following: an LCDR1 comprising the amino acid sequence of the LCDR1T of a VL described in Table 8
{e.g., any of SEQ 1D NOS: 116-137); an LCDR2 comprising the amino acid sequence of the LCDR2 of a
VL described in Table 8 (e.g., any of SEQ ID NOS: 116-137); or an LCDR3 comprising the amino acid
sequence of the LCDR3 of a VL describad in Table 8 {e.g, any of SEQ ID NOS: 116-137).

In an embodiment, the VH comprises: an HCDRI comprising the amino acid sequence of the
HCDR1 of a2 VH described in Table 8 (e.g., any of 3EQ ID NOS: 115-118); an HCDR2 comprising the
amino acid sequence of the HCDR? of a VH described in Table 8 (e.g, any of SEQ 1D NOS: 115-118);
and an HCDR3 conprising the amino acid sequence of the HCDR3 of a VH described in Table 8 (e.g.,
any of SEQ 1D NOS: 115-118); and the VL comprises: an LUDR1 comprising the amino acid sequence of
the LCOR1T of a VL. described in Table 8 {e.g.,, any of SEQ 1D NOS: 119-137); an LCDR?2 comprising
the amino acid sequence of the LCDR2 of a VL described in Table 8 (e.g., any of SEQ ID NOS: 119-
137); and an LCDR3 comprising the amino acid sequence of the LCDR3 of a VL described in Table 8
{e.g., any of SEQ 1D NOS: 119-137).

In an ernbodiment, the antibody molecule further comprises one ot more human or human

derived heavy or light chain variable region frameworks.
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In an embodiment, the antibody molecule comprises a heavy chain variable region {VH), wherein
the VH comprises an amino acid sequence that differs by no more than 1, 2,3, 4,5, 6,7, 8,9, 10, 11, 12,
13, 14, or 15 amino acid residues from, or has at least 85, 90, 95, 96, 97, 98, 99, or 100% homology with,
the amino acid sequence of a VH described in Table 8 (e.g., any of SEQ 1D NOS: 115-118). Inan
embodiment, the VH comprises the amino acid sequence of a VH described in Table 8 (e.g., any of SEQ
ID NGS: 115-118).

In an embodiment, the antibody molecule comprises a light chain variable region (V1.), wherein
the VL comprises an amino acid sequence that differs by nomore than 1, 2, 3,4, 5,6, 7, 8§, 9, 10, 11, 12,
13, 14, or 15 amino acid residaes from, or has at least 85, 90, 95, 96, 97, 88, 99, or 100% homology with,
the amino acid sequence of 2 VL described in Table 8 {e.g, any of SEQ 1D NOS: 119-137). Inan
embodiment, the VL comprises the amino acid sequence of a VL. described in Table 8 (e.g., any of SEQ
1D NOS: 119-137).

In an embodiment, the antibody molecule comprises a heavy chain variable region {VH) and a
light chain variable region (VL), wherein the VH comprises an amino acid sequence that differs by no
morethan 1,2,3.4,5,6,7,8,9, 10, 11, 12, 13, 14, or 15 amino acid residues from, or has at least &5, 90,
93, 96, 97, 98, 99, or 100% homology with, the amino acid sequence of a VH described in Table 8 (e.g.,
any of SEQ {3 NOS: 115-118), and wherein the VL comprises an amino acid sequence that differs by no
more than 1, 2,3, 4,5, 6.7,8 9, 10, 11, 12, 13, 14, or 15 amino acid residues from, or has at least 85, 90,
95, 96, 97, 98, 99, or 100% homology with, the amino acid sequence of a VL described in Table 8 (e.g,
any of SEQ 1D NOS: 119-137). In an cmbodiment, the VH comprises the amino acid sequence of a VH
described in Table 8 (e.g., any of SEQ 1D NOS: 115-118), and the VL comprises the arino acid
sequence of a VL deseribed in Table 8 {e.g., any of SEQ [D NOS: 119-137}.

In an embodiment, the HCCDRI, HCCDR?2, and HCCDR3 are from the same VH described in
Table 8. In an embodiment, the LCCDR1, LCCDR2, and LCCDR3 are from the same VL described in
Table 8.

Any of the VH amino acid sequences {or the amino acid sequences of HCDRI, HCDR2, and
HCDR3 thereof) disclosed in Table 8 (or 2 sequence that differsbynomore than 1, 2,3, 4,5, 6,7, 8,9,
10, 11, 12, 13, 14, or 15 amino acid residues therefrom, or has at least 85, 90, 93, 86, 97, 98, 99, or 100%
homology therewith) can be combined with any of the VL amino acid sequences {or the amino acid
sequences of LCDR1, LCDR2, and LCDR3 thereof) disclosed in Table 8 (or a sequence that differs by
nomorethan 1,2, 3,4,5,6,7,.8, 9,10, 11, 12, 13, 14, or 15 amino acid residues therefrom, or has at least
83, 90, 95, 96, 97, 98, 99, or 100% homology therewith), e.g., to form a humanized antibody molecule.

Exemplary combinations include:
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SEQ ID NOS: 103 and 104; SEQ ID NOS: 103 and 119; SEQ 1D NOS: 103 and 120; SEQ ID

NOS: 103 and 121; SEQ I NOS: 103 and 122; SEQ 1D NGS: 103 and 123; SEQ ID NOS: 103 and 124;
SEQ D NOS: 103 and 125; SEQ 1D NOS: 103 and 126; SEQ ID NOS: 103 and 127; SEQ 1D NOS: 103
and 128; SEQ 1D NOS: 103 and 129; SEQ 1D NOS: 103 and 130; SEQ D NOS: 103 and 131; SEQ ID
NOS: 103 and 132; SEQ ID NOS: 103 and 133; SEQ ID NOS: 103 and 124; SEQ ID NOS: 103 and 135;
SEQ ID NGOS: 103 and 136; SEQ ID NOS: 103 and 137; SEQ 1D NOS: 115 and 104; SEQ ID NOS: 115
and 119; SEQ ID NOS: 115 and 120; SEQ 1D NOS: 115 and 121; SEQ ID NOS: 115 and 122; SEQ ID
NOS: 115 and 123; SEQ D NOS: 115 and 124; SEQ ID NOS: 115 and 125; SEQ 1D NOS: 115 and 126;
SEQ D NOS: 115 and 127; SEQ 1D NOS: 115 and 128; SEQ ID NOS: 115 and 129; SEQ 1D NOS: 115
and 13G; SEQ ID NOS: 115 and 131; SEQ D NOS: 115 and 132; SEQ ID NOS: 115 and 133; SEQ ID
NOS: 115 and 134; SEQ ID NOS: 115 and 135; SEQ 1D NOS: 115 and 136; SEQ ID NOS: 115 and 137;
SEQ D NOS: 116 and 104; SEQ ID NOS: 116 and 119; SEQ 1D NOS: 116 and 120; SEQ ID NOS: 116
and 121; SEQ D NOS: 116 and 122; SEQ ID NOS: 116 and 123, SEQ 1D NOS: 116 and 124; SEQ ID
NOS: 116 and 125, SEQ ID NOS: 116 and 126; SEQ 1D NOS: 116 and 127; SEQ 1D NOS: 116 and 128;
SEQ ID NOS: 116 and 129; SEQ ID NOS: 116 and 130; SEQ 1D NOS: 116 and 131; SEQ ID NOS: 116
and 132; SEQ ID NOS: 116 and 133; SEQ 1D NOS: 116 and 134; SEQ ID NOS: 116 and 135; SEQ ID
NOS: 116 and 136; SEQ D NOS: 116 and 137; SEQ ID NOS: 117 and 104; SEQ 1D NOS: 117 and 119;
SEQ ID NOS: 117 and 120; SEQ ID NOS: 117 and 121; SEQ ID NOS: 117 and 122; SEQ 1D NOS: 117
and 123; SEQ ID NOS: 117 and 124; SEQ (D NOS: 117 and 125; SEQ 1D NOS: 117 and 126; SEQ ID
NOS: 117 and 127, SEQ ID NOS: 117 and 128; SEQ 1D NOS: 117 and 129; SEQ ID NOS: 117 and 130;
SEQ D NOS: 117 and 131; SEQ ID NOS: 117 and 132; SEQ 1D NOS: 117 and 133; SEQ ID NOS: 117
and 134; SEQ D NOS: 117 and 135; SEQ ID NOS: 117 and 136; SEQ 1D NOS: 117 and 137; SEQ ID
NOS: 118 and 104; SEQ ID NOS: 118 and 119; SEQ 1D NOS: 118 and 126; SEQ 1D NOS: 118 and 121;
SEQ HD NOS: 118 and 122; SEQ ID NOS: 118 and 123; SEQ 1D NOS: 118 and 124; SEQ 1D NOS: 118
and 125; SEQ ID NOS: 118 and 126; SEQ 1D NOS: 118 and 127; SEQ 1D NOS: 118 and 128; SEQ ID
NOS: 118 and 129; SEQ ID NOS: 118 and 130; SEQ ID NOS: 118 and 131; SEQ ID NOS: 118 and 132;
SEQID NOS: 118 and 133; SEQ ID NOS: 118 and 134; SEQ ID NOS: 118 and 135; SEQ 1D NOS: 118
and 136; or SEQ H> NOS: 118 and 137,

In an embodiment, the ADC or antibody molecule comprises a heavy chain variable region (VH),
wherein the heavy chain variable region comprises three heavy chain complementarity determining
regions (HCDR1, HCDR2, and HCDR3), wherein the heavy chain variable region comprises one, two, or

all of the following: an HCDRI comprising the amino acid sequence of SEQ ID NG: 108! an HCDR2
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comprising the amine acid sequence of YISSBGDSX(YYPD X, 2LKG (SEQ 1D NG: 1653), wherein X is
TorT; Xy is Nor S; Xsis L or V; or an HCDR3 comprising the amino acid sequence of SEQ 1D NG: 107,

In an embodiment, the ADC or antibody molecule comprises a light chain variable region (VL),
wherein the light chain variable region comprises three light chain complementarity determining regions
{(LCDR1, LCDR2, and LCDR3), wherein the light chain variable region comprises one, two, or all of the
following: an LCDRI comprising the amino acid sequence of RASESXFGHGISPX H (SEQ ID NGt
166), wherein Xy is V or I; X, 1s M or L; an LCDR2 comprising the amino acid sequence of
RASXGXOKXS (SEQID NG: 167, wheretn Xy is Nor 5, Xois Lor Ry X518 F, T or §; or an LTCDR3
comprising the amino acid sequence of SEQ [D NO: 1i2.

In an embodiment, the ADC or antibody molecule comprises a VH and a VL, wherein the VH
compriscs three heavy chain complementarity determining regions (HCDR1, HCDR2, and HCDR3), and
the VL comprises three light chain complerentarity determining regions (LCDR1, LCDRZ, and LCDR3),

wherein the VH comprises one, two, or all of the following: an HCDR1 comprising the amino
acid sequence of SEQ ID NG: 108; an HCDR2 comprising the amino acid sequence of
YISSDGDSX, YYPD X, XGKG (SEQ ID NG: 165), wherein Xy isIor T; XoisNor S; Xsislor V; oran
HCDR3 comprising the amino acid sequence of SEQ 1D NO: 107, and

wherein the VL comprises one, two, or all of the following: an LCDRI comprising the amino
acid sequence of RASESX G FGHGISPXGH (SEQ ID NO: 166), wherein Xy is Vor I Xois Mor L an
LCDRZ comprising the amino acid sequence of RASX X,KX; (SEQ ID NO: 167), wherein X is N or S;
XyisLorR; X5is F, T or 5; or an LCDR3 comprising the amino acid sequence of SEQ ID NO: 112,

In an embodiment, the ADC or antibody molecule comprises a VH and a VL, wherein the VH
comprises three heavy chain complementarity determining regions (HCDR1, HCDR2, and HCDR3), and
the VL comprises three light chain complementarity determining regions (LCDR1, LCDR2Z, and LCDR3),

wherein the VH comprises: an HCDR1 comprising the amino acid sequence of SEQ 1D NO: 108;
an HCDR2 comprising the amino acid sequence of YISSDGDSEXYYPD X, X5KG (SEQ 1D NO: 163),
wherein Xy isfor T; Xy is Noor 5; Xz is T or V; and an HCDR3 comprising the amino acid sequence of
SEQ ID NO: 107, and

wherein the VL comprises: an LECDRT comprising the amino acid sequence of
RASESX(FGHGISPXLH (SEQ D NO: 166}, wherein Xy is V or [; X5 is M or L; an LCDR2 comprising
the aniino acid sequence of RASX LK (SEQ ID NG: 1673, wherein Xy isNor 5; X isLor B Xy is F,
T or 5; and an LCDR3 comprising the amino acid sequence of SEQ ID NOG: 112,

In an embodiment, the antihody molecule comprises or consists of two heavy chain variable

regions and two light chain variable regions.
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In an embodiment, the antibody molecule further comprises a heavy chain constant region, a light
chain constant region, or both.

In an embodiment, the antibody molecule is an IgG antibedy molecule, e.g., 1gG1, 1gG2, 1gG3, or
1gG4 antibody molecule. In an embodiment, the antibody molecule is not an IgM antibody molecule.

In an embodiment, the antibody molecule comprises a light chain constant region from a kappa or
tambda light chain.

In an embodiment, the antibody molecule is capable of binding to two or more Gram-negative
strains. Antibody molecules capable of binding to two or more Gram-negative bacterial strains have
several advantageous properties. For example, one therapy can be used to treat, prevent, or diagnose

aultiple bacterial infections. In addition, a physician need not determine which bacterial strain infected a
paticnt in order to determine the appropriate therapy.

According, in an embodiment, the antibody molecule binds to one or more bacteria, e.g., one or
more Gram-negative bacteria, e.g., of different genera, species, subspecies, and/or strains.

In an embodiment, the one or more Gram-negative bacteria are selected from a species of
Enterobacteriaceae (e.g., a species in Klebsiella, Enterobacter, Shigelia, Escherichia, Salmonelia,
Yersinia, or Citrobacter, e.g., pan-resistant Enterobacteriaceae), a specics of Pseudomonas, a specics of
Acinetobacter, or any cornbination theveof.

In an emnbodiment, the antibody molecule binds to one or more of: Klebsiella pneumonia (e.g.,
Klebsiella pneumoniae subsp. ozaenae, Kiebsiclla pneumoniae subsp. pneumoniae, or Klebsielia
preumoniae subsp. rhinoscleromatis), Enterobacter cancerogenous, Enterobacter cloacae, Enterobacter
hormaechei, Enterobacter asburiae, Shigella boydii, Shigella dysenterine, Shigella flexneri, Shigella
sonnel, Escherichia coli {e.g., Escherichia coli ATCC 11775, Escherichia coli ATCC 25922, Escherichia
coli ATCC 35401, or Escherichia coli ATCC 43895), Escherichia fergusonii, Salmonelia choleraesuis,
Salmonella choleraesuis subsp. indica, Salmonella enteritidis, Salmonella virchow, Salmonella paratyphi
B, Salmonella typhimurium, Salmonella paratyphi A, Salmonella typhi, Salmonella choleraesuis subsp.
arizonae, Salmonella choleraesuis subsp. diarizonae, Salmonella choleraesuis subsp. houtenae,
Salmonetla bongori, Citrobacter sediakii, Citrobacter braakii, Citrobacier werkmanii, Citrobacter
freundii, Citrobacter youngac, Citrobacter amalonaticus, Yersinia enterocolitica, Yersinia frederiksenii,
Yersinia pestis, Yersinia pseudotuberculosis, or any combination thereof.

In an embodiment, the one or more bacteria are one or more antibiotic-resistant bacteria, e.g., one
or more multidrug-resistant Gram-negative bacteria.

In an embodiment, the one or more antibiotic-resistant bacterta are selected from Pseudomonas
{e.g., P. aeruginosa), Enterobacteriaceae (e.g., Klebsiella prewmonia or E. coli), or Acinetobacter {e.g., 4.

baumannit).

100



io

i5

20

25

WO 2017/083515 PCT/US2016/061330

In an embodiment, the antibody molecule hinds to one or move of: Entferococcus faecium (e.g.,
vancomycin-resistant (VRE) Enterococcus faecium), Staphylococcus aureus {e.g., methiciilin-resistant
(MRS A) Staphylococcus aureus), Clostridium difficile, Acinetobacter baumannii {e.g., multidrug
resistant (MDR) Acinetobacter), Pseudomonas aeruginosa {e.g., multidrug vesistant (MDR} P
agruginosa, ¢.g., carbapensm-resistant P. aeruginosa), Enterobacteriaceae {e.g., E. coli, K. pneumoniae,
or Enterobacter spp., e.g., carbapenem-resistant Enterobacteriaceae (CRE)), N. gonorrhoacae (e.g., drug-
resistant N. gonorrhoacae), Salmonella (e.g., drug resistant Salmonella), Shigella (e.g., drug-resistant
Shigelia), a bacterium producing an extended spectrum B-lactamase (ESBL), or Mycobacterium
teberculosis {e.g., drug-resistant M. mbercilosis).

In an embodiment, the antibody molecuic binds to one or more {e.g., 2. 3,4, 5,6.7,8,9, 10, or
all) P. aeruginosa strains in Table 7. v another embodingent, the antibody molecule binds to one or more
{e.g., 2,3, 4, 5,6, ov all) multidrug-resistant £. aeruginosa strains in Table 7.

In an embodiment, the antibody molecule binds to LPS with high aftfinity, e.g., with a K, that is
less than about 10 oM, e.g., mecasurcd by an ELISA method.

In an embodiment, the antibody molecule binds to LPS with a K¢ slower than 1X 104, 5% 10'59
or 1X107 s, Inan cmbodiment, the antibody molecule binds to LPS with a K, faster than 1X 104,
§X10% 1X10%, or 5X10° M s

In an embodiment, the antibody molecule has opsonophagocytic activity, e.g., as determined by
an OPA assay, e.g., as described herein.

In an embodiment, the antibody molecule binds to an epitope comprising one or more (e.g., two)
Kdo residues and/or one or more {e.g., two or three) Hep residues in LPS.

In an embodiment, a) the antibody molecule that binds to lipopolysaccharide (LPS) is coupled
{e.g., fused) to b) the antimicrobial peptide, e.g., an antimicrobial peptide described herein, e.g., to form
an antibody molecule-drug conjugate (ADC).

In an emsbodiment, the antibody molecule comprises a heavy chain variable region {VH), wherein
the heavy chain variable region is coupled {e. 2., fused) to the antimicrobial peptide, ¢.g., wherein the
heavy chain variable region is N-terminal to the antimicrobial peptide.

In an embodiment, the heavy chain variable region is coupled (e.g., fused) to the antimicrobial
peptide indirectly, e g., wherein the C-terminus of the heavy chain variable region is coupled (e.g., fused)
1o the N-terminus of the antimicrobial peptide via a constant region.

In an embodiment, the antibody molecule comprises a light chain variable region (VL), wherein
the light chain variable region is coupled (e.g., fused) to the antimicrobial peptide, €.g., whercin the light

chain variable region is N-terminal to the antimicrobial peptide.
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In an embodiment, the lght chain variable region is coupled {e.g., fused) to the antimicrobial
peptide indirectly, e.g.. wherein the C-terminus of the light chain variable region is coupled (e.g.. fused)
to the N-terminus of the antimicrobial peptide via a constant region.

In an embodiment, the antibody molecule is coupled (e.g.. fused) to two or more (e. g., three, four,
five, six, seven, eight, or more, e.g., four) antimicrobial peptides, e.g., by enzymatic conjugation or
chemical conjugation. In an embodiment, at feast two of the antimicrobial peptides arc identical. In an
cmbodiment, at least two of the antimicrobial peptides are different.

In an emsbodiment, the antibody molecule is coupled (2. 2., fused) to two identical antimicrobial
peptides, cach is coupled {e.g., fused) to a heavy chain variable region, e.g., indirectly, e g., via a constant
region.

In an embodiment, the antimicrobial peptide coupled (e.g., fused) to the antibody molecule is
more effective in inhibiting, 2 g., inhibiting the growth, virulence, or infectivity of, a Gram-negative
bacterium (e.g., a Gram-negative bacterium described herein) than the antimicrobial peptide or antibody
molecule alone, e.g., having a minimum inhibitory concentration {MI{) that is lower, e.g., at least 2, 3, 4,
5.6,7,8,9, 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100 fold lower, than the MIC of the antimicrobial
peptide alone.

In an emnbodiment, the antimicrobial peptide coupled (e.g., fused) to the antibody molecule is
more effective in reducing the viability of, e.g., killing, a Gram-negative bacterium {e.g., a Gram-negative
bacterium described herein) than the antimicrobial peptide or antibody molecule alone, e.g., having a
minimum bactericidal concentration (MBC) that is lower, e.g., at least 2, 3, 4, 5, 6,7, 8, 9, 10, 20, 30, 40,
50, 60, 70, 80, 90, or 100 fold lower, than the MBC of the antimicrobial peptide alone.

In an embodiment, the antibody molecule has opsonophagoceytic activity {(e.g., 1s phagocytized
when bound to the Fc receptor (FeR) of a neutrophil}, e.g., as determined by an OPA assay, e.g., as
described herein.

In an ernbodiment, the antimicrobial peptide coupled {(e.g., fused) to the antibody molecule does
not inhibit, e.g., does not inhibit the growth, virnlence, or infectivity of, a Gram-positive bacteriom {e.g., a
Gram-positive bacterium described herein), e.g., having a minimum inhibitory concentration (MIC) for a
Gram-negative bacterium {e.g., a Gram-negative bacterium) that is lower, e.g., at least 2, 5, 10, 20, 50,
100, 200, 500, or 1000 fold lower, than a MIC for a Gram-positive bacterium (e.g., a Gram-positive
bacterivm).

In an embodiment, the antimicrobial peptide coupled (e.g., fused) to the antibody molecule does
not reduce the viability of, ¢.g., does not kill, a Gram-positive bacterium (e.g., a Gram-positive bacterium

described herein), e.g., having a miniroum bactericidal concentration (MBC) for a Gram-negative
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bacterium {e.g., a Gram-negative bacterium) that is lower, e.g., at least 2, 5, 10, 20, 50, 100, 200, 500, or
1000 fold lower fold lower, than a MBC for a Gram-positive bacterium (e.g., a Gram-positive bacterium).
In an embodiment, the Gram-positive bacterium is Staphylococcus aureus.
In an embodiment, the antibody molecule binds to a linear or conformational epitope on a Gram-

negative bacterium or on LPS.

Antimicrobial Peptides

As used herein, the term “antimicrobial peptide” refers to a peptide that has an antimicrobial
activity, e.g., an antihacterial activity. While not wishing to be bound by theory, it is believed that, in an
embodiment, the antimicrobial peptides can have variable length, sequence and structure with broad
spectrum activity against a number of microorganisms, ¢.g., bacteria, and optionally low levels of induced
resistance. In an embodiment, the antimicrobial peptide is an antibacterial peptide.

Antimicrobial peptides are a diverse group of molecules, which are divided into subgroups on the
basis of their amino acid composition and structure. Typically, these peptides include two or more
positively charged residues provided by arginine, lysine or, in acidic environments, histidine, and a large
proportion {e.g., more than 50%) of hydrophobic residues. The secondary structures of these molecules
include, e.g., 1) g-helical, 1) B-stranded due to the presence of 2 or more disulfide bonds, iii) B-hairpin or
toop due to the presence of a single disulfide bond and/or cyclization of the peptide chain, and iv)
extended. Some of these peptides can be unstructurad in free solution, and fold into their final
configuration upon partitioning into biological membranes. Antimicrobial peptides can contain
hydrophilic amino acid residues aligned along one side and hydrophobic amino acid residues aligned
along the opposite side of a helical molecule. This amphipathicity of the antimucrobial peptides allows
them to partition into the membranc lpid bilayer. While not wishing to be bound by theory, it is believed
that in an embodiment, the ability to associate with membranes is a typical feature of antimicrobial
peptides although membrane permeabilization may not be required.

Types of antimnicrobial peptides inclade, e g., anionic peptides (e. g., rich in glatamic and aspartic
acids), linear cationic g-helical peptides {e.g., lacking cysteine), cationic peptides {e.g., rich in proline,
arginine, phenylalanine, glycine, or tryptophan), and anionic and cationic peptides that contain cysteine
and form disulfide bonds (e.g., containing 1-3 disulfide bonds}.

The modes of action by which antimicrobial peptides kill microbes are varied, and may differ for
different bacterial species. The cytoplasmic membrane is a frequent target, but peptides may also
interfere with DNA and protein synthesis, protein folding, and cell wall synthesis. The initial contact
between the peptide and the target organism can be electrostatic, as most bacterial surfaces ave anjonic, or

hyvdrophobic. Their amino acid composition, amphipathicity, cationic charge and size allow them to
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39 64

attach to and insert into membrane hilayers to form pores by “barrel-stave,” “carpet” or “toroidal-pore”

sechanisms. Alternately, they may penetrate into the cell to bind intraceliular molecules which are
crucial to ccll living. Intracellular binding models includes inhibition of cell wall synthesis, alteration of
the cytoplasmic membrane, activation of autolysin, inhibition of DNA, RNA, and protein synthesis, and
inhibition of certain enzymes. These peptides can be hactericidal and/or bacteriostatic. Typically, the
antimicrobial {e.g., antibacterial} activity of these peptides is determined by measuring the minimal
inhibitory concentration (MIC).

Antimnicrobial peptides have been demonstrated to kill Grarmn-negative and Gram-positive
bacteria, virgses, fungi, and transformed or cancerous cells (Reddy er al. (2004) fnternational Journal of
Antimicrobial Agents 24 (6): 536--547). Antimicrobial peptides may also have an immunomodulatory
activity. For example, the immunomodulatory activitics may he involved in the clearance of infection,
e.g., the ability to alter host gene expression, act as chemokines and/or induce chemokine production,
inhibiting lipopolysaccharide induced pro-inflammatory cytokine produoction, promoting wound healing,
or modulating the responses of dendritic cells and cells of the adaptive immune response.

Several methods can be usad to determine the mechanisms of antimicrobial peptide activity.
These methods include, e.g., solid-state NMR spectroscopy, microscopy, atomic emission speciroscopy,
fluorescent dyes, ion channel formation, circular dichroism and orientated circular dichroism, dual
polarizaton interferometry, or neatron and X-ray diffraction.

In an embodiment, the antimicrobial peptide is under 10kDa, e.g., under 8kDa, 6kDa, 4kDa,
2kDa, or 1kDa. In an embodiment, the antimicrobial peptide comprises or consists of from about 6 to
about 100 amino acids, e.g., from about 6 to about 75 amino acids, about 6 to about 50 amino acids, about
6 to about 25 amino acids, about 25 to about 100 amino acids, about 50 to about 100 amino acids, or
about 75 to about 1{¢ amino acids. In an embodiment, the anti-bacterial peptide comprises or consists of
from about 12 to about 30 amino acids. In an embodiment, the anti-bacterial peptide comprises or
consists of from about 15 to about 45 amino acids. In an embodiment, the antimicrobial peptide is
substantially cationic. In an embodiment, the antinncrobial peptide is substantally amphipathic. In an
embodiment, the antimicrobial peptide is substantially cationic and amphipathic. In an embodiment, the
antimicrobial peptide is cytostatic to a Gram-negative bacterium. In an embodiment, the antimicrobial
peptide is cytotoxic to a Gram-negative bacterium. In an embodiment, the antimnicrobial peptide is
cytostatic and cytotoxic to a Gram-positive bacterium. In an embodiment, the antimicrobial peptide is
broad-spectrum antimicrobial peptide, e.g., cytostatic and/or cytotoxic to two or more bacteria of different
genera, species, subspecies, and/or strains. In an embodiment, the antimicrobial peptide is a secreted

polypeptide.
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Antimicrobial peptides have been tsolated and described from a wide range of animals:

sicroorganisms, invertebrates, plants, amphibians, birds, fish, and mammals (Wang ef al., Nucleic Acids
Res. 2009; 37 (Database issuey:D933-7). For example, antimicrobial polypeptides are described in
Antimicrobial Peptide Database (htip://aps.unmc.edu/ AP/main.php; Wang et al., Nucleic Acids Res. 2009;
37 (Database issue}:D¥933-7), CAMP: Collection of Anti-Microbial Peptides
{(http://www .bicnirch.res.in/antimicrobial/; Thomas et al., Nucleic Acids Res. 2010; 38 (Database
issuey D774-80), US 5221732, US 5447914, US 5519115, US 3607914, US 5714577, US 5734015, US
ST98336, US 3821224, 1S 5849490, US 5856127, US 5905187, 1S 5994308, US 5998374, US 6107460,
US 6191254, US 6211148, US 6300488, US 6328504, USs 6399370, US 6476189, US 6478825, US
6492328, US 6514701, US 6573361, US 6573361, US 6576755, US 6605698, US 6624140, US 6638531,
US 6642203, US 6653280, US 6696238, US 6727066, US 6730659, US 6743598, US 6743769, US
6747007, US 6790833, US 6794490, U5 68184407, US 6835536, US 6835713, US 6838435, US 6872705,
US 6875907, US 6884776, US 6887847, US 6806035, US 6911524, US 6936432, US 7001924, US
7071293, US 7078380, US 7091185, US 7094759, US 7166769, US 7244710, US 7314858, and US
7382301, the contents of which are incorporated by references.

The antimicrobial peptides described herein may inhibit or reduce the viability of one or more
bacteria species, €.g., one or more bacteria (e.g., Gram-negative bacteria) of different genera, species,
subspecies, and/or strains. In an embodiment, the antimicrobial peptide is capable of inhibiting and/or
reducing the viability of 2, 3, 4, 5, 6,7, 8, 9, 10, or more Gram-negative bacterial strains. For instance,
the antibody molecule may inhibit and/or reduce the viability of one or more bacteria of different species,
subspecics, and/or strains from Enterobacteriaceae (e.g., Klebsiella, Enterobacter, Shigella, Escherichia,
Salmonella, Yersinia, or Citrobacter, e.g., pan-resistant Enterobacteriaceas), one or more bacteria of
different species, subspecies, and/or strains from Pseudomonas, one or more bacteria of different species,
subspecies, and/or strains from Acinetohacter, or any combination thercof, In an cmbodiment, the
antimicrobial peptide is capable of inhibiting or reducing the viahility of Klebsiella pneumonia (e.g.,
Klebsielln prneumoniae subsp. ozaenae, Klebsiella pneumonide subsp. preumoniae, or Klebsiella
preumoniae sabsp. rhinoscleromatis), Enterobacter cancerogenous, Enterobacter cloacae, Enterobacter
hormaechei, Enterobacter asburiae, Shigella bovdii, Shigella dysenteriae, Shigelia flexneri, Shigella
sonnei, Escherichia coli {e.g., Escherichia coli ATCC 11775, Escherichia coli AVCC 25922, Escherichia
coli ATCC 35401, or Escherichia coli ATCC 43893), Escherichia fergusonii, Salmonella choleraesuis,
Salmonella choleraesuis subsp. indica, Salmonelia enteritidis, Salmonelia virchow, Salmonella paratyphi
B, Salmonella typhimurium, Salmonella paratyphi A, Salmonella typhi, Salmonella choleraesuis subsp.
arizonae, Salmonella cholevaesuis subsp. diarizonae, Salmonella choleraesuis subsp. houtenae,

Salmonella bongori, Citrobacter sedlakii, Citrobacter braakii, Citrobacter werkmanii, Citrobacter
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freundi, Citrobacter voungae, Citrobacter amalonaticus, Yersinia entevocolitica, Yersinia frederiksenii,
Yersinia pestis, Yersinia pseudotubercuiosis, or any combination thereof.

In an embodiment, the antimicrobial peptide is capable of inhibit and/or reduce the viability of
one or more: Enterococcus faecium {e.g., vancomycin-resistant (VRE) Enterococcus faecium),
Staphyiococcus aureus {e.g., methicillin-resistant (MRS A) Staphyiococcus aureus), Clostridium difficile,
Acinetobacter baumannii {(e.g., multidrug resistant (MDR) Acinetobacter), Pseudomonas aeruginosa
{e.g.. multidrug resistant (MDR} P. aeruginosa, €.g., carbapenem-resistant P. aeruginosa),
Enterobacteriaceae (e.g., E. coli, K. pneumoniae, ot Enterobacter spp., e.g., carbapenem-resistant
Enterobacteriaceae (CRE)Y), N. gonorrhivaede {e.g., drug-resistant N. gonorrhoaeae), Salmonella {e.g.,
drug resistant Salmonella), Shigella (e.g., drug-resistant Shigelia), a bacterium producing an extended
spectrur B-lactamase (ESBL), or Mycobacterium tuberculosis (e.g., drug-resistant M. tuberculosis). The
antimnicrobial peptides described herein can have one or move (e.g., two, three or all} of the following
properties: strong bacterial inhibition activity, strong bactericidal activity, low red blood cell (RB(C)
hemolytic activity, or low cytotoxicity (e.g., off-target toxicity). In an embodiment, the antimicrobial
peptide has a minimum inhibitory concentration (MIC) of less than 100 ug/ml, e.g., less than 90, 80, 70,
60, 50, 40, 30, 20, 10, or 5 pg/ml, against a bacterial strain described herein, e.g.. Escherichia coli ATCC
23922, Pseudomonas acruginosa ATCC27853, or both. In an emnbodiment, the antimicrobial peptide has
a mininm bactericidal concentration {(MBC) of less than 100 pg/ml, e g., less than 90, 80, 70, 68, 50, 40,
30, 20, 10, or 5 ug/mi, against a bacterial strain described herein, e.g., Escherichia coli ATCC 25922,
Freudomonas aeruginosa ATCC27853, or both. In an embodimen, the antimicrobial peptide has low
hemolytic activity, e.g.. has a PLC to MIC ratio for a Gram-negative bacteriom {e. g., a Gram-negative
bacterium described herein) which is equal to or greater than 1 {e.g., greater than 4:1, 8:1, 16:1, 24:1, or
32:1), e.g., as determined by a red blood cell hemolysis assay and an MIC assay, respectively. In an
embodiment, the PLC is the concentration (e. g., mininwim concentration) required or needed to lyse S0%
of the red blood cells. In an ermnbodiment, the antimicrobial peptide has low hemolytic activity, e.g., has
an MLC to MIC ratio for a Gram-negative bacterium (e.g., a Gram-negative bacterivm described herein)
which is greater than 4:1 (e.g., greater than 8:1, 16:1, 24:1, or 32:1}, e.g., as determined by a red blood
cell hemolysis assay and an MIC assay, respectively.  In an embodiment, the MLC is the concentration
{e.g., minimoum concentration) required or needed to lyse 100% of the red blood cells.

In an embodiment, the antimicrobial peptide is an a-helical peptide. In an embodiment, the
antimicrobial peptide has two or more amine acid residues cross-linked. For example, two cysteine
residues in the antimicrobial peptide can be cross-linked, e.g., chemically cross-linked. While not
wishing to be bound by theory, it is believed that in an embodiment, cross-linking two or more amino

acid vesidues in an antimicrobial peptide may enhance a-helical conformation, enhance serum stability,
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and/or increase antimicrobial potency. In an embodiment, the antimicrobial peptide having two or more
amine acid residues cross-finked is at least 2, 3, 4, 5, 6,7, &, 9, or 10-fold more stable, e.g., in serum, than
an otherwise identical antimicrobial peptide that does not have two or more amino acid residues cross-
linked. In an embodiment, the antimicrobial peptide having two or more amino acid residues cross-linked
has a MIC that is at least 10%, 20%, 30%, 40%. 50%, 60%, 70%. 80%, 90%, 95%, 98%, or 99% lower
than an otherwise identical antimicrobial peptide that does not have two or more amine acid residues
cross-linked.

In an emsbodiment, the antimicrobial peptide is coupled (e.g., fused) to an antibody molecule, e.g.,
an antibody molecule described herein, e.g., to form an antibody molecule-drug conjugate (ADC).

The following criteria can be used to select a candidate antimicrobial peptide: broad spectrum
(e.g., activity against multiple bacterial pathogens), alpha-helical secondary structure (e.g., readily
expressed in functional form), mechanism of action by membrane disruption {e.g., bactericidal and/or
synergy with small molecuoles), in vivo stability {e.g., stable in human sera), and adaptable to N-terminal
modifications {e.g., to function as C-terminal antibody conjugates).

The antimicrobial peptides described herein can contain a sequence that does not have an
antimicrobial activity by itself. In an embodiment, the antimicrobial peptide comprises a linker sequence.
In an embodiment, the antimicrobial peptide comprises a sortase donor sequence.

In an embodiment, the antimicrobial peptide alone does not bind to LP3, e.g., a core region of
LP5.

In an embodiment, a beavy chain of the antibody molecule comprises a first sortase acceptor
sequence and a light chain of the antibody molecule comprises a second sortase acceptor sequence. Inan
embodiment, the sortase accepior sequence, e.g., the first sortase recognition sequence, comprises the
amino acid sequence of {(GS)LPETGGG (SEQ ID NG: 24). In another embodiment, the sortase acceptor
sequence, €.g., the second sortase acceptor sequence, comprises the amino acid sequence of
PGSR LPETGGSG (SEQ 1D NG: 26).

In an embodiment, the antimicrobial peptide comprises or consists of an aming acid sequence that
differs by no more than 1, 2, 3, 4, or 5 amino acid residues from, or has at least 80%, 85%, 90%, 95%,
96%, 97%, 98%, 99%, or 100% homology with, an amino acid sequence described herein, e.g., any of
SEQ D NOS: 67-80, 94-102, 147-156, 158-159, or 163-164. In an embodiment, the antimicrobial
peptide comprises or consists of an amino acid sequence described herein e. g, any of SEQ ID NOS: 67-
80, 94-102, 147-156, 158-159, or 163-164, or a portion thereod, e.g., a functional fragiment thereof (e.g.,
one or more {e.g., two, three, four or morc) of the N-terminal G residues are omitted). For example, the

first three N-terminal G residues in any of SEQ ID NOS: 101, 147, 152-154, 156, or 163-164 can be
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omitted. In an embodiment, the presence of one or more {e.g., two, three, four or more) of the N-terminal
G residues does not reduce, or significantly reduce, the activity of the antimicrobial peptide.

In an embodiment, the peptide comprises the amine acid sequence of:
RGLERRLGRKIAHGVERYGPTVLRERIAG (SEQ 1D NO: 68},
GOGROLRRLORKIAHGVKKYGPTVLRHRIAG (SEQ 1D NO: 80),
GOOORFKRFRKKFKKLFKKLSPVIPLLHLG (SEQ 1D NO: 101), or
GRFKRFREKKFKEKILFKKLSPVIPLLHLG (SEQ 1D NG: 102).

In an embodiment, the antimicrobial peptide is a stapled antimicrobial peptide. Without wishing
to be bound by theory, it is believed that in an embodiment, stapling can increase stability, reduce non-
specific binding, or both, e.g., in serum. Exemplary stapling methods are described, e.g., in Alexander ef
al. J. Am. Chem. Soc., 2013, 135 (16), 5946-5949; and Example 7.

In an embodiment, the antimicrobial peptide comprises or consists of an amino acid sequence
described in Tables 3 or 6A4-6B or in FIGS. 4 or 15A-15B. In another embodiment, the antimicrobial
peptide comprises or consists of an amine acid sequence that differs by nomore than 1,2, 3,4, 5,6.7, 8,
9, or 10 amino acid residues from, or has at least 80%, 853%, 90%, 95%, 97%, or 100% homology with,
the amino acid sequence described in Tables 3 or 6A-6B or in FIGS, 4 or 15A4-158, or a portion thereof,
e.g., a functional fragment thereof. In an embodiment, the antimicrobial peptide comprises or consists of
an amino acid sequence that differs by nomore than 1, 2, 3,4, 5, 6,7, 8, 9, or 10 amino acid residues
from, or has at least 80%, 85%, 90%, 95%, 97%, or 1800% homology with, the amino acid sequence of
SEQ ID NOS: 67-80, 94-102, 147-156, 158-159, or 163-164. In an embodiment, the antimicrobial
peptide comprises a carboxamide group {e.g., a C-terminal carboxamide functional group).

In an embodiment, the antirmicrobial peptide comprises or consists of an amino acid sequence that
differs by no more than 1, 2,3, 4, 3, 6,7, 8, 9, or 10 amino acid residues from, or has at least 80%, 85%,
90%, 95%, 97%, or 100% homology with, the amino acid sequence of SEQ ID NO: 101.

In an ernbodiment, the antimicrobial peptide comprises or consists of an amino acid sequence that
differs by nomore than 1, 2,3, 4, 5, 6,7, 8, 9, or 10 amino acid residues from, or has at least 80%, 85%,
S0%, 95%, 97%. or 100% homology with, the amino acid sequence of SEQ ID NO: 147,

In an embodiment, the antimicrobial peptide comprises or consists of an amino acid sequence that
differs by nomore than 1, 2, 3,4, 5, 6, 7, 8, 9, or 10 amino acid residues from, or has at least 80%, §5%,
90%, 95%, 7%, or 100% homology with, the amino acid sequence of SEQ ID NO: 152.

In an embodiment, the antimicrobial peptide comprises or consists of an amino acid sequence that
differs by no more than 1, 2, 3, 4, 5. 6,7, 8, 9, or 10 amino acid residues from, or has at least 80%, 85%,

90%, 95%, 97%, or 100% homology with, the amino acid sequence of SEQ ID NO: 153.
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In an embodiment, the antimicrobial peptide comprises or consists of an aming acid sequence that
differs by no more than 1, 2, 3,4, 5, 6,7, 8, 9, or 10 amino acid residues from, or has at least 80%, 85%,
90%, 95%, 97%, or 100% homology with, the amino acid sequence of SEQ 1D NO: 154.

In an embodiment, the antimicrobial peptide comprises or consists of an amino acid sequence that
differs by nomore than 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 amino acid residues from, or has at least 80%, 85%,
90%, 95%. 97%, or 100% homology with, the amino acid sequence of SEQ ID NO: 156.

In an embodiment, the antimicrobial peptide comprises or consists of an amino acid sequence that
differs by nomore than 1, 2,3, 4, 5, 6,7, 8, 9, or 10 amino acid residues from, or has at least 80%, 85%,
90%, $5%, 97%, or 100% homology with, the amino acid sequence of SEQ ID NO: 163.

In an embodiment, the antimicrobial peptide comprises or consists of an amino acid sequence that
differs by no more than 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 amino acid residues from, or has at least 830%, 85%,
90%, 93%, 97%, or 100% homology with, the amino acid sequence of SEQ 1D NO: 164.

In an embodiment, the antimicrobial peptide comprises one or more {e.g., 2, 3,4, 5,6, 7,8, 8, 10,
11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23. 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38.
39, 40, or more) D-amino acids. In an embodiment, at least 10%, 20%, 30%, 40%, 50%, 60%, T0%,
80%, 90%, or 100% of the amino acid residues in the antimicrobial peptide are D-amino acids. In an
embodiment, all of the amino acid residues in the antimicrobial peptide are D-amino acids. Without
wishing to be bound by theory, it is believed that in an embodiment, the presence of one or more (e.g., all)
D-amino acids in the antimicrobial peptide can increase the stability of the antimicrobial peptide or ADC,
e.g., in serum (e.g., human scrum}, e.g.. compared to an otherwise identical antimicrobial peptide that
contains one or more (e.g., all) L-arino acids.

In an embodiment, the antimicrobial peptide comprises one or more {e.g., 2, 3,4, 5,6, 7,8, 8, 10,
11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23. 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38.
39, 40, or more) L-amino acids. In an embodiment, at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90%, or 100% of the amino acid residues in the antimicrobial peptide are L-amino acids. Inan
embodiment, all of the amino acid residues in the antimicrobial peptide are L-amino acids.

In an embodiment, the antimicrobial peptide comprises one or more P-amino acids and one or
more L-amino acids. For example, any of the amino acid residues in the antimicrobial peptides described

in Tables 3 or 6A-68 or in FEGS. 4 or 15A4-158 can be a D-amino acid or an L-amino acid.

Table 3. Amino acid sequences of exemplary antimicrobial peptides

Peptide Amino Acid Sequences SEQIDNO
Peptide 26 ALWKTLLEKRVLKAAAK §7
Peptide 119 RGLRRLGRKIAHGVEKYGPTVLRITIRIAG 68
Peptide 109 GIGRKFLKRKAKREFCKAFVKILKK 69
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Peptide 30 ALWKTLLKKVLKAAAKGCGCSCCOES 70
Peptide 24 S IGKFLKKAKKEFGKAFVKILKKGCGGSGGGES 71

Peptide 126 KELLKWLKKLL 7

Peptide 21 (MAL) - {EG3) ~GIGKFLKKAKKFGKAFVEKILKK 7
Peptide 128 RLGNFFRKARKKIGCRGLKKT ji 74

Peptide 23 GGGGSGEGESGIGRELKY , 75
eptide 33 GLRERLREFRNKIKEKLKKIGOKIQGLLPKLA ’
Peptide 3 GLRERLREFRNKIKEKLKKIGOKIQG KLA 76
Peptide 29 GCGGCSCGLGSALWKTLLKEVLEKAAAK 77
Peptide 85 CWEKEWENRAKKVCKTVGCGLAVDHY LG 78
eptide 7 GAFGNEFLKGVAKKAGLKILSIAQCKLFGTC 7
Peptide 70 AFPGNFLKGVAKKAGLKILSIAQCKLEGTC 7

GGCGRCLRRLCGRKIAHGVEKYCPTVLRIIRIAG 0

GIGKHVCKALKGLKGLLKGLCES :

GIGKHVCKALKCGLE KGLC 94
GRRERKWLRRIGKGVKIIGGAALDEL 95
GGLRSLGRKILRAWKKYCFQATPATRO 96

TRWRKLLRAARKRIL 97

IGKKWKRIVKRIKKFLRKL 9%

ILGKIWKIKKLE 99

RLGDILOKAREKT LERLVOKIKDEFFGRFAPRTES 100

GGGERFKRFRKREFKKLFKKLSPVIPLLALG 101

LSPVIPLLELG 102

Bl

GCRFKREFREKFKK
IGREFKRIVORIKDFLRNLVPRTES 147

Peptide 263 GCGGLLGDEFFRESKE
148

Peptide 266 GGGEWRKSEF IKKLTKAAKKVVTTAKKE.
Peptide 267 GGGGREFERFREKFEKKLFKKLSPVIPLLHLG 101

Peptide 268 GGOVNWERKILGKIIRKVVE 149

Peptide 269 GGGTLISWIKNRKRKORPRVSRRRRRRGGRRRR 150

Peptide 270 GGGGIGAILEVLATGCLPTLISWIKNKRKQ 151

Peptide 271 GCGGCCLRKRELRKERNEKIKEKLKKIGCOKIQCLLPELA 152

Peptide 293 GCGGCLRRLGERKIAHCIKKYGPTILRIIRIAG 153

Peptide 294 GGGRGLRRLGRKIAHGVEKKYGPTVLR 154

Peptide 295 GGCCGREFRKRFREKFKKLFKKLSPVIFLLHLG 101

Peptide 296 GGEKRFRKFFKRLENSVEKRRAKKFFRKPRVIGVSIPE 155

Peptide 297 GGGKEFFREKLEKKSVKERAKEFFKKPRVIGVSIPE 156

Peptide 261 GGGGIGKFLEKKAKKFGEAFVKILEK 163

GGG-Octapeptin GGGE-D-Dab-cyclic (L-Dab-L-Dab-D-Leu-L-Phe-1L- 164
Dab-L-~Dab-L-~Leu}

MAL: maleimide; EG3: tri{ethylene glycol)

In an embodiment, the ADC comprises a peptide comprising the amino acid sequence of
RGLRRLGREKIAHGVKKYGPTVLRHERIAG (SEQ [D NO: 68),
GGOGRGLRRLGREKIAHGVEKEKYGPTVLRHERIAG (SEQ ID NO: 80),
GGGGRFKRFREKEKFKKLFKKLSPVIPLLHLG (SEQ ID NG: 1013, or
GREKRFRKKFEKLFKKLSPVIPLLRELG (SEQ ) NO: 1023,

In an embodiment, the antimicrobial peptide comprises or consists of an amino acid sequence
selected from: RGLRRLGRKIAHGVERYGPTVLRIRIAG (SEQ ID NO: 68},
GIGKFLKKAKKFGKAFVKILKK (SEQ ID NO: 69), KKLLKWLKKLL (SEQ 1D NO: 72),
RLGNFFREKAKKKIGRGLEKIGOKIKDFLGNLVPRTES (SEQ D NO: 74,
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GIGKHVCGKALKGLKGLLKGLOES (SEQ ID NO: 94), GRRKRKWLRRICKGVKIIGGAALDHL
(SEQ ID NO: 95), GGLRSLGRKILRAWKK YGPQATPATRQ (SEQ ID NO: 96),
IKWKKLLRAAKRIL (SEQ ID NO: 97), IGKKWKRIVKRIKKFLRKL (SEQ 1D NO: 98),
ILGKIWKIKKLF (SEQ ID NO: 99), or RLGDILQKAREKIEGGLKKLVQKIKDFFGKFAPRTES (SEQ
1D NO: 100).

Antibody Molecule-Dhrug Conjugates

As used herein, the term “antibody molecule-drug conjugate” or ADC refers to an antibody
molecule that is coupled to a non-antibody moiety, e.g.. a therapeutic agent or label, e.g., an antimicrobial
peptide. The antibody molecule can be coupled to the non-antibody moicty directly, or indirectly, e.g.,
through a linker.

In an embodiment, the antibody molecule is coupled to the non-antibody moiety by a covalent
bond. In an embodiment, the antibody molecule is coupled to the non-antibody moiety by a peptide bond.
In an embodiment, the coupling of the antibody molecuic to the non-antibody moiety is mediated by a
sortase. In an embodiment, the coupling of the antibody molecule and the non-antibody moiety forms a
fusion protein. In an embodiment, the antibody molecule and the non-antibody moiety forms a fusion
protein.  In an embodiment, the fusion protein comprises a linker between the antibody molecule (e.g., a
heavy chain, a light chain, or both} and the non-antibody moicty. In an embodiment, the antibody

wolecule is coupled to the non-antibody moiety by a non-peptide bond. In an embodiment, the antibody
molecule is not coupled to the non-antibody moicty by a non-peptide bond. In an embodiment, a non-
antibody moiety is also referred to as a “payload.”

In an embodiment, the non-antibody moiety is coupled to the backbone of the antibody molecule.
In another embodiment, the non-antibody moiety is coupled to a side chain of the antibody molecule. In
an embodiment, the non-antibody moiety is a peptide (e.g., an antimicrobial peptide} and the antibody
molecule is coupled to the backbone of the peptide {e.g., antimicrobial peptide). o an embodiment, the
non-antibody moiety 18 a peptide {e.g., an antimicrobial peptide) and the antibody molecule is coupled to
a side-chain of the peptide (e.g., antimicrobial peptide).

In an embodiment, two or more (e.g., three, four, five, six, seven, cight, or more) non-antibody
moietics (2.g., antimicrobial peptides) are coupled to the antibody molecule. 1o an embodiment, four non-
antibody moieties {e.g., antimicrobial peptides) are coupled to the antibody molecule. For example, the
non-antibody moictics can be the same, or at least some of the non-antibody moicties are differcnt from
cach other. In an embodiment, the non-antibody moiety (e.g., antimicrohial peptide) is coupled to the
antibody molecule in a bivalent manner. In another embodiment, the non-antibody moiety {e.g.,

antimicrobial peptide} is coupled to the antibody molecule in a tetravalent manner.
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In an embodiment, the ADC comprises an antibody molecule that binds to a bacterium {e.g., a
Gram-negative bacterium). In an embodiment, the ADC comprises an antibody molecule that binds to
LPS, e.g., on the outer membrane of a Gram-negative bactertum). In an embodiment, the ADC comprises
an antibody molecule described herein.

In an embodiment, the ADC comprises one, two, or three CDRs of the VH region of an antibody
molecule described in Table 1 or 8 (e.g., mAbOO1, AGG1-25, hWNO1, hWNv1, 3E7, 3G1, 2C7, or 3D6,
or any of the humanized mAbO01), using the Kabat or Chothia definitions of CDRs. In an embodiment,
the ADC comprises one, two, or three CDRs of the VL region of an antibody molecule described in
Table 1 or 8 (e.g., mAbOOL, ADGE-25, hWNOI, hWNvE, 3E7, 3G1, 2C7, or 3D6, or any of the
humanized mAb(O1), using the Kabat or Chothia definitions of CDRs. In an embodiment, the ADC
compriscs one or more {e.g., two or three) CDRs of the VH region and/or one or more {e.g., two or three)
CDRs of the V1 region of an antibody molecule described in Table 1 or 8 (e.g, mAbOO1, AQ01-25,
hWNGOL, hbWNvl, 3E7, 3G1, 2C7, or 3D6, or any of the humanized mAbQOG1), using the Kabat or Chothia
definitions of CDRs.

In an embodiment, the ADC comprises one, two, or three VH CDRs described in Table 1 or 8.
In an embodiment, the ADC comprises one, two, or three VL CDRs described in Table 1 or 8. Inan
embodiment, the ADC comprises one or more {e.g., two or three) VH CDRs and/or one or more (e.g., two
or three) VL CDRs described in Table 1 or 8.

In an embodiment, the ADC coraprises one, two, three, or four frameworks of the VH region of
an antibody molecule described in Table 1 or 8 (e.g., mAbOO1, AG0I-25, hWNQOI, hWNv1, 3E7, 3G1,
2C7, or 3D6, or any of the humanized mAbOO1). In an embodiment, the ADC comprises one, two, three,
or four frameworks of the VL region of an antibody molecule described in Table 1 or 8 {e.g., mAbOO1L,
AG01-25, hWNOT, hWNvi, 3E7, 3G1, 2C7, or 3D6, or any of the humanized mAbG(1). In an
embodiment, the ADC comprises one or more (e.g., two, three, or four) frameworks of the VH region
and/or one or more (e.g., two, three, or four) frameworks of the VL region of an antibody molecule
described in Table 1 or 8 (¢.g., mAbOOT, AGOL-25, hWNO1, hWNv1, 3E7, 3G1, 2C7, or 3D6, or any of
the humanized mAbOG1).

In an embodiment, the ADC comprises a heavy chain variable region of an antibody molecule
described in Table 1 or 8 {(e.g., mAbOGT, AOGT-2S, hWNO1, hWNvl, 387, 3G1, 2C7, or 306, or any of
the humanized mAbUU01). In an embodiment, the ADC comprises a light chain variable region of an
antibody molecule described in Table 1 or 8 (e.g., mAbOUL, ADGT-25, hWNGL, hWNvl, 3E7, 3G, 27,
ot 306, or any of the humanized mAbOO1). In an embodiment, the ADC comprises a heavy chain
variable region and a light chain variable region of an antibody molecule described in Table 1 or 8 (e.g,,

mAbOGE, AGGE-25, hWNOT, hWNv1, 3E7, 3G1, 2C7, or 36, or any of the humanized mAbU01).
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In an embodiment, the ADC comprises a heavy chain variable region having an amino acid
sequence described in Table 1 or 8. In an cmbodiment, the ADC comprises a light chain variable region
having an amino acid sequence described in Table 1 or 8. In an erobodiment, the ADC comprises a
heavy chain variable region having an amino acid sequence described in Table 2 and a light chain
variable region having an amino acid sequence described in Table 1 or 8.

In an embodiment, the antibody molecule comprises a heavy chain variable region encoded by a
nuclentide sequence described in Table 2. In an erobodiment, the antibody molecule comprises a light
chain variable region encoded by a nucleotide sequence described in Table 2. In an embodiment, the
antibody molecole comprises a heavy chain variable region encoded by a nucleotide sequence described
inn Table 2 and a light chain variable region encoded by a nucleotide sequence described in Table 2.

In an embodiment, the ADC comprises a heavy chain constant region. In an embodiment, the
ADC comprises a light chain constant region. In an embodient, the ADC comprises a heavy chain
constant vegion and a light chain constant region. In an embodiment, the ADC comprises a heavy chain
constant region, a light chain constan{ region, and heavy and light chain variable regions of an antibody
molecule described in Table 1 or 8. In certain embodiments, the ADC comprises a heavy chain constant
region, a light chain constant region, and variable regions that comprise one, two, three, four, five, or six
CDRs of antibody molecule described in Table 1 or 8.

In an embodiment, the ADC is capable of binding to two or more Gram-negative bacteria of
different genera, species, subspecies, and/or strains. Antibody molecules or AD{ s capable of binding to
two or more {Gram-negative bacteria of different gencra, species, subspecics, and/or strains have several
advantageous properties. For example, one therapy can be used to treat, prevent, or diagnose multiple
bacterial infections. In addition, a physician need not determine which bacterial genus, species,
subspecies and/or strain infected a patient in order to determine the appropriate therapy. Accordingly, in
an embodiment, the ADC is capable of independently binding to 2, 3,4, 5, 6,7, 8, 9, 10, or more Gram-
negative bacteria of different genera, species, subspecies, and/or strains, with high affinity. For instance,
the antibody molecule may independently bind with high atfinity to one or more bacteria of different
species, subspecies, and/or strains from Enterobacteriaceae {(e.g., Klebsiella, Enterobacter, Shigella,
Escherichia, Salmonella, Yersinia, or Citrobacter, e. g., pan-resistant Enterobacteriaceae), one or more
hacteria of different species, subspecies, and/or strains from Pseudomonas, one or more bacteria of
different species, subspecies, and/or strains from Acinetobacter, or any combination thereof. In an
cmbodiment, the ADC is capable of binding to Kiebsiella pneumonia {e.g., Kiebsiella pneumoniae subsp.
ozaenae, Klebsiella pneumoniae subsp. prneuwmoniae, or Klebsiella pneurnoniae subsp. rhinoscleromatis),
Enterobacter cancerogenous, Enterobacter cloacae, Enterobacter hormaechei, Enterobacter ashuriae,

Shigella bovdii, Shigella dysenteriae, Shigella flexneri, Shigella sonnei, Escherichia coli {e.g.,
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FEscherichia coli ATCC 11775, Escherichia coli ATCC 25922, Escherichia cofi ATCC 35401, or
Escherichia coli ATCC 43895), Escherichia fergusonii, Salmonelia choleraesuis, Salmonella
choleraesuis subsp. indica, Salmonella enteritidis, Salmonella virchow, Salmonella paratyphi B,
Salmonella typhimurium, Salmonella paratyphi A, Salmonella tvphi, Salmonella choleraesuis subsp.
arizonae, Salmonella choleraesuis subsp. diarizonae, Salmonella choleraesuis subsp. houtenas,
Safmonelia bongori, Citrobacter sediakii, Citrobacter braakii, Citrobacter werkmanii, Citrobacter
freundii, Citrobacter youngae, Citrobacter amalonaticus, Yersinia enterocolitica, Yersinia fredeviksenii,
Yersinia pestis, Yersinia pseudotuberculosis, or any combination thereof.

In an embodiment, the ADC is capable of binding to one or more of: Enterococcus faecium {e.g.,
vancomycin-resistant (VRE) Enterococcus faecium), Staphylococcus aureus {e.g., methiciilin-resistant
(MRS A) Staphylococcus aureus), Clostridium difficile, Acinetobacter baumannii {e.g., multidrug
resistant (MDR) Acinetobacter), Pseudomonas aeruginosa {e.g., multidrug vesistant (MDR} P
agruginosa, ¢.g., carbapensm-resistant P. aeruginosa), Enterobacteriaceae {e.g., E. coli, K. pneumoniae,
or Enterobacter spp., e.g., carbapenem-resistant Enterobacteriaceae (CRE)), N. gonorrhoacae (e.g., drug-
vesistant N. gonorrhoacae), Saimonella {e.g., drug resistant Salmonella), Shigella (e.g., drug-resistant
Shigella), a bacterium producing an extended spectrurm B-lactamase (BESBL), or Mycobacterium
tuberculosis (2.g., drug-resistant M. suberculosis).

In an embodiment, the ADC is capable of binding to one oy more (e.g.,2, 3,4, 3,6,7, 8,9, 18, or
all) P. aeruginosa strains in Table 7. In another embodiment, the ADC is capable of binding to one or
more {e.g., 2, 3, 4. 3, 6, or all) multidrug-resistant P. aeruginosa strains in Table 7.

In an embodiment, the ADC binds to a linear or conformational epitope on LPS. In another
embodiment, the ADC binds to a core pentasaccharide vegion on LPS. In an embodiment, the ADC has
an opsonophagocytic activity, e.g., as determined by an opsonophagocytosis assay described herein.

In an embodiment, the ADC comprises an antimicrobial peptide, e.g., an antiraicrobial peptide
described herein, e.g., having an amino acid sequence disclosed in Tables 3 or 6A-68 or in FIGS. 4 or
J15A-15B. In another embodiment, the antimicrobial peptide comprises or consists of an amino acid
sequence that differs by no more than 1, 2, 3, 4, 5, 6, 7, 8, 9. or 10 amino acid residues from, or has at
Ieast 80%, 85%, 90%, 95%., 97%, or 100% homology with, the amino acid sequence described in Tables
3 or 6A-6B or in FIGS. 4 or 15A-15B, or a portion thereof, e.g., a functional fragment thereof {e.g., one
or more {(e.g., two, three, four or more) of the N-terminal G residues are omitted). In an embodiment, the
antimicrobial peptide comprises or consists of an amine acid sequence that differs by no more than 1, 2,
3,4,5,6,7, 8,8, or 10 amino acid residues from, or has at least 80%, 85%, 90%, 95%, 97%, or 100%
homology with, the amino acid sequence of any of SEQ 1D NO: 67-80, 94-102, 147-156, 158-159, or

163-164. In an embodiment, the ADC comprises one or more {e.g., two, three, four, five, six, scven,
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cight, or more} antinticrobial peptides, each of which has an amino acid sequence that differs by no more
than 1,2, 3,4, 5, 6,7, 8,9, or 10 amino acid residues from, or has at least 83%, 85%, 90%, 95%, 97%, or
100% homology with, the amino acid sequence of any of SEQ ID NG: 67-80, 94-102, 147-156, 158-159,
or 163-164. in an embodirnent, the ADC comprises four or more antirnicrobial peptides, each of which
has an amine acid sequence that differs by no more than 1, 2, 3, 4.5, 6,7, 8, 9, or 10 amino acid residues
from, or has at least 88%, 83%, 90%, 95%, 97%, or 18(3% homology with, the amino acid sequence of
any of SEQ 1D NQO: 67-80, 94-102, 147-156, 158-159, or 163-164. In an embodiment, the ADC
comprises four or more antimicrobial peptides, each of which comprises or consists of the amino acid
sequence of any of SEQ ID NO: 67-80, 94-102, 147-156, 158-159, or 163-164. In an embodiment, the
antimicrobial peptide comprises a carboxamide group {e.g., a C-terminal carboxamide functional group).

In an embodiment, the antimicrobial peptide comprises one or more {e.g., 2, 3,4, 5, 6,7, 8, 9, 10,
11, 12,13, 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38.
39, 40, or more) D-amino acids. In an embodiment, at least 10%, 20%, 30%. 40%, 50%, 60%, 7%,
80%, 90%. or 100% of the amino acid residues in the antimicrobial peptide are D-amino acids. Inan
cmbodiment, all of the amino acid residucs in the antimicrobial peptide are D-amino acids.

In an embodiment, the antimicrobial peptide comprises one or mwore {e.g., 2,3, 4,5, 6,7, 8,9, 10,
11,12, 13,14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38.
39, 40, or more) L-amino acids. In an embodiment, at least 10%, 20%, 30%. 40%, 50%, 60%. 70%, 80%,
90%, or 100% of the amino acid residues in the antimicrobial peptide are L-amino acids. In an
embodiment, all of the amino acid residues in the antimicrobial peptide are L-amino acids.

In an embodiment, the antimicrobial peptide comprises one or more D-amino acids and one or
more L-amino acids.

In an embodiment, the ADC is capable of inhibiting and/or reducing the viability of 2, 3. 4, 5, 6,
7, 8,9, 10, or more bacteria (e.g., Gram-negative bacteria) of different genera, species, subspecies, and/or
strains. For instance, the antibody molecule may inhibit and/or reduce the viability of one or more
bacteria of different species, subspecies, and/or strains from Enterobacteriaceae (e.g., Klebsiella,
Enterobacter, Shigelia, Escherichia, Salmonella, Yersinia, or Citrobacter, ¢.g., pan-resistant
Enterobacteriaceae), onc or more bacteria of different specics, subspecies, and/or strains from
Fseudomonas, one or more bacteria of different species, subspecies, and/or strains from Acinetobacter, ot
any combination thereof. In an embodiment, the ADC is capable of inhibiting or reducing the viability of
Kiebsiella pneumonia (e.g., Klebsiella pneumoniae subsp. ozaenae, Kiebsielia pneumoniae subsp.
preumoniae, ot Klebsiella pneumoniae subsp. rhinoscleromatis), Enterobacter cancerogenous,
Enterobacter cloacae, Enterobacter hormaechei, Enterobacter asburiae, Shigella boydii, Shigella

dysenteriae, Shigella flexneri, Shigella sonnei, Escherichia coli (e.g., Escherichia coli ATCC 11775,
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Fscherichia coli ATCC 25922, Escherichia coli ATCC 35401, or Escherichia coli ATCC 43895),
Escherichia fergusonii, Satmonella choleraesuis, Saimonelia choleraesuis subsp. indica, Saimonella
enteritidis, Salmonella virchow, Salmonella paratyphi B, Saimonella ryphimurium, Salmonelia paratyphi
A, Salmonella tvphi, Salmonella choleraesuis subsp. arizonae, Salmonella choleraesuis subsp.
digrizonae, Salmonella choleraesuis subsp. houtenae, Salmonella bongori, Citrobacter sedlakii,
Citrobacter braakii, Citrobacter werkmanii, Citrobacter freundii, Citrobacter youngae, Citrobacter
amalonaticus, Yersinia enterocolitica, Yersinia frederiksenii, Yersinia pestis, Yersinia
pseudotuberculosis, or any combination thercof.

In an embodiment, the ADC is capable of inhibiting or reducing the viability of one or more of:
Enterococcus faecium (e.g., vancomycin-resistant (VRE) Enterococcus faecium), Staphviococcus aureus
(e.g., methicillin-resistant (MRS A) Staphviococcus aureusy, Clostridium difficile, Acinetobacter
baumannii (e.g., multidrug resistant (MDR) Acinetohacter), Pseudomonas aeruginosa (e.g., multidrug
resistant (MDR} P. aernginosa, .g., carbapencm-resistant P. geruginosa), Enterobacieriaceae {¢.g., F.
coli, K. pneumoniae, or Enterobacter spp., e.g., carbapencm-resistant Enterobacteriaceae (CRE)), N.
gonorrhoaeae {e.g., drug-resistant N. gonorrhioaeae), Salmonelia {e.g., drog vesistant Salmonella),
Shigella (e.g., drug-resistant Shigella), a bacterium producing an extended spectrum fB-lactamase (ESBL),
or Mvcobacterium tuberculosis (e.g., drug-resistant M. fuberculosis).

In an embodiment, the ADC is capable of binding to one or more (e.g., 2,3.4.5,6,7, 8,9, 18, or
all) P. aeruginosa strains in Table 7. In another embodiment, the ADC is capable of binding to one or
more {e.g., 2, 3, 4, 5, 6, or all) multidrug-resistant P. aeruginosa strains in Table 7.

‘While not wishing to be bound hy theory, the antimicrobial peptides suitable for the ADCs
described herein can be selected, at least in part, based on one or more {(e.g., two, three or all) of the
following propertics: strong bacterial inhibition activity, strong bactericidal activity, low red blood ccll
(RBC) hemolytic activity, or low cytotoxiclty (e.g., off-target toxicity). In an embodiment, the
antimicrobial peptide has a minimuro inhibitory concentration (MIC) of less than 100 ug/ml, e.g., less
than 80, 80, 70, 60, 530, 40, 30, 20, 10, or 5 pg/ml, against a bacterial strain described herein, e.g.,
Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCL2TE53, or both. In an embodiment, the
antimicrobial peptide has a minimum bactericidal concentration (MBC) of fess than 100 pg/ml, e.g., less
than 90, 80, 70, 60, 50, 40, 30, 20, 10, or 5 pg/ml, against a bacterial strain described herein, e.g.,
Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC27833, or both. In an embodiment, the
antimicrobial peptide has low hemolytic activity, e.g., has a PLC to MIC ratio for a Gram-negative
bacterium (e.g., a Gram-negative bacterium described hercin) which is cqual to or greater than 1 (e.g.,
greater than 4:1, 8:1, 16:1, 24:1, or 32:1), 2.g., as determined by ared hlood cell hemolysis assay and an

MIC assay, respectively. In an embodiment, the PLC is the concentration {e.g., minimum concentration)
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required or needed to lyse 50% of the red blood cells. In an embodiment, the antimicrobial peptide has
low hemolytic activity, e.g., has an MLC to MIC ratio for a Gram-negative bacterium (e.g., a Gram-
negative hacterium described herein) which is greater than 4:1 (e.g., greater than 8:1, 16:1, 24:1, or 32:1),
e.g., as determuined by a red blood cell hemolysis assay and an MIC assay, respectively. Inan
embodiment, the MLC is the concentration {e.g.. minimum concentration) required or needed to lyse
100% of the red blood cells.

In an embodiment, the antimicrobial peptide is an g-helical peptide. In an embodiment, the
antimicrobial peptide has two or more amino acid residues cross-linked. For example, two cysteine
residues in the antimicrobial peptide can be cross-linked, e.g.. chemically cross-linked. While not
wishing to be bound by theory, it is believed that in an embodiment, cross-linking two Or morc amino
acid residues in an antimicrobial peptide may enhance a-helical conformation, enhance serum stability,
and/or increase antimicrobial potency. In an embodiment, the antimicrobial peptide having two or more
amine actd residues cross-Hinked 1s at least 2, 3, 4, 5, 6,7, 8, 9, or 10-fold more stable, e.g., in serum, than
an otherwise identical antimicrobial peptide that does not have two or more amino acid residucs cross-
linked. In an embodiment, the antimicrobial peptide having two or more amino acid residues cross-linked
has a MIC that is at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 98%, or 99% lower
than an otherwise identical antimicrobial peptide that does not have two or more amino acid residues
cross-linked.

In an embodiment, the ADC is produced by enzymatic synthesis. For example, ADCs can be
produced by expression of an antibody molecuie (e.g., a tagged antibody molecule), chemical synthesis of
a peptide {e.g., an antimicrobial peptide), and enzymatic ligation of the peptide to the antibody molecule.
In an embodiment, 90% or more, e.g., 92% or more, 95% or more, 87% or more, or 99% or more,
reaction cfficiency is achieved. In another cmbodiment, the method further comprises puritying the
ADC. In an embodiment, the vield is 60% or more (e.g., 70% or more, 75% or more, 80% or more, 90%
ot rore, or 93% or more) after purification.

In an embodiment, the ADC binds to a bacterial surface. In another embodiment, the ADC binds
to a secreted vesicle. In yet another embodiment, the ADC binds to both a bacterial surface and a
secreted vesicle. In an embodiment, the binding is detected by electron microscopy. In an ernbodiment,
the ADC has enhanced binding to bacteria from a first genus, species, or subspecies, compared to binding
to bacteria from a second genus, species, or subspecies. In an embodiment, the ADC has enhanced
binding to P. aeruginosa, compared to binding to bacteria other than P. aeruginosa {(e.g., E. coli or
Klebsiella spp.).

In an emsbodiment, the ADC comprising: a) an antibody molecule that binds to lipopolysaccharide

(LPS); and b) an antimicrobial peptide,
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wherein the antibody molecule comprises a VH and a VL, wherein the VH comprises three heavy
chain complementarity determining regions (HCDRI1, HCDIRZ, and HCDR3), and the VL comprises three
light chain complementarity determining regions (LCDR1, LCDR2, and LLDR3), and wherein the ADC
or antibody molecule comprises:

{(a) an HCDR1 comprising the amino acid sequence of SEQ ID NG: 108; an HCDR2
comprising the amino acid sequence of any of SEQ D NOS: 109, 145, or 146; an HCDR3 comprising the
amino acid sequence of SEQ 1D NO: 107; an LCDRI comprising the amino acid sequence of any of SEQ
1D NOS: 110, 138, 140, or 144; an LCDRZ2 comprising the amino acid sequence of any of SEQ 1D NOS:
111, 139, 141, 142, or 143; and an LCDR3 comprising the amino acid sequence of any of SEQ ID NO:
112, or

(b an HCDRI comprising the amino acid sequence of SEQ 1D NO: 105; an HCDR2
comprising the amino acid sequence of SEQ D NO: 106; an HCDR3 comprising the amino acid
sequence of SEQ [D NO: 107; an LCDRI comprising the amino acid sequence of any of SEQ ID NOS:
110, 138, 140, or 144; an LCDR2 comprising the amino acid sequence of any of SEQ ID NOS: 111, 139,
141, 142, or 143; and an LCDR3 comprising the amino acid sequence of any of SEQ ID NO: 112; and

wherein the antimicrobial peptide comprises or consists of:

(i) an amino acid sequence that differs by nomore than 1, 2, 3,4, 5,6, 7, 8, 9, or 10 amino
acid residues from, or has at least 80%, 85%, 90%, 95%, 97%. or 100% homology with, the amino acid
sequence of SEQ 1D NG: 101;

(i) an amino acid sequence that differs by nomore than 1, 2, 3.4, 5,6, 7. 8, 9, or 10 amino
acid residues from, or has at least 80%, 85%, 90%, 95%, 97%, or 100% homology with, the amino acid
sequence of SEQ ID NG: 147;

(iii) an amine acid sequence that differs by no more than 1, 2,3, 4, 5, 6,7, 8, 9, or 10 amino
acid residues from, or has at least 80%, 85%, 90%, 95%, 97%. or 100% homology with, the amino acid
sequence of SEQ 1D NO: 152;

(iv) an amino acid sequence that differs by nomore than 1,2, 3,4, 5, 6,7, 8, 9, or 10 anmuno
acid residues from, or has at least 80%, 85%, 90%, 95%, 97%, or 100% homology with, the amino acid
sequence of SEG 1D NO: 153;

(v} an amino acid sequence that differs by nomore than 1, 2, 3,4, 5,6, 7. 8, 9, or 10 amino
acid residues from, or has at least 80%, 85%, 90%, 95%, 97%, or 100% homology with, the amino acid
sequence of SEQ ID NOG: 154;

{vi) an amino acid sequence that differs by no more than 1, 2,3, 4, 5, 6,7, 8, 9, or 10 amino
acid residues from, or has at least 80%, 85%, 90%, 95%, 97%, or 100% homology with, the amino acid

sequence of SEQ ID NO: 156;

118



io

i5

20

25

WO 2017/083515 PCT/US2016/061330

{vii) an amino acid sequence that differs by nomore than 1,2, 3,4, 5, 6,7, 8, 9, or 10 anmuno
acid residues from, or has at least 80%, 85%, 90%, 95%, 97%, or 100% homology with, the amino acid
sequence of SEQ 1D NO: 163 or

(viii}  an amino acid sequence that differs by nomore than 1, 2, 3,4, 5,6, 7, 8,9, or 10 amino
acid residues from, or has at least 80%, 85%, 90%, 95%, 97%, or 100% homology with, the amino acid
sequence of SEQ [D NO: 164

In an embodiment, the ADC comprises (a) and (i}. In an embodiment, the ADC comprises (a)
and (i1). In an embodiment, the ADC comprises (a) and (3i1). In an embodiment, the ADC comprises (a)
and (iv). In an embodiment, the ADC comprises (a) and {v). In an embodiment, the ADC comprises (a)
and (vi). In an ermnbodiment, the ADC comprises (a) and (vil). In an embodiment, the ADC comprises (a)
and (viii). In an cmbodiment, the ADC compriscs (b} and (i}. In an crobodiment, the ADC comprises (b}
and (i1). In an embodiment, the ADC comprises (h) and (ii1). In an embodiment, the ADC comprises (h)
and (4v). In an embodiment, the ADC comprises (b) and {v}. In an embodiment, the ADC comprises (b)
and (vi). In an embodiment, the ADC comprises (b) and (vid). In an embodiment, the ADC comprises (b)

and (viii}.

Evaluation of Candidates: Opsonophagocytosis Assay (OPA)

The candidates of antibody molecuales and antibody molecule-drug conjugates (ADCs) described
herein can be evaluated, e.g., in vitro, for their opsonophagocytic activities, by opsonophagocytosis
288AYS.

Assays for antibody-mediated, complement-dependent opsonization are described, e.g., in
Hemachandra et al. fnfect Immun. 2001; 69(4):2223-2229. Briefly, the ability of the antibody molecule
or AD{C candidates {0 opsonize bacteria tor uptake by human polymorphonuclear leukocytes (PMNs) can
be measured by flow cytometry. Bacteria are grown, heat killed, and FITC labeled. Opsonization can be
carried out by incubating the labeled bacteria with antibody molecules or antibody molecule-drug
conjugates with or without 1% human seram from an agammaglobulinemic patient as the complement
source. Bacteria are washed in PBS containing 6% dextran and 8.2% glucose and then are resuspended in
Hanks halanced salt solution with 0.1% gelatin. PMNs can be isolated from peripheral hurman blood via
venipuncture of healthy adult volanteers. PMNs are resuspended to achieve a concentration of 10
celis/mi and are activated for 30 min with 10 ul of a 10° dilution of N-formyl-Met-Leu-Phe (FMLP;
Peninsula Laboratorics, San Carlos, Calif.) per ml of cells. PMNs are added to each opsonized bacterial
opsonized bacterial sample, incubated at 37°C, separated from free bacteria by differential centrifugation,
and resuspended in PBS. Single-color flow cytometric analysis of PMN can be performed utilizing a

FACScan and CellQuest software (Becton Dickinson, Mountain View, Calif}, and phagocytosis is
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expressed in relative units of mean fluorescence of 10,000 PMN for each sample. To demonstrate that the
observed opsonophagocytosis is associated with bacterial killing, an alfernative assay can be used in
which 25,000 CFU of live bacteria are mixed with agaromaglobulinemic human serum, various
concentrations of antibody molecules or antibody molecule-drug conjugates, and 10° fresh human PMN
obtained as described above in RPMI medivim (400-ml final vohume). Samples are obtained at the
beginning and end of a 90-min 37°C incubation, after which bacteria are diluted and then plated for
bacterial enumeration.

An exemplary opsonophagocytosis assay is also described in Example 1.

Evaluation of Candidates: Minimal Inhibitory Concentration Determination

The candidates of antimicrobial peptides and antibody molecule-drug conjugates {ADCs)
described hercin can be evaluated, e.g., in vitro, for their microbial inhibitory activities, by determining
the minimal inhibitory concentration (MIC).

In an embodiment, the MIC is determined in the presence of human serum {e.g., 50% bhuman
serumy}, and sometimes referred to herein as hsMIC. In an embodiment, the MIC is determined in the
presence of phosphate-buffered saline (PBS). In an embodiment, the MIC or hsMIC is determined on per
ADC basis. In an embodument, the MIC or hsMIC is determined on per payload or antimicrobial peptide
basis. In an embodiment, the ratio of heMIC to MIC is equal to or less than 2, e.g., equal to or less than
15orl

Methods for determining MIC are alzo deseribed, e.g., in Clinical and Laboratory Standards
Institute. 2012, Methods for dilution antimicrobial susceptibility tests for bacteria that grow acrobically;
approved standard, 9th ed. M07-AS8. vol 29, no. 2 Clinical and Laboratory Standards Institute, Wayne,
PA. For example, MIC can be determined according to CLSI guidelines, using 2-fold serial compound
dilutions, in 96-well microtiter plates. Briefly, compounds are diluted in water across a mother plate then
2 ulis stamped to assay plates, one plate for each strain to be tested. Bacterial strains are sub-cultured

4%
7

overnight on agar plates at 37° C. Overmight plates are used to prepare 0.5 McFarland cultures in $.85%
satine. These concentrated cultures are diluted 1:200 in growth media to approximately 5 x 10° celis/ml.
All assay plates receive 100 ul diluted culture per well. All plates are placed at 37° C overnight. After 18
hours the plates are read using a mirrored plate reader and reflected incandescent light. In some
embodiments, the MIC can be defined as the lowest concentration of compound that inhibits growth by at
least 80%. Wells at and above the MIC should appear void of growth when read by eye.

An exemplary method for determination of MIC is also described in Example 2.
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Animal Models

The antibody molecules, antibody molecule-drug conjugates (ADCs), and antimicrobial peptides
described herein can be evaluated in vive, e.g., using various animal models. For example, an animal
model can be used to test the efficacy of an antihody molecule, anti-bacterial peptide, or antibody
molecule-drug conjugate described herein in reducing or inhibiting bacterial infection. Animal models
can also be used, e.g., to investigate for side effects, measure concentrations of antibody molecules, anti-
bacterial peptides or antibody molecule-drug conjugates in situ, demonstrate correlations between
bacterial infection and bacteria under controlied conditions.

Exemplary animal models that can be used for evahiating an antibody molecule, anti-bacterial
peptide, or antibody molecule-drug conjugate described herein include, but are not limited to, basic
antimicrobial screening models (e.g.. as described in Zak and O’ Reilly, Antimicrob. Agents Chemother.
1991; 35(8): 1527-1531); primary rodent infection models (e.g., as described in Marra and Givard Curr.
Proroe. Pharmacol. 2006; Chapter 13: Unit13A.4); ex vivo models {e.g., as described in Zak and
O’ Reilly, Antimicrob. Agents Chemother. 1991; 35(8): 1327-1531); monoparamctric or discriminative
models {e.g., as described in Zak and O Reilly, Antimicrob. Agents Chemother. 1991; 35(8): 1527-1531);
mice models for wound healing (e.g., as described in Samy ef al. Methods Mol. Biol. 2011; 716: 245-
263); rabbit models for evaluation of bacterial migration and colonization {(e.g., as described in Allan et
al. J. Biomed. Biotechnol. 2012; 2012: 921617). Pharmacokinetic-pharmacodynamic modeling of
antimicrobial drugs are described, e.g., in Nielsen and Friberg Pharmiacol. Rev. 2013; 65(3):1053-1090.

Exemplary types of animals that can be used to cvaluate antibody molecules, anti-bacterial
peptides, or antibody molecule-drug conjugates described herein include, but are not limited to, mice,
rats, rabbits, guinea pigs, and monkeys. Various methods of immumosuppression can be used for
enhancement of virulence of bacteria for inoculation. These mcthods include, e.g., targeting bone marrow
{e.g., by irradiation), targeting neutrophils {e.g., using cytostatics), targeting macrophages (e.g., using
mucin or baker’s yeast), targeting complement (2. g., using cobra venom factor), targeting tuftsin (2.g., by
splenectomy), targeting immunoglobulins {e.g., using anti-Ig}, targeting T-lymphocyies {e.g., by
thymectomy), or targeting interleukins (e.g., using antibodies or chemical compounds). Other
considerations that may influence auti-bacterial activity in in vive tests include, e. 2., inoculum size,
virulence, growth or generation time in vivo, tuning of treatment, roethod of administration,

pharmacokinetics/pharmacodynamics, and development of resistance in vivo.
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Pharmaceutical Compositions and Rils

In some aspects, this disclosure provides compositions, ¢.g., pharmaceutically acceptable
compositions, which include an antibody molecule, an antibody molecule-drug conjugate (ADC), or an
antimnicrobial peptide, as described herein, formulated together with a pharmaceutically acceptable carvier.

As used herein, “pharmaceutically aceceptable carrier” includes any and all solvents, dispersion
media, isotonic and absorption delaying agents, and the like that are physiclogically compatible. The
carrier can be suitable for infravenous, intramuscular, subcutancous, parenteral, rectal, spinal, transdermal
or epidermal administration {e.g., by injection or infusion). In certain embodiments, less than about 5%,
e.g., less than about 4%, 3%, 2%, or 1% of the anttbody molecules, ADCs, or antimicrobial peptides in
the pharmaceutical composition are present as aggregates. In other embodiments, at least about 95%,
e.g., at least about 96%, 97%, 98%, 98.5%, 99%, 99.5%, 99.8%, or more of the antihody molecules,
ADCs, or antimicrobial peptides in the pharmaceutical composition are present as monomers. In some
embodiments, the level of aggregates or monomers is determined by chromatography, e.g., high
performance size exclusion chromatography (HP-SEC).

The compositions set out herein may be in a variety of forms. These include, for example, liquid,
semi-solid and solid dosage forms, such as liquid solutions {e.g., injectable and infusible solutions),
dispersions or suspensions, liposomes, and suppositories. A suitable form depends on the intended mode
of administration and therapeutic application. Typical suitable compositions are in the form of injectable
or infusible solutions. One suitable mode of administration is parenteral {e.g., infravenous, subcutaneous,
intraperitoneal, intramuscular). In some embodiments, the antibody molecule, ADC, or antimicrobial
peptide s administered by intravenous infusion or injection. In certain embodiments, the antibody, ADC,
or antimicrobial peptide 1s administered by intramuscular or subcutaneous injection.

The phrases “parenteral administration” and “administered parenterally” as used hercin means
modes of administration other than enteral and topical administration, usually by injection, and includes,
without limitation, intravenous, inframuscular, intraarterial, intrathecal, intracapsular, intraorbital,
intracardiac, intradermal, intraperitoneal, transtracheal, subcutanecous, subeuticular, intraarticular,
subcapsular, subarachnoid, intraspinal, epidural and intrasternal injection and infusion.

Therapeutic compositions typically should be sterile and stable under the conditions of
manufacture and storage. The composition can he formulated as a solution, microemulsion, dispersion,
liposome, or other ordered structure suitable to high antibody concentration. Sterile injectable solutions
can be prepared by incorporating the active compound {(i.e., antibody or antibody portion) in the required
amount in an appropriate solvent with one or a combination of ingredients enumerated above, as required,
followed by filtered sterilization. Generally, dispersions are prepared by incorporating the active

compound into a sterile vehicle that contains a basic dispersion mediom and the required other ingredients



io

i5

20

25

WO 2017/083515 PCT/US2016/061330

from those enumerated above. In the case of sterile powders for the preparation of sterile iyjectable
solutions, the preferred methods of preparation arc vacuum drying and freeze-drying that yields a powder
of the active ingredient plus any additional desired ingredient from a previously sterile-filtered solution
thereof. The proper fluidity of a solution can be maintained, for example, by the use of a coating such as
fecithin, by the maintenance of the requived particle size in the case of dispersion and by the use of
surfactants. Prolonged absorption of injectable compositions can be brought about by including in the
composition an agent that delays absorption, for example, monostearate salts and gelatin.

The antibody molecules ADC, or antimicrobial peptide can be administered by a variety of
methods. Several are known in the art, and for many therapeutic, prophylactic, or diagnostic applications,
an appropriate route/mode of administration is intravenous injection or infusion. For example, the
antibody molecules, ADC, or antimicrobial peptide can be administered by intravenous infusion at a rate
of less than 10mg/min; preferably less than or equal to 5 mg/min to reach a dose of about 1 to 100 mg/m’,
preferably about 5 to 50 mg/m”, about 7 to 25 mg/m” and more preferably, about 10 mg/m’. As will be
appreciated by the skilled artisan, the route and/or mode of administration will vary depending gpon the
desired results. In certain embodiments, the active compound may be prepared with a carrier that will
protect the compound against rapid release, such as a controlled release formulation, including implants,
transdermal patches, and microencapsulated delivery systerns. Biodegradable, biocompatible polymers
can be used, such as ethylene vinyl acetate, polyanhydrides, polyglycolic acid, collagen, polyorthoesters,
and polylactic acid. Many methods for the preparation of such formulations are patented or generally
known to those skilled in the art. See, e.g., Sustained and Controlled Release Drug Delivery Systems, J.
R. Robinson, ed., Marcel Dekker, Tnc., New York, 1978.

In certain embodiments, an antibody molecule, ADC, or antimicrobial peptide can be orally
administered, for example, with an inert diluent or an assimilable edible carrier. The antibody molecule,
ADC, or antimicrobial peptide (and other ingredients, if desired) may also be enclosed in a hard or soft
shell gelatin capsule, compressed into tablets, ot incorporated directly into the sabject’s diet. For oral
therapeutic administration, the antibody molecule, ADC, or antimicrobial peptide may be incorporated
with excipicunts and used in the form of ingestible tablets, buccal tablets, troches, capsules, clixirs,
suspensions, syrups, wafers, and the like. To administer an antibody molecule, ADC, or antimicrobial
peptide by other than parenteral administration, it may be necessary o coat the compound with, or co-
administer the compound with, a material to prevent 48 inactivation. Therapeutic, prophylactic, or
diagnostic compositions can also be administered with medical devices, and several are known in the art.

Dosage regimens arc adjusted to provide the desired response (e.g., a therapeutic, prophylactic, or
diagnostic responsc). For example, a single bolus may be administered, several divided doses may be

administered over time or the dose may be proportionally reduced or increased as indicated by the

—_
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exigencics of the therapeutic situation. It is especially advantageous to formulate parenteral compositions
in dosage unit form for ease of administration and uniformity of dosage. Dosage unit form as used herein
refers to physically discrete units suited as unitary dosages for the subjects to be treated; cach unit
contains a predetermined quantity of active compound calculated to produce the desired therapeutic effect
in association with the required pharmaceutical carrier. The specification {or the dosage unit forms are
dictated by and directly dependent on (a) the unique characteristics of the antibody molecule, ADC, or
antimicrobial peptide, and the particular therapeutic, prophylactic, or diagnostic effect to be achicved, and
{(b) the limitations inherent in the art of compounding such an antibody molecule, ADC, or antimicrobial
peptide for the treattnent of sensitivity in individuals.

An exemplary, non-limiting range for a therapeutically, prophylactically, or diagnostically
effective amouunt of an antibody molecule, ADC, or antimicrobial peptide is 0.1-100 mg/kg, e.g., 0.1-50
mg/kg or 0.1-20 mg/kg, e.g., about 1-10, 1-5, 5-10, or 1-3 mg/kg, e.g.,about 1, 2,3, 4. 5,6,7, 8, 9, or 10
mg/kg. The antibody molecule, ADC, or antimicrobial peptide can be administered by intravenous
infusion at a rate of less than 10 mg/min, e.g., less than or equal to 5 mg/min to reach a dose of about 1 to
100 mg/m’, e.z., about 5 to 50 meg/m’, about 7 to 25 mg/m’, e.g., about 10 mg/m’. It is to be noted that
dosage values may vary with the type and severity of the condition to be alleviated. It is to be further
understood that for any particular subject, specific dosage regimens should be adjusted over time
according to the individual need and the professional judgment of the person administering or sapervising
the administration of the compositions, and that dosage ranges sct forth herein are exemplary only and are
not intended to limit the scope or practice of the claimed compositions.

The pharmaccutical compositions herein may include a “therapeutically effective amount,”
“prophylactically effective amount,” or “diagnostically effectively amount”™ of an antibody molecule,
ADC, or antimicrobial peptide.

A “therapcutically effective amount” refers to an amount cffective, at dosages and for periods of
tirne necessary, to achieve the desired therapeutic vesult. A therapeutically effective amount of the
antibody molecule, ADC, or antimicrobial peptide may vary according to factors such as the disease state,
age, scx, and weight of the individual, and the ability of the antibody or antibody portion to elicita
desired response in the individual. A therapeutically effective amount is also one in which any toxic or
detrimnental effects of the antibody molecule, ADC, or antimicrobial peptide is outweighed by the
therapeutically beneficial effects. A “therapeustically effective dosage” typically inhibits a measurable
parameter by at least about 20%, e.g.. by at least about 40%, by at least about 60%, or by at least about
80% relative to untreated subjects. The measurable parameter may be, e.g., bacterial load. fever,
headache, muscle or joint pains, skin rash, bleeding, reduced platelet levels, and reduced blood pressure.

The ability of an antibody molecule, ADC, or antimicrobial peptide to inhibit a measurable parameter can
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be evaloated in an animal model system predictive of efficacy in reducing, inhibiting, or preventing a
bacterial infection. Alternatively, this property of a composition can be evaluated by examining the
ability of the antibody molecule, ADC, or antimicrobial peptide to inhibit or reduce the viability of
hacteria, e.g., by an in vitro assay described herein.

A Yprophylactically effective amount” refers to an amount effective, at dosages and for periods of
time necessary, to achieve the desired prophylactic result. Typically, since a prophylactic dose is used in
subjects prior to or at an carlier stage of disease, the prophylactically effective amount will be less than
the therapeutically effective amount.

A “diagnostically effective amount” vefers (o an amount effective, at dosages and for periods of
time necessary, {o achieve the desired diagnostic result. Typically, a diagnostically cifective amount is
one in which a bacterial infection or a related disorder can be diagnosed in vifro, ex vivo, or in vive.

Also within this disclosure is a kit that comprises an antibody molecule, ADC, or antimicrobial
peptide described herein. The kit can include one or more other elements inchuding: instructions for use;
other reagents, e.g., a label, a therapeutic agent, or an agent useful for chelating, or otherwise coupling, an
antibody molecule, ADC, or antimicrobial peptide to a label or therapeutic agent, or a radioprotective
composition; devices or other materials for preparing the antibody molecule, ADC, or antimicrobial
peptide for administration; pharmaceutically acceptable carriers; and devices or other materials for

administration (o a subject.

Nucleic Acids

The present disclosure also features nucleic acids comprising nucleotide sequences that encode
the antibody molecules (e.g., heavy and light chain vanable regions and CDRs of the antibody
molecules), antibody molecule-drug conjugates {e.g., heavy and light chain variable regions and CDRs of
the antibody molecule-drug conjugates), or antimicrobial peptide, as described herein.

For example, the present disclosure features a first and second nucleic acid encoding heavy and
tight chain variable regions, respectively, of an antibody molecule chosen from one or more of the
antibody molecules disclosed herein, e.g., an antibody molecule of Table 1 or 8, or a portion of an
antibody molecule, e.g., the variable regions of Table 1 or 8 The nucleic acid can comprise a nucleotide
sequence encoding any one of the amino acid sequences in the tables herein, or a sequence substantially
identical thereto {e.g., a sequence at least about 835%, 90%, 953%, 99% or more identical thereto, or which
differs by no more than 3, 6, 15, 30, or 45 nucleotides from the sequences shown in the tables herein).

In certain embodiments, the nucleic acid can comprise a nucleotide sequence encoding at least
one, two, or three CDRs from a heavy chain variable region having an amino acid scquence as set forth in

the tabies herein, or a sequence substantially homologous thereto (e.g., a sequence at least about 85%,
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9%, 895%, 99% or wore identical thereto, and/or having one or more substitutions, e.g., conserved
substitutions). In some embodiments, the nucleic acid can comprise a nucleotide sequence encoding at
fcast one, two, or three CDRs from a light chain variable region having an amino acid sequence as sct
forth in the tables herein, or a sequence substantially homologous thereto (2. 2., a sequence at least about
85%, 9%, 35%, 99% or more identical thereto, and/or having one or more substitutions, e.g., conserved
substitutions). In some embodiments, the nucleic acid can comprise a nucleotide sequence cncoding at
least one, two, three, four, five, or six CDRs from heavy and light chain variable regions having an amino
acid sequence as set forth in the tables herein, or a sequence substantially homologous thereto (2.2, a
sequence at least about 85%, 90%, 95%, 99% or more identical thereto, and/or having one or more
substitutions, e.g., conserved substitutions).

In certain embodiments, the nucleic acid can comprise a nucleotide sequence encoding at least
one, two, ot three CDRs from a heavy chain variable region having the nucleotide sequence as set forth in
Table 2, a sequence substantially homologous thereto {e. g.. a sequence at least about 5%, 0%, 95%,
99% or more identical thereto, and/or capable of hybridizing under the stringency conditions described
herein). In some embodiments, the nucleic acid can comprise a nucleotide sequence encoding at least
one, two, or three CDRs from a light chain variable region having the nucleotide sequence as set forth in
Table 2, or a sequence substantially homologous thereto {¢.g., a sequence at least about 85%, 0%, 95%,
99% or more dentical thereto, and/or capable of hybridizing under the stringency conditions described
herein). In certain embodiments, the nucleic acid can comprise a nucleotide sequence encoding at least
one, two, three, four, five, or six CDRs from heavy and light chain variable regions having the nucleotide
sequence as set forth in Table 2, or a sequence substantially homologous thereto {e.g., a sequence at least
about 85%, 90%, 95%, 99% or more identical thereto, and/or capable of hybridizing under the stringency
conditions described herein).

In certain embodiments, the nucleic acid comprises a nucleotide sequence as set forth in Table 2
or a sequence substantially homologous thereto {e.g., a sequence at least about 85%, 90%, 95%, 99% or
more identical thereto, and/or capable of hybridizing under the stringency conditions described herein).
In some embodiments, the nucleic acid comprises a portion of a nucleotide sequence as set forth in Table
2 or a sequence substantially homologous thereto {e.g., a sequence at least about 5%, 90%, 95%, 99% or
more identical theveto, and/or capable of hybridizing under the stringency conditions described herein).
The pordon may encode, for example, a variable region {e.g., VH or VL); one, two, or three or more
CDRs; or one, two, three, or four of more framework regions.

In certain embodiments, the nucleic acid comprises a nucleotide sequence encoding an amino
acid sequence as set forth in Tables 3 or 6A-6B or in FIGS. 4 or 15A-158, or a sequence substantially

homologous thereto (e.g., a sequence at least about 80%, §5%, 9%, 95% or more identical thereto,
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and/or capable of hybridizing under the stringency conditions described herein). In some embodiments,
the nucleic acid comprises a portion of a nucleotide sequence encoding an amino acid sequence as set
forth in Tables 3 or 6A-6B or in FIGS. 4 or 15A-158, or a sequence substantially homologous thereto
{e.g., a sequence at least about 80%, 85%, 90%, 95%, or more identical thereto, and/or capable of
hybridizing under the stringency conditions described herein).

The nucleic acids disclosed herein inchude deoxyribonucleotides or ribonucleotides, or analogs
thereof. The polynucleotide may be either single-stranded or double-stranded, and if single-stranded may
be the coding strand or non-coding {antisense} strand. A polynucleotide may comprise modified
nucleotides, such as methylated nucleotides and nucleotide analogs. The sequence of nucleotides may be
interrupted by non-nucleotide components. A polynucleotide may be further modified after
polymerization, such as by conjugation with a labeling component. The nucleic acid may be a
recombinant polynucleotide, or a polynucleotide of genomic, cDNA, semisynthetic, or synthetic origin
which either does not ocewr in nature or is hinked to another polynuclestide in a non-natoral arrangement.

In some aspects, the application features host cells and vectors containing the nucleic acids
described herein. The nucleic acids may be present in a single vector or separate vectors present in the

same host cell or separate host cell, as described in more detail below.

YVectors

Further provided hercin are vectors that comprise nucleotide sequences encoding an antibody
molecule, antibody molecule-drug conjugate (ADC), or antimicrobial peptide, described herein. in some
embodiments, the vectors comprise nucleotides encoding an antibody molecule described herein. In some
embodiments, the vectors comprise the nucleotide sequences described herein. The vectors inchude, but
are not limited to, a virus, plasmid, cosmid, lambda phage or a yeast artificial chromosome (YAC).

Numerous vector systems can be eraploved. For example, one class of vectors utilizes DNA
clements which are derived from animal viruses such as, for example, bovine papilloma virus, polvoma
virgs, adenovirgs, vaccinia virus, baculovirus, retroviruses (Rous Sarcoma Virus, MMTV or MOMLV) or
SV 40 virus. Another class of vectors utilizes RNA clements derived from RNA viruses such as Semliki
Forest virus, Eastern Equine Encephalitis virus and Flaviviruscs.

Additionally, cells which have stably integrated the DNA into their chromosomes may be
selected by introducing oneg or more markers which allow for the selection of transfected host cells. The
marker may provide, for example, prototropy to an auxotrophic host, biocide resistance (e.g., antibiotics}),
or resistance to heavy metals such as copper, or the like. The sclectable marker gene can be cither
directly linked to the DNA sequences to be expressed, or introduced into the same ccll by

cotransformation. Additional clements may also be needed for optimal synthesis of mRNA. These
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clements may include splice signals, as well as transeriptional promoters, enhancers, and termination
signals.

Once the expression vector or BNA sequence containing the constructs has been prepared for
cxpression, the expression vectors may be transfected or introduced into an appropriate host cell. Various
techiiques may be emploved to achieve this, such as, for example, protoplast fusion, calcium phosphate
precipitation, electroporation, retroviral transduction, viral transfection, gene gun, lipid based transfection
or other conventional techniques. In the case of protoplast fusion, the cells are grown in media and
screcned for the appropriate activity.

Methods and conditions for culturing the resulting transfected cells and for recovering the
antibody molecule, anti-bacterial peptide, or antibody molecule-drug conjugate produced are known to
those skilled in the art, and may be varied or optimized depending upon the specific expression vector and

mammalian host cell eraployed, based upon the present description.

Cells
The present disclosure also provides host cells comprising a nucleic acid encoding an antibody

molecule, anti-bacterial peptide, or antibody molecule-drug conjugate as described herein. For example,

the host cells may comprise a nucleic acid of Table 2, a sequence substantially homologous thereto {e.g.,
a sequence at least about 85%, 90%, 95%, 99% or more identical thereto, and/or capable of hybridizing
under the stringency conditions described herein), or a portion of one of said nucleic acids. Additionally,
the host cells may comprise a micleic acid encoding an amino acid sequence described in Tables 1, 3, 6A-
68, or 8, a sequence substantially homologous thereto (e.g., a sequence at least about 80%, 85%, 90%,
85%, 99% or more identical thereto), or a portion of one of said sequences.

In some embodiments, the host cells are genetically engineered to comprise nucleic acids
encoding the antibody molecule, ADC, or antimicrobial peptide.

In certain embodimments, the host cells are genetically engineered by using an expression cassette.
The phrase “expression cassetie,” refers to nucleotide sequences, which are capable of affecting
expression of a gene in hosts compatible with such sequences. Such cassettes may include a promoter, an
open reading frame with or without introns, and a termination signal. Additional factors necessary or
helpful in effecting expression may also be used, such as, for example, an inducible promoter.

The disclosure also provides host cells comprising the vectors described herein.

The cell can be, but is not limited to, a eukaryotic cell, a bacterial cell, an insect cell, or a human
cell. Suitable eukaryotic cells include, but are not limited to, Vero cells, Hela cells, COS cells, CHO
cells, HEK293 cells, BHK cells and MDCKIT cells. Suitable insect celis include, but are not {untted to,

519 cells.
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Uses of Antibody Melecules, Antibody Molecule-Drug Conjugates, and Antimicrobial Peptides

The antibody molecules, antibody molecule-drug conjugates {ADCs), or antimicrobial peptides
disclosed herein, as well as the pharmaceutical compositions disclosed herein, have in vitro, ex vivo, and
in vivo therapeutic, prophylactic, and/or diagnostic utilities.

In an embodiment, the antibody molecule, ADC, or antimicrobial peptide, inhibits or reduces the
viability of bacteria, e.g., Gram-negative bacteria. For example, these molecules can be administered to
cells in culture, in vifro or ex vivo, or 10 a subject, e.g., a human subject, 2.g., in viveo, to inhibit or reduce
the viability of bacteria, £.g., Gram-negative bacteria. Accordingly, in an aspect, the disclosure provides a

sethod of treating or preventing a bacterial infoction in a subject, comprising administering to the subject
an antibody molecule, ADC, or antimicrobial peptide, described herein, such that the bacterial infection is
treated or prevented. For example, these antibody molecules can be administered to cells in culture, e.g.
in vitro oF ex vive, of in a subject, e.g., in vivo, to treat, prevent, and/or diagnose a bacterial infection, or to
inhibit or reduce a bacterial infection.

As used herein, the term “subject” is intended to include human and non-human animals. In
some embodiments, the subject is a human subject, e.g., a human patient infected with bacteria, e.g.,
disease-causing bacteria, e.g., Gram-negative bacteria, or at risk of being infected with bacteria, e g.,
disease-causing bacteria, e.g., Gram-negative bacteria. The term “non-human animals” includes

rammals and non-mammals, such as non-human primates. {n some embodiments, the subjectis a
human. The methods and compositions described herein are suitable for freating human patients infected
with bacteria, e.g., disease-causing bacteria, e g., Gram-negative bacteria. Patients infected with bacteria,
e.g., discase-causing bacteria, ¢.g., Gram-negative bacteria inchude those who have been exposed to the
bacteria but are {(at lcast temporarily) asymptomatic, patients having a bacterial infection, or patients

having a disorder related to a bacterial infection.

Methods of Treating or Preventing Bacterial Infection

Gram-negative bacteria display lipopolysaccharides (LPS) on the outer membrance of the bacteria.
While not wishing to be bound by theory, in an embodument, the antibody molecules, antibody molecule-
drug conjugates (ADCs), or antimicrobial peptides described herein can inhibit or reduce the viability of
Gram-negative bacteria, at least in part, by binding to LPS.

The antibody molecules, ADCs, and antimicrobial peptides described herein, can be used to treat
ot prevent bacterial infections, as well as disorders, conditions or symptoms assoctated with bacterial

infections.



io

i5

20

25

WO 2017/083515 PCT/US2016/061330

In an embodiment, the bacterial infection is caused by one or more of the following bacteria:
Kiebsiella pneumonia{e.g., Kiebsiella pneumoniae subsp. ozaenae, Klebsiella pneumoniae subsp.
preumoniae, or Klebsiella pneumoniae subsp. rhinoscleromatis), Enterobacter cancerogenous,
Enterobacter cloacae, Enterobacter hormaechei, Enterobacter asburiae, Shigella boydii, Shigella
dysenteriae, Shigella flexneri, Shigella sonnei, Escherichia coli {e.g., Escherichia coli ATCC 11775,
Escherichia coli ATCC 25922, Escherichia coli ATCC 35401, or Escherichia coli ATCC 438935),
Escherichia fergusonii, Salmonella choleraesuis, Salmonella choleraesuis subsp. indica, Salmonella
enteritidis, Salmonella virchow, Salmonella paratyphi B, Salmonella typhimurium, Salmonella paratyphi
A, Salmonella typhi, Salmonelia choleraesuis sabsp. arizonae, Salmonella choleraesuis subsp. diarizonae,
Salmoneila choleraesuis subsp. houtenae, Salmonella bongori, Citrobacter sedlakii, Citrobacter braakii,
Citrobacter werkmanid, Citrobacter freundit, Citrobacter youngace, Citrobacter amalonaticus, Yersinia
enterocolitica, Yersinia frederiksenii, Yersinia pestis, Yersinia pseudotuberculosis, or any combination
thereof.

In an embodiment, the bacterial infection is caused by one or more of: Enterococcus faecium
{e.g., vancomycin-resistant ( VRE) Enterococcus faecium), Staphylococcus aurens {e.g., methiciilin-
resistant (MRS A) Sraphyiococcus aureus), Clostridium difficile, Acinetobacter baumannii (e.g.,
multidrug resistant (MDR) Acinetobacter), Pseudomonas aeruginosa {(e.g., multidrug resistant (MDR) P.
aeruginosa, e.g., carbapenewm-resistant . acruginosa), Enterobacteriacene {e.g., E. ¢oli, K. pneumoniae,
or Enterobacter spp., e.2., carbapenem-resistant Enterobacteriaceae {CRE)), N. gonorrhoaede {e.g., drug-
rosistant N. gonorriioaeae), Salmonella (e.g., drug resistant Salmonella), Shigella (e.g., drug-resistant
Shigelia), a bactevium producing an extended spectrum B-factamase (ESBL), or Mycobacterium
tuberculosis {e.g., drug-resistant M. fuberculosis).

Exemplary disorders or conditions that can be associated with bacterial infections include, but are
not limited to pneumonia (e.g., conununity-acquired pneumonia and hospital-acquired prncumonia), a
urinary tract infection (UTY), septicemia, meningitis, diarrhea (e.g., traveler’s diarrhea), a soft tissue
infection, a skin infection, bacteremia, a respiratory system infection {e.g., a lower respiratory tract
infection), endocarditis, an intra-abdominal infection, septic arthritis, ostcomyelitis, a CNS infection, an
ophthalmic infection, cholecystitis, cholangitis, meningitis {e. g., nconatal meningitis), typhoid fever, food
poisoning, gastroenteritis, enteric fever, shigellosis, a blood stream infection, intra-abdominal sepsis, a
brain abscess, meningitis, sepsis {(e.g., neonatal sepsis}, a joint infection, a bone infection, a
gastrointestinal infection, or a wound infection.

Certain antibody molecules, ADCx, and antimaicrobial peptides described herein are capable of
treating at feast 2, 3,4, 5,6, 7,8, 9, 10, 20, 25, 30, 35, 40, 30, 100, 200, or more bacteria {e.g., Gram-

negative bacteria) of different genera, species, subspecies, and/or strains. Accordingly, in an
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embodiment, the antibody molecule, ADC, or antimicrobial peptide is administered to a patient infected
with or with a risk of being infected with bacterial infection, when no {est has been performed to
determine the genus, species. subspecies, and/or strain of the bacteria, e.g., the type of infected or disease-
causing bacteria may be unknown.

The antibody molecules, ADCs, or antimicrobial peptides are typically administered at a
frequency that keeps a therapeutically effective level of antibody molecules, ADCs, or antimicrobial
peptides in the patient’s system untdl the patient recovers. For example, the antibody molecules, ADCs,
or antimicrobial peptides may be administered at a frequency that achicves a serum concentration
sufficient for at least about 1, 2, 5, 10, 20, 30, or 40 antibody molecules, ADCs, or antimicrobial peptides
to bind each bacterium. In an embodiment, the antibody molecules, ADCs, or antimicrobial peptides are
administered every 1, 2, 3. 4, 5, 6, or 7 days.

Methods of administering various antibody molecules, ADCs, or antimicrobial peptides are
known in the art and are described below. Suitable dosages of the antibody molecules, ADCs, or
antimicrobial peptides used will depend on the age and weight of the subject and the particular drug used.

The antibody molecules or antimicrobial peptides can be used by themselves or conjugated to a
sccond agent, e.g., an antibacterial agent, toxin, or protein, e.g., a second anti-bacterial {e.g., anti-LPS)
antibody molecule or antimicrobial peptide. This method includes: administering the antibody molecule
or antimicrobial peptide, alone or conjugated to a second agent, to a subject requiring such treatment. The
antibody molecules can be used to deliver a varicty of therapeutic agents, e.g., a toxin or anti-viral agent,

or mixtures thereof.

Combination Therapies

The antibody molecules, antibody molecule-drug conjugates (ADCs), and antimicrobial peptides
can be used in combination with other therapies. For example, the combination therapy can include an
antibody molecule, ADC, or antimicrobial peptide co-formulated with, and/or co-administered with, one
or more additional therapeutic agents, e.g., anti-hacterial agents (including antibiotics or other anti-
bacterial antibodies), vaccines, or agents that enhance an immune response. In other embodiments, the
antibody molecules, anti-bacterial peptides, or antibody molecule-drug conjugates are administered in
combination with other therapeutic treatment modalities, such as intravenous hydration, fever-reducing
agents {such as acetaminophen), or blood transtusion. Such combination therapies may advantageously
utilize lower dosages of the administered therapeutic agents, thus avoiding possible toxicitics or
complications associated with the various monotherapies.

Administered “in combination”, as used herein, means that two (or more) different treatments are

delivered to the subject before, or during the course of the subject's affliction with a bacterial infection or
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disease. In one embodiment, two or more treatments are delivered prophylactically, e.g., before the
subject is infected or diagnosed with bacteria. e.g., Gram-negative bacteria. In another embodiment, the
two or more treatroents are delivered after the subject has been infected or diagnosed with bacteria, e.g.,
Gram-negative bacteria. In some embodiments, the delivery of one treatment is still occurring when the
delivery of the second begins, so that theve is overlap. This is sometimes referred to herein as
"simultancous” or "concurrent delivery.” In other ermbodiments, the delivery of one treatment ends before
the delivery of the other treatment begins. In some embodiments of cither case, the treatment is more
effective because of combined administration. For example, the second treatroent is more effective, e.g.,
an equivalent effect is seen with less of the second treatment, or the second treatment reduces symptoms
to a greater extent, than would be seen if the second treatment were administered in the absence of the
first treatment, or the analogous situation is seen with the first treatment. In some embodiments, delivery
is such that the reduction in a symptom, or other parameter related to the bacterial infection or disorder is
greater than what would be observed with one treatment delivered in the absence of the other. The effect
of the two treatments can be partially additive, wholly additive, or greater than additive. The delivery can
be such that an effect of the first treatment delivered is still detectable when the second is delivered.

In some embodiment, the additional antimicrobial agent is an antihiotic. For example, the
antibiotic can be a beta-lactam antibiotic (e.g., a penicillin, a cephalosporin, a monobactam, or a
carbapenein), a monobactam, a carbapenem, a macrolide, a lincosamide, a streptogramin, an
aminoglycoside, a guinolone, a sulfonamide, a tetracycling, a glycopeptide, a lipoglycopeptide, an
oxazolidinone, a rifamycin, a polypeptide, or a tuberactinomycin. Exemplary antibiotics include, but are
not limited to, amikacin, amoxicillin, arpicillin, azithromycin, aztreonam, bacampicillin, bacitracin,
balofloxacin, hesifloxacin, capreomycin, carbenicillin, cefacctrile (cephacetrile), cefaclomezine, cefaclor,
cefadroxil {cefadroxyl), cefalexin {cephalexin), cefaloglycin (cephaloglycin), cefalonium (cephalonium),
cefaloram, cefaloridine {cephaloradine), cefalotin (cephalothin). cefamandole, cefaparole, cefapirin
{cephapirin), cefatrizine, cefazaflur, cefazedone, cefazolin (cephazolin), cefeanel, cefeapene, cefclidine,
cefdaloxime, cefdinir, cefditoren, cefedrolor, cefempidone, cefepime, cefetamet, cefetrizole, cefivitil,
cefixime, cefluprenam, cefiatilen, cefinenoxime, cefinepidium, cefimetazole, cefodizime, cefonicid,
cefoperazone, cefosclis, cefotaxime, cefotetan, cetovecin, cefoxazole, cefoxitin, cetozopran, cefpimizole,
cefpirome, cefpodoxime, cefprozil {cefproxil), cefquinome, cefradine (cephradine), cefrotil, cefroxadine,
cefsumide, ceftaroline, ceftavoline (teflaro), ceftazidime, cefteram, ceftezole, ceftibuten, ceftiofur,
ceftiolene, ceftioxide, ceftizoxime, ceftobiprole, cefiriaxone, cefuracetime, cefuroxime, cefuzonam,
chloramphenicol, ciprofioxacin, clarithromycin, clinafloxacin, clindamycin, cloxacillin, cyclosering,
daptomycin (cubicin), demeclocyeline, dicloxacillin, dirithromycin, doripenem, doxycycline, enoxacin,

ertapencm, ervthromycin, flucloxacillin, flumequine, gatifloxacin, gemifloxacin, gemifloxacin (factive),
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gentamicin, grepafloxacin, imipenem,, imipenem/cilastatin, kanamycin, levofloxacin, lincomycin,
linezolid, lomefloxacin, macrocyclics, meropenern, metronidazole, mezlocillin, minocycline,
moxifloxacin, nadifloxacin, nafcillin, nalidixic acid, ncomycin, netilmicin, nitrofurantoin, norfloxacin,
ofloxacin, oxacillin, oxolinic acid, oxytetracyeline, paromornycin, pazufloxacin, pefloxacin, penicillin g,
penicillin v, pipemidic acid, piperacillin, piromidic acid, prvampicitlin, pivinecillinam, polymyxin b,
pristinamycin, prulifloxacin, quinupristin/datfopristin, rifabutin, rifampin, rifapentine, rosoxacin,
roxithromycin, rufloxacin, sitafloxacin, sparfloxacin, streptomycin, sulfamethizole, sulfamethoxazole,
sulfisoxazole, teicoplanin, telavancin, telavancin (vibativ), telithromycin, temafloxacin, tetracycline,
ticarcillin, tigecycline, tinidazole, tobramycin, tosufloxacin, mimethoprim-sulfamethoxazole,
trovafloxacin, vancomycin, viomycin, of Zcocin.

In some embodiments, the additional anti-bacterial agent is a vaccine. The vaccine may be, e.g.,
five, attemniated, or inactivated bacteria, e.g., anthrax vaccine {e.g., BIOTHRAX®), DTaP vaccine {e.g.,
DAPTACEL® or INFANRIX®), DT vaccine, Hacmophilus influenzae type b (Hib) vaccine {e.g.,
ACTHIB®, HIBERIX®, or PEDVAXHIB®}, meningococcal vaceine {e.g., MENOMUNE®,
MENACTRA®, MENVEO®, TRUMENBA®, or BEXSERO®), pncumacoccal vaccine {e.g.,
PNEUMOVAX® 23 or PREVNAR® 13), tetanus/diphtheria vaccine (e.g., DECAVAC® or
TENIVAC®), tetanus/diphtheria/pertussis vaccine (e.g., BOOSTRIX® or ADACEL®), typhoid vaccine
{e.g., TYPHIM VI® or VIVOTIF®), DTaP/polio vaccine (e.g., KINRIX®)}, DTaP/hepatitis Bfpolio
vaccine {e.g., PEDIARIX®), DTaP/polio/Haemophilus influenza type b vaccine (e.g., PENTACEL®),
Haemophbilus influenza type b/hepatitis B vaccine {(e.g., COMVAX®), and Haemophilus influenza type
b/meningococcal vaceine (e.g., MENHIBRIX®).

In certain embodiments, the additional antiviral agent is a second antibody molecule, ADC, or
antimicrobial peptide, e.g., an antibody molecule, ADC, or antimicrobial peptide different from a first
antibody molecule, ADC, or antimicrobial peptide. Exemplary antibody molecules that can be used in
combination include, but are not limited to, any combination of the antibody molecules listed in Table 1
or 8.

In some embodiments, the additional anti-bacterial agent is an antimicrobial (e.g., antibacterial)
peptide. Excmplary antimicrobial peptides include, but are not limited to, pexiganan acctate (MSI 78),
omiganan (MX-226/MBI-226 or CLS001), iseganan (IB-367), bLF1-11, XOMA 629, PAC-113, CZEN-
002, IMX942, OP-145, Ghrelin, PMX-30063, delmitide (RIDPSE), plectasin, and HB1345.

In some embodiments, the additional anti-bacterial agent is a resistance-modifying agent.
Exemplary resistance-modifying agents include, but are not limited to, an cfflux inhibitor (e.g., Phe-Arg-

PB-naphthylamide) and beta-lactamase inhibitor (e.g., clavulanic acid or sutbactam).
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Methods of Biagnosis

In some aspects, the present disclosure provides a diagnostic method for detecting the presence of
a bacterium in vitro (e.g., in a binlogical sample, such as a blood sample) or in vive (e.g., in vivo imaging
in a subject). The method includes: (1) contacting the sarople with an antibody molecile or antibody
molecole-drug conjugate (ADC) described herein, or administering to the subject, the antihody molecule
or ADC; (optionally) (i) contacting a reference sample, e.£., a control sample {e.g., a control biological
sample, such as plasma or blood) or a control subject with an antibody molecule or ADC described
herein; and (iii) detecting formation of a complex between the antithody molecule or ADC, and the sample
or subject, or the control sample or subject, wherein a change, e.g., a statistically significant change, in the
formation of the complex in the sample or subject relative to the control sample or subject is indicative of
the presence of the bacterivm in the sample. The antiboedy molecule or ADC can be dirvectly or indirectly
fabeled with a detectable substance to facilitate detection of the bound or unbound antibody. Suitable
detectable substances include various enzymes, prosthetic groups, fluorescent materials, luminescent
materials and radioactive materials, as described above and described in more detail below.

The term “sample,” as it refers to sampies used for detecting bacteria includes, but is not limited
to, cells, cell lysates, proteins or membrane extracts of cells, body fluids such as blood, or tissue samples.

Complex formation between the antibody molecule or ADC, and a bacterium or
lipopolysaccharide, can be detected by measuring or visualizing cither the antibody molecule or antibody

swolecule-drug conjugate bound to the bacterium or lipopolysaccharide or unbound antibody molecule or

ADC. Any suitable detection assays can be used, and conventional detection assays include an enzyme-
linked immunosorbent assays (ELISA), a fhuorescence-activated cell sorting (FACS) assay, a
radiotmmumnoassay (RIA) or tssue tmmunohistochemistry. Alternative to labeling the antibody molecule
or ADC, the presence of a bacterium or lipopolysaccharide can be assayed in a sample by a competition
immuneassay utilizing standards labeled with a detectable substance and an unlabeled antibody molecule
or ADC. In this assay, the biological sample, the labeled standards and the antibody molecule or ADC
are combined and the amount of labeled standard bound to the unlabeled binding molecule s determined.
The amount of bacteria or lipopolysaccharides in the sample is inversely proportional to the amount of

fabeled standard hound to the antibody molecule or ADC.

EXAMPLES

Example 1: In Vitro Evaluation of Candidate Antibody Molecules bv Opsonophagocytic Assav (OPA)

Candidate antibody molecules were evaluated in vitro for opsonophagocytic killing activity
against multiple gram-negative bacteria. The opsonophagocytic assay (OPA) evaluates the ability of an

antibody molecule to opsonize bacteria in the presence of complement and neutrophils. Opsonization of
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bacteria is a major pathway by which antibodies have been shown to kill bacteria in vive. Activity in this
assay is a pre-requisite for selection and further evaluation of antibody molecules in vivo.
Bricfly, the following assay comoponents were utilized:

Complement (C): normal human serurn adsorbed with specific bacterial test strain.

Neutrophils: fresh human blood from healthy adult donors.

Bacteria: £.coli ATCC strain 25922.

Positive controls: opsonic polyclonal IgG {(pAb) to each bacterium tested.

Screening: antibody molecules were screened for OPA from 0.1 pg/ml to 25 ug/ml.

The complement reagent was prepared by adsorption of bacterial specific antibody molecules
from normal human serum. Briefly, ~10” CFU bacteria were suspended in serum (10 mL) and incubate
on ice for 3¢ min with mixing. The sample was centrifuged and the serum was transferred and re-
suspended in 10” CFU bacteria. This was incubated on ice with mixing for an additional 30 min. The
serum/complement was recovered by centrifugation and sterilized by filtration through a 0.22 pM filier.

Polymorphonuclear cells (PMNs) were prepared from a single donor. Fresh human blood was
mixed with an equal volume of HISTOPAQUE® and incubated for 1 hour at 37°C. The upper laver was
collected and cells pelleted by centrifugation at 250g for 5 min. The remaining erythrocytes were lysed
with 1% NH,Cl by incuobation at room temperature for 10 min. The cells were washed and re-suspended
in MEM. The cell viability was determined by trypan biue and suspended to a final concentration of
5x10° cells/ml.

Bacteria were prepared by seeding a 6 md tube of Mueller Hinton Broth, cation adjusted (MHB),
to a 600 nM absorbance of 0.1 from and overnight growth of E. cofi 25922 on a blood agar plate. The
cclls were grown to mid-log phase (Agomy = 0.6-1.0) and then diluted in 0.9% saline to an Agpony = 0.2.
This provided a culture at approximately 1x10° cfu/mi. The culture was diluted 1:100 in Minimal
Essential Medium (MEM) to obtain a culture at 1x10° cfu/ml. This was the bacterial suspension us in the
OPA. The culture absorbance vequired varied amongst bacterial strains.

Each run of the assay contained multiple controls and test articies. In addition to bacteria, the
assay groups were stratified by: € alone, PMNs + €7, PMNs + heat tnactivated €7, PMNs + O + non-
specific mAb; PMNs + O + positive controf pAb, T + positive control pAb, PMNs + 7 + test article
mAbs {dilution series). The OPA was performed as follows. 100 pl each of PMN suspension, the
hacterial suspension, the antisera or antibody, and the complement, were mixed for a total volume of 400
ul. A 25 ul sample was taken from this mixture immediately at T = (. After incubation in a rotating rack
at 37°C for 90 minutes, a sample was taken again at T = 90 minutes. The samples were dituted 1:10 into

225 pl TSB + 0.05% Tween to lyse the white blood cells (alternative lysis saponin). Samples were plated
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onto duplicate TSA plates (100 ul each) and incubated overnight at 37C. Since the preparation was 1x10°
CFU/mal and there was (.1 ml/tube in a final volume of 4.4 ml, there would be 230,000 CFU/ml. Plating a
1:100 of that should yield a readily countable 250 CFUs per plaie in duplicate. A one log drop would be
25 CFUs per plate. Temperature was adjusted for each bacterial specics to obtain better resolution. The
plates were counted. The reduction was calculated in the mamber of CFUs at T = 90 minutes as compared
to T = 0 and reported as the percentage of killing. At least a one log drop would be desirable.

Antibody molecules were ranked based on their OFA activity against £. coli. The antibody
molecules having the highest OPA activity against £. coli. would be selected for in vivo evaluation.

Methods for performing an OPA assay is also described, e.g., in Hemachandra et al. Infect
Immun. 2001; 69(4): 2223-2229, which is incorporated by reference in its entirety.

The methods described herein can also be used to evaluate the in vifro opsonophagocyiic kitling

activity of the antibody molecule-drug conjugates against multiple Gram negative bacteria.

Example 2: Minimal Inhibitory Concentration Assay

The minimal inhibitory concentration (MIC) assay was performed based on standards and
practices published by the CLSI (documents M(7-A9, M100-24). It was used to determine minimum
inhibitory concentrations for test compounds against several microbial species using broth microdilution.
The assay mixes compounds with bacteria in the presence of rich broth and measures the mimmm
concentration of compound at which bactertal growth is decreased by at least 80%. The assay canuse a
96-well plate/high throughput format such that compounds can be tested against a large panel of bacterial
strains simultanecusly. For each test strain there is a published inhibitory standard and results for
standards, published in CSLI documents, should fall within two-fold of published values and should not
vary more than two-fold in subsequent tests.

The procedures are described as follows:

On Day 1, all strains to be used in the assay were taken from -80° C storage, thawed on ice, and
subcultured to an appropriate agar plate using a 10 pl inoculating loop. All plates were placed at 37° C
overnight. Alternatively, strains can be subcultured from a fresh overnight agar plaic or a refrigerated agar
plate less than one wecek old.

On Day 2, all overnight plates were examined for homology and appropriate colony morphology.
All strains were subcultured to an appropriate agar plate using a 10 pl inoculating loop. All plates were
placed at 37 °C overnight.

On Day 3, all overnight plates were examined for homology and appropriate colony morphology.
Mother plates were prepared for test compounds and standards. Tn a 96 well polypropylene plate, 40 pl of

a 5Ux concentration of compound (50 times the desived top final assay concentration) was placed in
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colurn 1 (8 compounds per plate}. 20 ul diluent was placed in columns 2-12. 20 i was carried into 20
ptl {doubling dilutions) across the plate, in columns 2-11. Column 12 was used as a growth control. The
diluent can vary depending on the soluhility of the compound {(common diluents are water, DMSQ, and
6.1 N HCD.

Concentration ranges can also be varied depending on the efficacy of the compounds. Typically,
compounds were resuspended at 3.2 mg/ml for a top final assay concentration of 64 yg/mi, however, less
efficacious compounds were resuspended at 25.6 mg/mi for 2 fop final assay concentration of 5312 ug/ml.
Alternatively, compounds with even higher MICs or compounds whose stock is at a low starting
concentration can be run using an alternate protocol for high concentration MIC determinations in which
the compound is diluted directly in the assay plate using 40 yl undiluted stock in column  and 20 pl is
carried tnto 20 ul across the plate colurmns 2-11. The assay then adds 80 pul (as opposed to 100 uly of
cultured media so that the compound dilution is only 1:5 (instead of 1:50).

Daughter plates were prepared as follows. Daughiter plates were stamnped from the mother plate
by carrying 2 pl from each row of the mother plate to a corresponding row in the daughter plate, making
one daughter plate for each strain to be tested.

Cultured media were prepared as follows. For each strain to be tested, a culture equivalent to
McFarland 0.5 was prepared. A 10 pl inocuiating loop was used to seed cells from overnight agar plates
into 10 ml Pyrex tubes containing 5 ml of 0.85% Saline. Using a densitometer, each tube was adjusted to
0.5 McFarland units by adding more cells or saline. These cultures should contain approximately 1x10°
cells/mi. These cultures were diluted to 1:200 in appropriate mwedia to reduce the cell concentration fo
approximately 5x10° cells/ml. The exception to this is strains of yeast including C. albicans, which
shouid be diluted 1:2000. Each plate was seeded with each diluted culture with 100 pi per well
{approximately 10 mi per plate). All daughter plates were seeded with 100 pl/well of appropriate culture.
All plates were set at 37° C overnight.

On Day 4, all plates were read 18 hours after seeding using a mirrored plate reader and reflected
incandescent light. In certain experiments, the MIC was considered as the lowest concentration of
compound that inhibits growth by at least 80%. The well should appear void of growth when read by eve
and even a partial button would constitute observable growth. For example, as shown in FIG. 5, the
duplicate MICs would beread 28 3, 3,2, 2, 6, 6, 2, 2.

For each test strain the corresponding control compound should have an MIC within 2 fold of the
cxpected value. If controls were verified, values for all test compounds were reported.

Exemplary MIC control compound values for various strains are shown in Tabile 4.
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Table 4. Exemplary MIC control compound values

PCT/US2016/061330

Strain # Name Strain MIC Control Compound MIC (ag/mal)
1 P.aeruginosa ATCC 27853 Ciprotloxacin (.25
2 £. coli ATCC 25922 Ciprofloxacin 0.25
3 S. aureus ATCC 29213 Ciprofloxacin 0.5
4 E. coli ATCC 43745 Ciprofloxacin (.25
5 K. preumoniae ATCC 700603 Ciprotloxacin 0.5
6 C. albicans ATCC 90028 Arophotericin B 4.0
7 P. aeruginosa ATCC 39324 Ciprofloxacin 0.125
a3 P.aeruginosa ATCC 27313 Ciprofloxacin 0.125
g F.aeruginosa ATCC 15692 Ciprofioxacin (.25
10 P.aeruginosa ATCC 33350 Ciprofloxacin {.125
i1 P.aeruginosa ATCC 25102 Ciprofloxacin 0.123
12 P aeruginosa 12-4-4 Ciproflioxacin 0.125
13 P. aeruginosa PAOL Ciprofloxacin 0.25
14 P. aeruginosa PAK Ciprofloxacin 0.125
15 S. aureus MNE Ciprofloxacin 0.25
16 A. baumannii ATCC 17978 Ciproflioxacin 0.125
17 A. baumannii ATCC 19606 Ciprofloxacin 0.5

Example 3: Tarseted In Vitre Activity of Antibody Diug Conjusates

The cffect of an exemplary ADC (Anti-Pscudomonas antihody with Peptide 2 fused at the C-

terminus of the Heavy Chain) on binding and inhibiting bacteria was mnvestigated. In this example, the
bacterial strain ATCC 27853 was employed. The exemplary ADC displayed similar binding fo bacterial
surface as the antibody alone as determined by FACS (data not shown). As shown in Table 5, the ADC
showed about 10-fold enhancement in activity relative to the peptide alone. The ADC also retained
opsonophagocytic activity. Further, the ADC demonstrated specificity for Gram-negative pathogens as

no killing of Gram-positive bacteria was observed in this experiment.

Table 5, Targeted In Vitro Activity

Sample MIC (ug/mi) MW (g/mol) MIL Per Pavioad (uM)
Peptide Alone 16 3400 4.7
Antibody Alone - 149000 N/A
ADC 77 162000 0.95

Example 4: Generation and Testing of Exemplary Antibodies

Exemplary antibodies hWNG1 and hWNv1 were designed by structure guided engineering of
W1 222-5 (Id Padova ef al., Infect fmmun. 1993; 61(93:3863-3872). Antibodies hWNG1 and hWNvl

target the conserved core glycan of LPS and were engineered to bring them proximal to human germline
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and improve binding to K. preumoniae. As shown in FIG. 2, hWNO1 showed picomolar (pM) binding to
E. coli and nanomolar (nM) binding to K. preumoniae strains. In addition, hbWNG1 and hWNv1 are
proximal to human germline sequence and have tmproved expression,

Exernplary antibodies 2C7, 306, 3E7 and 3G1 were also generated. The binding of antibodies
2(7, 3D6, 3E7 and 3G to representative E. coli, K. preuwmoniae and S. syphimurium strains was

determined by ELISA. The results are shown in FIGS. 7-14.

Example 5: Novel Scaffold for Engineering Mouse Immunization raAb A0G1-25

Towards identification of a broadly reactive antibody targeting the core of LPS, CD-1 mice were
tmmunized with £. coli I5-OMP vaccine (10 pg) and Hiltonol adjuvant (10 pg). The mice were dosed
intraperitoneally with the immunegen-adjuvant mix weekly for 3 weeks, at which point the sera from the
irmmunized mice were assessed for their titers against multiple pathogens by whole cell ELISA. Mice
with the highest titers against E. coli and K. preumoniae were selected for tusion. Splenic fusions were
performed with myeloma partner cells and seeded into 96-well for clonal development. Two weeks later,
the hybridomas were screenced for their ability to recognize £.cofi 35 LPS. Une such clone with binding
to E. coli, K. pneumoniae and S. typhimurium by whole ccll ELISA is mAb A001-25. It targets the
conserved core glycan of LPS. As shown in FIG. 3, A001-25 has strong picomolar (pM) hinding to £.
coli and K. pneumoniae. Structural assessment based of the modeled structure indicated pathways for

affinity enhancement.

BExample 6: Ranking Exemplary Antimicrobial Peptides by Cascade Testin

Candidate antimicrobial peptides were tested for their inhibitory activity on bacteria and thew
hemolytic activity. Peptides with high killing activity against both E. cofi and Pseudomonas in broth,
mouse and bumans serum along with low cytotoxicity or hemolytic activity were prioritized as lead
candidates. The results are shown in Table 6A. Antimicrobial peptides with strong inhibitory or
bactericidal activity, low red blood cell hemolysis, and tow off-target toxicity, were selected for further

analysis.

Table 6A. Inhibitory Activity of Exemplary Antimicrobial Peptide on Bacteria and Hemolytic Activity

SEQ D MIC pg/mal PLC
NGO pg/mi
Sample Sequence Eco 25922 | Pae 27853
Peptide 26 ALWKTLLKKVLKAAAK 67 4 8 64
peptide 119 | RGLRRLGRKIAAGVEKKYGPTVLRIIRIAG 68 4 2 128
peptide 109 | GIGKFLKKAKEFGKAF 69 4 8 128
peptide 30 ALWKTLLRRVLEAAARGGGGSC 70 64 128 512
pepude 24 GIGKFLEKAKKFGKAFVKILKKGGGGSGGEGES 71 32 8 512
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Stracturc-activity relationships for exemplary AMPs were examined for ADC construction.

Candidate AMPs were selected based, e.g., on killing activity, level of hemolysis, and activity in human

serum. The resuits are shown in Table 6B. Exemplary AMPs, P265, P271, GGG-Octapeptin, P293,

P294, P295, P261, and P297 were selected for evaluation as ADCs.
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Example 7: Peptide Stapline to Improve Potency and Stabilitv of Antimicrobial Peptides

This example shows that peptide stapling improved potency and stahility of an exemplary o-
helical antimicrobial peptide. The process of peptide stapling by chemical crosslinking was illustrated in
FIG. 4. The inhibitory activity of the antimicrobial peptide before and after stapling was determined.
The MIC for the exemplary peptide is 160 ug/ml, whereas the MIC for the stapled peptide is 10 yg/ml.
Exemplary stapling methods are described, e.g., in Alexander er al. J. Am. Chem. Soc., 2013, 135 (16),

59465949,

Example &: Production of Antibodv Diug Conjugates Using Sortase-Based Lication

The sortase ligation forms a native peptide hond between a sortase recognition sequence and a
sortase donor sequence. Quaniitative addition was achieved of the peptide
GOGROLRRLGRKIAHGYVKKYGPTVLRHERIAG (SEQ D NO: 80) onto the C-termind of antibody
heavy chains containing (GS) ,LPETGGG (SEQ 1D NO: 24), and of light chains containing
PGS, LPETGGSG (SEQ 1D NO: 26) using sortase A pentanmtant (Chen ef ¢f. Proc. Natl. Acad. Sci.
of RGLRRLGREKIAHGVKKYGPFTVLRIIRIAG (SEQ 1D NO: 68) is the antimicrobial peptide domain.

A representative method is described as follows. 1.5 mg/mlL antibody in 150 mM Na(l, 50 mM
Tris (pH 7.5), 10 mM CaCly, 20 mol equivalents of sortase donor peptide per sortase acceptor sequence, |
mol equivalent of sortase per 75 mol equivalents of sortase acceptor sequence were combined. The
reaction was incubated at 25°C for 20 hours, and extent of conversion was monttored by Q-TOF mass
spectrometry. Upon complete conversion of the reaction, as determine by Q-TOF, the reaction mixture
was diluted {0-fold in PBS and purified on a Protein A column. The FPLC purified constructs were
further characterized by Q-TOF and by gel electrophoresis. The results are shown in FiG. 6.

Sortase ligation was also performed as follows. Peptides containing an N-terminal GGG sortase
donor sequence were ligated to the C-termini of the antibody heavy chain containing the sortase A
recognition sequence LPETGGG. Antibodies had been buffer exchanged into 150 mM NaCl/50 mM Tris
{pH 7.5) prior to ligation. Optimized sortase ligation conditions were performed in 158 mM NaC¥l/30 mM
Tris (pH 7.5) using 20 mol peptide per mol mAb at 1.5 mg/mal. mAb (150 kba), 10 mM Cal’l2, 5.8
pg/ml. Sortase A (from BPS Bioscience, (21.7 kDa)). After incubation at ambient temperature in the
dark for 18 bours, samples were diluted to 10ml total volurne in PBS and purified by FPLC. Conjugation
efficiency was determined by Q-TOF mass spectrometry using a reduced antibody prepared by heating a

3 ugsample at 65 °C for 15 min in 10 mM DTT,
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Example 9: Hvaluation of Selectivity of Antibody Drug Conjugates

An exemplary ADC was evaluated for selectivity for target bacteria using a mixed microbial
killing assay. As shown in FIGS. 11A-11D, killing activity of ADC targeting Pseudomonas was
preferential for Fseudomonas over E. coli and Klebsiella spp., compared to antibody alone, peptide alone,

or a combination of antthody and peptide.

Example 10: Binding to P, aeruginosa Including Multi-Drug Resistant Strains

The binding of an exemplary ADC (comprising mAbO01) to £ aeruginosa, including multi-drag
resistant strains, was tested. As shown in FIG. 12 and Table 7, the exemplary ADC showed strong
binding to P. aeruginosa. The exemplary ADC is highly selected for P. aeruginosa (data not shown).

The binding is LPS core specific.

Table 7. Binding Avidity to P. aeruginosa (EC50)

P. aeruginosa Strain Binding (pM}
BAA-2108% 53
BAA-2109% 73
BAA-2110% 68
BAA-2111# 53
BAA-2112% 104
BAA-2113% 38
BAA-2114% 56
33348 73
27316 72
33358 72
27853 113

* Strains are multi-drug resistant

Example 11: Encagement to Bacterial Surface

The binding of an exemplary ADC (comprising mAbU01) to bacterial surface was examined. The
binding was visualized by electron microscopy using immunogold secondary labeling. As shown in FiG.
13, the exemplary ADC binds to bacterial surface. Enhanced surface binding was observed compared to

other targets.
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Example 12: Antibody fn Vive Activity: Mutine Acute Preumonia

The in vivo activity of an exemplary anti-LPS antibody molecule (mAbO(O1) was tested in a
muring acute pneumonia model.

Mice were supplied by Charles River (Margate UK) and were specific pathogen free. The strain
of mice used was ICR (also known as CDT nuice) which is a well characterized outbred murine strain.
Mice (male) were 11-15g on receipt and were allowed to acclimatise for at least 7 days. Mice were
rendered neutropenic by immunosuppression with cyclophosphamide at 200 mg/kg 4 days before
infection and 150 mg/kg 1 day before infection by intraperitoneal injection. The imrnunosuppression
regime leads to neutropenia starting 24 hours post administration of the first injection which continues
throughout the study. Pseudomonas aeruginosa strain ATCC 27853 was used for in vive studies.

Mice were infocted approximately 24 hours after the second dose of immunosuppressive agent by
intranasal instillation with P. geruginosa ATCC 27853 prepared from fresh broth and diluted to an
optimal concentration with PBS. For infection, animals were anaesthetized with Ketamine/Xyvlazine (90
mg/kg Ketamine/9 mg/kg Xvlazine) via IP injection delivered at ~15 mb/kg. Anaesthetized mice were
infected with 0.04 mL inoculum by intranasal instillation (20 uL per nostril, 5 min between nostrils) and
were kept in an upright position on a string rack for ~10 minutes post-infection. The inoculum
concentration was 6.67 x 10° CFU/mL (~2.67 x 10* CFU/mouse lung). Stock solutions of test articles
were prepared in PBS (Dulbecco’s Phosphate Buffered Saline). Following reconstitution, all test dosing
solutions remained transiucent and non-particulaie for the duration of the dosing period.

Test articles were dosed once by the intravenous (IV) route at 12 hours before the planned
infection time. The comparators tobramycin and polymyxin B were dosed three tires a day (TID) by the
IV and subcutaneous (5C) routes, respectively, starting at 2 hours post-infection. The dosing volume was
10 mb/kg for all test article doses and comparators.

Each group included 8 neutropenic animals. Animals received intranasal inoculation of P,
aeruginosa ATCC 27853, The antibody molecule was administered at 5 mg/kg or 45 mg/kg
intravenously. Polymyxin B was used as a positive control. The 24-hour bacterial burden in lung was

reasured. As shown in FIG, 14, the exemplary antibody molecule showed 2-log reduction (CFU/g).
The results demonstrated the in vive efficacy of an LPS core-targeting antibody in a murine acute

preumonia model.

Example 13: Effect of AMP Stapling on Stabilitv and Non-Specific Binding

The effect of stapling on stability and non-specific binding (NSB) was examined using an
cxemplary antimnicrobial peptide.  As shown in FIGS, 15A-158, both T=0 and T=60 min scrum

measurements show increased amounts of the stapled AMP relative to the unstapled version. This data is
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quantitative and was generated on an L5/MS. The increase was attributed to reduced N3B with the
stapled compound. FIGS, 13C illustrates the difference between unoptimized payload and optimized
pavinad. Payloads can he selected based on scrum stability. Payloads having reduced non-specific
binding and/or enhanced protease stahility can be selected.

Serum stability sample genevation was performed as follows. Normal Human Serum (NHS)
{Sigma 5-7023) was thawed, diluted in water, centrifuged at 13000 rpm for 10 minutes and the
supernatant was warmed to 37°C in a water bath. Twenty ul of each test article was placed in 2 2.0 ml
round bottom microfuge tube. Two mi of diluted NHS was added to each tube and timmediately the tubes
were vortexed and 200 pyl was transferred to a fresh microfuge tube with 40 pl of 15% Trichloroacetic
acid (TCA)}. Assay tubes were placed at 37° C in a rotating rack between time-points. TCA tubes were
placed on ice for 15 minuies and then centrifuged at 13000 rpm for 10 minutes. Supernatant from each
tibe was collected and frozen at -20°C for analysis. Samples were barvested and processed at various
time-points up to 6 hours. Exemplary methods are also disclosed in Nguyen ef af. (2010) PLoS ONE

5(9): e12684.

Example 14; Effect of Anti-LPS Antibody on Endotoxin Signal

A cell-based colorimetric assay was used for the detection and quantification of endotoxin signal
LPS. This assay is based on the activation of Toll-like receptor (TLR) 4, the mammalian endotoxin
sensor (Beutler et al. Curr Top Microbiol Immunol. 2002; 2703:109-20). TLR4 recognizes LPS from
Gram-negative bacteria and activates NF-xB. Cells engineered to become sensitive to LPS, such as HEK-
Blue™-4 cells (InvivoGen), stably express human TLR4 and an NF-«B-inducible secreted embryonic
alkaline phosphatase (SEAP) reporter gene. The presence of LPS can be detected by the HEK-Blue™-4
cells leading to the activation of NF-kB. Using QUANTI-Blue™ (InvivoGen), a SEAP detection medium
that produces a color signal, NF-kB activation can be detected at 620-655 nm. Since the absorbance is in
direct proportion to the amount of endotoxin present, the concentration of endotoxin can be measured
from a standard curve obtained using serial dilutions of the HEK-Blue™ Endotoxin Standard
(InvivoeGen),

As shown in Fi{z. 16, the endotoxin signal (Pseudomonas-1L.PS) was completely abolished in the
presence of an exemplary anti-LPS antibody molecule, mAbOG1. Negative control (a . difficile anti-
toxin antibody, CDA1) did not show any effect on the endotoxin signal. 0.5 EU/ml of Pseudomonas-LPS

was used in this study.

Example 15: Microbial Killing Activity with Antibody Drug Conjugates

Exemplary ADCs were tested for their microbial killing activity.
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The microbial killing assay was performed as follows. Bacterial cells were grown acrobically
overnight on agar plates at 37°C. Overnight plates were used to seed 30 ml cultures of growth media in
256 mi vented flasks. Cultures were grown acrcbically at 37°C, shaking at 150 rpm. Growth was
monitored at AG00 nM and bacterial cells were harvested at mid-log growth. Ten ml of culture was
pelleted at 4000 x G for 10 minutes and washed one time with PBS plus 1% BSA before re-suspending in
2 mi PBS + BSA. The concentrated culture was used to seed 6 ml tubes of PBS plus BSA to an OD
giving a concentration of 1x10° cells/ml. Cultures were diluted to 1x107 celis/ml in PBS plus BSA. Test
articles were diluted in PBS +1% BSA and 50 pl per concentration tested was loaded into a 96 well
polypropylene microtiter plate. Fifty pl of diluted culowre was added to all test wells as well as no
compound conirol wells. Plates were shaken and incubated at 37°C, 90 minutes, static. Ten pl from each
assay well was plated onto agar plaies and tncubated at 37°C overnight. Percent killing was determined
by the CFU for test wells compared to the CFU for no compound control wells.

As shown in Table 9, multiple exemplary ADCs showed 50% killing activity against .

aeruginosa stains at a concentration less than 10 pg/mi.

Table 9. Microbial Killing Activity of Exemplary ADCs

(SEQ ID (SEQ ID 50% Killing Activity
NG: 157) NG: 157 {pg/md)
Exeroplary mAb Linker-HC | Linker-1L.C Valency Payload Pac Pac
Conjugates 27853 39324
1 mAbOOT (G515 (G515 Tetra- P27l 25 6.3
2 mAbOG1 (GS)y15 (GSH15 Tetra- P263 25 12.5
3 mAbOOT (GS)15 (GSHY15 Tetra- P284 6.3 3.1
4 mAbOO1 (GS¥13 (GSH15 Tetra- P295 6.3 0.8
5 mAbGO1 (G515 {(GS)15 Tetra- P297 1.6 0.4

L Y e D e L s A ot L Y

Exemplary compounds were tested for their microbial killing activity against multiple drug

vesistant £ geruginosa strain.

The microbial killing assay was performed as described in Example 15. As shown in Table 14,

exemplary ADCs showed microbial killing activity against multiple drug resistant (MDR) strains of £.

GEFUZINOSa.

Table 10. Microbial Killing Activity of Exemplary ADCs against MDR Strains

S50% Killing Activity {ug/mi)
Compounds | mAb Linker- | Linker- | Valency | Payload Pae BAA- | BAA- | BAA-
HC LC 27853 2110 2114 2108
(SEQ | (SEQ
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D NG | 1D NO:
157) 157)
mAbO0] | mAbOOT >100 >100 >100 >100
P295 - P295 8.3 0.6 g.14 (.6
P297 - pP297 0.04 0.28 0.7 0.28
mAbO01- | mABOOT | (GSY15 | (G515 | Tetra- P295 12.5 12.5 6.3 6.3
Conjugatel
mAbO01- | mAbOOT | (GS)15 | (GS)HI5 | Tewa- P297 3.1 6.3 3.1 3.1
Conjugate?

Example 17: Selective Killing of Bacteria by Antibodyv Drug Conjugates

Exemplary compounds were tested for their killing selectivity against different bacteria.

The Pseudomonas strains used in the assay were P. aeruginosa 27853 (ATCQC), P. aeruginosa
30324 (ATCC), P. aeruginosa PAGT (UMD). The E. coli strains used in the assay were £. coli 25922
{ATCC) and E. coli 43745 (I5) {ATCC). The Klebsiella strain used in the assay was K. preymorniae
700603 (ATCC). Bacterial cells were grown on agar plates from frozen stocks. All bacterial strains were
grown on blood agar plates (TSA + 5% Sheep blood). Al plates were grown at 37° € overnight.

Overnight plates were used to establish 0.5 McFarland Cultures in 10 ml Pyrex tubes in 6 ml 1X
PBS. The concentrated cultures (approximately 1x10° cells/ml) were diluted 2 x 1:100 in PBS (0.1 mis
culture in 9.9 ml PBS) to a concentration of approximately 1x10" cells/ml. Ten pl of each of the diluted
cultures were plated onto blood agar plates (BAPs) using sterile “hockey stick” spreaders to determine the
initial concentration, check for purity, and establish strain morphology. One ml of each diluted culture
was then mixed with enough PBS to bring the volume to 10 ml. This mixed culture had approximately
1x10)" cells of each bacterial strain per ml. 25 pl of this mixed culture was plated onto a BAP to establish
the t = (0 CFUs/ml for each strain.

Antibodies, anti-ricrobial peptides (AMPs), and antibody dmg conjugates (ADCs) to be tested
were diluted in 1x PBS. Dilutions were either 2 fold or four-fold and 3 or 4 concentrations of each
compound were tested. For antibodies and conjugates, typical final assay concentrations for the assay
were 100, 25, 6.25, and 1.56 pg/ml although higher, lower, and broader dilution ranges had been used.
Antimicrobial peptides were tested at molar equivalents to the amount of peptide that was found in a
corresponding conjugate (most cormmonly 4.4, 1.1, 0.28, and 0.07 pg/mi). Al compounds were at a final
volume of 200 pl in a 2.0 ml round bottom Eppendorf tube. A no compound control tube was also
included.

200 ul of the mixed bacterial culture above was added to all assay tubes. The tubes were votexed
and 50 pl of cach assay tube were plated on separate BAPs. The assay tubes were then placed at 37° Cin
a rotating rack. The plating procedure was repeated at one or two hour intervals over four hours with the

tubes rotating at 37° € between timepoints. All plates were put at 37° C overnight.
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Total plates required = (number of assay tubes x number of time-poinis) + t = { controls (3-4)

The following day, all plates were counted for CFU of each bacterial strain.

For cach compound, percent killing (% CFU reduction compared to a no compound control} was
calculated for each strain at each timnepoint. Data was tabled and graphed as % killing vs. time.

As shown in FEIG. 17, the exemplary ADC selectively killed Pseudomonas and rapid killing

{within an hour) was achieved.

Example 18: Antibody Drug Conjugate In Vivo Activity: Murine Acute Pneumonia

The in vivo activity of an exemplary ADC (mAbQOU1-conj2) was tested in a murine acute
preumonia model.

Mice were supplied by Charles River (Margate UK) and were specific pathogen free. The strain
of mice used was ICR (also known as CD1 mice) which is a well characterized outhred murine strain.
Mice (male) were 11-15g on receipt and were allowed to acclimatise for at least 7 days. Mice were
rendered neutropenic by immunaosuppression with cyclophosphamide at 200 mg/kg 4 days before
infection and 1530 mg/kg 1 day before infection by intraperitoneal injection. The immunosuppression
regime leads to nevtropenia starting 24 hours post administration of the first injection which continues
throughout the study. Pseudomonas aeruginosa strain ATCC 27853 was used for in vive studies.

Mice were infected approximately 24 hours after the second dose of immunosappressive agent by
intranasal instillation with P. aeruginosa ATCC 27853 prepared from fresh broth and diluted to an
optimal concentration with PBS. For infection, animals were anaesthetized with Ketamine/Xylazine (90
mg/kg Ketamine/9 mg/kg Xylazine) via IP injection delivered at ~15 mL/kg. Anaesthetized mice were
infected with 0.04 mL inoculum by intranasal instilfation (20 uL per nostril, 5 min between nostrils) and
were kept in an upright position on a string rack for ~10 minutes post-infection. The inoculum
concentration was 6.67 x 10° CFU/mL (~2.67 x 10* CFU/mouse lung). Stock solutions of test articies
were prepared in PBS (Dulbecco’s Phospbate Buffered Saline). Following reconstitution, all test dosing
solutions remained translucent and non-particulate for the duration of the dosing period.

For intravenous dosing, test articies were dosed once by the IV route at 2 hours before the
planned infection time. The comparators tobramycin and polymyxin B were dosed TID by the IV and SC
route respectively starting at 2 hours post-infection. The dosing volume was 10 ml/kg for all test article
doses and comparators.

For intranasal (IN} dosing, test articles and comparator Tobramycin were dosed once intranasally
{IN) post infection (15 min for Co-adnunistration; Zh for therapeutic). Animals were anaesthetized with

isoflurane. Anaesthetized mice were dosed with 0.04ml. inoculurn by intranasal instillation (20uL. per

148



io

i5

20

25

WO 2017/083515 PCT/US2016/061330

nostril, 3 min between nostrils) and were kept in an upright position on a stiing rack for ~10 minutes post-
dosing

2 Hours post infection, pre-treatment contro animals were humanely cuthanized using a
pentobarbitone overdose. Clinical condition of the remaining animals was monitored and animals that
succumbed to the disease were humanely euthanized. The study was terminated ~23h post infection when
most of the vehicle mice were at the ethically agreed cadpoint.

At 23 hours post infection, the clinical condition of all remaining animals was assessed and they
were humanely euthanized by pentobarbitone overdose. Animal weights were determined before the
tungs were removed and weighed. Lung samples were homogenized in ice cold sterile phosphate buffered
saline using a Precellys bead beater; the homogenates were quantitatively cultured onto Pseudomonas
selective agar and incubated at 37°C for 16 to 24 hours hefore colonies were counted. Bacterial burden in
the tung was reported on a CFU/g basis. The murine model is also described in Secher er al. PLoS One.
2013; 8(9):73396.

In the Co-administration study arm, each group inchided 6 neutropenic animals. Animals
received co-administration of ADC or antibody molecule with bacteria. The ADC (mAb(01-Conj2) was
adoinistered at 10 ug or 200 pg (mAbG01-ConiZ = mAbB01-P297 conjugaie), and mAbLOT was
administered at 200 pg. The 24-hour bacterial burden in ung was measured. As shown in FIG. 184, the
exemplary ADC showed rapid activity when co-administered with bacteria. The activity was comparable
to Tobramyein.

In the intranasal (IN) study arm, cach group included 6 neutropenic animals. Animals received
intranasal inoculation of P. geruginosa ATCC 27853, The ADC (mAb001-Conj2) was administered at
10 g or 200 pg 2 howrs post ingculation. The 24-hour bacterial burden in fang was measured. As shown

in FIG. 18B, the cxemplary ADC showed about 2logy, reduction in CFU/g.

Example 19: Biocavailability of Antibody Drug Conjugate

The bioavailability of an exemplary ADC was studied in a mouse model. C57/BL6 mice, 6 week
old, male, were used. Each group included four mice. mAbO08]1 and mAb(G1-P297 were dosed at 5
mg/kg by intravenous tnjection. Data were collected 24 hours and 120 hours post-administration. Human
1gG was quantified by ELISA.

As shown in FEG. 19, the bioavailability of the mAbOO! conjugate was comparable to mAbOO1.
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Example 20: Study of Phosphorylated Glycans in Core LPS

Phosphorylated giycans represent a key, conserved motif in all P. aeruginosa strains. LPS was
prepared from PACSS7 strain. NMR analysis revealed multiple glycoforms, variable O-acetylation in

outer core, and hyper-phosphorvlated L, D-mannocheptose units.

Example 21: Effect of D-Amino Acids on Peptide Serum Stability

The cffect of D-amino acids on the stability of antimicrobial peptide in human serum was studied.
An exeroplary antimicrobial peptide, P297, was used in this study. (D)-P297 contains all D-amino acids
and (1)-P297 contains all L-amino acids. The percentages of remaining intact peptides were measured
cither in the absence of human serum, or in the prescnce of 2%, 5%, or 10% human serum, over a period
of 60 minutes. As shown in FIGS, 20-21, (1)-P297 degraded rapidly {and coropletely under certain

testing conditions), and (13)-P297 was considerably more stable than (L)-P297.
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INCORPORATION BY REFERENCE
All publications, patents, and accession numbers mentioned herein are hereby incorporated by
reference in their entirety as if cach individual publication or patent was specifically and individually

5 indicated to be incorporated by reference.

EQUIVALENTS
While specific embodiments of the compositions and methods herein have been discussed, the
above specification is llustrative and not restrictive. Many variations of the invention will become
10 apparent to those skilled in the art upon review of this specification and the claims below. The full scope
of the invention should be determined by reference to the claims, along with their full scope of

cquivalents, and the specification, along with such variations.
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We clain:

1. An antibody molecule-drug conjugate (ADC) corprising: a) an antibody molecule that

binds to lipopolysaccharide (LPS); and b) an antimicrobial peptide.

2. The ADC of claim I, wherein the ADC or antibody molecule comprises a heavy chain
variable region (VH), wherein the VH comprises three heavy chain complementarity determining regions

(HCDRI, HCDR2, and HCDR3), and wherein the VH comprises:

{a) an HCDR1 comprising the amino acid sequence of SEQ ID NO: 108; an HCDR2
comprising the amino acid sequence of any of SEQ ID NOS: 109, 145, or 146; and an HCDR3
comprising the amino acid sequence of SEQ D NO: 107, or

b an HCDR1 comprising the amino acid sequence of SEQ [D NO: 105; an HCDR2
comprising the amino acid sequence of SEQ 1D NO: 106; and an HCDR3 comprising the amino acid

sequence of SEQ [D NO: 107,

3 The ADC of claim 1 or 2, wherein the ADC or antibody molecule comprises 2 VH,
wherein the VH comprises three heavy chain complementarity determining regions (HCDR1, HCDR?2,
and HCDR3), and wherein the VH comprises:

(a¥i) an HCDRI comprising the amino acid sequence of SEQ ID NG: 108; an HCDRZ
comprising the amino acid sequence of SEQ H NO: 109; and an HCDR3 comprising the amino acid
sequence of SEQ 1D NO: 107,

{a}i) an HCDRI comprising the amino acid sequence of SEQ 1D NO: 108; an HCDR2
comprising the amino acid sequence of SEQ ID NO: 145; and an HCDR3 comprising the amino acid
sequence of SEQ ID NO: 107,

{a)(i1) an HCDRI comprising the amino acid sequence of SEQ 1D NO: 108; an HCDR2
comprising the amino acid sequence of SEQ I3 NO: 146; and an HCDR3 comprising the amino acid
sequence of SEQ 1D NO: 107, or

(b an HCDRI comprising the amino acid sequence of SEQ 1D NO: 105; an HCDR2
comprising the amino acid sequence of SEQ 1D NO: 106; and an HCDR3 comprising the armino acid

sequence of SEQ [D NO: 107.
4, The ADC of any of claims 1-3, wherein the ADC or antibody molecule comprises a light

chain variable region (VL)), wherein VL comprises three light chain complementarity determining regions

(LCDR1I, LCDR2Z, and LCDR3), and wherein the VL comprises: an LCDRI comprising the amino acid
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sequence of any of SEQ ID NOS: 110, 138, 140, or 144; an LCDR2 comprising the amino acid sequence
of any of SEQ ID NOS: 111, 139, 141, 142, or 143; and an LCDR3 comprising the amino acid sequence

of any of SEQ 1D NO: 112,

5. The ADC of any of claims 1-4, wherein the ADC or antibody molecule comprises VL,
wherein VL comprises three light chain complementarity determining regions (LCDR1, LCDR2, and
LCDR3), and whercein the VL comprises:

L an LCDR1 coroprising the amino acid sequence of SEQ D NO: 110; an LCDR2
comprising the amino acid sequence of SEQ [D NO: 111; and an LCDR3 comprising the amino acid
sequence of any of SEQ 1D NO: 112,

(it} an LCDRI comprising the amino acid sequence of SEQ [D NO: 138; an LCDR2
comprising the amino acid sequence of SEQ 1D NO: 139; and an LCDR3 comprising the amino acid
sequence of any of SEQ ID NG: 112,

(it} an LCDR1 comprising the amino acid sequence of SEQ ID NO: 138; an LCDR2
comprising the amino acid sequence of SEQ ID NO: 111; and an LCDR3 comprising the amino acid
sequence of any of SEQ D NO: 112,

v an LCDR1 coroprising the amino acid sequence of SEQ [D NO: 140; an LCDR2
comprising the amino acid sequence of SEQ [D NO: 111; and an LCDR3 comprising the amino acid
sequence of any of SEQ 1D NO: 112,

2 an LCDRI comprising the amino acid sequence of SEQ D NO: 110; an LCDR2
comprising the amino acid sequence of SEQ 1D NO: 141; and an LCDR3 comprising the amino acid
sequence of any of SEQ ID NG: 112,

{(vi) an LCDRI comprising the amino acid sequence of SEQ ID NO: 110; an LCDR2
comprising the amino acid sequence of SEQ 13 NO: 142; and an LCDR3 comprising the amino acid
sequence of any of SEQ 1D NG: 112,

{(viiy  an LCDRI comprising the amino acid sequence of SEQ ID NO: 138; an LCDR2
comprising the amino acid sequence of SEQ ID NO: 143; and an LCDR3 comprising the amino acid
sequence of any of SEQ 1 NO: 112,

(viii} an LCDRI comprising the amino acid sequence of SEQ 1D NO: 138; an LCDR2
comprising the amino acid sequence of SEQ ID NO: 139; and an LCDR3 comprising the amino acid
sequence of any of SEQ ID NO: 112,

(1% an LCDRI comprising the amino acid sequence of SEQ 1D NO: 144; an LCDR2
comprising the amino acid sequence of SEQ ID NO: 142; and an LCDR3 comprising the amino acid

sequence of any of SEQ ID NO: 112, or
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{x} an LCDR1 comprising the amino acid sequence of SEQ ID NO: 138; an LCDR2
comprising the amino acid sequence of SEQ ID NO: 142; and an LCDR3 comprising the amino acid

sequence of any of SEQ 1D NO: 112,

6. The ADC of any of claims 1-5, wherein the ADC or antibody molecule comprises a VH
and a VL, wherein the VH comprises three heavy chain complementarity determining regions (HCDR1,
HCDR2, and HCDR3), and the VL comprises three light chain complementarity determaining regions
(LCDRI1, LCDRZ, and LCDR3), and wherein the ADC or antibody molecule comprises:

{a) an HCDR1 comprising the amino acid sequence of SEQ ID NO: 108; an HCDR2
comprising the amino acid sequence of any of SEQ [D NOS: 109, 145, or 146; an HCDR3 comprising the
amino acid sequence of SEQ 1D NO: 107; an LCDR1 comprising the amino acid sequence of any of SEQ
1D NOS: 110, 13§, 140, or 144; an LCDR2 comprising the amino acid sequence of any of 3EQ 1D NOS:
111, 139, 141, 142, or 143; and an LCDR3 comprising the amino acid sequence of any of SEQ ID NO:
112, or

(b} an HCDR1 comprising the amino acid sequence of SEQ ID NO: 105; an HCDR2
comprising the amino acid sequence of SEQ 1 NO: 106; an HCDR3 comprising the amino acid
sequence of SEQ 1D NO: 107; an LCDRI comprising the amino acid sequence of any of SEQ ID NOS:
110, 138, 140, or 144; an LTDRZ comprising the amino acid sequence of any of SEQ ID NOS: 111, 139,

141, 142, or 143; and an LCDR3 comprising the amino acid sequence of any of SEQ ID NO: 112,

7. The ADC of any of clairmos 1-6, wherein the ADC or antibody molecule comprises a VH
and a VL, wherein the VH comprises three heavy chain complementarity determining regions (HCDR1,
HCDR2, and HCDR3), and the VL comprises three light chain complementarity determining regions
(LCDR1, LCDR2, and LCDR3),

wherein the VH comprises:

{a)1) an HCDRI comprising the amino acid sequence of SEQ ID NO: 108; an HCDR2
comprising the amino acid sequence of SEQ D NO: 109; and an HCDR3 comprising the amino acid
sequence of SEQ 1D NO: 107,

(a)i) an HCDRI1 comprising the amino acid sequence of SEQ 1D NO: 108; an HCDR2
comprising the amino acid sequence of SEQ ID NO: 145; and an HCDR3 comprising the amino acid
sequence of SEQ ID NO: 107,

(a)(iii} an HCDRI1 comprising the amino acid sequence of SEQ ID NO: 108; an HCDR2
comprising the amino acid sequence of SEQ I3 NO: 146; and an HCDR3 comprising the amino acid

sequence of SEQ ID NO: 107, or
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(b an HCDR1 comprising the amino acid sequence of SEQ ID NO: 105; an HCDR2
comprising the amino acid sequence of SEQ D NO: 106; and an HCDR3 comprising the amino acid
sequence of SEQ 1D NG: 107, and

wherein the VL comprises:

{1} an LCDRI comprising the amino acid sequence of SEQ ID NO: 110; an LCDR2
comprising the amino acid sequence of SEQ ID NO: 111; and an LCDR3 comprising the amino acid
sequence of any of SEQ D NO: 112,

(i) an LCDR1 coroprising the amino acid sequence of SEQ [D NO: 138; an LCDR2
comprising the amino acid sequence of SEQ [D NO: 139; and an LCDR3 comprising the amino acid
sequence of any of SEQ 1D NO: 112,

(it} an LCDR1 comprising the amino acid sequence of SEQ [D NO: 138; an LCDR2
comprising the amino acid sequence of SEQ 1D NO: 111; and an LCDR3 comprising the amino acid
sequence of any of SEQ ID NG: 112,

{iv) an LCDRI comprising the amino acid sequence of SEQ ID NO: 140; an LCDR2
comprising the amino acid sequence of SEQ ID NO: 111; and an LCDR3 comprising the amino acid
sequence of any of SEQ D NO: 112,

{v} an LCDR1 coroprising the amino acid sequence of SEQ D NO: 110; an LCDR2
comprising the amino acid sequence of SEQ [D NO: 141; and an LCDR3 comprising the amino acid
sequence of any of SEQ 1D NO: 112,

(vi} an LCDRI comprising the amino acid sequence of SEQ D NO: 110; an LCDR2
comprising the amino acid sequence of SEQ 1D NO: 142; and an LCDR3 comprising the amino acid
sequence of any of SEQ ID NG: 112,

(vii)  an LCDRI comprising the amino acid sequence of SEQ ID NO: 138; an LCDR2
comprising the amino acid sequence of SEQ 13 NO: 143; and an LCDR3 comprising the amino acid
sequence of any of SEQ 1D NG: 112,

(viii} an LCDR1 comprising the amino acid sequence of SEQ ID NO: 138; an LCDR2
comprising the amino acid sequence of SEQ ID NO: 139; and an LCDR3 comprising the amino acid
sequence of any of SEQ 1 NO: 112,

% an LCDRI comprising the amino acid sequence of SEQ 1D NO: 144; an LCDR2
comprising the amino acid sequence of SEQ ID NO: 142; and an LCDR3 comprising the amino acid
sequence of any of SEQ ID NO: 112, or

(X} an LCDRI comprising the amino acid sequence of SEQ 1D NO: 138; an LCDR2
comprising the amino acid sequence of SEQ ID NO: 142; and an LCDR3 comprising the amino acid

sequence of any of SEQ ID NO: 112.
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8. The ADC of any of claims 1-7, wherein the ADC or antibody molecule comprises a VH,
wherein the VH comprises an amino acid sequence that differs by no more than 1,2, 3,4, 5, 6,7, 8, 9, 10,
11,12, 13, 14, or 15 amino acid residues from, or has at least 85, 90, 95, 96, 97, 98, 99, or 100%

homology with, the amino acid sequence of any of SEQ 1D NOS: 103 or 115-118.

9, The ADC of any of claims 1-8, wherein the ADC or antibody molecule comprises a VH,

wherein the VH comprises the amino acid sequence of any of SEQ ID NOS: 103 or 115-11%.

10. The ADC of any of claims 1-9, wherein the ADC or antibody molecule comprises a VL,
wherein the VL comprises an amino acid sequence that differs by no more than 1, 2, 3,4, 5, 6,7, 8,9, 10,
11,12, 13, 14, or 15 anuno acid residues from, or has at least 85, 90, 95, 96, 67, 98, 99, or 100%

homology with, the amino acid sequence of any of SEQ 1D NOS: 104 or 119-137.

il The ADC of any of claims 1-10, wherein the ADC or antibody molecule comprises a VL,
wherein the VL comprises the amino acid sequence of any of SEQ 1D NOS: 104 or 119-137.

12. The ADC of any of claims 1-11, wherein the ADC or antibody molecule comprises a VH
and a VL, wherein the VH comprises an amino acid sequence that differs by no more than 1, 2, 3,4, 5, 6,
7,8,9, 10, 11, 12, 13, 14, or 15 amuno acid residues from, or has at least 85, 90, 93, 96, 97, 98, 99, or
100% homology with, the amino acid sequence of any of SEQ D NOs: 103 or 115-118, and wherein the
VL comprises an amino acid sequence that differs by nomore than 1, 2,3, 4,3, 6,7, 8,9, 10, 11, 12, 13,
14, or 15 amino acid residues from, or has at Ieast 85, 90, 93, 96, 97, 98, 99, or 100% homology with, the

amino acid sequence of any of SEQ 1D NO&: 104 or 119-137.

i3. The ADC of any of claims 1-12, wherein the ADC or antibody molecule comprises a VH
and a VL., wherein the VH comprises the amino acid sequence of any of SEQ D NOs: 103 or 115-118,
and wherein the VL the amino acid sequence of any of SEQ 1D NOS: 104 or 119-137.

14. The ADC of any of claims 1-13, wherein the antibody molecule is a monoclonal antibody

molecule, a humanized antibody molecule, an isolated antibody molecule, or a synthetic antibody

molecule.
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i5. The ADC of any of claims 1-14, wherein the ADC or antibody molecule comprises two

VHs and two VLs.

16. The ADC of any of clairns 1-15, wherein the ADC or antibody molecule further

comprises a heavy chain constant region of an IgG1, 1gG2, 1gG3, or IgG4.

17. The ADC of any of claims 1-16, wherein the ADC or antibody molecule further

comprises a light chain constant region of a kappa or lambda chain.

1&. The ADC or any of claims 1-14, wherein the ADC or antibody molecule comprises a

Fab, a F(ab’)2, an Fv, or a singlc chain Fv fragment (scFv).

9. The ADC of any of claims 1-18, wherein the ADC or antibody molecule binds to a core
pentasaccharide region of the LPS, wherein the core pentasaccharide region comprises one or more Kdo

residues and one or more Hep residues.

20. The ADC of any of claims 1-19, wherein the ADC or antibody molecule binds to one or

more Gram-negative bacteria.

21. The ADC of claim 20, wherein the one or more Gram-negative bacteria arc: a specics of
Enterobacteriaceae chosen from a species of Klebsiella, Enterobacter, Shigella, Escherichia, Salmonella,
Yersinia, or Citrobacter, a species of Pseudomonas, a species of Acinetobacter, or any combination

thereot.

22. The ADC of any of claims 1-21, wherein the ADC or antibody molecule binds to one or
wore of: Klebsiella pnewmonia, Enterobacter cancerogenous, Enterobacter cloacae, Enterobacier
hormaechei, Enterobacter asburiae, Shigella boydii, Shigella dysenteriae, Shigelia flexneri, Shigelia
sonnei, Escherichia coli, Escherichia fergusonii, Salmonella choleraesuis, Salmonelia enteritidis,
Salmonella virchow, Salmonella pararyphi B, Salmonella tvphimurium, Salmonella paratyphi A,
Salmonella typhi, Salmonella bongori, Citrobacter sediakii, Citrobacter braalkii, Citrobacter werkmanii,

Citrobacter freundii, Citrobacter youngae, Citrobacter amalonaticus, Yersinia enterocolitica, Yersinia

Jfrederiksenii, Yersinia pestis, Yersinia pseudotuberculosis, Pseudomonas aeruginosa, Acinetobacter

baumannii, or any combination thereof.
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23. The ADC of any of claims 1-22, wherein the ADC or antibody molecule binds to one or

1ore antibiotic-resistant or multidrug-resistant {MDR) bacteria.

24. The ADC of any of claimas 1-23, wherein the ADC or antibody molecule binds to LPS

with a Ky, that is less than about 100M as measured by an ELISA method.

25. The ADC of any of claims 1-24, wherein the ADC or antibody molecule has an

opsonophagocytic activity against a bacterium.

26. The ADC of any of claims 1-25, wherein the antibody moleculc is fused to the

antimicrobial peptide.

27. The ADC of any of claims 1-26, wherein the antibody molecule comprises: (a) a VH
fused to the antimicrobial peptide, wherein the VH is N-terminal or C-terminal fo the antimicrobial
peptide; {b) a VL fused to the antimicrobial peptide, wherein the VL is N-terminal or C-terminal to the

antimicrobial peptide; or (¢} both (a) and (b).

28. The ADC of claim 27, wherein the C-termunus of the VH or VL i3 fused to the N-

terminus of the antimicrobial peptide indirectly via a constant region, a linker, or both.

249, The ADC of any of clairos 1-28, wherein the antibody molecule is fused to the

antimicrobial peptide by a sortase.

30. The ADC of any of claims 1-29, wherein the ADC or antimicrobial peptide comprises an
amino acid sequence that differs by no more than 1, 2, 3, 4, or 5 amino acid residoes from, or has at least
80, 83, 90, 95, 96, 97, 98, 99, or 100% homology with, the amino acid sequence of any of SEQ ID NOS:
67-80, 94-102, 147-156, 158-159, or 163-164.

31. The ADC of any of clairos 1-30, wherein the ADC or the antimicrobial peptide comprises

the anino acid sequence of any of SEQ ID NOS: 67-80, 94-102, 147-156, 158-159, or 163-164.

32. The ADC of any of claims 1-31, wherein the antimicrobial peptide comprises 1, 2, 3, 4, 5,

6,7,8,9,10,11, 12, 13,14, 15,16, 17, 18, 19,20, 21, 22,23, 24, 25,26, 27, 28, 29, 30, 31, 32, 33, 34,
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35, or more D-amino acids, or at least 10%, 20%. 30%, 40%, 50%. 60%, 70%, 0%, 90%, 95%. or 1{3(%,

of the amino acid residues in the antimicrobial peptide arc D-amino acids.

33. The ADC of any of claims 1-32, wherein the antimicrobial peptide comprises a first
cysteine residue and a second cysteine residue, and wherein the first cysteine residue is cross-linked to the

sccond cysteine residue.

34 The ADC of any of claims 1-33, comprising at least two, three, or four antimicrobial

peptides.

35. The ADC of any of claims 1-34, comprising at least two, three, or four identical, or
substantially identical, antimicrobial peptides, each of which is fused to a VH or VL indirectly via a

constant vegion, a linker, or both.

36. The ADC of any of claims 1-35, wherein the ADC has:

{a) a minimum inhibitory concentration (MIC) for a Gram-negative bacterium that is at least 2, 3,
4,5,6,7,8,9, 10, 20, 30, 40, 50, 60, 70, 80, 94, or 100 fold lower on a molar basis than the MIC of the
antimicrobial peptide alone;

(b} a minimum bactericidal concentration (MBC) for a Gram-negative bacterium that is at least 2,
3,4,5.6,7, 8,9, 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100 fold lower on a molar basis than the MBC of
the antimicrobial peptide alone; or

{c) both {a) and (b).

37 The ADC of any of claims 1-36, wherein the ADC has:

{a) a MIC for a Gram-negative bacterium that is at least 2, 5, 10, 20, 50, 100, 200, 300, or 1000
fold lower on a molar basis than a MIC for a Gram-positive bacteriumn;

(v an MBC for a Gram-negative bacterium that is at feast 2, 5, 10, 20, 50, 100, 260, 500, or 1000
fold lower on a molar basis than an MBC for a Gram-positive bacterium; or

{¢) both (a) and (b).

38. The ADC of any of claims 1-37, wherein the antimicrobial peptide has an antirnicrobial
activity against 2, 3, or all of the following: (a} at least one species of Enterobacteriaceae chosen from
one or more species of Klebsiella, Entevobacter, Shigella, Escherichia, Salmonella, Yersinia, or

Citrobacter; (b) at least one species of Pseudomonas; or () at least one species of Acinetfobacter.
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39. The ADC of any of claims 1-38, wherein the antimicrobial peptide has:

(a) a MIC of less than 100, 90, 80, 70, 60, 50, 40, 30, 20, 10, or 5 pg/ml, for Escherichia
coli, Pseudomonas aeruginosa, or both;

{b) ain MBC of less than 100, 90, 80, 70, 60, 50, 40, 30, 20, 10, or 3 ug/ml, for Eschierichia
coli, Pseudomonas aeruginosa, or both; or

{c) both (a) and (b).

40. The ADC of any of claims 1-39, wherein the antimicrobial peptide has a PLC to MIC
ratie for a Gram-negative bacteria which is greater than 4:1, whercin the PLC is determined by ared

hliood cell hemolysis assay.

41. A pharmaceutical composition comprising an ADC of any of claims i-40 and a

pharmaceutically acceptable carricr.

42. An ADC of any of claims 1-40, or a pharmaceutical composition of claim 41, foruse in a

method of treating or preventing a bacterial infection in a subject.

43. The ADC or composition for usc of claim 42, whercin the bacterial infection is associated

with a Gram-negative bacterium.

44. The ADC or composition for use of claim 42 or 43, wherein the ADC is administered at a

dose of 1-10 mg/kg.

45. The ADC or composition for use of any of claims 42-44, wherein the ADC is

administered intravenously, subcutancously, or intranasally or by inhalation.

46. The ADC or composition for usc of any of claims 42-45, wherein the ADC is

administered prior to or after onset of a symptom associated with the bacterial infection.

47. The ADC or composition for use of any of claims 42-46, wherein the subject has onc or
more of: pneumonia, a urinary tract infection (UTH), septicemia, meningitis, diarrhea, a soft tissue

infection, a skin infection, bacteremia, a respiratory system infection, endocarditis, an intra-abdominal

infection, septic artheitis, osteomyelitis, a CNS infection, an ophthalmic infection, cholecystitis,
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cholangitis, meningitis, typhoid fever, food poisoning, gastroenteritis, enleric fever, shigellosis, a blood
stream infection, intra-abdominal sepsis, a brain abscess, meningitis, sepsis, a joint infection, a bone

infection, a gastroiniestinal infection, or a wound infection.

48. The ADC or composition for use of any of claims 42-47, wherein the bacterial infection

is a nosocomial infection or a hospital-acquired infection.

49. The ADC or composition for use of any of claims 42-48, wherein the subject is a human

or an animat.

50. The ADC or composition for usce of any of claims 42-49, wherein the subject is an

irmunocompromised patient or a health professional.

51. The ADC or composition for use of any of claims 42-50, wherein the subject has, or is at
risk of having, an HIV infection or AIDS, a cancer, a solid organ transplantation, a stem cell
transplantation, a sickle cell discase or asplenia, a congenital imnwne deficiency, a chronic inflanymatory

condition, a cochlear implant, malnutrition, or a cercbrospinal fhid Ieak.

52. The ADC or composition for use of any of claims 42-51, wherein the subject is 18 years
old or vounger, 15 years old or younger, 12 vears old or younger, 9 years old or younger, or & years old or
younger, ot is at {east 60 years old, at least 65 years old, at least 70 years old, at least 75 years old, or at

feast 80 years old.

33 The ADC or composition for use of any of claims 42-52, wherein the method further

comprises administering to the subject a second antimicrobial agent or thevapy.

54. The ADC or composition for use of claim 53, wherein the second antimicrobial agent or

therapy comprises an antibiotic or a phage therapy.

S5, The ADC or composition for use of claim 54, wherein the antibiotic is chosen from an
aminoglycoside, an ansamycin, a carbacephein, a carbapencm, a cephalosporin, a glycopeptide, a
lincosamide, a lipopeptide, 2 macrolide, a monobactam, a nitrofuran, an oxazolidinone, a penicillin, a
penicitlin combination, a polypeptide, a quinolone or fluoroquinolone, a sulfonamide, a tetracycline, or a

drug against mycobacteria.
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56. The ADC or composition for use of claim 534 or 55, wherein the antibiotic is chosen from
amikacin, gentamicin, kanamycin, neomycin, netilmicin, tobramycin, paromomycin, streptomycin,
spectinomyein, geldanamycin, herbimycin, or rifaximin, loracarbef, ertapenem, doripenem,
imipenemy/cilastatin, meropenem, cefadroxil, cefazolin, cefalotin, cefalothin, cephalexin, cefaclor,
cefamandole, cefoxitin, cefprozil, cefuroxime, cefixime, cefdinir, cefditoren, cefoperazone, cefotaxime,
cefpodoxime, ceftazidime, ceftibuten, ceftizoxime, ceftriaxone, cefepime, ceftaroline fosamil,
ceftobiprole, teicoplanin, vancomyein, telavancin, dalbavancin, oritavancin, clindamyein, lncomycin,
daptomycin, azithromycin, clarithromyein, divithromycin, erythromyecin, roxithromycin, trolcandomycin,
telithromycin, spiramycin, aztreonam, furazolidone, nitrofurantoin, linezolid, posizolid, radezolid,
torezolid, amoxicillin, ampicillin, azlocillin, carbenicillin, cloxacillin, dicloxacillin, flucloxacillin,
mezlocillin, methicillin, nafcillin, oxacillin, penicillin g, penicillin v, piperacillin, penicillin g, temnocillin,
ticarcillin, amoxicillin/clavulanate, ampicillin/sulbactam, piperacillin/tazobactam, ticarcillin/clavalanate,
bacitracin, colistin, polymyxin b, ciprofloxacin, enoxacin, gatifioxacin, gemifioxacin, levotloxacin,
lometloxacin, moxifloxacin, nalidixic acid, norfloxacin, ofloxacin, trovafloxacin, grepafioxacin,
sparfloxacin, temafloxacin, mafenide, sulfacetamide, sulfadiazine, silver sulfadiazine, sulfadimethoxine,
sulfarethizole, sulfamethoxazole, sulfanilimide, sulfasalazine, sulfisoxazole, trimethoprim-
sulfamethoxazole (co-trimoxazole}, salfonamidochrysoiding, demeclocycline, doxyeycline, minocycling,
oxyteiracycline, tetracycline, clofazimine, dapsone, capreomycin, cycloscrine, ethambutol, ethionamide,
isoniazid, pyrazinamide, rifampin, rifabutin, rifapentine, streptomycin, arsphenamine, chloramphenicol,
fosfornycin, fusidic acid, metronidazole, mupirocin, platensimycin, quinupristin/dalfopristin,

thiamphenicol, tigeeycline, tinidazole, or trimmethoprim.

37 The ADC or composition for use of any of claims 54-56, wherein the antibiotic is chosen
from levofloxacin, ciprofloxacin, gentamicin, ceftriaxone, ofloxacin, amikacin, tobramycein, aztreonam, or

tmipenem/cilastatin.

58. The ADC or composition for usc of any of claims 53-57, wherein the sccond
antimicrobial agent or therapy is administered before the ADC is administered, concurrently with the

administration of the ADC, or after the ADC is administered.
39. A method of inhibiting or reducing a bacterial infection, coraprising contacting a cell an

ADC of any of claims 1-40, or a pharmaceutical composition of claim 41, in an amount effective to

inhibit or reduce the bacterial infection.
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60.

The method of claim 59, wherein the ADC or pharmaceutical composition is contacted

with the cell in vitro, ex vivo, or in vivo.

61.

A kit comprising: an ADC of any of claims 1-40 or a pharmaceutical composition of

claim 41; and instructions for use of the ADC or pharmaceutical composition.

62.

of claim 41.

63,

{a)
{b)
()
{d)

64.

as.

66.

A container comprising an ADC of any of claims 1-40 or a pharmaceutical composition

A nucleic acid molecule encoding:

a VH, a VL, or both, of the antibody molecule of an ADC of any of claims 1-40;
the antimicrobial peptide of an ADC of any of claims 1-40;

both (a) and (b); or

an ADC of any of claims 1-40.

A vector comprising the nucleic acid molecule of claim 63.

A cell comprising the nucleic acid molecule of 63 or the vector of claim 64.

A method of producing an ADC, the method comprising culturing the cell of claim 65

under conditions that allow production of an ADC, thereby producing the ADC.

67.

A method of producing an ADC, the method comprising contacting an antibody molecule

that binds to LPS with a peptide comprising an antimicrobial peptide, and optionally, a sortase donor

sequence, in the presence of a sortase, under conditions that allow a sortase-mediated reaction {0 occur,

thereby producing the ADC.

63.

The method of claim 67, whercin the antibody molecule comprises a sortase acceptor

sequence comprising a sortase recoguution sequence, a linker sequence, or both.

69.

The method of claim 68, wherein the sortase acceptor sequence comprises the amino acid

sequences of (GS)LPETGGG (SEQ 1D NO: 24) or PUGS)LLPETGGSG (SEQ 1D NO: 26).
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70. A method of treating or preventing a bacterial infection, comprising administering to a
subject in need thereof an ADC of any of claims 1-40, or a pharmaceutical composition of claim 41, in an

amount cffective to treat or prevent the bacterial infection.

71 Use of an ADC of any of claims 1-40 in the manufacture of a medicament for treating or

preventing a bacterial infection.

72. An antibody molecule that binds to LPS, wherein the antibody molecule comprises a VH
and a VL, wherein the VH comprises three heavy chain complementarity determining regions (HCDR1,
HCDR2Z, and HCDR3), and the VL comprises three light chain complementarity determining regions
(LCDR1, LCDR2, and LILCDR3), and wherein the ADC or antibody molecule comprises:

(a) an HCDR1 comprising the amino acid sequence of SEQ [D NO: 10§; an HCDR2
comprising the amino acid sequence of any of SEQ ID NOS: 109, 145, or 146; an HCDR3 comprising the
amino acid sequence of SEQ ID NO: 107; an LLCDR1 comprising the amino acid scquence of any of SE(Q
IB NOS: 110, 138, 140, or 144; an LCDR2 comprising the amino acid sequence of any of SE(Q 1D NOS:
111, 139, 141, 142, or 143; and an LCDR3 comprising the amino acid sequence of SEQ ID NQ: 112, or

(b} an HCDR1 comprising the amino acid sequence of SEQ 1D NG: 10S5; an HCDR2
comprising the amino acid sequence of SEQ} I3 NO: 106; an HCDR3 comprising the amino acid
sequence of SEQ D NO: 107; an LCDRI comprising the amine acid sequence of any of SEQ 1D NOS:
116, 138, 140, or 144; an LLDR2 comprising the amino acid sequence of any of SEQ 1D NOS: 111, 139,

141, 142, or 143; and an LCDR3 comprising the amino acid sequence of SEQ 1D NO: 112,

73. The antibody molecule of claim 72, wherein the VH comprises an amino acid sequence
that differs by nomore than 1,2, 3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, or 15 amino acid residues from, or
has at least 85, 90, 95, 96, 97, 98, 99, or 100% homology with, the amino acid sequence of any of SEQ 1D
NGOS: 103 or 115-118, and wherein the VL comprises an amino acid sequence that differs by no more
than 1,2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, or 15 amino acid residues from, or has at least 85, 90, 95,
96, 97, 98, 99, or 100% homwology with, the amino acid sequence of any of SEQ ID NOS: 104 or 119-
137.

74. Axn anfimicrobial peptide that comprises an amino acid sequence that differs by no more
than 1, 2, 3, 4, or 5 amino acid residues from, or has at least 80, 83, 90, 95, 96, 97, 98, 99, or 100%
homology with, the amino acid sequence of any of SEQ ID NOS: 67-80, 94-102, 147-156, 158-159, or
163-164.
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75. An antibody molecule that binds to the same epitope, or substantially the same epitope, as

an antibody molecule of claim 72 or 73,

76. An antibody molecule that competes for binding with an antibody molecule of claim 72
or 73.
77, The antibody molecule of claira 75 or 76, wherein the antibody molecule is coupled to an

antimicrobial peptide.
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