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conjugate (AAC). US 5545721 and US 6660267 describe synthesis of a non-specific
immunoglobulin-antibiotic conjugate that binds to the surface of target bacteria via the
antibiotic, and uses thereof for treating sepsis. US 7569677 and related patents suggest
prophetically antibiotic-conjugated antibodies that have an antigen-binding portion specific
for a bacterial antigen (such as SA capsular polysaccharide), but lack a constant region that

reacts with a bacterial Fc-binding protein (e.g., staphylococcal protein A).

SUMMARY-OE THHE-INVENTION

The disclosureinvention provides compositions referred to as “antibody-antibiotic
conjugates,” or “AAC”) comprising an antibody conjugated by a covalent attachment to one
or more rifamycin-type antibiotic moieties.

DisclosedGne-aspectofthe-invention 1s an isolated anti-WTA monoclonal antibody,
comprising a light chain and a H chain, the L chain comprising CDR L1, CDR L2, and CDR
L3 and the H chain comprising CDR H1, CDR H2 and CDR H3, wherein the CDR L1, CDR
L2, and CDR L3 and CDR H1, CDR H2 and CDR H3 comprise the amino acid sequences of
the CDRs of each of Abs 4461 (SEQ ID NO. 1-6), 4624 (SEQ ID NO. 7-12), 4399 (SEQ ID
NO. 13-18), and 6267 (SEQ ID NO. 19-24) respectively, as shown in Tables 6A and 6B.

In one aspect, there is provided an isolated anti-WTA monocional antibody
comprising a heavy chain variable region {(VH). wherein the VH comprises an aming acid
sequence havine at least 95% sequence identity over the length of the VH sequence selected
from SEQ 1D NO.26, SEQ ID NO.28, SEQ ID NOG.30. and SEQ ID NO.32. In one
embodiment, the isolated anti-WTA monoclonal antibody comprises a heavy chain variable
region comprising a heavy chain variable region (VH), wherein the VH comprises at least
95% sequence identity over the length of the VH region selected from the VH sequence of
SEQ ID NO.26, SEQ ID NO.28, SEQ ID NO.30, SEQ ID NO.32 of antibodies 4461, 4624,
4399, and 6267, respectively. In one embodiment this antibody further comprises a L chain
variable region (VL) wherein the VL comprises at least 95% sequence identity over the
length of the VL region selected from the VL sequence of SEQ ID NO.25, SEQ ID NO.27,
SEQ ID NO.29, SEQ ID NO.31 of antibodies 4461, 4624, 4399, and 6267, respectively. In
another aspect, there is provided an isolated anti-WTA monoclonal antibody comprising a
light chain variable region (VL). wherein the VL comprises an amino acid sequence having at
least 95% sequence identity over the length of the VL sequence selected from SEQ ID
NO.25, SEQ ID NO.27, SEQ ID NO.,29, and SEQ 1D NO,3 1. In another embodiment, the
isolated anti-WTA monoclonal antibody comprises a L chain variable region (VL) wherein
the VL comprises at least 95% sequence identity over the length of the VL region selected
from the VL sequence of SEQ ID NO.25, SEQ ID NO.27, SEQ ID NO.29, SEQ ID NO.31
of antibodies 4461, 4624, 4399, and 6267, respectively. In any of the preceding
embodiments, the sequence identity may be 96%, 97%, 98%, 99% or 100%.

In more specific embodiments, the antibody comprises:

(i) VL of SEQ ID NO. 25 and VH of SEQ ID NO. 26;

(i) VL of SEQ ID NO. 27 and VH of SEQ ID NO. 28;
5
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(iii) VL of SEQ ID NO. 29 and VH of SEQ ID NO. 30; or
(iv) VL of SEQ ID NO. 31 and VH of SEQ ID NO. 32.

In another aspectsome-embediments, there is provided anthe isolated anti-WTA (wall

teichoic acid) monoclonal antibody comprising a light (L)) chain and a heavy (H) chain,

wherein:

(a) the L chain comprising CDR L1 comprising the sequence of
KSSQSVLSRANNNYYVA (SEQ ID NO:1), CDR L2 comprising the sequence of
WASTREF (SEQ ID NO:2), and CDR L3 comprising the sequence of QQYYTSRRT
(SEQ ID NO:3); and the H chain comprising CDR H1 comprising the sequence of
DYYMH (SEQ ID NO:4), CDR H2 comprising the sequence of
WINPKSGGTNYAQRFQG (SEQ ID NO:5), and CDR H3 comprising the sequence of
DCGSGGLRDF (SEQ ID NO:6); ‘

(b) the L chain comprising CDR L1 comprising the sequence of
RSNQNLLSSSNNNYLA (SEQ ID NO:7), CDR L2 comprising the sequence of
WASTRES (SEQ ID NO:8), and CDR L3 comprising the sequence of QQYYANPRT
(SEQ ID NO:9); and the H chain comprising CDR H1 comprising the sequence of
DYYIH (SEQ ID NO:10), CDR H2 comprising the sequence of
WINPNTGGTYYAQKFRD (SEQ ID NO:11), and CDR H3 comprising the sequence of
DCGRGGLRDI (SEQ ID NO:12);

{(¢) the L chain comprising CDR L1 comprising the sequence of
KSNQNVLASSNDKNYTA (SEQ ID NO:13), CDR L2 comprising the sequence of
WASIRES (SEQ ID NO:14), and CDR L3 comprising the sequence of QQYYTNPRT
(SEQ ID NO:15); and the H chain comprising CDR H1 comprising the sequence of
DYYIH (SEQ ID NO:16), CDR H2 comprising the sequence of
WINPNTGGTNYAQKFQG (SEQ ID NO:17), and CDR H3 comprising the sequence of
DCGNAGLRDI (SEQ ID NO:18); or

(d) the L chain comprising CDR L1 comprising the sequence of
KSSQNVLYSSNNKNYLA (SEQ ID NO:19), CDR 1.2 comprising the sequence of
WASTRES (SEQ 1D NO:20), and CDR L3 comprising the sequence of QQYYTSPPYT
(SEQ ID NQO:21); and the H chain comprising CDR H1 comprising the sequence of
SYWIG (SEQ ID NO:22), CDR H2 comprising the sequence of
IHPGDSKTRYSPSFQG (SEQ ID NO:23), and CDR H3 comprising the sequence of

LYCSGGSCYSDRAFSSLGAGGYYYYGMGYV (SEQ ID NO:24).
6
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In any one of the preceding embodiments, the antibody may be an antigen-binding
fragment lacking a Fc region. In some embodiments, the antibody is a F(ab) or F(ab’),. In
some embodiments, the antibody further comprises a heavy chain constant region and/or a
light chain constant region, wherein the heavy chain constant region and/or the light chain
constant region comprise one or more amino acids that are substituted with cysteine residues.
In some embodiments, the heavy chain constant region comprises amino acid substitution
A118C and/or S400C, and/or the light chain constant region comprises amino acid
substitution V205C, wherein the numbering is according to the EU numbering. In some
embodiments, the heavy chain constant region comprises the amino acid sequence of SEQ ID
NO:149 and/or the light chain constant region comprises the amino acid sequence of SEQ ID
NO:151. In some embodiments, the heavy chain constant region comprises the amino acid
sequence of SEQ ID NO:149 and the light chain constant region comprises the amino acid
sequence of SEQ ID NO:150. In some embodiments, the heavy chain constant region
comprises the amino acid sequence of SEQ ID NO:148 and the light chain constant region

comprises the amino acid sequence of SEQ ID NO:151.

Disclosed isks-one-aspeet; the Ab of any one of the preceding embodiments which
binds WTA alpha.

Disclosed ishranothoraspeetthe-dnventien-provides an isolated anti-WTA
monoclonal antibody comprising a light chain and a H chain, the L chain comprising CDR
L1, CDR L2, and CDR L3 and/or the H chain comprising CDR H1, CDR H2 and CDR H3,
wherein the CDR L1, CDR L2, and CDR L3 and CDR H1, CDR H2 and CDR H3 comprise
the amino acid sequences of the corresponding CDRs of each of Abs shown in Figure 14
(SEQ ID NO. 33-110). Disclosed igtn-anotheraspock-the-mvention-provides an isolated anti-
WTA monoclonal antibody comprising a light chain and a H chain, the L chain comprising
CDR LI, CDR L2, and CDR L3 and/or the H chain comprising CDR H1, CDR H2 and CDR
H3, wherein the CDR L1, CDR 12, and CDR L3 and CDR H1, CDR H2 and CDR H3
comprise the amino acid sequences of the corresponding CDRs of each of Abs shown in
Figure 15A, 15B, 16A and 16B (antibodies 6078, 6078.v2HC-Cys, 6078.v2LC-Cys,
6078.v3HC-Cys, 6078.v3LC-Cys, 6078.v4HC-Cys, 6078.v4LC-Cys, 6078 v4HCLC-Cys,
4497, 4497 v8HC-Cys, 4497.v8LC-Cys, and 4497.v8HCLC-Cys). In a specific embodiment
these Abs bind WTA beta.

Disclosed istanotheraspoct-the-invention-provides an isolated anti-WTA

monoclonal antibody, specifically anti-WTA beta monoclonal antibody which comprises a L
chain variable region (VL) wherein the VL comprises at least 95% sequence identity over the
length of the VL region selected from the VL sequence corresponding to each of the
antibodies 6078, 6263,
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4450, 6297, 6239, 6232, 6259, 6292, 4462, 6265, 6253, 4497, and 4487 respectively, as
shown in Figures 17A-1 tol7A-2 at Kabat positions 1-107. In further embodiments, the
antibody further comprises a heavy chain variable region comprising a heavy chain variable
region (VH), wherein the VH comprises at least 95% sequence identity over the length of the
VH region selected from the VH sequences corresponding to each of the antibodies 6078,
6263, 4450, 6297, 6239, 6232, 6259, 6292, 4462, 6265, 6253, 4497, and 4487 respectively, as
shown in Figures 17B-1 to 17B-2 at Kabat positions 1-113. In any of the preceding
embodiments, the sequence identity may be 96%, 97%, 98%, 99% or 100%. In a more
specific embodiment of the antibody, the VH comprises the sequence of SEQ ID NO. 112
and the VL comprises the SEQ ID NO. 111.

s-the-trventiorprovides an isolated anti-WTA

monoclonal antibody, specifically anti-WTA beta monoclonal antibody which comprises a L
chain variable region (VL) wherein the VL comprises at least 95% sequence identity over the
length of the VL region selected from the VL sequence corresponding to each of the
antibodies as shown in Figures 15A or 16A (antibodies 6078, 6078.v2HC-Cys, 6078.v2LC-
Cys, 6078.v3HC-Cys, 6078.v3LC-Cys, 6078.v4HC-Cys, 6078.v4LC-Cys, 6078.v4HCLC-
Cys, 4497, 4497 v8HC-Cys, 4497.v8LC-Cys, and 4497.v8HCLC-Cys) at Kabat positions 1-
107. In further embodiments, the antibody further comprises a heavy chain variable region
comprising a heavy chain variable region (VH), wherein the VH comprises at least 95%
sequence identity over the length of the VH region selected from the VH sequences
corresponding to each of the antibodies as shown in Figures 15B and 16B (antibodies 6078,
6078.v2HC-Cys, 6078.v2LC-Cys, 6078.v3HC-Cys, 6078.v3LC-Cys, 6078.v4HC-Cys,
6078.v4LC-Cys, 6078.v4HCLC-Cys, 4497, 4497.v8HC-Cys, 4497.v8LC-Cys, and

4497 v8HCLC-Cys) at Kabat positions 1-113. In any of the preceding embodiments, the
sequence identity may be 96%, 97%, 98%, 99% or 100%.

In a certain embodiment, the isolated anti-WTA beta antibody is one wherein the light
chain comprises the sequence of SEQ ID NO. 115 and the H chain having an engineered
cysteine comprises the sequence of SEQ ID NO. 116. In another embodiment, the antibody
is one wherein the light chain comprises the sequence of SEQ ID NO. 115 and the H chain
having an engineered cysteine comprises the sequence of SEQ ID NO. 117, wherein X is M, 1
or V. In a different embodiment the L chain comprising the sequence of SEQ ID NO.113) is
paired with a Cys-engineered H chain variant of SEQ ID NO. 117; the variant is one wherein
XisM,IorV.
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Another isolated anti-WTA beta antibody provided by the disclosuresmvestion
comprises a heavy chain and a light, wherein the heavy chain comprises a VH having at least
95% sequence identity to SEQ ID NO. 120. In an additional embodiment, this antibody
further comprises a VL having at least 95% sequence identity to SEQ ID NO. 119. Ina
specific embodiment, the anti-WTA beta antibody comprises a light chain and a heavy chain,
wherein the L chain comprises a VL sequence of SEQ ID NO. 119 and the H chain comprises
a VH sequence of SEQ ID NO. 120. In a yet more specific embodiment, the isolated
antibody that binds WTA beta comprises a L chain of SEQ ID NO. 121 and a H chain of SEQ
ID NO. 122.

The anti-WTA beta Cys-engineered H and L chain variants can be paired in any of the
following combinations to form full Abs for conjugating to linker-Abx intermediates to
generate anti-WTA AACs of the disclosyresawestion. In one embodiment, the L chain
comprises the sequence of SEQ ID NO.121 and the H chain comprises the sequence of SEQ
1D NO. 124. In another embodiment, the isolated antibody comprises a L chain of SEQ ID
NO. 123 and a H chain comprising a sequence of SEQ ID NO.124 or SEQ ID NO.157. Ina
particular embodiment, the anti- WTA beta antibody as well as the anti-WTA beta AAC of
the disclosureissvention comprises a L chain of SEQ ID NO. 123.

In another aspect, there is provided an antibody that binds to the same epitope as any
one of the antibodies described herein. Yet another embodiment is an antibody that binds to
the same epitope as each of the anti-WTA alpha Abs of Figure 13A and Figure 13B. Also
provided is an antibody that binds to the same epitope as each of the anti-WTA beta Abs of
Figure 14, Figures 15A and 15B, Figures 16A and 16B, and Figures 17A and 17B.

In a further embodiment, the anti-WTA beta and anti-WTA alpha antibodies of the
present disclosureinventien are antigen-binding fragments lacking the Fc region, preferably
F(ab’), or F(ab). Thus, the present disclosuremwentier provides antibody-antibiotic
conjugates wherein the WTA antibody is a F(ab’), or F(ab).

Disclosed ishwanotheraspest-the-inventonprovides an anti-WTA monoclonal

antibody that binds to WTA beta.

In seme-embedimentsanother aspect, there is provided anthe isolated anti-WTA (wall

teichoic acid) monoclonal antibody comprising a light (L) chain and a heavy (H) chain,
wherein:
(a) the L chain comprising CDR L1 comprising the sequence of RASQTISGWLA
(SEQ ID NO:33), CDR L2 comprising the sequence of KASTLES (SEQ ID NO:34),
and CDR L3 comprising the sequence of QQYKSYSEN (SEQ ID NO:35); and the H
chain comprising CDR H1 comprising the sequence of SYDIN (SEQ ID NO:36),

CDR H2 comprising the sequence of WMNANSGNTGYAQKFQG (SEQ ID
)



(1) the L chain comprising CDR L1 comprising the sequence of
KSSQSIFRTSRNKNLLN (SEQ ID NO:99), CDR L2 comprising the sequence of
WASTRKS (SEQ ID NO:100), and CDR L3 comprising the sequence of
QQYFSPPYT (SEQ ID NO:101); and the H chain comprising CDR HI1 comprising
the sequence of SFWMH (SEQ ID NO:102), CDR H2 comprising the sequence of
FTNNEGTTTAYADSVRG (SEQ ID NO:103), and CDR H3 comprising the
sequence of GDGGLDD (SEQ ID NO:104);

(m) the L chain comprising CDR L1 comprising the sequence of RASQFTNHYLN
(SEQ ID NO:105), CDR L2 comprising the sequence of VASNLQS (SEQ ID
NO:106), and CDR L3 comprising the sequence of QQSYRTPYT (SEQ ID NO:107);
and the H chain comprising CDR H1 comprising the sequence of SGYYN (SEQ ID
NQ:108), CDR H2 comprising the sequence of YILSGAHTDIKASLGS (SEQ ID
NO:109), and CDR H3 comprising the sequence of SGVYSKYSLDV (SEQ ID
NO:110); or

(n) the L chain comprising CDR L1 comprising the sequence of
KSSQSIFRTSRNKNLLN (SEQ ID NO:99), CDR L2 comprising the sequence of
WASTRKS (SEQ ID NO:100), and CDR L3 comprising the sequence of
QQYFSPPYT (SEQ ID NO:101); and the H chain comprising CDR H1 comprising
the sequence of SFWMH (SEQ ID NO:102), CDR H2 comprising the sequence of
FTNNEGTTTAYADSVRG (SEQ ID NO:103), and CDR H3 comprising the
sequence of GEGGLDD (SEQ ID NO:118).

In another aspect, there is provided an isolated anti-WTA monoclonal antibody

comprising a heav chain variab]e region (VH). wherein the VH comprises an aming acid

SEQ ED NO 112 1s M, 1 or V. Disclosed zc%mw@;ﬁbeém% the isolated antl—WTA

monoclonal antibody comprises a heavy chain variable region (VH), wherein the VH
comprises an amino acid sequence having at least 95% sequence identity over the length of
the VH sequence of SEQ ID NO.112, wherein amino acid Xaa at position 1 of SEQ ID
NO.112 is Q or E, and amino acid Xaa at position 2 of SEQ ID NO.112is M, Tor V. In some
embodiments, the antibody further comprises a light chain variable region (VL), wherein the
VL comprises an amino acid sequence having at least 95% sequence identity over the length
of the VL sequence of SEQ ID NO.111. In another aspectseme-embediraests, there is
provided anthe isolated anti-WTA monoclonal antibody comprisinges a light chain variable
region (VL), wherein the VL comprises an amino acid sequence having at least 95%
sequence identity over the length of the VL sequence of SEQ ID NO.111. In any of the
preceding embodiments, the sequence identity may be 96%, 97%, 98%, 99%, or 100%. In
some embodiments, the VH of the antibody comprises the sequence of SEQ ID NO. 112 and
the VL of the antibody comprises the sequence of SEQ ID NO,111.

12



10

15

20

25

30

35

40

45

In another agpectsome-embadiments, there 18 provided anthe isolated anti-WTA
monoclonal antibody comprisingss a heavy chain variable region (VH), wherein the VH
comprises an amino acid sequence having at least 95% sequence identity over the length of
the VH sequence SEQ ID NO.120 or SEQ ID NO.156. In another aspect, there is provided an
isolated anti-WTA monoclonal antibody comprising: (a) a light chain variable region (VL)
wherein the VI comprises an amino acid sequence having at least 95% sequence identity
over the length of the VL sequence SEQ 1D NO.119: (b} a light chain variable region (VL)
and a heavy chain variable region (VH), wherein the VL comprises the sequence of SEQ D
NQ.119 and the VH comprises the sequence SEQ 1D NO.120. or SEQ 1D NQ.156; (¢) a light
chain variable region (VL), wherein the VL, comprises a sequence having at least 95%
sequence identity over the length of the VL sequence selected from the VL sequence of SEQ
ID NO.158, SEQ ID NO.159, SEQ ID NO.160, SEQ 1D NO.161, SEG ID N(O.162, SEQ ID
NO.163, SEQ ID NO.164. SEQ ID NO.165, SEQ ID NO.166. SEQ ID NO.167. and SEQ ID
NO.168; or (d) a heavy chain variable region (VH) comprising an amino acid sequence
having at least 95% sequence identity over the length of the VH sequence elected from the
VH gsequence of SEQ ID NO.127, SEQ 1D NO.133, SEQ 1D NG, 134, SEQ ID NO.169, SEQ
IDNO.170, SEQ ID NO.171, SEQ ID NO.172. SEQ ID NG.173, SEQ 1D NO.174, SEQ ID
NQ.175, and SEQ ID NO.176. In some embodiments, the antibody further comprises a light
chain variable region (VL), wherein the VL comprises an amino acid sequence having at least
95% sequence identity over the length of the VL sequence SEQ ID NO.119. In some
embodiments, the isolated anti-WTA monoclonal antibody comprising a light chain variable
region (VL), wherein the VL comprises an amino acid sequence having at least 95%
sequence identity over the length of the VL sequence SEQ ID NO.119. In any of the
preceding embodiments, the sequence identity may be 96%, 97%, 98%, 99%, or 100%. In
some embodiments, the isolated anti-WTA monoclonal antibody comprising a light chain
variable region (VL) and a heavy chain variable region (VH), wherein the VL comprises the
sequence of SEQ ID NO.119 and the VH comprises the sequence SEQ ID NO.120 or SEQ ID
NO.156.

In some embodiments, the isolated anti-WTA monoclonal antibody comprising a light
chain variable region (VL), wherein the VL comprises a sequence having at least 95%
sequence identity over the length of the VL sequence selected from the VL sequence of SEQ
ID NO.158, SEQ ID NO.159, SEQ ID NO.160, SEQ ID NO.161, SEQ ID NO.162, SEQ ID
NO.163, SEQ ID NO.164, SEQ ID NO.165, SEQ ID NO.166, SEQ ID NO.167, and SEQ ID
NO.168. In some embodiments, the isolated anti-WTA monoclonal antibody comprising a
heavy chain variable region (VH) comprising an amino acid sequence having at least 95%
sequence identity over the length of the VH sequence elected from the VH sequence of SEQ
ID NO.127, SEQ ID NO.133, SEQ ID NO.134, SEQ ID NO.169, SEQ ID NO.170, SEQ ID
NO.171, SEQ ID NO.172, SEQ ID NO.173, SEQ ID NO.174, SEQ ID NO.175, and SEQ ID
NO.176. In any of the preceding embodiments, the sequence identity may be 96%, 97%,
98%, 99%, or 100%. In another aspectseme-enbodiments, there is provided anihe isolated
anti-WTA monoclonal antibody comprising a light chain variable region (VL) and a heavy
chain variable region (VH), wherein:

(a) the VL of the antibody comprises an amino acid sequence having at least 95%

sequence identity over the length of the VL sequence of SEQ ID NO.158, and the VH

of the antibody comprises an amino acid sequence having at least 95% sequence

identity over the length of the VH sequence of SEQ ID NO.169;
13
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of the antibody comprises an amino acid sequence having at least 95% sequence
identity over the length of the VH sequence of SEQ ID NO.134; or

(k) the VL of the antibody comprises an amino acid sequence having at least 95%
sequence identity over the length of the VL sequence of SEQ ID NO.168, and the VH
of the antibody comprises an amino acid sequence having at least 95% sequence
identity over the length of the VH sequence of SEQ ID NO.127.

In another aspectseme-embediments, there is provided anthe isolated anti-WTA

monoclonal antibody comprising a light chain variable region (VL) and a heavy chain
variable region (VH), wherein:

(a) the VL of the antibody comprises the VL sequence of SEQ ID NO.158, and the
VH of the antibody comprises the VH sequence of SEQ ID NO.169;

(b) the VL of the antibody comprises the VL sequence of SEQ ID NO.159, and the
VH of the antibody comprises the VH sequence of SEQ ID NO.170;

(c) the VL of the antibody comprises the VL sequence of SEQ ID NO.160, and the
VH of the antibody comprises the VH sequence of SEQ ID NO.171;

(d) the VL of the antibody comprises the VL sequence of SEQ ID NO.161, and the
VH of the antibody comprises the VH sequence of SEQ ID NO.172;

(e) the VL of the antibody comprises the VL sequence of SEQ ID NO.162, and the
VH of the antibody comprises the VH sequence of SEQ ID NO.173;

(f) the VL of the antibody comprises the VL sequence of SEQ ID NO.163, and the
VH of the antibody comprises the VH sequence of SEQ 1D NO.174;

(g) the VL of the antibody comprises the VL sequence of SEQ ID NO.164, and the
VH of the antibody comprises the VH sequence of SEQ ID NO.175;

(h) the VL of the antibody comprises the VL sequence of SEQ ID NO.165, and the
VH of the antibody comprises the VH sequence of SEQ ID NO.176;

(i) the VL of the antibody comprises the VL sequence of SEQ ID NO.166, and the
VH of the antibody comprises the VH sequence of SEQ ID NO.133;

(§) the VL of the antibody comprises the VL sequence of SEQ ID NO.167, and the
VH comprises the VH sequence of SEQ ID NO.134;

(k) the VL of the antibody comprises the VL sequence of SEQ ID NO.168, and the
VH comprises the VH sequence of SEQ ID NO.127;

(1) the VL of the antibody comprises the VL sequence of SEQ ID NO.113, and the
VH comprises the VH sequence of SEQ ID NO.114; or

(m) the VL of the antibody comprises the VL sequence of SEQ 1D NO.121, and the

VH comprises the VH sequence of SEQ ID NO.138.
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In some embodiments of the antibodies described above, the antibody is an antigen-
binding fragment lacking a Fc region. In some embodiments, the antibody is a F(ab) or
F(ab’),. In some embodiments, the antibody further comprises a heavy chain constant region
and/or a light chain constant region, wherein the heavy chain constant region and/or the light
chain constant region comprise one or more amino acids that are substituted with cysteine
residues. In some embodiments, the heavy chain constant region comprises amino acid
substitution AI18C or S400C, and/or the light chain constant region comprises amino acid
substitution V205C, wherein the numbering is according to the EU numbering. In some
embodiments, the heavy chain constant region comprises the amino acid sequence of SEQ ID
NO:149 and/or the light chain constant region comprises the amino acid sequence of SEQ ID
NO:151. In some embodiments, the heavy chain constant region comprises the amino acid
sequence of SEQ ID NO:149 and the light chain constant region comprises the amino acid
sequence of SEQ ID NO:150. In some embodiments, the heavy chain constant region
comprises the amino acid sequence of SEQ ID NO:148 and the light chain constant region
comprises the amino acid sequence of SEQ ID NO:151.

In another aspect, there ig provided an igolated anti-WT A monoclonal antibody comprising

a) a light chain and a heavy chain. wherein the heavy chain of the antibody comprises the sequence

of SEQ ID NO.114. SEQ ID NO.116, or SEQ ID NO.117, and the light chain of the antibody

or SEQIDNO.117is M. 1 or V: {b) a lisht chain and a heavy chain, wherein the heavy chaip of the
antibody comprises the sequence of SEQ ID NO. 114, SEQ ID NO.116, or SEQ ID NGQ.117, and the

position 2 of SEQ ID NQ.116 or SEQIDNG.117 is M. L or V: {c} a light chain and a heavy chain
whertein the heavy chain of the antibody comprises the sequence selected from the group consisting of
SEQ ID NQ.139, SEQ ID NO.140, SEQ ID NO.141, SEQ ID NO. 142, SEQ ID NO.143, and SEQ ID
NG.144; and the light chain of the antibody comprises the sequence of SEQ ID NO.113: (d) a light
chain and a heavy chain. wherein the heavy chain of the antibody comprises the sequence selected
from the group consisting of SEQ ID NO.139, SEQ 1D NO.140, SEQ ID NO.141, SEQ 1D NQ. 142,
SEO ID NO.143, and SEQ ID NO.144.; and the light chain of the antibodv comprises the sequence of
SEQ ID NOQ.115: (e) a heavy chain and a light chain, wherein the heavy chain comprises the sequence
of SEQ ID NO:146, SEQ 1D NO: 147, SEQ ID NO.157 or SEQ 1D NO.124, and the light chain
comprises the sequence of SEQ TD NG.121 or SEQ 1D NO.123: or (f) a heavy chain and a light chain,
wherein the heavy chain comprises the sequence of SBQ 1D NO:146, SEQ ID NQ: 147. SEQ 1D
NG.157 or SEG 1D NO.124, and the light chain comprises the sequence of SEQ ID NQO.145. In some
embodiments, the isolated anti-WTA monoclonal antibody comprising a light chain and a heavy
chain, wherein the heavy chain of the antibody comprises the sequence of SEQ ID NO.114, SEQ ID
NO.116, or SEQ ID NO.117, and the light chain of the antibody comprises the sequence of SEQ ID
NO.113; wherein amino acid Xaa at position 2 of SEQ ID NO.116 or SEQ ID NO.117is M, T or V.
In some embodiments, isolated anti-WTA monoclonal antibody comprising a light chain and a heavy
chain, wherein the heavy chain of the antibody comprises the sequence of SEQ ID NO.114, SEQ ID
NO.116, or SEQ ID NO.117, and the light chain of the antibody comprises the sequence of SEQ ID
NO.115; wherein amino acid Xaa at position 2 of SEQID NO.116 or SEQIDNO.117is M, Ior V. In
some embodiments, the isolated anti-WTA monoclonal antibody comprising a light chain and a heavy
chain, wherein the heavy chain of the antibody comprises the sequence selected from the group
consisting of SEQ 1D NO.139, SEQ ID NO.140, SEQ ID NQ.141, SEQ ID NO.142, SEQ ID NQ.143,
and SEQ ID NO.144; and the light chain of the antibody comprises the sequence of SEQ ID NO.113.
In some embodiments, the isolated anti-WTA monoclonal antibody comprising a light chain and a
heavy chain, wherein the heavy chain of the antibody comprises the sequence selected from the group
consisting of SEQ ID NO.139, SEQ ID NQC.140, SEQ ID NO.141, SEQ ID NO.142, SEQ ID NO.143,
and SEQ ID NO.144; and the light chain of the antibody comprises the sequence of SEQ ID NO.1135.

16



10

15

20

25

30

35

40

In some embodiments, the isolated anti-WTA monoclonal antibody comprising a
heavy chain and a light chain, wherein the heavy chain comprises the sequence of SEQ 1D
NQO:146, SEQ ID NO.147, SEQ ID NO.157 or SEQ ID NO.124, and the light chain
comprises the sequence of SEQ ID NO.121. In some embodiments, the isolated anti-WTA
monoclonal antibody comprising a heavy chain and a light chain, wherein the heavy chamn
comprises the sequence of SEQ D NO:146, SEQ 1D NO.147, SEQ ID NO.157 or SEQ ID
NO.124, and the light chain comprises the sequence of SEQ ID NO.123. In some
embodiments, the isolated anti-WTA monoclonal antibody comprising a heavy chain and a
light chain, wherein the heavy chain comprises the sequence of SEQ ID NO:146, SEQ ID
NO.147, SEQ ID NO.157 or SEQ ID NO.124, and the light chain comprises the sequence of
SEQ ID NO.145.

In some embodiments of any of the antibodies described above, the antibody is not an
1gM isotype. In some embodiments of any of the antibodies described above, the antibody is
an IgG (e.g., 1gG1, IeG2, 1gG3, 1gG4), IgE, IgD, or IgA (e.g., IgAl or IgA2) isotype. In
some embodiments of any of the antibodies described above, the antibody is produced by a
host cell in cell culture. In some embodiments, the host cell is a non-human cell. In some
embodiments, the host cell is prokaryotic or eukaryotic. In some embodiments, the host cell
is a mammalian cell (e.g., 2 human or non-human mammalian cell). In some embodiments,
the host cell is a CHO cell.

In another aspect, there is provided a composition comprising any of the antibodies

described herein and a pharmaceutically acceptable carrier. Disclosed isAsother-aspect;-the
invention-prevides a pharmaceutical composition comprising any of the antibodies disclosed

herein, and a pharmaceutically acceptable carrier.

In yet another aspect, there is-invention-alse provideds an isolated nucleic acid
encoding any of the antibodies disclosed herein. In another aspect, there is provided a vector
comprising the nucleic acid described herein. Disclosed ishsst 2 2
invention-provides a vector comprising a nucleic acid encoding any of the antlbodles
disclosed herein. In a further embodiment, the vector 1s an expression vector.

In another aspect, there is provided an isolated host cell comprising a nucleic acid
encoding any of the antibodies described herein. The disclosurewsvention also provides a host
cell comprising a nucleic acid encoding any of the antibodies disclosed herein. In a further
embodiment, the host cell is prokaryotic or eukaryotic. In some embodiments, the host cell is
a mammalian cell (e.g., a human or non-human mammalian cell). In some embodiments, the
host cell is a CHO cell.

In another aspect, there is provided a method of producing an antibody comprising
culturing a host cell described herein under conditions suitable for expression of the nucleic
acid; and recovering the antibody produced by the cell. The disclosureinvention further
provides a method of producing an antibody comprising culturing a host cell comprising a
nucleic acid encoding any of the antibodies disclosed herein under conditions suitable for
expression of the nucleic acid; and recovering the antibody produced by the cell. In some
embodiments, the method further comprises purifying the antibody.
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In Aanother aspect, there is provided-sfthe-tavention-is an antibody-antibiotic

conjugate (AAC) compound comprising any of the anti-wall teichoic acid (WTA) antibodiesy

described hereinetthe-tnvention, covalently attached by a peptide linker to a rifamycin-type

antibiotic. In some embodiments of the antibody —antibiotic conjugates disclosed herein, the
anti-wall teichoic acid (WTA) antibody binds to Staphylococcus aureus. In some
embodiments, the anti-wall teichoic acid antibody binds to methicillin-resistant
Staphylococcus aureus (MRSA).

In some embodiments of the antibody-antibiotic conjugates disclosed herein, the
antibody comprises: i) L chain and H chain CDRs of SEQ ID NOs 99-104 or the L chain and
H chain CDRs of SEQ ID NOs. 33-38; or ii) the VL of SEQ ID NO.119 or SEQ ID NO. 123
paired with the VH of SEQ ID NO.120 or SEQ ID NO. 156; or iii) the VL of SEQ ID
NO.111 paired with the VH of SEQ 1D NO.112.

In some embodiments, the rifamycin-type antibiotic is a rifalazil-type antibiotic. In
some embodiments, the rifamycin-type antibiotic comprises a quaternary amine attached to
the peptide linker. In some embodiments, the antibiotic is attached to the antibody via a
peptide linker which is attached to an engineered cysteine of the anti-WTA antibody. The
engineered cysteine may be in the L or H chain of the modified antibody. In some
embodiments, the cysteine residue 1s in the L chain. In some embodiments, the cysteine
residue is in the H chain.

The antibody-antibiotic conjugate compounds of the disclosuremnvention can comprise

a peptide linker which is a S. aureus cysteine protease cleavable linker; such linkers include a
staphopain B or a staphopain A cleavable linker. In one embodiment, the S. aureus protease
is an endopeptidase. In another embodiment the linker 1s a host protease cleavable linker
preferably a human protease cathepsin B cleavable linker (e.g., a val-cit dipeptide linker).

An exemplary embodiment of an antibody-antibiotic conjugate compound has the

formula:
Ab—(L-abx),

wherein:
Ab 1s the anti-wall teichoic acid antibody;

L is the peptide linker having the formula:
~Str—Pep-Y-

where Str is a stretcher unit; Pep is a peptide of two to twelve amino acid residues,

and Y 1s a spacer unit;
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In some embodiments, provided is an antibody-antibiotic conjugate (AAC) compound
comprising an anti-wall teichoic acid (WTA) antibody of the disclosuretnvesntien, covalently
attached by a peptide linker to a rifamycin-type antibiotic, where the peptide linker has the

formula:

~Str—Pep-Y-
where Sir is a stretcher unit covalently attached to the anti-wall teichoic acid (WTA)
antibody; Pep is a peptide of two to twelve amino acid residues, and Y is a spacer unit
covalently attached to the rifamycin-type antibiotic. In some of these embodiments, Str has

the formula:

0
N—R8—C(O)—

O

wherein R is selected from the group consisting of C;-Cyy alkylene-, -C;-Cy carbocyclo, -O-
(C1-Cy alkyl)-, -arylene-, -C;-Cg alkylene-arylene-, -arylene-C,-Cyy alkylene-, -C;-Cio
alkylene~(Cs-Cg carbocycio)-, -(Cs-Cy carbocyclo)-Cy-Cyq alkylene-, -C5-Cy heterocyclo-, -
C;-Cyq alkylene-(Cs-Cg heterocyclo)-, -(C3-Cy heterocyclo)-C;-Cyyg alkylene-, (CH,CH,O);-,
and ~(CH2CH,0),-CHz-; and r is an integer ranging from 1 to 10. In one variation, R®is -
(CH,)s- . In some of these embodiments, Pep comprises two to twelve amino acid residues
independently selected from glycine, alanine, phenylalanine, lysine, arginine, valine, and
citrulline. In one variation, Pep is selected from valine-citrulline (val-cit, vc); phenylalanine-
lysine (fk); GGAFAGGG (SEQ ID NO: 126); tpm-cit; GPImeLFF (SEQ ID NO: 129);
valine-citrulline-phenylalanine (val-cit-phe); GGAFA (SEQ ID NO: 131); and LAFG (SEQ
22
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In another aspect, there is provided a pharmaceutical composition compriging any of

the antibody-antibiotic conjugate compounds described herein, and a thlmacuuucdﬂv

acceptable carrier, glidant, diluent, or excipient. DisclosedAnetherasps :
pharmaceutical composition comprising an antibody-antibiotic cor,gugate compmmd of the
disclosureinvention.

In another aspect. there is provided use of an antibodv-antibiotic conjugate compound
comprising an anti-wall teichoic acid (WTA) antibody covalently attached by a peptide linker
fo a rifamycin-type antibiotic, in the manufacture of a medicament for treating a bacterial
mnfection in a patient. In another agpect. there is provided use of anv one of antibody-
antibiotic conjugates described herein in the manufacture of a medicament for treating a
bacterial infection in a patient. DisclosedAnetheraspect-of-the-invention 18 a method of
treating a bacterial infection by administering to a patient a therapeutically-effective amount
of an antibody-antibiotic conjugate compound of any of the above embodiments. In one
embodiment, the patient is a human. In one embodiment the bacterial infection is a
Staphyvlococcus aureus infection. In some embodiments, the patient has been diagnosed with
a Staph aureus infection. In some embodiments, treating the bacterial infection comprises
reducing bacterial load.

The disclosureinvestior further provides a method of killing intracellular Staph
aureus in the host cells of a staph aureus infected patient without killing the host cells by
administering an anti-WTA-antibiotic conjugate compound of any of the above
embodiments. Another method is provided for killing persister bacterial cells (e.g, staph A)
in vivo by contacting the persister bacteria with an AAC of any of the preceding
embodiments.

In another embodiment, the method of treatment further comprises administering a
second therapeutic agent. In a further embodiment, the second therapeutic agent is an
antibiotic including an antibiotic against Staph aureus in general or MRSA in particular.

In one embodiment, the second antibiotic administered in combination with the
antibody-antibiotic conjugate compound of the disclosureinvesntion is selected from the
structural classes: (i) aminoglycosides; (ii) beta-lactams; (iii) macrolides/cyclic peptides; (iv}
tetracyclines; (v) fluoroquinolines/fluoroquinolones; (vi) and oxazolidinones.

In one embodiment, the second antibiotic administered in combination with the
antibody-antibiotic conjugate compound of the disclosuresswentios is selected from
clindamycin, novobiocin, retapamulin, daptomycin, GSK-2140944, CG-400549, sitafloxacin,
teicoplanin, triclosan, napthyridone, radezolid, doxorubicin, ampicillin, vancomycin,
imipenem, doripenem, gemcitabine, dalbavancin, and azithromycin.

In some embodiments herein, the bacterial load in the subject has been reduced to an
undetectable level after the treatment. In one embodiment, the patient’s blood culture is
negative after treatment as compared to a positive blood culture before treatment. In-some
embodiments herein, the bacterial resistance in the subject is undetectable or low. In some
embodiments herein, the subject is not responsive to treatment with methicillin or
vancomycin.

In another aspect. there is provided a process for making any one of the antibody-
antibiotic conjugates described herein comprising conjugating a rifamycin-type antibiotic to
an anti-wall teichoic acid (WTA) antibody. DisclosedAnothesaspect-of-themventionis a
process for making an antibody or an antibody-antibiotic conjugate compound of the
disclosureisiventios comprising conjugating a rifamycin-type antibiotic to an anti-wall
teichoic acid (WTA) antibody.
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In Aanother aspect, there is provided-ef-theanventionis a kit for treating a bacterial

infection comprising a pharmaceutical composition described hereinsf-the-tnvention and

instructions for use.

it

In another aspect, there is provided an antibiotic-linker intermediate havine Formula

wherein:

the dashed lines indicate an optional bond;

Ris H, C—C;y alkvl, or C(Q)CHa:

R is OH:

R’ is CH=N—{heterocvycivl). wherein the heterocyelvl is optionally substituted with one or

more groups independently selected from C(OYCHs, Ci—Cy5 alkvl, C,—Ci» hetervaryl,

Co—Cop heteroeyelvl, Co—Cog aryl, and C5—C 1y carbocevelyl:

or R' and R® form a five- or six-membered fused heteroarv! or heterocvelvl. and

optionally forming a spiro or fused six-membered heteroarvl. heterocvelyl, arvl, or

carbocevelyl! ring. wherein the spiro or fused six-membered heteroarvl. heterocveivl,

aryl, or carboeyclyl ring is optionally substituted H. F., Cl. Br, 1, €,—Cs» alkyl, or OH;

L is a peptide Linker attached to R’ or the fused heteroaryl or heterocvelyl formed by R!

i .
and R”: and having the formula;

-Str—-Pep-Y-—

where Str is a stretcher unit: Pep is a peptide of two fo twelve amino acid residues, and Y

is a spacer unif; and
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X is & reactive functional group selected from maleimide, thiol. amino. bromide.

bromoacetamido, iodoacetamido, p-ioluenesulfonate. iodide. hvdroxyl, carboxvl,

pyridy! disulfide, and N-hvdroxysuccinimide.

Anetheraspect-ofthe-tnvendonDisclosed is a linker-antibiotic intermediate having
Formula II:
X——L—R?
I
wherein:

the dashed lines indicate an optional bond;

R is H, C)~Cy; alkyl, or C(O)CHs;

R'is OH;

R%is CH=N—(heterocyclyl), wherein the heterocyclyl is optionally substituted with
one or more groups independently selected from C(O)CHs, C,—C; alkyl, C;—Cy; heteroaryl,
Ca~Cy heterocyelyl, C¢—Coq aryl, and C3—Ci2 carbocyclyl;

or R' and R” form a five- or six-membered fused heteroaryl or heterocyclyl, and
optionally forming a spiro or fused six-membered heteroaryl, heterocyelyl, aryl, or
carbocyclyl ring, wherein the spiro or fused six-membered heteroaryl, heterocyclyl, aryl, or
carbocyclyl ring is optionally substituted H, F, Cl, Br, I, C;—C, alkyl, or OH;

L is a peptide linker attached to R? or the fused heteroaryl or heterocyclyl formed by
R' and R?; and having the formula:

~Str—Pep-Y-
where Str 1s a stretcher unit; Pep is a peptide of two to twelve amino acid residues,
and Y 1s a spacer unit; and
X 1s a reactive functional group selected from maleimide, thiol, amino, bromide,
bromoacetamido, iodoacetamido, p-toluenesulfonate, iodide, hydroxyl, carboxyl, pyridyl

disulfide, and N-hydroxysuccinimide.

In some embodiments of the linker-antibiotic intermediate of Formula II, X is

\S]
~J
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In another aspect. there is provided use of anv one of the anti-WTA-antibiotic

conjugates described herein in the manufacture of a medicament for killing intracellular

Staph aureus in the host cells of a staph aureus infected patient without killing the host cells.

Also provided is a method of killing intracellular Staph aureus in the host cells of a Staph
aureus infected patient without killing the host cells comprising administering an anti-WTA-
antibiotic conjugate detailed herein.

It is to be understood that one, some, or all of the properties of the various
embodiments described herein may be combined to form other embodiments of the present
disclosureinvention. These and other aspects-of-the-disclosuresinvention will become

apparent to one of skill in the art.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows that exposure to vancomyecin or rifampicin kills MRSA gradually.
Vancomycin was tested at 2 pg/ml (open square) and 20 ug/mL (closed square). Rifampicin
was tested at 0.02 pg/mL (open triangle) and 0.2 pg/ml (closed triangle).

Figure 2 shows infected peritoneal cells were able to transfer infection to osteoblasts
in the presence of vancomycin.

Figure 3 shows the cell wall of Gram-positive bacteria, such as S. aureus with a
cartoon representation of wall teichoic acids (WTA), Lipo teichoic acid (LTA) and the
Peptidoglycan (PGN) sheaths that stabilize the cell membrane and provide attachment sites.

Figure 4 shows the chemical structure and glycosyl modifications of Wall Teichoic
Acid (WTA), described in detail under Definitions.

Figure 5 shows a possible mechanism of drug activation for antibody-antibiotic
conjugates (AAC). Active antibiotic (Abx) is released after internalization of the AAC inside
mammalian cells.
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We Claim:
1. Anisolated anti-WTA (wall teichoic acid) monoclonal antibody compriging a light
(L) chain and a heavy (H) chain, wherein: //
(2) the L chain comprising CDR L1 comprising the sequence of //

KSSQSVLSRANNNYYVA (SEQ ID NO:1), CDR L2 comprising the seque: ég of
WASTREF (SEQ ID NO:2), and CDR 13 comprising the sequence of QQYYTSRRT
(SEQ ID NO:3); and the H chain comprising CDR H1 comprising the se‘éfuence of
DYYMH (SEQ ID NO:4), CDR H2 comprising the sequence of
WINPKSGGTNYAQRFQG (SEQ ID NO:5), and CDR H3 comprising the sequence
of DCGSGGLRDF (SEQ 1D NO:6);

(b) the L chain comprising CDR L1 comprising the sequénce of
RSNQNLLSSSNNNYLA (SEQ ID NO:7), CDR L2 ¢omprising the scquence of
WASTRES (SEQ ID NO:8), and CDR L3 compri ﬁé the sequence of QQYYANPRT
(SEQ ID NO:9); and the H chain comprising CBR H1 comprising the sequence of
DYYIH (SEQ ID NO:10), CDR H2 compri
WINPNTGGTYYAQKFRD (SEQ ID NO:11), and CDR H3 comprising the
sequence of DCGRGGLRDI (SEQ ID/zO: 12},

sing the sequence of

(c) the L chain comprising CD
KSNQNVLASSNDKNYLA (SEQ ID NO:13), CDR L2 comprising the sequence of
WASIRES (SEQ ID NO:}4), and CDR L3 comprising the sequence of QQYYTNPRT
(SEQ ID NO:15); anji; ¢ H chain comprising CDR HI comprising the sequence of
DYYIH (SEQ ID NO:16), CDR H2 comprising the sequence of
WINPNTGGTNYAQKFQG (SEQ ID NO:17), and CDR H3 comprising the sequence
of DCGNAGLRDI (SEQ ID NO:18); or

1 comprising the sequence of

(d) the / ;:hain comprising CDR L1 comprising the sequence of

KS;‘E},{{\; LYSSNNKNYLA (SEQ ID NO:19), CDR L2 comprising the sequence of
ASTRES (SEQ ID NO:20), and CDR L3 comprising the sequence of

QQYYTSPPYT (SEQ ID NQ:21); and the H chain comprising CDR H1 comprising

the sequence of SYWIG (SEQ ID NO:22), CDR H2 comprising the sequence of

HHPGDSKTRYSPSFQG (SEQ D NO:23), and CDR H3 comprising the sequence of

LYCSGGSCYSDRAFSSLGAGGYYYYGMGV (SEQ ID NO:24).
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2. Anisolated anti-WTA monoclonal antibody comprising a heavy chain variable region
(VH), whercin the VH comprises an amino acid sequence having at least 95%
sequence identity over the length of the VH sequence selected from SEQ 1D NO.26,
SEQ ID NO.28, SEQ ID NO.30, and SEQ ID NO.32.

5 3. The antibody of claim 2, further comprising a L chain variable region (VL) wherein
the VL comprises an amino acid sequence having at least 95% sequence idéntity over
the length of the VL sequence selected from SEQ 1D NO.25, SEQ ID 5’27, SEQ 1D
NO.29, and SEQ ID NO.31.

4. An isolated anti-WTA monoclonal antibody comprising a light/Chain variable region
10 (VL), wherein the VL comprises an amino acid sequence?ving at least 95%

sequence identity over the length of the VL sequence sejécted from SEQ ID NO.25,

SEQ ID NO.27, SEQ ID NO.29, and SEQ ID NO.31,
5. The antibody of claim 3, wherein the antibcdy/comprises:

) the VL comprising the sequence ?/ﬁEQ ID NO. 25 and the VH comprising
15 the sequence of SEQ ID NO. 267

(ii)  the VL comprising the sequence of SEQ ID NO. 27 and the VH comprising
the sequence of SEQ ID'NO. 28;

(ii0)

20 prising the sequence of SEQ ID NO. 31 and the VH comprising

e antibody of claim 6, wherein the antibody is a F(ab) or F(ab’),.

. The antibody of any one of claims 1-7, wherein the antibody further comprises a
heavy chain constant region and/or a light chain constant region, wherein the heavy
chain constant region and/or the light chain constant region comprise one or more

amino acids that are substituted with cysteine residucs.

~a
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9. The antibody of claim &, wherein the heavy chain constant region comprises amino /

acid substitution A118C, and/or the light chain constant region comprises amino acid
substitution V205C, wherein the numbering is according to the EU numbering.

/

/

10. The antibody of any one of claims 1-5, wherein the antibody further comprises a /
heavy chain constant region comprising the amino acid sequence of SEQ ID NO 149
Y.
and/or a light chain constant region comprising the amino acid sequence of SEQ ID

<

NO:151.

/
11. The antibody of any one of claims 1-5, wherein the antibody fuﬂhgr/comprises a

heavy chain constant region comprising the amino acid sequen/(;é/of SEQ ID NO:149
and a light chain constant region comprising the amino aciqr,séquence of SEQ ID
NO:150. /
//
12. The antibody of any one of claims 1-5, wherein the /a»r/{tibody further comprises a
heavy chain constant region comprising the ami}ofilcid sequence of SEQ 1D NG:148
and a light chain constant region comprising/ the amino acid sequence of SEQ ID

NO:151. /

4

13. The antibody of any one of claims ]}1/2, wherein the antibody binds WTA alpha.

/
14. An isolated anti-WTA (wall teic/;{héic acid) monoclonal antibody comprising a light

(L) chain and a heavy (H) ch;iﬁ, wherein:

/
(a) the L chain comprising CDR L1 comprising the sequence of RASQTISGWLA

(SEQ ID NO:33), CDR L2 comprising the sequence of KASTLES (SEQ ID NO:34),
and CDR L3 compfising the sequence of QQYKSYSFEN (SEQ ID NO:35); and the H
chain comprisi /g/ CDR H1 comprising the sequence of SYDIN (SEQ 1D NO:36),
CDR H2 comprising the sequence of WMNANSGNTGYAQKFQG (SEQ ID
N’O:37)(and CDR H3 comprising the sequence of SSILVRGALGRYFDL (SEQ ID
NO:38),

b) the L chain comprising CDR L1 comprising the sequence of RASQTISGWLA
(SEQ ID NO:39), CDR L2 comprising the sequence of KASTLES (SEQ 1D NO:40),
and CDR L3 comprising the sequence of QQYKSYSEN (SEQ ID NO:41); and the H
chain comprising CDR H1 comprising the sequence of SYDIN (SEQ ID NO:42),
CDR H2 comprising the sequence of WMNANSGNTGYAQKFQG (SEQ ID

//
4
< /
/
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NO:43), and CDR H3 comprising the sequence of SSILVRGALGRYFDL (SEQ ID
NO:44);

(c) the L chain comprising CDR L1 comprising the sequence of RASQFVSRTSLA
(SEQ ID NO:45), CDR L2 comprising the sequence of ETSSRAT (SEQ ID NO:4
and CDR L3 comprising the sequence of HKYGSGPRT (SEQ ID NO:47); and the H
chain comprising CDR H1 comprising the sequence of NYDFI (SEQ 1D N(O¥48),
CDR H2 comprising the sequence of WMNPNSYNTGYGQKFQG (SEQ 1D NO:49),
and CDR H3 comprising the sequence of AVRGQLLSEY (SEQ 1D NO:50);

(d) the L chain comprising CDR L1 comprising the sequence of RASQSVSSSYLA
(SEQ ID NO:51), CDR L2 comprising the sequence of DASSRAT (SEQ ID NO:52),
and CDR L3 comprising the sequence of QKYGSTPRP (SEQ ID NO:53); and the H
chain comprising CDR H1 comprising the sequence of/ SYDIN (SEQ ID NO:54),
CDR H2 comprising the sequence of WMNPNSGIWINYAQRFQG (SEQ 1D NO:55),
and CDR H3 comprising the sequence of ERW TGHYYYYGMDV (SEQ ID
NQO:56);

(¢) the L chain comprising CDR L1 coraprising the sequence of RASLDITNHLA
(SEQ ID NO:57), CDR L2 comprising the sequence of EASILQS (SEQ ID NO:58),
and CDR L3 comprising the sequence of EKCNSTPRT (SEQ ID NO:59); and the H
chain comprising CDR H1 copfprising the sequence of NYDIN (SEQ ID NO:60),
CDR H2 comprising the sequence of WMNPSSGRTGYAPKFRG (SEQ ID NO:61),
and CDR H3 comprising the sequence of GGGYYDSSGNYHISGLDV (SEQ 1D

chain €omprising CDR H1 comprising the sequence of AYAMN (SEQ ID NO:66),

CDR H2 comprising the sequence of SITKNSDSLYYADSVKG (SEQ ID NO:67),
nd CDR H3 comprising the sequence of LAARIMATDY (SEQ ID NO:68);

(g) the L chain comprising CDR L1 comprising the sequence of RASQGIRNGLG
(SEQ ID NO:69), CDR 1.2 comprising the sequence of PASTLES (SEQ ID NO:70),
and CDR 1.3 comprising the sequence of LQDHNYPPT (SEQ ID NO:71); and the H

105,
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chain comprising CDR H1 comprising the sequence of YYSMI (SEQ ID NO:72),
CDR H2 comprising the sequence of SIDSSSRYLYYADSVKG (SEQ ID NO:73),
and CDR H3 comprising the sequence of DGDDILSVYRGSGRPFDY (SEQ ID
NO:74);

(b) the L chain comprising CDR L1 comprising the sequence of RASQGIRNGLG
(SEQ ID NO:75), CDR L2 comprising the sequence of PASTLES (SEQ 102):76),
and CDR L3 comprising the sequence of LQDHNYPPS (SEQ ID NO:77); and the H
chain comprising CDR H1 comprising the sequence of YYSMI (SEQ ID NO:78),
CDR H2 comprising the sequence of SIDSSSRYRYYTDSVKGASEQ ID NO:79),
and CDR H3 comprising the sequence of DGDDILSVYQGSGRPFDY (SEQ ID
NO:80);

(i) the L chain comprising CDR L1 comprising the s¢quence of RASQSVRTNVA
(SEQ ID NO:SI); 'CDR L2 comprising the sequence of GASTRAS (SEQ ID NO:82),
and CDR L3 comprising the sequence of LQ}V@ WPRT (SEQ ID NO:83); and the H
chain comprising CDR H1 comprising the géquence of TNDMS (SEQ ID NO:84),
CDR H2 comprising the sequence of 'f}l IDDTTHYADSVRG (SEQ ID NO:85), and

CDR H3 comprising the sequence of NSGIYSF (SEQ ID NO:86)

(j) the L chain comprising CDR'L1 comprising the sequence of RASQDIGSSLA
(SEQ ID NO:87), CDR L2 ¢émprising the sequence of ATSTLQS (SEQ ID NO:88),

chain comprising CDR H1 comprising the sequence of DYAMG (SEQ ID NO:90),
CDR H2 comprisixg the sequence of VVTGHSYRTHYADSVKG (SEQ ID NO:91),
and CDR H3 cgmprising the sequence of REIWSYGDDSFDV (SEQ ID NO:92);

(k) the Lhain comprising CDR L1 comprising the sequence of RASQSIGDRLA
(SEQ 1D NO:93), CDR L2 comprising the sequence of WASNLEG (SEQ ID NO:94),
DR L3 comprising the sequence of QQYKSQWS (SEQ ID NO:95); and the H
ain comprising CDR H1 comprising the sequence of SYAMN (SEQ ID NO:96),
CDR H2 comprising the sequence of YISSIETIYYADSVKG (SEQ ID NO:97), and
CDR H3 comprising the sequence of DRLVDVPLSSPNS (SEQ 1D NO:98);

an:

(1) the L chain comprising CDR L1 comprising the sequence of
KSSQSIFRTSRNKNLLN (SEQ ID NO:99), CDR 1.2 comprising the sequence of
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WASTRKS (SEQ ID NO:100), and CDR L3 comprising the sequence of

QQYFSPPYT (SEQ ID NO:101); and the H chain comprising CDR HI comprising

the sequence of SFWMH (SEQ ID NO:102), CDR H2 comprising the sequence of

FINNEGTTTAYADSVRG (SEQ ID NO:103), and CDR H3 comprising the ’

sequence of GDGGLDD (SEQ ID NO:104); /
/

{m) the L chain comprising CDR L1 comprising the sequence of RASQF TNﬁYLN
(SEQ ID NO:105), CDR L2 comprising the sequence of VASNLQS (SE?/I{)
NO:106), and CDR L3 comprising the sequence of QQSYRTPYT (SE}& ID NO:107);
and the H chain comprising CDR H1 comprising the sequence of SGYYN (SEQ ID
NO:108), CDR H2 comprising the sequence of YILSGAHTDIK}@LGS (SEQ ID
NO:109), and CDR H3 comprising the sequence of SGVYS}'{;SLDV (SEQID

NO:1190); or //

(n) the L chain comprising CDR L1 comprising the s“({(;uencc of
KSSQSIFRTSRNKNLLN (SEQ 1D N0O:99), CDR/L.2 comprising the sequence of
WASTRKS (SEQ ID NO:100), and CDR L3 cgmprising the sequence of
QQYFSPPYT (SEQ ID NO:101); and the H'chain comprising CDR HI comprising
the sequence of SFWMH (SEQ ID NO: 102), CDR H2 comprising the sequence of
FINNEGTTTAYADSVRG (SEQ ID'NO:103), and CDR H3 comprising the
sequence of GEGGLDD (SEQ 19/53:1 18).

. An isolated anti-WTA monoelonal antibody comprising a heavy chain variable region

(VH), wherein the VH cg r‘n/prises an amino acid sequence having at least 95%
sequence identity over/the length of the VH sequence of SEQ ID NO.112, wherein
Xaa at position 1 /1? SEQ ID NO.112 is Q or E, and Xaa at position 2 in SEQ ID
NO.II2isM, Lgr V.

The antibody of claim 11, further comprising a light chain variable region (VL),
he VL comprises an amino acid sequence having at least 95% sequence

identity over the length of the VL sequence of SEQ ID NO.111.

isolated anti-WTA monoclonal antibody comprising a light chain variable region
(VL), wherein the VL comprises an amino acid sequence having at least 95%

sequence identity over the length of the VL sequence of SEQ ID NO.111.
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18. The antibody of claim 15, wherein the VH comprises the sequence of SEQ ID NO.

112 and the VL comprises the sequence of SEQ ID NO.111, wherein Xaa at position
1in SEQ ID NO.112 is Q or E, and Xaa at position 2 in SEQ ID NO.112is M, Ior V.

19. An isolated anti-WTA monoclonal antibody comprising a heavy chain variable region

(VH), wherein the VH comprises an amino acid sequence having at least 95%

sequence identity over the length of the VH sequence SEQ ID NO.120 or SEQ ID

NO.156.

20. The antibody of claim 17, further comprising a light chain variable/vggion (VL),
9

21.

23.

wherein the VL comprises an amino acid sequence having at leas

5% sequence

identity over the length of the VL sequence SEQ ID NO.119,

An isolated anti-WTA monoclonal antibody comprisin%a light chain variable region

(VL), wherein the VL comprises an amino acid sequefice having at least 95%

sequence identity over the length of the VL sequerfce SEQ ID NO.119.

. An isolated anti-WTA monoclonal antibody gomprising a light chain variable region

(VL) and a heavy chain variable region (YH), wherein the VL comprises the sequence
of SEQ ID NO.119 and the VH comprides the sequence SEQ ID NO.120. or SEQ ID

NO.156.

An isolated anti-WTA monoclénal antibody comprising a light chain variable region

(VL), wherein the VL comprises a sequence having at least 95% sequence identity

over the length of theyv_, sequence selected from the VL sequence of SEQ ID

NO.158, SEQ ID N

ID NO.163, SE
and SEQ ID N

7159, SEQ ID NO.160, SEQ ID NO.161, SEQ ID NO.162, SEQ
NO.164, SEQ ID NO.165, SEQ ID NO.166, SEQ 1D NO.167,

168,

anti-WTA monoclonal antibody comprising a heavy chain variable region

{VH) gbmprising an amino acid sequence having at least 95% sequence identity over

thedength of the VH sequence elected from the VH sequence of SEQ ID NO.127,
EQ ID N0.133, SEQ ID NO.134, SEQ ID NO.169, SEQ 1D NO.170, SEQ ID

NO.171, SEQ ID NO.172, SEQ ID NO.173, SEQ ID NO.174, SEQ ID NO.175, and

SEQ ID NO.176.

202
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25. An isolated anti-WTA monoclonal antibody comprising a light chain variable region

(VL) and a heavy chain variable region (VH), wherein:

(a) the VL of the antibody comprises an amino acid sequence having at least 95%
sequence identity over the length of the VL sequence of SEQ ID NO.158, and the
5 of the antibody comprises an amino acid sequence having at least 95% sequen:
identity over the length of the VH sequence of SEQ ID NO.169;

(b) the VL of the antibody comprises an amino acid sequence having ayleast 95%
sequence identity over the length of the VL sequence of SEQ 1D NO./I 59, and the VH
of the antibody comprises an amino acid sequence having at leas?95% sequence

10 identity over the length of the VH sequence of SEQ ID NO.1

(c) the VL of the antibody comprises an amino acid sequence having at least 95%
sequence identity over the length of the VL sequence of SEQ ID NO.160, and the VH
of the antibody comprises an amino acid sequence }éving at least 95% sequence
identity over the length of the VH sequence of/S Q IDNO.171,

15 (d) the VL of the antibody comprises an ar;ﬁ?m acid sequence having at least 95%
sequence identity over the length of the 41, sequence of SEQ ID NO.161, and the VH
of the antibody comprises an amino ac/ld sequence having at least 95% sequence
identity over the Iength of the V[;I’ sequence of SEQ ID NO.172;

(e) the VL of the antibody comprises an amino acid sequence having at least 95%
20 sequence identity over the length of the VL sequence of SEQ ID NO.162, and the VH

of the antibody corr?lses an amino acid sequence having at least 95% sequence

identity over the lerigth of the VH sequence of SEQ ID NO.173;

/

(f) the VL of the antibody comprises an amino acid sequence having at least 95%
sequence identity over the length of the VL sequence of SEQ ID NO.163, and the VH
25 of the a 'ébody comprises an amino acid sequence having at least 95% sequence

id?ﬁty over the length of the VH sequence of SEQ ID NO.174;

Ag) the VL of the antibody comprises an amino acid sequence having at least 95%
/ sequence identity over the Iength of the VL sequence of SEQ ID NO.164, and thc VH
‘ of the antibody comprises an amino acid sequence having at least 95% sequence
30 / identity over the length of the VH sequence of SEQ ID NO.175;

s

5
e
7
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(h) the VL of the antibody comprises an amino acid sequence having at least 95%

sequence identity over the length of the VL sequence of SEQ ID NO.165, and the VH
of the antibody comprises an amino acid sequence having at least 95% sequence
identity over the length of the VH sequence of SEQ ID NO.176;

5 (1) the VL of the antibody comprises an amino acid sequence having at least95%
sequence identity over the length of the VL sequence of SEQ ID NO.166/and the VH
of the antibody comprises an amino acid sequence having at least 95%/sequence
identity over the length of the VH sequence of SEQ ID NO.133;

(j) the VL of the antibody comprises an amino acid sequence hdving at least 95%
10 sequence identity over the length of the VL sequence of SEQ ID NO.167, and the VH
of the antibody comprises an amino acid sequence having at least 95% sequence

identity over the length of the VH sequence of SEQ I NO.134; or

(k) the VL of the antibody comprises an amino agid sequence having at least 95%
sequence identity over the length of the VL seguence of SEQ ID NO.168, and the VH

15 of the antibody comprises an amino acid seqduence having at least 95% sequence
identity over the length of the VH sequerce of SEQ 1D NO.127.

26. An isolated anti-WTA monoclonal ahtibody comprising a light chain variable region

(VL) and a heavy chain variable region (VH), wherein:

(a) the VL of the antjibody comprises the VL sequence of SEQ ID NO.158,
20 and the VH of the antibo;l{ comprises the VH sequence of SEQ ID NO.169;

(b) the VL ofthe antibody comprises the VL sequence of SEQ ID NO.159,
and the VH of the/antibody comprises the VH sequence of SEQ ID NO.170;

(¢) the’VL of the antibody comprises the VL sequence of SEQ ID NO.160,
and the VH of the antibody comprises the VH sequence of SEQ ID NO.171;

25 (d) the VL of the antibody comprises the VL sequence of SEQ ID NO.161,
angd' the VH of the antibody comprises the VH sequence of SEQ ID NO.172;

/S

// (e) the VL of the antibody comprises the VL sequence of SEQ ID NO.162,
/
/ and the VH of the antibody comprises the VH sequence of SEQ ID NO.173;

/

/
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// 31, The antibody of any one of claims 14-26, wherein the antibody further comprises a

AAAA 4

27.

28.

29.

30.

20347194247 RPCT/US2014/040324

(f) the VL of the antibody comprises the VL sequence of SEQ ID NO.163, and
the VH of the antibody compriscs the VH sequence of SEQ ID NO.174;

(g) the VL of the antibody comprises the VL sequence of SEQ 1D NO.164,
and the VH of the antibody comprises the VH sequence of SEQ ID NO.175;

(h) the VL of the antibody comprises the VL sequence of SEQ ID NO_I'65,
and the VH of the antibody comprises the VH sequence of SEQ ID NO.E”/}(;,/

(1) the VL of the antibody comprises the VL sequence of SEQ B{NO.166, and
the VH of the antibody comprises the VH sequence of SEQ ID I\? 33;

(3) the VL of the antibody comprises the VL sequence ¢f SEQ ID NO.167, and

the VH comprises the VH sequence of SEQ ID NO.134;

(k) the VL of the antibody comprises the VL )?e uence of SEQ ID NO.168,

and the VH comprises the VH scquence of SE? 0.127,
\Y

(1) the VL of the antibody comprises the¢ VL sequence of SEQ ID NO.113, and
the VH comprises the VH sequence of SEQ/ID NO.114; or

(m) the VL of the antibody comérises the VL sequence of SEQ ID NO.121,
and the VH comprises the VH sequence of SEQ ID NO.138.

The antibody of any one of claifns 14-26, wherein the antibody is an antigen-binding

fragment lacking a Fc region.

The antibody of claim f2f7, wherein the antibody is a F(ab) or F(ab’),.

¢

The antibody of an{ one of claims 14-28, wherein the antibody further comprises a
heavy chain cjgnstant region and/or a light chain constant region, wherein the heavy
chain cons’;a{it region and/or the light chain constant region comprise onc or more

. / . . . .
amino ieids that are substituted with cysteine residues.

The/antibody of claim 29, wherein the heavy chain constant region comprises amino

/
/aéid substitution A118C, and/or the light chain constant region comprises amino acid

/

substitution V205C, wherein the numbering is according to the EU numbering.

heavy chain constant region comprising the amino acid sequence of SEQ ID NO:149

05
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and/or a light chain constant region comprising the amino acid sequence of SEQ ID
NO:151.

32. The antibody of any one of claims 14-26, wherein the antibody further comprises a
heavy chain constant region comprising the amino acid sequence of SEQ ID NO/149
and a light chain constant region comprising the amino acid sequence of SEQ/ID
NO:150.

33. The antibody of any one of claims 14-26, wherein the antibody furthey’comprises a
heavy chain constant region comprising the amino acid sequence of SEQ ID NO:148
and a light chain constant region comprising the amino acid segience of SEQ ID
NO:151.

34. An isolated anti-WTA monoclonal antibody comprising4 light chain and a heavy
chain, wherein the heavy chain of the antibody compyises the sequence of SEQ ID
NO.114, SEQ IDNO.116, or SEQ IDNO.117, a
comprises the sequence of SEQ ID NQO.113; wherein amino acid Xaa at position 2 of
SEQ ID NO.116 or SEQ ID NO.117is M, L/or V.

 the light chaip of the antibody

35, Anisolated anti-WTA monoclonal antibody comprising a light chain and a heavy
chain, wherein the heavy chain of t
NO.114, SEQ ID NO.116, or SE@ 1D NO.117, and the light chain of the antibody
comprises the sequence of SE@ 1D NO.115; wherein amino acid Xaa at position 2 of
SEQID NO.116 or SEQ IDXNO.1171s M, I, or V.,

antibody comprises the sequence of SEQ ID

36. An isolated anti-WT/A/monoclonal antibody comprising a light chain and a heavy
chain, wherein the heavy chain of the antibody comprises the sequence selected from
the group consis,tféz of SEQ ID NO.139, SEQ ID NO.140, SEQ ID NO.141, SEQ ID
NO.142, S‘E?’ D NO.143, and SEQ ID NO.144; and the light chain of the antibody
comprise;,/the sequence of SEQ ID NO.113.

37. Anis ’lléiced anti-WTA monoclonal antibody comprising a light chain and a heavy
chain, wherein the heavy chain of the antibody comprises the sequence selected from
j/cégroup consisting of SEQ ID NO.139, SEQ ID NO.140, SEQ ID NO.141, SEQ ID
// NO.142, SEQ ID NO.143, and SEQ ID NO.144; and the light chain of the antibody
comprises the sequence of SEQ ID NO.115.

~PETAIS2014/0403 24—
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38. An isolated anti-WTA monocional antibody comprising a heavy chain and a light
chain, wherein the heavy chain comprises the sequence of SEQ ID NO:146, SEQ ID
NO: 147, SEQ ID NQ.157 or SEQ ID NO.124, and the light chain comprises the
sequence of SEQ ID NO.121 or SEQ ID NO.123.

39. An isolated anti-WTA monoclonal antibody comprising a heavy chain and a fjght
chain, wherein the heavy chain comprises the sequence of SEQ ID NO:14¢/ SEQ ID
NO: 147, SEQ ID NO.157 or SEQ ID NO.124, and the light chain com

sequence of SEQ ID NO.145.

40, The antibody of any one of claims 14-39, wherein the antibody Binds WTA beta.
41. An antibody that binds to the same epitope as the antibody/of any one of claims 1-40.

42. The antibody of any one of claims 1-41, wherein the anitibody is produced in a host

cell in cell culture.

43. The antibody of claim 42, wherein the ho?/f is a Chinese hamster ovary (CHO)
cell.

44. A composition comprising an antibody of any one of claims 1-43 and a

pharmacentically acceptable carriey!
45, An isolated nucleic acid encogding an antibody of any one of claims 1-41.
46. A vector comprising the pticleic acid of claim 45.

47, An isolated host cell Comprising a nucleic acid encoding an antibody of any one of

claims 1-41.

48. A method of/producing an antibody comprising culturing a host cell of claim 47 under
conditiong suitable for cxpression of the nucleic acid; and recovering the antibody

produged by the cell.

49.
/ (WTA) antibody of any one of claims 1 to 43, covalently attached by a peptide linker

antibody-antibiotic conjugate compound comprising an anti-wall teichoic acid

/" toa rifamycin-type antibiotic.

// 50. The antibody-antibiotic conjugate compound of claim 49 wherein the antibody
comprises: 1) L chain and H chain CDRs of SEQ ID NOs 99-104 or the L chain and H

Zaa.;:m_.w.. o ue B TRV
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chain CDRs of SEQ ID NOs. 33-38; or ii) the VL of SEQ ID NO.119 or SEQ ID NO.
123 paired with the VH of SEQ ID NO.120 or SEQ ID NO. 156; or iii) the VL of
SEQ ID NO.111 paired with the VH of SEQ 1D NO.112.

51. The antibody-antibiotic conjugate compound of claim 49 or 50, wherein the anti-wall

teichoic acid (WTA) antibody binds to Staphylococcus aureus.

52. The antibody-antibiotic conjugate compound of claim 51, wherein the antj-wall
teichoic acid (WTA) antibody binds to methicillin-resistant Staphylococéus aureus
(MRSA).

53. The antibody-antibiotic conjugate of any one of claims 49-52, wherein the rifamycin-

type antibiotic 1s a rifalazil-type antibiotic.

54. The antibody-antibiotic conjugate of any one of clait:s/éi -53, wherein the rifamycin-

type antibiotic comprises a quaternary amine attached to the peptide linker.

55. The antibody-antibiotic conjugate of any one o@éms 49-54, wherein the peptide

linker is attached to a cysteine or an enginef/ﬁéi cysteine of the anti-wall teichoic acid
(WTA) antibody. /

e
56. The antibody-antibiotic conjugate of/any one of claims 49-55, wherein the peptide
/
linker is a S. aureus endopeptidye’ or cysteine protease cleavable linker.

y
57. The antibody-antibiotic co?u’gate of claim 56, wherein the peptide linker is a

staphopain B or a staphopéin A cleavable linker.

58. The antibody-antibiofic conjugate of claim 56, whercin the peptide linker is a human

proteasc catheps/in"B cleavablc linker.

59. The antibody-antibiotic conjugate of claim 58, wherein the peptide linker is a val-cit

dipeptidedinker.
/

60. Thg,éétibody-antibiotic conjugate of claim 49 having the formula:

/ Ab—(L-abx),

/" wherein:

Ab is the anti-wall teichoic acid antibody;

208
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L is the peptide linker having the formula:
~Str—Pep-Y-
where Str is a stretcher unit; Pep is a peptide of two to twelve amino acid residues, and
is a spacer unit;
5 abx is the rifamycin-type antibiotic; and
p 18 an integer from 1 to 8.
61. The antibody-antibiotic conjugate of claim 60, wherein p is 2 to 4.

62. The antibody-antibiotic conjugate compound of claim 49 having Foprnula I:

10 wherein:
the dashed Hnes indicate an optional bond;
R is H, C;—Cy; alkyl, or C(O)CH3;
R'is OH; /
R? is CH=N-(heterocyclyl), wherein the heterocyclyl is optionally substituted with one or
15 more groups indepengdently selected from C(O)CHj, C—Cy alkyl, C1—Ci; heteroaryl,
Cy—Cyo heterocyc/L 1, C6—Cso aryl, and C3—Ci2 carbocyclyl;
orR' and R? foi{}{ five- or six-membered fused heteroaryl or heterocyclyl, and
optionally forming a spiro or fused six-membered heteroaryl, heterocyclyl, aryl, or
carboc;;/f,e’ vi ring, wherein the spiro or fused six-membered heteroaryl, heterocyclyl,
20 aryl, or carbocyclyl ring is optionally substituted H, F, CL, Br, 1, C,~C;; alkyl, or OH;
Lis ttéiptide linker attached to R? or the fused heteroaryl or heterocyelyl formed by R’
and R?; and
/Ab is the anti-wall teichoic acid (WTA) antibody.

/ 63. The antibody-antibiotic conjugate compound of claim 62 having the formula:
/
'

Vi

i
7
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R4
A=t —(R%) N
wherein

R is independently selected from H and C,—C, alkyl;
nislor2;

5 R*is selected from H, F, Cl, Br, I, C,—C)3 alkyl, and OH; an
Z is selected from NH, N(C—C1z alkyl), O and S.

64. The antibody-antibiotic conjugate compound of ¢faim 62 having the formula:

wherein

10 R’ is selected frém H and C,—Cy, alkyl; and

nis0or 1,

65. Theantibody-antibiotic conjugate compound of claim 62 having the formula:
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T2 UL LA/ o

10

X
YW USR5

//
" Al —(R3),N

5
(R )n\N<:><N\
2l

Al e |

wherein
R’ is selected from H and C;~Cy; alkyl; and

nisQorl,

66. The antibody-antibiotic conjugate compound of claim 62 having the formula:

(R%\N(\N
/

Alp e[

wherein
R’is independently selected /ﬂom H and C1~Cyp alkyl; and
i

nisQorl.

67. The antibody-antibiotic conjugate compound of claim 62 having the formula:
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PETUS2Z014/040324
wherein

R’ is independently selected from H and C;~Cy, alkyl; and
nis 1 or2.

68. The antibody-antibiotic conjugate compound of claim 62 having the formula:

@
5
69. The antibody-antibiotic conjugate compound of claim 49, wherein the peptide linker
has the formula:
~Str-Pe 9-4’ -
where Str is a stretcher unit covalently attached to the anti-wall teichoic acid (WTA)
10

antibody; Pep is a peptide of two to twélve amino acid residues, and Y is a spacer unit

covalently attached to the rifamyc(i,néypc antibiotic.

70. The antibody-antibiotic conjugaé of claim 69, wherein Str has the formula:

0
N~—R8—C(0)—

O

wherein R® is/selected from the group consisting of C;-Cy alkylene-, -C3-Cg carbocyclo, -
15 0~(CyCg alkyl)-, -arylene-, -C;-C alkylene-arylene-, -arylene-C,-Cyy alkylene-, -Cs-
Cip'alkylene-(C;-Cs carbocyclo)-, ~(Cs-Cg carbocyclo)-Ci-Cyp alkylene-, -Ca-Cg
eterocyclo-, -C;-C1g alkylene-(C3-Cy heterocyclo)-, {Cs-Cs heterocyclo)-C;-Cyo

alkylene-, -(CH,CH,0),-, and -(CH,CH,0)~-CHy-; and r is an integer ranging from 1
to 10.

71. The antibody-antibiotic conjugate of claim 70, wherein R® is -(CHa)s- .

D

=

(32
i
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72. The antibody-antibiotic conjugate of claim 69, wherein Pep comprises two to twelve
amino acid residues independently sclected from glycine, alanine, phenylalanine,

lysine, arginine, valine, and citrulline.

73. The antibody-antibiotic conjugate of claim 72, wherein Pep is selected from valing
citrulline (val-cit, vc); phenylalanine-lysine (fk); GGAFAGGG (SEQ ID NO: 126);
tpm-cit, GPImeLFF (SEQ ID NO: 129); valine-citrulline-phenylalanine (val,€it-phe);
GGAFA (SEQ ID NO: 131); and LAFG (SEQ ID NO: 128).

74. The antibody-antibiotic conjugate of claim 69, wherein Y comprises para-

aminobenzyl or para-aminobenzyloxycarbonyl.

Ab-w-—Str—l?i
H o) AA2

where AA1 and AA2 are independently selected’from an amino acid side chain.

76. The antibody-antibiotic conjugate of claim 75, wherein the amino acid side chain is
independently selected from H, —? , ~CH»(C¢Hs), —CH,CH,CH,CH,NH,,
~CHCH,CHNHC(NH)NH,, ~CHCH(CH32)CHa, and ~CH,CH,CHoNHC(O)NH,.

77. The antibody-antibiotic ?;gate of claim 75 having the formula:

O

l : Y
H 0O =
//
/‘/}
/ j\
/ 0% “NH,
78 The antibody-antibiotic conjugate of claim 75 having the formula
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H O

O
O AA1 |
|
H e AAZ )

79. The antibody-antibiotic conjugate of claim 78 having the formula

#MLAM

HN

)\NHZ

having the formula:

80. The antibody-antibiotic conjugate of claim 75/
s U B S IS

81. The antibody-antibiotic conju gat;é claim 80 having the formula

4\/\/&% 2

// HN
// O)\NHz

S/
82. The antibody-antibiotic conjugate of claim 75 having the formula
O

. ’v/ b3
)'/
/ ‘
f,/; P o Ay o /©/\O/[kabx
g \/\/’\)J\ ’
NN N N\HL?Eq
J Ho O aapH

p O
&3. The antibody-antibiotic conjugate of claim 82 having the formula

o)

3.9 4.
Fax
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O
2 0 H O /Q/\OJ\abx
!
Ab N \/\/\)j\ N \_)LI}I
0 -~ H

Of
HN

A

O

xI-Z

NH,

84. The antibody-antibiotic conjugate of claim 75 having the formula:

Ab

Ab

Ab
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87. The antibody-antibiotic conjugate compound of claim 75 having the formula:

Ab

5 89. A pharmaceutical composition cornprising the antibody-antibiotic conjugate
compound of any one of claims 49-88, and a pharmaceutically acceptable carrier,
glidant, diluent, or excipient.

90. A process for making thfe/antibody-antibiotic conjugate compound of any one of
claims 49-88 comprising conjugating a rifamycin-type antibiotic to an anti-wall
10 teichoic acid (W;I;/A/) antibody.

91. An antibiotic-lifiker intermediate having Formula 11

e
ek
N



e WO-2014/194247 PET/ES2014/04032 4~

1
wherein:
the dashed lines indicate an optional bond,
Ris H, C;—C; alkyl, or C{O)CHj;

5 R'is OH;

R? is CH=N—(heterocyclyl), wherein the heterocyclyl i/optionally substituted with one or
more groups independently selected from C(O)(GHs3, Ci~Cy; alkyl, C—Cy; heteroaryl,
C;—Cyy heterocyclyl, Ce—Cap aryl, and Cs—-Cyf carbocyclyl,
or R! and R? form a five- or six-membered fugéd heteroaryl or heterocyclyl, and
10 optionally forming a spiro or fused sixymembered heteroaryl, heterocyelyl, aryl, or
carbocyclyl ring, wherein the spiro gt fused six-membered heteroaryl, heterocyclyl,
aryl, or carbocyclyl ring 1s optiogally substituted H, F, Cl, Br, I, C,—Ci; alkyl, or OH;

L is a peptide linker attached to B or the fused heteroary! or heterocyclyl formed by R

and R%; and having the forfula:

~Str—Pep-Y-

unit; Pep is a peptide of two to twelve amino acid residues, and Y

15

where Str 1§ a stretche
1§ a spacer unit! and
Xisa reacti%ctionai group selected from maleimide, thiol, amino, bromide,
bromo/octamido iodoacetamido, p-toluenesulfonate, iodide, hydroxyl, carboxyl,
20

yridyl disulfide, and N-hydroxysuccinimide.

p
92. The antibiotic-linker intermediate of claim 91,wherein X is

*f
/éf B

,» 93. The antibiotic-linker intermediate of claim 91 having the formula:

2
s,
~3
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X e —=(R3) N

wherein
R’ is independently selected from H and C;—Cys alkyl;
nis1or2;

5 R*is selected from H, F, Cl, Br, I, C—Cy; alkyl, and OH; and
Z is selected from NH, N(C;-Cy alkyl), O and S.

94, The antibiotic-linker intermediate of claim 93 havi é the formula:

]
X“"—L'”"""-(CHg)zN

/ @
/ o) o N
4 N: MNIYH\)L§/©/\/\
H

10 0% NH,
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96. A method of treating a bacterial infection comprising administering to a patient a
therapeutically-effective amount of an antibody-antibiotic conjugate compound
comprising an anti-wall teichoic acid (WTA) antibody covalently attached by a
peptide linker to a rifamycin-type antibiotic.

97. A method of treating a bacterial infection comprising administering to a patiént a
therapeutically-effective amount of an antibody-antibiotic conjugate of afy one of
claims 49-88.

98. The method of claim 96 or 97, wherein the patient has been diagnosed with a Staph
aureau infection.

99. The method of claim 98, wherein bacterial load in the patienf is reduced by the
treatment.

100. A method of killing intracellular Staph aureus i:?l e host cells of a staph aureus

infected patient without killing the host cells compfising administering an anti-WTA-

antibiotic conjugate of any one of claims 49-8§
101. The method of claim 100, wherein the pefsister bacterial cells are killed.
102.  The method of any one of claims 96-Y00, wherein the patient is a human.

103. The method of any one of claims 96-102, further comprising administering a
second therapeutic agent.

104. The method of claim 103, wherein the second therapeutic agent is an antibiotic.
105. The method of claim 1 Ozvtzerein the antibiotic is selected from the structural
class consisting of (i) amihoglycosides; (ii) beta-lactams; (iii) macrolides/cyclic

peptides; (iv) tetracychnes; (v) fluoroquinolines/fluoroquinolones; and (vi)

oxazolidinones.

106. The methodof claim 104, wherein the antibiotic is selected from the group
consisting ofclindamyecin, novobiocin, retapamulin, daptomycin, GSK-2140944, CG-
400549, éloxacin, teicoplanin, triclosan, napthyridone, radezolid, doxorubicin,
ampic"é, vancomycin, imipenem, doripenem, gemcitabine, dalbavancin, and

azithromycin.

A kit for treating a bacterial infection, comprising:
a) the pharmaceutical composition of claim 89; and

b) instructions for use.
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We Claim:

1.

An isolated anti-WTA (wall teichoic acid) monoclonal antibody comprising a light

(L) chain and a heavy (H) chain, wherein:

(a) the L chain comprising CDR L1 comprising the sequence of
KSSQSVLSRANNNYYVA (SEQ ID NO:1), CDR L2 comprising the sequence of
WASTREF (SEQ ID NO:2), and CDR L3 comprising the sequence of QQYYTSRRT
(SEQ ID NO:3); and the H chain comprising CDR H1 comprising the sequence of
DYYMH (SEQ ID NO:4), CDR H2 comprising the sequence of
WINPKSGGTNYAQRFQG (SEQ ID NO:5), and CDR H3 comprising the sequence
of DCGSGGLRDF (SEQ ID NO:6);

(b) the L chain comprising CDR L1 comprising the sequence of
RSNQNLLSSSNNNYLA (SEQ ID NO:7), CDR L2 comprising the sequence of
WASTRES (SEQ ID NO:8), and CDR L3 comprising the sequence of QQYYANPRT
(SEQ ID NO:9); and the H chain comprising CDR H1 comprising the sequence of
DYYIH (SEQ ID NO:10), CDR H2 comprising the sequence of
WINPNTGGTYYAQKFRD (SEQ ID NO:11), and CDR H3 comprising the

- sequence of DCGRGGLRDI (SEQ ID NO:12);

(c) the L chain comprising CDR L1 comprising the sequence of
KSNQNVLASSNDKNYLA (SEQ ID NO:13), CDR L2 comprising the sequence of
WASIRES (SEQ ID NO:14), and CDR L3 comprising the sequence of QQYYTNPRT
(SEQ ID NO:15); and the H chain comprising CDR HI comprising the sequence of
DYYIH (SEQ ID NO:16), CDR H2 comprising the sequence of
WINPNTGGTNYAQKFQG (SEQ ID NO:17), and CDR H3 comprising the sequence
of DCGNAGLRDI (SEQ ID NO:18); or

(d) the L chain comprising CDR L1 comprising the sequence of
KSSQNVLYSSNNKNYLA (SEQ ID NO:19), CDR L2 comprising the sequence of
WASTRES (SEQ ID NO:20), and CDR L3 comprising the sequence of
QQYYTSPPYT (SEQ ID NO:21); and the H chain comprising CDR HI comprising
the sequence of SYWIG (SEQ ID NO:22), CDR H2 comprising the sequence of
ITHPGDSKTRYSPSFQG (SEQ ID NO:23), and CDR H3 comprising the sequence of
LYCSGGSCYSDRAFSSLGAGGYYYYGMGYV (SEQ ID NO:24).
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. Anisolated anti-WTA monoclonal antibody comprising a heavy chain variable region

(VH), wherein the VH comprises an amino acid sequence having at least 95%
sequence identity over the length of the VH sequence selected from SEQ ID NO.26,
SEQ ID NO.28, SEQ ID NO.30, and SEQ ID NO.32.

. The antibody of claim 2, further comprising a L chain variable region (VL) wherein

the VL comprises an amino acid sequence having at least 95% sequence identity over
the length of the VL sequence selected from SEQ 1D NO.25, SEQ ID NO.27, SEQ ID
NO.29, and SEQ ID NO.31.

. Anisolated anti-WTA monoclonal antibody comprising a light chain variable region

(VL), wherein the VL comprises an amino acid sequence having at least 95%
sequence identity over the length of the VL sequence selected from SEQ ID NO.25,
SEQ ID NO.27, SEQ ID NO.29, and SEQ ID NO.31.

. The antibody of claim 3, wherein the antibody comprises:

(1) the VL comprising the sequence of SEQ ID NO. 25 and the VH comprising
the sequence of SEQ ID NO. 26;

(ii)  the VL comprising the sequence of SEQ ID NO. 27 and the VH comprising
the sequence of SEQ ID NO. 28;

(iii)  the VL comprising the sequence of SEQ ID NO. 29 and the VH comprising
the sequence of SEQ 1D NO. 30; or

(iv)  the VL comprising the sequence of SEQ ID NO. 31 and the VH comprising
the sequence of SEQ ID NO. 32.

. The antibody of any one of claims 1-5, wherein the antibody is an antigen-binding

fragment lacking a Fc region; wherein optionally the antibody is a F(ab) or F(ab’),.

. The antibody of any one of claims 1-6, wherein the antibody further comprises a

heavy chain constant region and/or a light chain constant region, wherein the heavy
chain constant region and/or the light chain constant region comprise one or more
amino acids that are substituted with cysteine residues; wherein optionally the heavy

chain constant region comprises amino acid substitution A118C, and/or the light chain
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10.

constant region comprises amino acid substitution V205C, wherein the numbering is

according to the EU numbering.
The antibody of any one of claims 1-5, wherein:

(a) the antibody further comprises a heavy chain constant region comprising the
amino acid sequence of SEQ ID NO:149 and/or a light chain constant region

comprising the amino acid sequence of SEQ ID NO:151;

(b) the antibody further comprises a heavy chain constant region comprising the
amino acid sequence of SEQ ID NO:149 and a light chain constant region comprising

the amino acid sequence of SEQ ID NO:150; or

(¢) the antibody further comprises a heavy chain constant region comprising the
amino acid sequence of SEQ ID NO:148 and a light chain constant region comprising

the amino acid sequence of SEQ ID NO:151.
The antibody of any one of claims 1-8, wherein the antibody binds WTA alpha.

An isolated anti-WTA (wall teichoic acid) monoclonal antibody comprising a light

(L) chain and a heavy (H) chain, wherein:

(a) the L chain comprising CDR L1 comprising the sequence of RASQTISGWLA
(SEQ ID NO:33), CDR L2 comprising the sequence of KASTLES (SEQ ID NO:34),
and CDR L3 comprising the sequence of QQYKSYSEN (SEQ ID NO:35); and the H
chain comprising CDR H1 comprising the sequence of SYDIN (SEQ ID NO:36),
CDR H2 comprising the sequence of WMNANSGNTGYAQKFQG (SEQ ID
NO:37), and CDR H3 comprising the sequence of SSILVRGALGRYFDL (SEQ ID

. NO:38);

(b) the L chain comprising CDR L1 comprising the sequence of RASQTISGWLA
(SEQ ID NO:39), CDR L2 comprising the sequence of KASTLES (SEQ ID NO:40),
and CDR L3 comprising the sequence of QQYKSYSFN (SEQ ID NO:41); and the H
chain comprising CDR H1 comprising the sequence of SYDIN (SEQ ID NO:42),
CDR H2 comprising the sequence of WMNANSGNTGYAQKFQG (SEQ ID
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NO:43), and CDR H3 comprising the sequence of SSILVRGALGRYFDL (SEQ ID
NO:44);

(c) the L chain comprising CDR L1 comprising the sequence of RASQFVSRTSLA
(SEQ ID NO:45), CDR L2 comprising the sequence of ETSSRAT (SEQ ID NO:46),
and CDR L3 comprising the sequence of HKYGSGPRT (SEQ ID NO:47); and the H
chain comprising CDR H1 comprising the sequence of NYDFI (SEQ ID NO:48),
CDR H2 comprising the sequence of WMNPNSYNTGYGQKFQG (SEQ ID NO:49),
and CDR H3 comprising the sequence of AVRGQLLSEY (SEQ ID NO:50);

(d) the L chain comprising CDR L1 comprising the sequence of RASQSVSSSYLA
(SEQ ID NO:51), CDR L2 comprising the sequence of DASSRAT (SEQ ID NO:52),
and CDR L3 comprising the sequence of QKYGSTPRP (SEQ ID NO:53); and the H
chain comprising CDR HI comprising the sequence of SYDIN (SEQ ID NO:54),
CDR H2 comprising the sequence of WMNPNSGNTNYAQRFQG (SEQ ID NO:55),
and CDR H3 comprising the sequence of ERWSKDTGHYYYYGMDV (SEQ ID
NO:56);

(e) the L chain comprising CDR L1 comprising the sequence of RASLDITNHLA
(SEQ ID NO:57), CDR L2 comprising the sequence of EASILQS (SEQ ID NO:58),
and CDR L3 comprising the sequence of EKCNSTPRT (SEQ ID NO:59); and the H
chain comprising CDR H1 comprising the sequence of NYDIN (SEQ ID NO:60),
CDR H2 comprising the sequence of WMNPSSGRTGYAPKFRG (SEQ ID NO:61),
and CDR H3 comprising the sequence of GGGYYDSSGNYHISGLDYV (SEQ ID
NO:62);

(f) the L chain comprising CDR L1 comprising the sequence of RASQSVGAIYLA
(SEQ ID NO:63), CDR L2 comprising the sequence of GVSNRAT (SEQ ID NO:64),
and CDR L3 comprising the sequence of QLYTSSRALT (SEQ ID NO:65); and the H
chain comprising CDR H1 comprising the sequence of AYAMN (SEQ ID NO:66),
CDR H2 comprising the sequence of SITKNSDSLYYADSVKG (SEQ 1D NO:67),
and CDR H3 comprising the sequence of LAARIMATDY (SEQ ID NO:68);

(g) the L chain comprising CDR L1 comprising the sequence of RASQGIRNGLG
(SEQ ID NO:69), CDR L2 comprising the sequence of PASTLES (SEQ ID NO:70),
and CDR L3 comprising the sequence of LQDHNYPPT (SEQ ID NO:71); and the H
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chain comprising CDR H1 comprising the sequence of YYSMI (SEQ ID NO:72),
CDR H2 comprising the sequence of SIDSSSRYLYYADSVKG (SEQ ID NO:73),
and CDR H3 comprising the sequence of DGDDILSVYRGSGRPFDY (SEQ ID
NO:74);

(b) the L chain comprising CDR L1 comprising the sequence of RASQGIRNGLG
(SEQ ID NO:75), CDR L2 comprising the sequence of PASTLES (SEQ ID NO:76),
and CDR L3 comprising the sequence of LQDHNYPPS (SEQ ID NO:77); and the H
chain comprising CDR H1 comprising the sequence of YYSMI (SEQ ID NO:78),
CDR H2 comprising the sequence of SIDSSSRYRYYTDSVKG (SEQ ID NO:79),
and CDR H3 comprising the sequence of DGDDILSVYQGSGRPFDY (SEQ ID
NO:80);

(i) the L chain comprising CDR L1 comprising the sequence of RASQSVRTNVA
(SEQ ID NQ:81), CDR 1.2 comprising the sequence of GASTRAS (SEQ ID NO:82),
and CDR L3 comprising the sequence of LQYNTWPRT (SEQ ID NO:83); and the H
chain comprising CDR H1 comprising the sequence of TNDMS (SEQ ID NO:84),
CDR H2 comprising the sequence of TIIGIDDTTHYADSVRG (SEQ ID NO:85), and
CDR H3 comprising the sequence of NSGIYSF (SEQ ID NO:86)

(3) the L chain comprising CDR L1 comprising the sequence of RASQDIGSSLA
(SEQ ID NO:87), CDR L2 comprising the sequence of ATSTLQS (SEQ 1D NO:88),
and CDR L3 comprising the sequence of QQLNNYVHS (SEQ ID NO:89); and the H
chain comprising CDR H1 comprising the sequence of DYAMG (SEQ ID NO:90),
CDR H2 comprising the sequence of VVTGHSYRTHYADSVKG (SEQ ID NO:91),
and CDR H3 comprising the sequence of RIWSYGDDSFDV (SEQ ID NO:92);

(k) the L chain comprising CDR L1 comprising the sequence of RASQSIGDRLA
(SEQ ID NO:93), CDR L2 comprising the sequence of WASNLEG (SEQ 1D NO:94),
and CDR L3 comprising the sequence of QQYKSQWS (SEQ ID NO:95); and the H
chain comprising CDR H1 comprising the sequence of SYAMN (SEQ ID NO:96),
CDR H2 comprising the sequence of YISSIETIYYADSVKG (SEQ ID NO:97), and
CDR H3 comprising the sequence of DRLVDVPLSSPNS (SEQ ID NO:98);

(1) the L chain comprising CDR L1 comprising the sequence of
KSSQSIFRTSRNKNLLN (SEQ ID N0O:99), CDR L2 comprising the sequence of
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1L

12.

13.

WASTRKS (SEQ ID NO:100), and CDR L3 comprising the sequence of
QQYFSPPYT (SEQ ID NO:101); and the H chain comprising CDR H1 comprising
the sequence of SFWMH (SEQ ID NO:102), CDR H2 comprising the sequence of
FINNEGTTTAYADSVRG (SEQ ID NO:103), and CDR H3 comprising the
sequence of GDGGLDD (SEQ ID NO:104);

(m) the L chain comprising CDR L1 comprising the sequence of RASQFTNHYLN
(SEQ ID NO:105), CDR L2 comprising the sequence of VASNLQS (SEQ ID
NO:106), and CDR L3 comprising the sequence of QQSYRTPYT (SEQ ID NO:107);
and the H chain comprising CDR H1 comprising the sequence of SGYYN (SEQ ID
NO:108), CDR H2 comprising the sequence of YILSGAHTDIKASLGS (SEQ ID
NO:109), and CDR H3 comprising the sequence of SGVYSKYSLDV (SEQ ID
NO:110); or

(n) the L chain comprising CDR L1 comprising the sequence of
KSSQSIFRTSRNKNLLN (SEQ ID NO:99), CDR 1.2 comprising the sequence of
WASTRKS (SEQ ID NO:100), and CDR L3 comprising the sequence of
QQYFSPPYT (SEQ ID NO:101); and the H chain comprising CDR H1 comprising
the sequence of SFWMH (SEQ ID NO:102), CDR H2 comprising the sequence of
FINNEGTTTAYADSVRG (SEQ ID NO:103), and CDR H3 comprising the
sequence of GEGGLDD (SEQ ID NO:118).

An isolated anti-WTA monoclonal antibody comprising a heavy chain variable region
(VH), wherein the VH comprises an amino acid sequence having at least 95%
sequence identity over the length of the VH sequence of SEQ ID NO.112, wherein
Xaa at position 1 in SEQ ID NO.112 is Q or E, and Xaa at position 2 in SEQ ID
NO.112is M, lor V.

The antibody of claim 11, further comprising a light chain variable region (VL),
wherein the VL comprises an amino acid sequence having at least 95% sequence

identity over the length of the VL sequence of SEQ ID NO.111.

An isolated anti-WTA monoclonal antibody comprising a light chain variable region
(VL), wherein the VL comprises an amino acid sequence having at least 95%

sequence identity over the length of the VL sequence of SEQ ID NO.111.
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14. The antibody of claim 13, wherein the VH comprises the sequence of SEQ ID NO.

15.

16.

17.

112 and the VL comprises the sequence of SEQ ID NO.111, wherein Xaa at position
1 in SEQ ID NO.112 is Q or E, and Xaa at position 2 in SEQ ID NO.112is M, [ or V.

An isolated anti-WTA monoclonal antibody comprising a heavy chain variable region
(VH), wherein the VH comprises an amino acid sequence having at least 95%
sequence identity over the length of the VH sequence SEQ ID NO.120 or SEQ ID
NO.156.

The antibody of claim 15, further comprising a light chain variable region (VL),
wherein the VL comprises an amino acid sequence having at least 95% sequence

identity over the length of the VL sequence SEQ ID NO.119.
An isolated anti-WTA monoclonal antibody comprising:

(a) a light chain variable region (VL), wherein the VL comprises an amino acid
sequence having at least 95% sequence identity over the length of the VL sequence

SEQ ID NO.119;

(b) a light chain variable region (VL) and a heavy chain variable region (VH),
wherein the VL comprises the sequence of SEQ ID NO.119 and the VH comprises the
sequence SEQ ID NO.120. or SEQ ID NO.156;

(¢) a light chain variable region (VL), wherein the VL comprises a sequence having at
least 95% sequence identity over the length of the VL sequence selected from the VL
sequence of SEQ ID NO.158, SEQ ID NO.159, SEQ ID NO.160, SEQ ID NO.161,
SEQ ID NO.162, SEQ ID NO.163, SEQ ID NO.164, SEQ ID NO.165, SEQ ID
NO.166, SEQ ID NO.167, and SEQ ID NO.168; or

(d) a heavy chain variable region (VH) comprising an amino acid sequence having at
least 95% sequence identity over the length of the VH sequence elected from the VH
sequence of SEQ ID NO.127, SEQ ID NO.133, SEQ ID NO.134, SEQ ID NO.169,
SEQ ID NO.170, SEQ ID NO.171, SEQ ID NO.172, SEQ ID NO.173, SEQ ID
NO.174, SEQ ID NO.175, and SEQ ID NO.176.
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18. An isolated anti-WTA monoclonal antibody comprising a light chain variable region

(VL) and a heavy chain variable region (VH), wherein:

(a) the VL of the antibody comprises an amino acid sequence having at least 95%
sequence identity over the length of the VL sequence of SEQ ID NO.158, and the VH

of the antibody comprises an amino acid sequence having at least 95% sequence

_ identity over the length of the VH sequence of SEQ ID NO.169;

(b) the VL of the antibody comprises an amino acid sequence having at least 95%
sequence identity over the length of the VL sequence of SEQ ID NO.159, and the VH
of the antibody comprises an amino acid sequence having at least 95% sequence

identity over the length of the VH sequence of SEQ ID NO.170;

(c) the VL of the antibody comprises an amino acid sequence having at least 95%
sequence identity over the length of the VL sequence of SEQ ID NO.160, and the VH
of the antibody comprises an amino acid sequence having at least 95% sequence

identity over the length of the VH sequence of SEQ ID NO.171;

(d) the VL of the antibody comprises an amino acid sequence having at least 95%
sequence identity over the length of the VL sequence of SEQ ID NO.161, and the VH
of the antibody comprises an amino acid sequence having at least 95% sequence

identity over the length of the VH sequence of SEQ ID NO.172;

(e) the VL of the antibody comprises an amino acid sequence having at least 95%
sequence identity over the length of the VL sequence of SEQ ID NO.162, and the VH
of the antibody comprises an amino acid sequence having at least 95% sequence

identity over the length of the VH sequence of SEQ ID NO.173;

(f) the VL of the antibody comprises an amino acid sequence having at least 95%
sequence identity over the length of the VL sequence of SEQ ID NO.163, and the VH
of the antibody comprises an amino acid sequence having at least 95% sequence

identity over the length of the VH sequence of SEQ ID NO.174;

(g) the VL of the antibody comprises an amino acid sequence having at least 95%
sequence identity over the length of the VL sequence of SEQ ID NO.164, and the VH
of the antibody comprises an amino acid sequence having at least 95% sequence

identity over the length of the VH sequence of SEQ ID NO.175;
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19.

(h) the VL of the antibody comprises an amino acid sequence having at least 95%
sequence identity over the length of the VL sequence of SEQ ID NO.165, and the VH
of the antibody comprises an amino acid sequence having at least 95% sequence

identity over the length of the VH sequence of SEQ ID NO.176;

(i) the VL of the antibody comprises an amino acid sequence having at least 95%
sequence identity over the length of the VL sequence of SEQ ID NO.166, and the VH
of the antibody comprises an amino acid sequence having at least 95% sequence

identity over the length of the VH sequence of SEQ ID NO.133;

(j) the VL of the antibody comprises an amino acid sequence having at least 95%
sequence identity over the length of the VL sequence of SEQ ID NO.167, and the VH
of the antibody comprises an amino acid sequence having at least 95% sequence

identity over the length of the VH sequence of SEQ ID NO.134; or

(k) the VL of the antibody comprises an amino acid sequence having at least 95%
sequence identity over the length of the VL sequence of SEQ ID NO.168, and the VH
of the antibody comprises an amino acid sequence having at least 95% sequence

identity over the length of the VH sequence of SEQ ID NO.127.

An isolated anti-WTA monoclonal antibody comprising a light chain variable region

(VL) and a heavy chain variable region (VH), wherein:

(a) the VL of the antibody comprises the VL sequence of SEQ ID NO.158, and the
VH of the antibody comprises the VH sequence of SEQ ID NO.169;

(b) the VL of the antibody comprises the VL sequence of SEQ ID NO.159, and the
VH of the antibody comprises the VH sequence of SEQ ID NO.170;

(¢) the VL of the antibody comprises the VL sequence of SEQ ID NO.160, and the
VH of the antibody comprises the VH sequence of SEQ ID NO.171;

(d) the VL of the antibody comprises the VL sequence of SEQ ID NO.161, and the
VH of the antibody comprises the VH sequence of SEQ ID NO.172;

(e) the VL of the antibody comprises the VL sequence of SEQ ID NO.162, and the
VH of the antibody comprises the VH sequence of SEQ ID NO.173;
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(f) the VL of the antibody comprises the VL sequence of SEQ ID NO.163, and the
VH of the antibody comprises the VH sequence of SEQ ID NO.174;

(g) the VL of the antibody comprises the VL sequence of SEQ ID NO.164, and the
VH of the antibody comprises the VH sequence of SEQ ID NO.175;

(h) the VL of the antibody comprises the VL sequence of SEQ ID NO.165, and the
VH of the antibody comprises the VH sequence of SEQ ID NO.176;

(1) the VL of the antibody comprises the VL sequence of SEQ ID NO.166, and the
VH of the antibody comprises the VH sequence of SEQ ID NO.133;

(j) the VL of the antibody comprises the VL sequence of SEQ ID NO.167, and the
VH comprises the VH sequence of SEQ ID NO.134;

(k) the VL of the antibody comprises the VL sequence of SEQ ID NO.168, and the
VH comprises the VH sequence of SEQ ID NO.127;

(1) the VL of the antibody comprises the VL sequence of SEQ ID NO.113, and the
VH comprises the VH sequence of SEQ ID NO.114; or

{(m) the VL of the antibody comprises the VL sequence of SEQ ID NO.121, and the
VH comprises the VH sequence of SEQ ID NO.138.

20. The antibody of any one of claims 10-19, wherein the antibody is an antigen-binding
fragment lacking a Fc region; wherein optionally the antibody is a F(ab) or F(ab’),.

21. The antibody of any one of claims 10-20, wherein the antibody further comprises a
heavy chain constant region and/or a light chain constant region, wherein the heavy
chain constant region and/or the light chain constant region comprise one or more
amino acids that are substituted with cysteine residues; wherein optionally the heavy
chain constant region comprises amino acid substitution A118C, and/or the light chain
constant region comprises amino acid substitution V205C, wherein the numbering is

according to the EU numbering.

22. The antibody of any one of claims 10-19, wherein:
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(a) the antibody further comprises a heavy chain constant region comprising the
amino acid sequence of SEQ ID NO:149 and/or a light chain constant region

comprising the amino acid sequence of SEQ ID NO:151;

(b) the antibody further comprises a heavy chain constant region comprising the
amino acid sequence of SEQ ID NO:149 and a light chain constant region comprising
the amino acid sequence of SEQ ID NO:150; or

(¢) the antibody further comprises a heavy chain constant region comprising the
amino acid sequence of SEQ ID NO:148 and a light chain constant region comprising

the amino acid sequence of SEQ ID NO:151.

23. An isolated anti-WTA monoclonal antibody comprising

(a) a light chain and a heavy chain, wherein the heavy chain of the antibody comprises
the sequence of SEQ ID NO.114, SEQ ID NO.116, or SEQ ID NO.117, and the light
chain of the antibody comprises the sequence of SEQ ID NO.113; wherein amino acid
Xaa at position 2 of SEQ ID NO.116 or SEQ IDNO.117is M, I, or V;

(b) a light chain and a heavy chain, wherein the heavy chain of the antibody
comprises the sequence of SEQ ID NO.114, SEQ ID NO.116, or SEQ ID NO.117,
and the light chain of the antibody comprises the sequence of SEQ ID NO.115;
wherein amino acid Xaa at position 2 of SEQ ID NO.116 or SEQ IDNO.1171s M, 1,
orv;

{c) a light chain and a heavy chain, wherein the heavy chain of the antibody comprises
the sequence selected from the group consisting of SEQ ID NO.139, SEQ ID NO.140,
SEQ ID NO.141, SEQ ID NO.142, SEQ ID NO.143, and SEQ ID NO.144; and the
light chain of the antibody comprises the sequence of SEQ ID NO.113;

(d) a light chain and a heavy chain, wherein the heavy chain of the antibody
comprises the sequence selected from the group consisting of SEQ ID NO.139, SEQ
ID NO.140, SEQ ID NO.141, SEQ ID NO.142, SEQ ID NO.143, and SEQ ID
NO.144; and the light chain of the antibody comprises the sequence of SEQ ID
NO.115;
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24.

25.

26.

27.

28.

29.

30.

31

32.

33.

(e) a heavy chain and a light chain, wherein the heavy chain comprises the sequence
of SEQ ID NO:146, SEQ ID NO: 147, SEQ ID NO.157 or SEQ ID NO.124, and the
light chain comprises the sequence of SEQ ID NO.121 or SEQ ID NO.123; or

(f) a heavy chain and a light chain, wherein the heavy chain comprises the sequence
of SEQ ID NO:146, SEQ ID NO: 147, SEQ ID NO.157 or SEQ ID NO.124, and the
hght chain comprises the sequence of SEQ ID NO.145.

The antibody of any one of claims 10-23, wherein the antibody binds WTA beta.
An antibody that binds to the same epitope as the antibody of any one of claims 1-24.

The antibody of any one of claims 1-25, wherein the antibody 1s produced in a host
cell in cell culture; wherein optionally the host cell is a Chinese hamster ovary
(CHO) cell.

A composition comprising an antibody of any one of claims 1-26 and a

pharmaceutically acceptable carrier.
An isolated nucleic acid encoding an antibody of any one of claims 1-25.
A vector comprising the nucleic acid of claim 28.

An isolated host cell comprising a nucleic acid encoding an antibody of any one of

claims 1-25.

. A method of producing an antibody comprising culturing a host cell of claim 30 under

conditions suitable for expression of the nucleic acid; and recovering the antibody

produced by the cell.

An antibody-antibiotic conjugate compound comprising an anti-wall teichoic acid
(WTA) antibody of any one of claims 1 to 26, covalently attached by a peptide linker

to a rifamycin-type antibiotic.

The antibody-antibiotic conjugate compound of claim 32 wherein the antibody
comprises: i) L chain and H chain CDRs of SEQ ID NOs 99-104 or the L chain and H
chain CDRs of SEQ ID NOs. 33-38; or 1) the VL of SEQ ID NO.119 or SEQ ID NO.
123 paired with the VH of SEQ ID NO.120 or SEQ ID NO. 156; or iii) the VL of
SEQ ID NO.111 paired with the VH of SEQ ID NO.112.
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34. The antibody-antibiotic conjugate compound of claim 32 or 33, wherein the anti-wall
teichoic acid (WTA) antibody binds to Staphylococcus aureus; wherein optionally the
anti-wall teichoic acid {(WTA) antibody binds to methicillin-resistant Staphylococcus
aureus (MRSA).

35. The antibody-antibiotic conjugate of any one of claims 32-34, wherein the rifamycin-

type antibiotic is a rifalazil-type antibiotic.

36. The antibody-antibiotic conjugate of any one of claims 32-35, wherein the rifamycin-

type antibiotic comprises a quaternary amine attached to the peptide linker.

37. The antibody-antibiotic conjugate of any one of claims 32-36, wherein the peptide
linker is attached to a cysteine or an engineered cysteine of the anti-wall teichoic acid

(WTA) antibody.

38. The antibody-antibiotic conjugate of any one of claims 32-37, wherein the peptide
linker is a S. aureus endopeptidase or cysteine protease cleavable linker; wherein

optionally the peptide Jinker is

(a) a staphopain B or a staphopain A cleavable linker, or

(b) a human protease cathepsin B cleavable linker,

wherein optionally the peptide linker is a val-cit dipeptide linker.

39. The antibody-antibiotic conjugate of claim 32 having the formula:

Ab—(L—abx),

wherein:
Ab is the anti-wall teichoic acid antibody;

L is the peptide linker having the formula:
—Str—-Pep-Y-
where Str is a stretcher unit; Pep is a peptide of two to twelve amino acid residues, and Y
is a spacer unit;
abx is the rifamycin-type antibiotic; and
p is an integer from 1 to 8.

40. The antibody-antibiotic conjugate of claim 39, wherein p is 2 to 4.
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41. The antibody-antibiotic conjugate compound of claim 32 having Formula I:

wherein:

the dashed lines indicate an optional bond;

R is H, C;—Cj; alkyl, or C(O)CHs;

R'is OH;

R? is CH=N—(heterocyclyl), wherein the heterocyclyl is optionally substituted with one or
more groups independently selected from C(O)CH;, C,—Cy; alkyl, C;—Cy; heteroaryl,
Cy—Cyg heterocyclyl, C¢—Cop aryl, and Cs—Cy; carbocyclyl;

or R! and R? form a five- or six-membered fused heteroaryl or heterocyclyl, and
optionally forming a spiro or fused six-membered heteroaryl, heterocyclyl, aryl, or
carbocyelyl ring, wherein the spiro or fused six-membered heteroaryl, heterocyclyl,
aryl, or carbocyclyl ring is optionally substituted H, F, CI, Br, I, C;—C;; alkyl, or OH;

L is the peptide linker attached to R” or the fused heteroaryl or heterocyclyl formed by R!
and R?; and

Ab is the anti-wall teichoic acid (WTA) antibody.

42. The antibody-antibiotic conjugate compound of claim 41 having the formula: (a)

Ab—— | ——(R%),N
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wherein

R’ is independently selected from H and C;—Cj; alkyl;

nislor?2;

R* is selected from H, F, CL, Br, I, C;~C;» alkyl, and OH; and
Z is selected from NH, N(C,~C;; alkyl), O and S;

(b)

wherein

R’ is selected from H and C;—Ci, alkyl; and

nisQorl;

()

wherein
R’ is selected from H and C,—Cy; alkyl: and

nisCorl;

(d)
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(R%n ;O

Ab—L

wherein
R’ is independently selected from H and C—Cy2 alkyl; and

nisQorl;

(e)

Ap——L—(R*)N

wherein

R? is independently selected from H and C,-Cy, alkyl; and

nis1or2;or

()

¢

Ab——L—(CHg)oN
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43. The antibody-antibiotic conjugate compound of claim 32, wherein the peptide linker

has the formula:

~Str—Pep-Y-

where Str is a stretcher unit covalently attached to the anti-wall teichoic acid (WTA)
5 antibody; Pep is a peptide of two to twelve amino acid residues, and Y is a spacer unit

covalently attached to the rifamycin-type antibiotic.
44. The antibody-antibiotic conjugate of claim 43, wherein:

(a) Str has the formula:

O
N—RE—~C(O)—
O
10 wherein R® is selected from the group consisting of C;-Cyg alkylene-, -C3-Cg carbocyclo, -

0+(C;-Cy alkyl)-, -arylene-, -C;-Cyq alkylene-arylene-, -arylene-C;-Cyg alkylene-, -C;-

Cyp alkylene-{C5-Cy carbocyclo)-, -(Cs-Cg carbocyclo)-Ci-Cyp alkylene-, -Cs-Cy

heterocyclo-, -Ci-Cyg alkylene-(Cs-Cg heterocyclo)-, -(C3-Cs heterocyclo)-Ci-Cig

alkylene-, -(CH,CH,0),-, and -(CH,CH,0),-CH»-; and r is an integer ranging from 1
15 to 10;

wherein optionally R® is -(CHa)s-;

(b) Pep comprises two to twelve amino acid residues independently selected from
glycine, alanine, phenylalanine, lysine, arginine, valine, and citrulline; wherein
optionally Pep is selected from valine-citrulline (val-cit, vc); phenylalanine-lysine

20 (fk); GGAFAGGG (SEQ ID NO: 126); tpm-cit; GPImeLFF (SEQ ID NO: 129);
valine-citrulline-phenylalanine (val-cit-phe); GGAFA (SEQ ID NO: 131); and LAFG
(SEQ ID NO: 128); or

(¢) Y comprises para-aminobenzyl or para-aminobenzyloxycarbonyl.

45. The antibody-antibiotic conjugate of claim 32 having the formula:
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AA1

zZ—T

b
Ab—Str—N v

H O AA2

where AA1 and AA2 are independently selected from an amino acid side chain.

46. The antibody-antibiotic conjugate of claim 45, wherein the amino acid side chain is
independently selected from H, ~CHjs, —CH2(C¢Hss), ~CH,CH>CH>CH,NH;,
~CH;CH,CH,NHC(NH)NH,, -CHCH(CH3)CH3, and —-CH,CH,CH,NHC(O)NH,.

47. The antibody-antibiotic conjugate of claim 45 having the formula:

(b)

O
s} AA1 }[! 0
Ab N\/\/\)]\N)\‘/Nj’/u\\(/abx
!
o) H 0 AA2 ,

optionally having the formula:

O
O 11% O
Ab N\/\/\)l\N N\.)K _abx
| Y
O H Of

HN

07 “NH,
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(c)
O

O AA1 i:i 0
H

O O AA2H

optionally having the formula:

O
O f't'f O

HN
0" "NH,
(d)
0
o "W H O
Ab N\/\/\/LLN/\‘(N N
]""! )
O O AAD

(e)

214
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Ab
0 H O AAD

where R’ is independently selected from H and C;—Ci» alkyl;
®

optionally having the formula:

(&

O
o} AAT |,
\/\/\);\ Q
Ab/gﬂ pe
H
[e]

optionally having the formula:

215




10

i5

0% NH,

48. A pharmaceutical composition comprising the antibody-antibiotic conjugate
compound of any one of claims 32-47, and a pharmaceutically acceptable carrier,
glidant, diluent, or excipient.

49, A process for making the antibody-antibiotic conjugate compound of any one of
claims 32-47 comprising conjugating a rifamycin-type antibiotic to an anti-wall
teichoic acid (WTA) antibody.

50. An antibiotic-linker intermediate having Formula II:

II

wherein:

the dashed lines indicate an optional bond,;

R is H, C;~Cj; alkyl, or C(O)CHs;

R'is OH;

R? is CH=N~(heterocyclyl), wherein the heterocyclyl is optionally substituted with one or
more groups independently selected from C(O)CHj, C~C;; alkyl, C,~Ci, heteroaryl,
Cy—Cy heterocyclyl, Ce~Cyg aryl, and C3—Cy; carbocyclyl;
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or R and R? form a five- or six-membered fused heteroaryl or heterocyclyl, and
optionally forming a spiro or fused six-membered heteroaryl, heterocyclyl, aryl, or
carbocyclyl ring, wherein the spiro or fused six-membered heteroaryl, heterocyclyl,
aryl, or carbocyclyl ring is optionally substituted H, F, Cl, Br, I, C;~C;; alkyl, or OH;

L is a peptide linker attached to R? or the fused heteroaryl or heterocyclyl formed by R

and R*; and having the formula:

—Str—Pep-Y-
where Str is a stretcher unit; Pep is a peptide of two to twelve amino acid residues, and Y
is a spacer unit; and
X 15 a reactive functional group selected from maleimide, thiol, amino, bromide,
bromoacetamido, iodoacetamido, p-toluenesulfonate, iodide, hydroxyl, carboxyl,
pyridy! disulfide, and N-hydroxysuccinimide.

51. The antibiotic-linker intermediate of claim 50,wherein X is
H

O
Y |
N
q o s
N
o /\L(

52. The antibiotic-linker intermediate of claim 50 having the formula:

X = | = (R3) N

wherein

R%1is independently selected from H and C,—C;; alkyl;
nis1or2;

R" is selected from H, F, Cl, Br, I, C;-C alkyl, and OH; and
Z is selected from NH, N(C;~Cy; alkyl), O and S.

53. The antibiotic-linker intermediate of claim 52 having the formula:
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(a)

@
X"""""'_L"""—(CH3>2N

(®)

54. Use of an antibody-antibiotic conjugate compound comprising an anti-wall teichoic
acid (WTA) antibody covalently attached by a peptide linker to a rifamycin-type
antibiotic, in the manufacture of a medicament for treating a bacterial infection in a
patient.

55. Use of an antibody-antibiotic conjugate of any one of claims 32-47 in the manufacture
of a medicament for treating a bacterial infection in a patient.

56. The use of claim 54 or 55, wherein the patient has been diagnosed with a Staph
aureau infection; wherein optionally bacterial load in the patient is reduced by the
treatment.

57. Use of an anti-WTA-antibiotic conjugate of any one of claims 32-47 in the
manufacture of a medicament for killing intracellular Staph aureus in the host cells of
a staph aureus infected patient without killing the host cells.

58. The use of claim 57, wherein the persister bacterial cells are killed.

218




10

15

59. The use of any one of claims 54-57, wherein the patient is a human.

60. The use of any one of claims 54-57, wherein the medicament is to be administered

61

with a second therapeutic agent; wherein optionally the second therapeutic agent is an
antibiotic; wherein optionally the antibiotic is selected from:

(a) the structural class consisting of (i) aminoglycosides; (ii) beta-lactams; (iit)
macrolides/cyclic peptides; (iv) tetracyclines; (v) fluoroquinolines/fluoroquinolones;
and (vi) oxazolidinones, or

(b) the group consisting of clindamycin, novobiocin, retapamulin, daptomycin, GSK-
2140944, CG-400549, sitafloxacin, teicoplanin, triclosan, napthyridone, radezolid,
doxorubicin, ampicillin, vancomycin, imipenem, doripenem, gemcitabine,

dalbavancin, and azithromycin.

. A kit for treating a bacterial infection, comprising:

a) the pharmaceutical composition of claim 48; and

b) instructions for use.
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