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ANTI-STAPHYLOCOCCUS AUREUS ANTIBODY RIFAMYCIN CONJUGATES AND
USES THEREOF

CROSS REFERENCE TO RELATED APPLICATION
This application claims the benefit of U.S. Provisional Application No. 62/087,213,

filed December 3, 2014, which is incorporated herein by reference in its entirety for all purposes.

SEQUENCE LISTING
The instant application contains a Sequence Listing which has been submitted
electronically in ASCII format and is hereby incorporated by reference in its entirety. Said
ASCII copy, created on December 1, 2015, is named P32350WO_PCTSequenceListing.txt and
18 26,747 bytes in size.

TECHNICAL FIELD
The invention relates to anti-Staphylococcus antibodies conjugated to rifamycin-type
antibiotics and to use of the resultant antibody-antibiotic conjugates in the treatment of

Staphylococcus infections.

BACKGROUND OF THE INVENTION

Staphylococcus aureus and S. epidermidis are successful human commensals that
primarily colonize the nares and skin. Staphylococcus aureus (S. aureus; SA) can also invade a
variety of tissues, leading to life-threatening infections; it is the leading cause of bacterial
infections in humans worldwide. Recently emerged strains of S. aureus show increased
virulence and enhanced ability to cause disease in otherwise healthy individuals. Over the last
several decades, infection with S. aureus has become increasingly difficult to treat due to the
emergence and rapid spread of methicillin-resistant S. aureus (MRSA) that is resistant to all
known beta-lactam antibiotics (Boucher, HW., et al. (2009) Clin Infect Dis 48, 1-12).
Currently, the most prevalent and most virulent clinical strain of methicillin resistant S. aureus
(MRSA) is USA300, which has the capacity to produce a large number of virulence factors and
cause mortality in infected individuals (Chambers, HF and Deleo FR (2009) Nature Reviews
Microbiology 7:629-641). The most serious infections such as endocarditis, osteomyelitis,
necrotizing pneumonia and sepsis occur following dissemination of the bacteria into the
bloodstream (Lowy, F.D. (1998) N ENGL J MED 339, 520-532). S. epidermidis, which is
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closely related to S. aureus, is often associated with hospital-acquired infections, and represents
the most common source of infections on indwelling medical devices.

Important for staphylococcal adhesion to and successful colonization of host tissues, is
a family of cell wall proteins, characterized by a large stretch of serine-aspartate dipeptide
(SDR) repeats adjacent to an adhesive A-domain, that is present in staphylococci (Foster TJ,
Hook M (1998) Trends Microbiol 6: 484-488). Such proteins important for adherence include
clumping factor (CIf)A and CIfB (Foster TJ, supra). In addition to CIfA and CIfB, S. aureus also
expresses three SDR-proteins, SdrC, SdrD and SdrE, which are organized in tandem in the
genome. These proteins are also thought to be involved in tissue colonization, and elimination of
any of them decreases bacterial virulence (Cheng AG, et al. (2009) FASEB Journal 23: 3393-
3404). Three additional members of this family, SrdF, SdrG and SdrH, are present in most S.
epidermidis strains (McCrea KW, et al. (2000) The serine-aspartate repeat (Sdr) protein family
in Staphylococcus epidermidz’s. Microbiology 146 ( Pt 7): 1535-1546). In each of these proteins,
the SDR-region, which contains between 25 and 275 SD-dipeptide repeats (SEQ ID NO: 24), is
located between the N-terminal ligand-binding A-domain and a C-terminal LPXTG-motif (SEQ
ID NO: 25), which mediates anchoring to the cell wall by the transpeptidase sortase A. The
function of the SDR-domain remains unknown, although it has been proposed to act as a cell
wall spanning domain allowing exposure of the N terminal ligand binding sites of these proteins
(Hartford O, et al. (1997) Mol Microbiol 25: 1065-1076).

It was found that the SDR-domains of all SDR-proteins of S. aureus and S. epidermidis
are heavily glycosylated by two novel glycosyltransferases, SdgA and SdgB, which are
responsible for glycosylation in two steps (Hazenbos ct al. (2013) PLOS Pathogens 9 (10):1-18).
These glycosylation events prevent degradation of these proteins by host proteases, thereby
preserving bacterial host tissue interactions. Hazenbos et al. (2013) also showed that the SdgB-
mediated glycosylation creates an immunodominant epitope for highly opsonic antibodies in
humans. These antibodies account for a significant proportion of the total anti-staphylococcal
IgG response.

Invasive MRSA infections are hard to treat, with a mortality rate of ~20% and are the
leading cause of death by an infectious agent in the USA. Vancomycin, linezolid and
daptomycin have thus become the few antibiotics of choice for treating invasive MRSA
infections (Boucher, H., Miller, L.G. & Razonable, R.R. (2010) Clin Infect Dis 51 Suppl 2,
S183-197). However, reduced susceptibility to vancomycin and cross-resistance to linezolid and
daptomycin have already been reported in MRSA clinical strains (Nannini, E., Murray, B.E. &
Arias, C.A. (2010) Curr Opin Pharmacol 10, 516-521). Over time, the vancomycin dose
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necessary to overcome resistance has crept upward to levels where nephrotoxicity occurs. Thus,
mortality and morbidity from invasive MRSA infections remains high despite these antibiotics.

Investigations have revealed that S. aureus is able to invade and survive inside
mammalian cells including the phagocytic cells that are responsible for bacterial clearance
(Thwaites, G.E. & Gant, V. (2011) Nat Rev Microbiol 9, 215-222), Rogers, D.E., Tompsett, R.
(1952) J. Exp. Med 95, 209-230); Gresham, H.D., et al. (2000) J Immunol 164, 3713-3722),
Kapral, F.A. & Shayegani, M.G. (1959) J Exp Med 110, 123-138; Anwar, S., et al. (2009) Clin
Exp Immunol 157, 216-224); Fraunholz, M. & Sinha, B. (2012) Front Cell Infect Microbiol 2,
43); Garzoni, C. & Kelley, W.L. (2011) EMBO Mol Med 3, 115-117). S. aureus is taken up by
host phagocytic cells, primarily neutrophils and macrophages, within minutes following
intravenous infection (Rogers, D.E. (1956) JEM 103, 713). While the majority of the bacteria are
effectively killed by these cells, incomplete clearance of S. aureus inside blood borne
phagocytes can allow these infected cells to act as “Trojan horses” for dissemination of the
bacteria away from the initial site of infection. Indeed, patients with normal neutrophil counts
may be more prone to disseminated disease than those with reduced neutrophil counts
(Thwaites, G.E. & Gant, V. (2011) supra). Once delivered to the tissues, S. aureus can invade
various non-phagocytic cell types, and intracellular S. aureus in tissues is associated with
chronic or recurrent infections. Furthermore, exposure of intracellular bacteria to suboptimal
antibiotic concentrations may encourage the emergence of antibiotic resistant strains, thus
making this clinical problem more acute. Consistent with these observations, treatment of
patients with invasive MRSA infections such as bacteremia or endocarditis with vancomycin or
daptomycin was associated with failure rates greater than 50% (Kullar, R., Davis, S.L., Levine,
D.P. & Rybak, M.J. Impact of vancomycin exposure on outcomes in patients with methicillin-
resistant Staphylococcus aureus bacteremia: support for consensus guidelines suggested targets.
Clinical infectious diseases : an official publication of the Infectious Diseases Society of
America 52, 975-981 (2011); Fowler, V.G., Jr. et al. Daptomycin versus standard therapy for
bacteremia and endocarditis caused by Staphylococcus aureus. The New England journal of
medicine 355, 653-665 (2006); Yoon, Y K., Kim, J.Y., Park, D.W., Sohn, J.W. & Kim, M.J.
Predictors of persistent methicillin-resistant Staphylococcus aureus bacteraemia in patients
treated with vancomycin. The Journal of antimicrobial chemotherapy 65:1015-1018 (2010)).
Therefore, a more successful anti-staphylococcal therapy should include the elimination of
intracellular bacteria.

Ansamycins are a class of antibiotics, including rifamycin, rifampin, rifampicin,

rifabutin, rifapentine, rifalazil, ABI-1657, and analogs thereof, that inhibit bacterial RNA
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polymerase and have exceptional potency against gram-positive and selective gram-negative
bacteria (Rothstein, D.M., et al (2003) Expert Opin. Invest. Drugs 12(2):255-271; US 7342011,
US 7271165).

Immunotherapies have been reported for preventing and treating S. aureus (including
MRSA) infections. US2011/0262477 concerns uses of bacterial adhesion proteins Eap, Emp
and AdsA as vaccines to stimulate immune response against MRSA. W02000071585 describes
isolated monoclonal antibodies reactive to specific S. aureus strain isolates. US20110059085A1
suggests an Ab-based strategy utilizing IgM Abs specific for one or more SA capsular antigens,
although no actual antibodies were described.

Antibody-drug conjugates (ADC), also known as immunoconjugates, are targeted
chemotherapeutic molecules which combine ideal properties of both antibodies and cytotoxic
drugs by targeting potent cytotoxic drugs to antigen-expressing tumor cells (Teicher, B.A.
(2009) Curr. Cancer Drug Targets 9:982-1004), thereby enhancing the therapeutic index by
maximizing efficacy and minimizing off-target toxicity (Carter, P.J. and Senter P.D. (2008) T%e
Cancer J.. 14(3):154-169; Chari, R.V. (2008) Acc. Chem. Res. 41:98-107. ADC comprise a
targeting antibody covalently attached through a linker unit to a cytotoxic drug moiety.
Immunoconjugates allow for the targeted delivery of a drug moiety to a tumor, and intracellular
accumulation therein, where systemic administration of unconjugated drugs may result in
unacceptable levels of toxicity to normal cells as well as the tumor cells sought to be eliminated
(Polakis P. (2005) Curr. Opin. Pharmacol. 5:382-387).

Non-specific immunoglobulin-antibiotic conjugates are described that bind to the surface
of target bacteria via the antibiotic for treating sepsis (US 5545721; US 6660267). Antibiotic-
conjugated antibodies are described 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 (US 7569677).

In view of the alarming rate of resistance of MRSA to conventional antibiotics and the
resultant mortality and morbidity from invasive MRSA infections, there is a high unmet need for
new therapeutics to treat S. aureus infections. The present invention satisfies this need and by
providing compositions and methods that overcome the limitations of current therapeutic
compositions as well as offer additional advantages that will be apparent from the detailed

description below.
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SUMMARY OF THE INVENTION

The present invention provides a unique therapeutic that includes the elimination of
intracellular bacteria. The present invention demonstrates that such a therapeutic is efficacious
in-vivo where conventional antibiotics like vancomycin fail.

The invention 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.

An aspect of the invention is an antibody-antibiotic conjugate compound comprising an
1F1 antibody, covalently attached by a protease-cleavable, non-peptide linker to a rifamycin-type

antibiotic.

An exemplary embodiment of the invention is an antibody-antibiotic conjugate having

the formula:
Ab—(PML-abx),

wherein:
Ab is the rF1 antibody;

PML is the protease-cleavable, non-peptide linker having the formula:
—Str—PM-Y-

where Str is a stretcher unit; PM is a peptidomimetic unit, and Y is a spacer unit;
abx is the rifamycin-type antibiotic; and

p is an integer from 1 to 8.

The antibody-antibiotic conjugate compounds of any of the preceding embodiments
can comprise any one of the anti-SDR Abs and specifically rF1 antibodies described herein.
These rF1 antibodies bind to Staphylococcus aureus. In exemplary rF1 antibodies, the Ab is a
monoclonal antibody comprising a light (L) chain and a heavy (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 H1, CDR H2 and CDR H3 and the CDR L1, CDR L2, and CDR L3 and
comprise the amino acid sequences of the CDRs of each of Abs F1 (SEQ ID NO. 1-6), 1F1 (SEQ
ID NO. 1-5,7), rF1.v1 (SEQ ID NO. 1,8,3,4-6), respectively, as indicated in Tables 4A and 4B.
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In some embodiments, the rF1 antibody comprises 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.13. The antibodies may further comprise 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.14 and SEQ ID NO.15,

of antibodies rF1 and rF1.v6, respectively.

In specific embodiments, the rF1 antibody comprises L and H chain pairs as follows: a
L chain comprising the sequence of SEQ ID NO. 9 paired with a H chain comprising the
sequence of SEQ ID NO.10; L chain comprising the sequence of SEQ ID NO. 11paired with a H
chain comprising the sequence of SEQ ID NO.10; a L chain comprising the sequence of SEQ ID
NO. 11 paired with a H chain comprising the sequence of SEQ ID NO.12. |

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 system is according to EU numbering.

In some embodiments of any of the antibodies described above, the antibody is not an
IgM isotype. In some embodiments of any of the antibodies described above, the antibody is an
IgG (e.g., IgGl1, IgG2, 1gG3, 1gG4), IgE, IgD, or IgA (e.g., IgAl or IgA2) isotype.

An exemplary embodiment of the invention is a pharmaceutical composition comprising
the antibody-antibiotic conjugate compound, and a pharmaceutically acceptable carrier, glidant,
diluent, or excipient.

Another aspect of the invention is a method of treating a bacterial infection comprising
administering to an infected patient a therapeutically-effective amount of the antibody-antibiotic
conjugate of any of the preceding embodiments. Another aspect of the invention is a method of
treating a Staphylococcal infection in a patient comprising administering to the patient a
therapeutically-effective amount of an antibody-antibiotic conjugate of the invention. In one
embodiment, the patient is a human. In one embodiment the patient is infected with a

Staphylococcus aureus and/or a Staphylococcus epidermidis infection. In some embodiments,



10

15

20

25

30

WO 2016/090040 PCT/US2015/063515

the patient has been diagnosed with a S. aureus infection. In some embodiments, treating the
bacterial infection comprises reducing the bacterial load or counts.

Another aspect of the invention is a method of treating a Staphylococcal infection in an
infected patient comprising administering to the patient a therapeutically-effective amount of an
antibody-antibiotic conjugate of any one of the preceding embodiments. In one embodiment, the
patient is a human. In one embodiment the bacterial infection is a Staphylococcus aureus
infection. In some embodiments, the patient has been diagnosed with a S. aureus infection. In
some embodiments, treating the bacterial infection comprises reducing the bacterial load or
counts.

In one embodiment of any of the preceding methods of treatment, the is administered to
patients where the bacterial infection including S. aureus has led to bacteremia. In specific
embodiments the method is used to treat Staphylococcal endocarditis or ostecomyelitis. In one
embodiment, the antibody-antibiotic conjugate compound is administered to the infected patient
at a dose in the range of about 50mg/kg to 100mg/kg.

Also provided is method of killing intracellular S. aureus in the cells of a S. aureus
infected patient without killing the host cells by administering a rF1 antibiotic conjugate
compound of any of the above embodiments. Another method is provided for killing persister
Staphylococcal bacterial cells (e.g, S. aureus) 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 invention 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 invention 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 infected patient 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
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embodiments herein, the bacterial resistance in the subject is undetectable or low. In some
embodiments herein, the patient is not responsive to treatment with methicillin or vancomycin.
An exemplary embodiment of the invention is a process for making the antibody-
antibiotic conjugate comprising conjugating a rifamycin-type antibiotic to an rF1 antibody.
An exemplary embodiment of the invention is a kit for treating a bacterial infection,
comprising:
a) the pharmaceutical composition comprising the antibody-antibiotic conjugate
compound, and a pharmaceutically acceptable carrier, glidant, diluent, or excipient; and
b) instructions for use.

An aspect of the invention is an antibiotic-linker intermediate having Formula II:

I

wherein:

the dashed lines indicate an optional bond,

R is H, C;—C;; alkyl, or C(O)CHj;

R'is OH;

R? is CH=N—(heterocyclyl), wherein the heterocyclyl is optionally substituted with one
or more groups independently selected from C(O)CHj3, C,—C;; alkyl, C;—Cy; heteroaryl, C,—Cyq
heterocyclyl, Ce—Cy aryl, and C3—C;, 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 carbocyclyl
ring, wherein the spiro or fused six-membered heteroaryl, heterocyclyl, aryl, or carbocyclyl ring
18 optional‘ly substituted H, F, Cl, Br, 1, C;~C;; alkyl, or OH;

PML is a protease-cleavable, non-peptide linker attached to R* or the fused heteroaryl or
heterocyclyl formed by R' and R%; and having the formula:

-Str—PM-Y-
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where Str is a stretcher unit; PM is a peptidomimetic unit, and Y is a spacer unit; and

X is a reactive functional group selected from maleimide, thiol, amino, bromide,
bromoacetamido, iodoacetamido, p-toluenesulfonate, iodide, hydroxyl, carboxyl, pyridyl
disulfide, and N-hydroxysuccinimide.

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 invention. These

and other aspects of the invention will become apparent to one of skill in the art.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A-1F: Intracellular stores of MRSA are protected from vancomycin in vivo and
in vitro. Figure 1A shows a schematic of the experimental design for generating free bacteria
(planktonic) vs. intracellular bacteria. Four cohorts of mice were infected by intravenous
injection with roughly equivalent doses of viable free bacteria or intracellular bacteria and
selected groups were treated with vancomycin immediately after infection and then once per day
(see Example 2). Figure 1B and Figure 1C show bacterial loads in kidney and brain,
respectively of infected mice 4 days post infection. The dashed line indicates the limit of
detection for the assay. Figure 1D shows that MRSA is protected from vancomycin when
cultured on a monolayer of infectable cells. (ND = none detected). Figure 1E and Figure 1F
show that MRSA is able to grow in the presence of vancomyicn when cultured on a monolayer
of infectable cells. MRSA (free bacteria) was seeded in media, media + vancomycin, or media +
vancomycin and plated on a monolayer of MG63 osteoblasts (Figure 1E) or Human Brain
Microvascular Endothelial Cells (HBMEC, Figure 1F). Extracellular bacteria (free bacteria)
grew well in media alone, but were killed by vancomycin. In wells containing a monolayer of
mammalian cells (Intracellular + vanco) a fraction of the bacteria were protected from
vancomycin during the first 8 hours after infection and were able to expand within the

intracellular compartment over 24 hours. Error bars show standard deviation for triplicate wells.

Figure 2: shows the concept of an Antibody Antibiotic Conjugate (AAC). In one
example, the AAC consists of an antibody directed against an epitope on the surface of S. aureus
linked to a potent rifamycin-type antibiotic (e.g. Rifalog) via a linker that is cleaved by

lysosomal proteases.

Figure 3 shows a possible mechanism of drug activation for antibody-antibiotic
conjugates (AAC). AACs bind to extracellular bacteria via the antigen binding domain (Fab) of

the antibody and promote uptake of the opsonized bacteria via Fc-mediated phagocytosis. The
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linker is cleaved by lysosomal proteases such as cathepsin B. Following cleavage of the linker,
the linker is hydrolyzed releasing free antibiotic inside the phagolysosome. The free antibiotic
kills the opsonized and phagocytosed bacteria along with any previously internalized bacteria

residing in the same compartment.

Figures 4A and 4B show aspects of serine-aspartate (SDR) proteins. Figure 4A shows
alignment of SDR proteins revealed by mass-spectrometry from S. aureus and S. epidermidis.
SDR-regions are indicated by hatches. The rF1 epitope is expressed in abundance since there
are multiple SDR proteins on S. aureus and multiple epitopes per protein. Figure 4A discloses
'SDSDSDSD' as SEQ ID NO: 27. Figure 4B is a model showing the step-wise glycosylation of
SDR proteins by SdgA and SdgB. First, SdgB appends GIcNAc moieties onto the SD-region on
SDR proteins, followed by additional GlcNAc modification by SdgA. The epitope for mAb rF1
includes the SdgB-dependent GIcNAc moicties. Data suggests that rF1 binds to GlcNac and
parts of the SD backbone. Figure 4B discloses 'SDSDSD' as SEQ ID NO: 28.

Figures 5A, 5B and 5C show mAb rF1 exhibits robust binding to and killing of S.
aureus bacteria. (Figures A-C) Bacteria were preopsonized with hulgG1 mAbs rF1 (squares),
4675 anti-CIfA (triangles), or anti-herpes virus gD (circles). (Figure 5A): Binding of mAbs to
WT (USA300-Aspa) bacteria was assessed by flow cytometry, and expressed as mean
fluorescent intensity (MFI). (Figure 5B): CFSE-labeled, preopsonized WT (USA300-Aspa)
bacteria were incubated with human PMN. Bacterial uptake was expressed as % of CFSE-
positive PMN, after gating for CD11b-positive cells by flow cytometry. (Figure 5C):
Preopsonized WT (USA300-Aspa) bacteria were incubated with PMN to assess bacterial killing,

Numbers of viable CFU per mL are representative of at least three experiments.

Figure 6 shows flow cytometry analysis of binding of rF1 to S. aureus from various
infected tissues. Homogenized tissues were double stained with mAb rF1 (X-axis), and with
anti-peptidoglycan mAb 702 to distinguish bacteria from tissue debris (Y -axis) (left panel; gate
indicated by arrow), followed by gating of bacteria to generate histogram figures (see also,
Hazenbos et al. (2013) PLOS Pathogens 9 (10):1-18, Fig. 1D).

Figure 7 shows binding of rF1 to various staphylococcal and non-staphylococcal
Gram-positive bacterial species by flow cytometry (see also, Hazenbos et al. (2013) PLOS
Pathogens 9 (10):1-18, Fig. 1E).
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Figure 8 shows selection of a potent rifamycin-type antibiotic (rifalog)

dimethylpipBOR for its ability to kill non-replicating MRSA.

Figure 9: Growth inhibition assay demonstrating that intact TAC (a form of AAC)
does not kill planktonic bacteria unless the antibiotic is released by treatment with cathepsin B.
TAC was incubated in buffer alone (open circles) or treated with cathepsin B (closed circles).
The intact TAC was not able to prevent bacterial growth after overnight incubation. Pretreatment
of the TAC with cathepsin B released sufficient antibiotic activity to prevent bacterial growth at
.6 ug/mL of TAC, which is predicted to contain .006 ug/mL of antibiotic.

Figure 10 shows efficacy of the tF1-AACs in an in vitro macrophage assay, as

described in Example 19.

Figures 11A and 11B show the efficacy of the rF1-AACs in vivo as described in Example
20. Treatment of S. aureus infected mice with rF1-AACs greatly reduced or eradicated bacterial
counts in infected organs as compared to naked antibody. Figure 11A shows treatment with
AAC containing 2 antibiotic molecules per antibody (AAR2) reduced bacterial load in the
kidneys by approximately 30-fold and treatment with the AAC containing 4 antibiotic molecules
per antibody (AAR4) reduced bacterial burdens by more than 30,000-fold. Figure 11B shows
that treatment with AAC AAR?2 reduced bacterial burdens in the heart by approximately 70-fold
with 6 out of 8 mice having undetectable level of bacteria in hearts; treatment with the AAC
AAR4 completely eradicated infection in hearts resulting in 8 out of 8 mice having undetectable

levels of bacteria.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

Reference will now be made in detail to certain embodiments of the invention, examples
of which are illustrated in the accompanying structures and formulas. While the invention will
be described in conjunction with the enumerated embodiments, including methods, materials and
examples, such description is non-limiting and the invention is intended to cover all alternatives,
modifications, and equivalents, whether they are generally known, or incorporated herein. In the
event that one or more of the incorporated literature, patents, and similar materials differs from
or contradicts this application, including but not limited to defined terms, term usage, described
techniques, or the like, this application controls. Unless otherwise defined, all technical and
scientific terms used herein have the same meaning as commonly understood by one of ordinary

skill in the art to which this invention belongs. One skilled in the art will recognize many
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methods and materials similar or equivalent to those described herein, which could be used in
the practice of the present invention. The present invention is in no way limited to the methods
and materials described.

All publications, patent applications, patents, and other references mentioned herein are
incorporated by reference in their entirety.

I.  GENERAL TECHNIQUES

The techniques and procedures described or referenced herein are generally well
understood and commonly employed using conventional methodology by those skilled in the art,
such as, for example, the widely utilized methodologies described in Sambrook et al., Molecular
Cloning: A Laboratory Manual 3d edition (2001) Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y.; Current Protocols in Molecular Biology (F.M. Ausubel, et al. eds.,
(2003)); the series Methods in Enzymology (Academic Press, Inc.): PCR 2: A Practical
Approach (M.J. MacPherson, B.D. Hames and G.R. Taylor eds. (1995)), Harlow and Lane, eds.
(1988) Antibodies, A Laboratory Manual, and Animal Cell Cuiture (R 1. Freshney, ed. (1987));
Oligonucleotide Synthesis (M.J. Gait, ed., 1984); Methods in Molecular Biology, Humana Press;
Cell Biology: A Laboratory Notebook (J.E. Cellis, ed., 1998) Academic Press; Animal Cell
Culture (R.1. Freshney), ed., 1987); Introduction to Cell and Tissue Culture (J.P. Mather and
P.E. Roberts, 1998) Plenum Press; Cell and Tissue Culture: Laboratory Procedures (A. Doyle,
J.B. Griffiths, and D.G. Newell, eds., 1993-8) J. Wiley and Sons; Handbook of Experimental
Immunology (D.M. Weir and C.C. Blackwell, eds.); Gene Transfer Vectors for Mammalian
Cells (J.M. Miller and M.P. Calos, eds., 1987); PCR: The Polymerase Chain Reaction, (Mullis
et al., eds., 1994); Current Protocols in Immunology (J.E. Coligan et al., eds., 1991); Short
Protocols in Molecular Biology (Wiley and Sons, 1999); Immunobiology (C.A. Janeway and P.
Travers, 1997); Antibodies (P. Finch, 1997); Antibodies: A Practical Approach (D. Catty., ed.,
IRL Press, 1988-1989); Monoclonal Antibodies: A Practical Approach (P. Shepherd and C.
Dean, eds., Oxford University Press, 2000); Using Antibodies: A Laboratory Manual (E. Harlow
and D. Lane (Cold Spring Harbor Laboratory Press, 1999), The Antibodies (M. Zanetti and J. D.
Capra, eds., Harwood Academic Publishers, 1995); and Cancer: Principles and Practice of
Oncology (V.T. DeVita et al., eds., J.B. Lippincott Company, 1993).

The nomenclature used in this Application is based on ITUPAC systematic nomenclature,
unless indicated otherwise. Unless defined otherwise, technical and scientific terms used herein
have the same meaning as commonly understood by one of ordinary skill in the art to which this

invention belongs, and are consistent with: Singleton et al (1994) Dictionary of Microbiology



10

15

20

25

30

WO 2016/090040 PCT/US2015/063515
13

and Molecular Biology, 2nd Ed., J. Wiley & Sons, New York, NY; and Janeway, C., Travers, P.,
Walport, M., Shlomchik (2001) /mmunobiology, 5th Ed., Garland Publishing, New York.

IL Definitions

Staphylococcus aureus is also referred to herein as Staph A or S. aureus in short.
Likewise, Staphylococcus epidermidis is also referred herein as Staph E or S. epidermidis.

“Antibody Antibiotic Conjugate” or AAC is a compound composed of an antibody that
is chemically linked to an antibiotic by a linker. The antibody binds an antigen or epitope on a
bacterial surface, for example, a bacterial cell wall component. As used in this invention, the
linker is a protease-cleavable, non-peptide linker that is designed to be cleaved by proteases,
including cathepsin B, a lysosomal protease found in most mammalian cell types (Dubowchik et
al (2002) Bioconj. Chem. 13:855-869). A diagram of the AAC with its 3 components is
depicted in Figure 2. “THIOMAB™ Antibiotic Conjugate” or “TAC” is a form of AAC in
which the antibody is chemically conjugated to a linker-antibiotic unit via one or more cysteines,
generally a cysteine that is recombinantly engineered into the antibody at specific site(s) on the
antibody to not interfere with the antigen binding function.

When indicating the number of substituents, the term “one or more” refers to the range
from one substituent to the highest possible number of substitution, i.e. replacement of one
hydrogen up to replacement of all hydrogens by substituents. The term “substituent” denotes an
atom or a group of atoms replacing a hydrogen atom on the parent molecule. The term
“substituted” denotes that a specified group bears one or more substituents. Where any group
may carry multiple substituents and a variety of possible substituents is provided, the
substituents are independently selected and need not to be the same. The term “unsubstituted”
means that the specified group bears no substituents. The term “optionally substituted” means
that the specified group is unsubstituted or substituted by one or more substituents,
independently chosen from the group of possible substituents. When indicating the number of
substituents, the term “one or more” means from one substituent to the highest possible number
of substitution, i.e. replacement of one hydrogen up to replacement of all hydrogens by
substituents.

The term “antibiotic” (abx or Abx) includes any molecule that specifically inhibits the
growth of or kill micro-organisms, such as bacteria, but is non-lethal to the host at the
concentration and dosing interval administered. In a specific aspect, an antibiotic is non-toxic to
the host at the administered concentration and dosing intervals. Antibiotics effective against

bacteria can be broadly classified as either bactericidal (i.e., directly kills) or bacteriostatic (i.e.,
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prevents division). Anti-bactericidal antibiotics can be further subclassified as narrow-spectrum
or broad-spectrum. A broad-spectrum antibiotic is one effective against a broad range of bacteria
including both Gram-positive and Gram-negative bacteria, in contrast to a narrow-spectrum
antibiotic, which is effective against a smaller range or specific families of bacteria. Examples
of antibiotics include: (i) aminoglycosides, e.g., amikacin, gentamicin, kanamycin, neomycin,
netilmicin, streptomycin, tobramycin, paromycin, (ii) ansamycins, ¢.g., geldanamycin,
herbimycin, (iii) carbacephems, e.g., loracarbef, (iv), carbapenems, e.g., ertapenum, doripenem,
imipenem/cilastatin, meropenem, (v) cephalosporins (first generation), e.g., cefadroxil,
cefazolin, cefalotin, cefalexin, (vi) cephalosporins (second generation), e.g., ceflaclor,
cefamandole, cefoxitin, cefprozil, cefuroxime, (vi) cephalosporins (third generation), e.g.,
cefixime, cefdinir, cefditoren, cefoperazone, cefotaxime, cefpodoxime, ceftazidime, ceftibuten,
ceftizoxime, ceftriaxone, (vii) cephalosporins (fourth generation), e.g., cefepime, (viii),
cephalosporins (fifth generation), e.g., ceftobiprole, (ix) glycopeptides, e.g., teicoplanin,
vancomycin, (x) macrolides, e.g., axithromycin, clarithromycin, dirithromycine, erythromycin,
roxithromycin, troleandomycin, telithromycin, spectinomycin, (xi) monobactams, e.g.,
axtreonam, (xii) penicilins, e.g., amoxicillin, ampicillin, axlocillin, carbenicillin, cloxacillin,
dicloxacillin, flucloxacillin, mezlocillin, meticillin, nafcilin, oxacillin, penicillin, peperacillin,
ticarcillin, (xiii) antibiotic polypeptides, e.g., bacitracin, colistin, polymyxin B, (xiv)
quinolones, ¢.g., ciprofloxacin, enoxacin, gatifloxacin, levofloxacin, lemefloxacin, moxifloxacin,
norfloxacin, orfloxacin, trovafloxacin, (xv) sulfonamides, e.g., mafenide, prontosil,
sulfacetamide, sulfamethizole, sulfanilamide, sulfasalazine, sulfisoxazole, trimethoprim,
trimethoprim-sulfamethoxazole (TMP-SMX), (xvi) tetracyclines, e.g., demeclocycline,
doxycycline, minocycline, oxytetracycline, tetracycline and (xvii) others such as arspenamine,
chloramphenicol, clindamycin, lincomycin, ethambutol, fosfomycin, fusidic acid, furazolidone,
isoniazid, linezolid, metronidazole, mupirocin, nitrofurantoin, platensimycin, pyrazinamide,
quinupristin/dalfopristin, rifampin/rifampicin or tinidazole.

The term “methicillin-resistant Staphylococcus aureus” (MRSA), alternatively known as
multidrug resistant Staphylococcus aureus or oxacillin-resistant Staphylococcus aureus (ORSA),
refers to any strain of Staphylococcus aureus that is resistant to beta-lactam antibiotics, which in
include the penicillins (e.g., methicillin, dicloxacillin, nafcillin, oxacillin, efc.) and the
cephalosporins. “Methicillin-sensitive Staphylococcus aureus” (MSSA) refers to any strain of
Staphylococcus aureus that is sensitive to beta-lactam antibiotics.

The term “minimum inhibitory concentration” (“MIC”) refers to the lowest concentration

of an antimicrobial that will inhibit the visible growth of a microorganism after overnight
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incubation. Assay for determining MIC are known. One method is as described in the Example
section below.

The terms “anti-Staph a antibody” and “an antibody that binds to Staph a” refer to an
antibody that is capable of binding an antigen on Staphylococcus aureus ( “S. aureus”) with
sufficient affinity such that the antibody is useful as a diagnostic and/or therapeutic agent in
targeting S. aureus. In one embodiment, the extent of binding of an anti-Staph a antibody to an
unrelated, non-Staph a protein is less than about 10% of the binding of the antibody to MRSA as
measured, €.g., by a radioimmunoassay (RIA). In certain embodiments, an antibody that binds
to Staph a has a dissociation constant (Kd) of < 1uM, <100 nM, <10 nM, , <5 Nm, ,<4nM, ,
<3mnM,,<2nM,<1nM,<0.1 nM, <0.01 nM, or £0.001 nM (e.g., 10® M or less, e.g. from
108 Mto 10 M, e.g., from 10° M to 10> M). In certain embodiments, an anti-Staph a
antibody binds to an epitope of Staph a that is conserved among Staph from different species.
An anti-Staph antibody herein will refer to an antibody that binds to at least one more
Staphylococcal species in addition S. Aureus.

“SDR?” refers to serine-aspartate repeat; SDRs are are present in a family of cell wall
proteins, characterized by a large stretch of serine-aspartate dipeptide repeats adjacent to an
adhesive A-domain, that is present in staphylococci (Foster TJ, Hook M (1998) Trends
Microbiol 6: 484-488). Such proteins involved in adherence include clumping factor (CIf)A and
ClfB. In addition to CIfA and CIfB, S. aureus also expresses three SDR-proteins, SdrC, SdrD
and SdrE, Three additional members of this family, SrdF, SdrG and SdrH, are present in most S.
epidermidis strains (McCrea KW, et al. (2000) The serine-aspartate repeat (Sdr) protein family
in Staphylococcus epidermidis. Microbiology 146 ( Pt 7): 1535-1546). In each of these proteins,
the SDR-region, which contains between 25 and 275 SD-dipeptide repeats (SEQ ID NO: 24), is
located between the N-terminal ligand-binding A-domain and a C-terminal LPXTG-motif (SEQ
ID NO: 295),

The antibody designated “F1” has heavy chain and light chain variable domain sequences
as depicted in Figure 1 of US 8,617,556, which is incorporated herein by reference in its entirety.
The CDR sequences of F1, which in particular contribute to the antigen-binding properties of F1, are
also depicted in Figure 1. Antibody F1 is fully human, is capable of specifically binding
Staphylococcus species such as S. aureus and S. epidermidis . Importantly, antibody F1 is capable of
binding whole bacteria in vivo as well as in vitro. Furthermore, antibody F1 is capable of binding to
bacteria that have been grown in infected tissue of, for example, an animal. Recombinantly produced
F1 is herein also called “rF1”. rF1 (and F1) antibody is an anti-SDR monoclonal Ab. The epitope
for mAD rF1 includes the SdgB-dependent GIcNA ¢ moieties. Data suggests that rF1 binds to
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GlcNac and parts of the SD backbone. “rF1 antibody” as used herein encompasses the Fi
antibody, the rF1 antibody as well as all variants of rF1containing amino acid alterations relative to

rF1. The amino acid sequences of the rF1 and variant antibodies are provided below.

The term “antibody” herein is used in the broadest sense and specifically covers
monoclonal antibodies, polyclonal antibodies, dimers, multimers, multispecific antibodies (e.g.,
bispecific antibodies), and antigen binding antibody fragments thereof, (Miller et al (2003) J. of
Immunology 170:4854-4861). Antibodies may be murine, human, humanized, chimeric, or
derived from other species. An antibody is a protein generated by the immune system that is
capable of recognizing and binding to a specific antigen (Janeway, C., Travers, P., Walport, M.,
Shlomchik (2001) Immuno Biology, Sth Ed., Garland Publishing, New York). A target antigen
generally has numerous binding sites, also called epitopes, recognized by CDRs on multiple
antibodies. Each antibody that specifically binds to a different epitope has a different structure.
Thus, one antigen may be recognized and bound by more than one corresponding antibody. An
antibody includes a full-length immunoglobulin molecule or an immunologically active portion
of a full-length immunoglobulin molecule, i.e., a molecule that contains an antigen binding site
that immunospecifically binds an antigen of a target of interest or part thereof, such targets
including but not limited to, cancer cell or cells that produce autoimmune antibodies associated
with an autoimmune disease, an infected cell or a microorganism such as a bacterium. The
immunoglobulin (Ig) disclosed herein can be of any isotype except IgM (e.g., IgG, IgE, IgD,
and IgA) and subclass (e.g., IgG1, IgG2, IgG3, IgG4, IgA1 and IgA2. The immunoglobulins
can be derived from any species. In one aspect, the Ig is of human, murine, or rabbit origin. In a
specific embodiment, the Ig is of human origin.

The “class” of an antibody refers to the type of constant domain or constant region
possessed by its heavy chain. There are five major classes of antibodies: IgA, IgD, IgE, 1gG,
and IgM, and several of these may be further divided into subclasses (isotypes), e.g., 1gG, IgG,,
IgGs, 1gGa, IgA;, and IgA,. The heavy chain constant domains that correspond to the different
classes of immunoglobulins are called a, d, €, ¥, and u, respectively.

“Native antibodies” refer to naturally occurring immunoglobulin molecules with varying
structures. For example, native IgG antibodies are heterotetrameric glycoproteins of about
150,000 daltons, composed of two identical light chains and two identical heavy chains that are
disulfide-bonded. From N- to C-terminus, each heavy chain has a variable region (VH), also

called a variable heavy domain or a heavy chain variable domain, followed by three constant
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domains (CH1, CH2, and CH3). Similarly, from N- to C-terminus, each light chain has a
variable region (VL), also called a variable light domain or a light chain variable domain,
followed by a constant light (CL) domain. The light chain of an antibody may be assigned to
one of two types, called kappa (k) and lambda ()), based on the amino acid sequence of its
constant domain.

The terms “full length antibody,” “intact antibody,” and “whole antibody” are used
herein interchangeably to refer to an antibody having a structure substantially similar to a native
antibody structure or having heavy chains that contain an Fc region as defined herein.

An "antigen-binding fragment" of an antibody refers to a molecule other than an intact
antibody that comprises a portion of an intact antibody that binds the antigen to which the intact
antibody binds. Examples of antibody fragments include but are not limited to Fv, Fab, Fab',
Fab’-SH, F(ab'"),; diabodies; linear antibodies; single-chain antibody molecules (e.g. scFv); and
multispecific antibodies formed from antibody fragments.

The term "monoclonal antibody" as used herein refers to an antibody obtained from a
population of substantially homogeneous antibodies, i.e., the individual antibodies comprising
the population are identical and/or bind the same epitope, except for possible variant antibodies,
e.g., containing naturally occurring mutations or arising during production of a monoclonal
antibody preparation (e.g., natural variation in glycosylation), such variants generally being
present in minor amounts. One such possible variant for IgG1 antibodies is the cleavage of the
C-terminal lysine (K) of the heavy chain constant region. In contrast to polyclonal antibody
preparations, which typically include different antibodies directed against different determinants
(epitopes), each monoclonal antibody of a monoclonal antibody preparation is directed against a
single determinant on an antigen. Thus, the modifier “monoclonal” indicates the character of the
antibody as being obtained from a substantially homogeneous population of antibodies, and is |
not to be construed as requiring production of the antibody by any particular method. For
example, the monoclonal antibodies to be used in accordance with the present invention may be
made by a variety of techniques, including but not limited to the hybridoma method,
recombinant DNA methods, phage-display methods, and methods utilizing transgenic animals
containing all or part of the human immunoglobulin loci, such methods and other exemplary
methods for making monoclonal antibodies being described herein. In addition to their
specificity, the monoclonal antibodies are advantageous in that they may be synthesized

uncontaminated by other antibodies.
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The term "chimeric antibody” refers to an antibody in which a portion of the heavy
and/or light chain is derived from a particular source or species, while the remainder of the
heavy and/or light chain is derived from a different source or species.

A “human antibody” is one which possesses an amino acid sequence which corresponds
to that of an antibody produced by a human or a human cell or derived from a non-human source
that utilizes human antibody repertoires or other human antibody-encoding sequences. This
definition of a human antibody specifically excludes a humanized antibody comprising non-
human antigen-binding residues.

A “humanized antibody” refers to a chimeric antibody comprising amino acid residues
from non-human HVRs and amino acid residues from human FRs. In certain embodiments, a
humanized antibody will comprise substantially all of at least one, and typically two, variable
domains, in which all or substantially all of the HVRs (e.g., CDRs) correspond to those of a non-
human antibody, and all or substantially all of the FRs correspond to those of a human antibody.
A humanized antibody optionally may comprise at least a portion of an antibody constant region
derived from a human antibody. A “humanized form” of an antibody, e.g., a non-human
antibody, refers to an antibody that has undergone humanization.

The term “variable region” or “variable domain” refers to the domain of an antibody
heavy or light chain that is involved in binding the antibody to antigen. The variable domains of
the heavy chain and light chain (VH and VL, respectively) of a native antibody generally have
similar structures, with each domain comprising four conserved framework regions (FRs) and
three hypervariable regions (HVRs). (See, e.g., Kindt et al. Kuby Immunology, 6™ ed., W.H.
Freeman and Co., page 91 (2007).) A single VH or VL domain may be sufficient to confer
antigen-binding specificity. Furthermore, antibodies that bind a particular antigen may be
isolated using a VH or VL domain from an antibody that binds the antigen to screen a library of
complementary VL or VH domains, respectively. See, e.g., Portolano et al., J. Immunol.
150:880-887 (1993); Clarkson et al., Nature 352:624-628 (1991).

The term “hypervariable region,” “HVR,” or “HV,” when used herein refers to the
regions of an antibody variable domain which are hypervariable in sequence (“complementarity
determining regions” or “CDRs”) and/or form structurally defined loops and/or contain the
antigen-contacting residues (“antigen contacts”). Generally, antibodies comprise six HVRs;
three in the VH (H1, H2, H3), and three in the VL (L1, L2, L3). In native antibodies, H3 and L3
display the most diversity of the six HVRs, and H3 in particular is believed to play a unique role
in conferring fine specificity to antibodies. See, e.g., Xu et al., Immunity 13:37-45 (2000),
Johnson and Wu, in Methods in Molecular Biology 248:1-25 (Lo, ed., Human Press, Totowa,
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NJ, 2003). Indeed, naturally occurring camelid antibodies consisting of a heavy chain only are
functional and stable in the absence of light chain (Hamers-Casterman et al., (1993) Nature
363:446-448; Sheriff et al., (1996) Nature Struct. Biol. 3:733-736).

A number of HVR delineations are in use and are encompassed herein. The Kabat
Complementarity Determining Regions (CDRs) are based on sequence variability and are the
most commonly used (Kabat et al., Sequences of Proteins of Immunological Interest, Sth Ed.
Public Health Service, National Institutes of Health, Bethesda, MD. (1991)). Chothia refers
instead to the location of the structural loops (Chothia and Lesk, (1987) J. Mol. Biol. 196:901-
917). For antigen contacts, refer to MacCallum et al. J. Mol. Biol. 262: 732-745 (1996). The
AbM HVRs represent a compromise between the Kabat HVRs and Chothia structural loops, and
are used by Oxford Molecular's AbM antibody modeling software. The “contact” HVRs are
based on an analysis of the available complex crystal structures. The residues from each of these
HVRs are noted below.

Loop Kabat AbM Chothia Contact

L1  L24-L34 1.24-1.34 L26-1L32 L30-L36

L2  L50-L56 L50-Ls6  LS50-L52 L46-155

L3  L89-L97 L89-L97 LI91-L96 L89-L96

HI  H31-H35B H26-H35B H26-H32 H30-H35B (Kabat numbering)
H1  H31-H35 H26-H35 H26-H32 H30-H35 (Chothia numbering)
H2  HS50-H65 H50-HS8 H53-H55 H47-H58

H3  H95-H102 H95-H102 H96-H101  H93-HI101

HVRs may comprise “extended HVRs” as follows: 24-36 or 24-34 (L1), 46-56 or 50-56 -
(L2) and 89-97 or 89-96 (L3) in the VL and 26-35 (H1), 50-65 or 49-65 (H2) and 93-102, 94-
102, or 95-102 (H3) in the VH. Unless otherwise indicated, HVR residues, CDR residues and
other residues in the variable domain (e.g., FR residues) are numbered herein according to Kabat
et al., supra.

The expression “variable-domain residue-numbering as in Kabat” or “amino-acid-
position numbering as in Kabat,” and variations thereof, refers to the numbering system used for
heavy-chain variable domains or light-chain variable domains of the compilation of antibodies in
Kabat et al., supra. Using this numbering system, the actual linear amino acid sequence may
contain fewer or additional amino acids corresponding to a shortening of, or insertion into, a FR

or HVR of the variable domain. For example, a heavy-chain variable domain may include a
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single amino acid insert (residue 52a according to Kabat) after residue 52 of H2 and inserted
residues (e.g. residues 82a, 82b, and 82c, etc. according to Kabat) after heavy-chain FR residue
82. The Kabat numbering of residues may be determined for a given antibody by alignment at
regions of homology of the sequence of the antibody with a “standard” Kabat numbered
sequence.

“Framework” or “FR” refers to variable domain residues other than hypervariable region
(HVR) residues. The FR of a variable domain generally consists of four FR domains: FR1,
FR2, FR3, and FR4. Accordingly, the HVR and FR sequences generally appear in the following
sequence in VH (or VL): FR1-H1(L1)-FR2-H2(L2)-FR3-H3(L3)-FR4.

An “acceptor human framework” for the purposes herein is a framework comprising the
amino acid sequence of a light chain variable domain (VL) framework or a heavy chain variable
domain (VH) framework derived from a human immunoglobulin framework or a human
consensus framework, as defined below. An acceptor human framework “derived from” a
human immunoglobulin framework or a human consensus framework may comprise the same
amino acid sequence thereof, or it may contain amino acid sequence changes. In some
embodiments, the number of amino acid changes are 10 or less, 9 or less, 8 or less, 7 or less, 6 or
less, 5 or less, 4 or less, 3 or less, or 2 or less. In some embodiments, the VL acceptor human
framework is identical in sequence to the VL human immunoglobulin framework sequence or
human consensus framework sequence.

A “human consensus framework” is a framework which represents the most commonly
occurring amino acid residues in a selection of human immunoglobulin VL or VH framework
sequences. Generally, the selection of human immunoglobulin VL or VH sequences is from a
subgroup of variable domain sequences. Generally, the subgroup of sequences is a subgroup as
in Kabat et al., Sequences of Proteins of Immunological Interest, Fifth Edition, NIH Publication
91-3242, Bethesda MD (1991), vols. 1-3. In one embodiment, for the VL, the subgroup is
subgroup kappa I as in Kabat et al., supra. In one embodiment, for the VH, the subgroup is
subgroup III as in Kabat et al., supra.

The term “Fc region” herein is used to define a C-terminal region of an immunoglobulin
heavy chain. The term includes native-sequence Fc regions and variant Fc regions. Although
the boundaries of the Fc region of an immunoglobulin heavy chain might vary, the human IgG
heavy-chain Fc region is usually defined to stretch from an amino acid residue at position
Cys226, or from Pro230, to the carboxyl-terminus thereof. The C-terminal lysine (residue 447
according to the EU numbering system - also called the EU index, as described in Kabat et al.,

Sequences of Proteins of Immunological Interest, 5Sth Ed. Public Health Service, National
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Institutes of Health, Bethesda, MD, 1991) of the Fc region may be removed, for example, during
production or purification of the antibody, or by recombinantly engineering the nucleic acid
encoding a heavy chain of the antibody. Accordingly, a composition of intact antibodies may
comprise antibody populations with all K447 residues removed, antibody populations with no
K447 residues removed, and antibody populations having a mixture of antibodies with and
without the K447 residue. The term “Fc receptor” or “FcR” also includes the neonatal receptor,
FcRn, which is responsible for the transfer of maternal IgGs to the fetus. Guyer et al., J.
Immunol. 117: 587 (1976) and Kim et al., J. Immunol. 24: 249 (1994). Methods of measuring
binding to FcRn are known (see, e.g., Ghetie and Ward, Immunol. Today 18: (12): 592-8 (1997);
Ghetie et al., Nature Biotechnology 15 (7): 637-40 (1997); Hinton et al., J. Biol. Chem: 279(8):
6213-6 (2004); WO 2004/92219 (Hinton et al.). Binding to FcRn in vivo and serum half-life of
human FcRn high-affinity binding polypeptides can be assayed, €.g., in transgenic mice or
transfected human cell lines expressing human FcRn, or in primates to which the polypeptides
having a variant Fc region are administered. WO 2004/42072 (Presta) describes antibody
variants which improved or diminished binding to FcRs. See also, ¢.g., Shields et al., J. Biol.
Chem. 9(2): 6591-6604 (2001).

An “affinity matured” antibody refers to an antibody with one or more alterations in one
or more hypervariable regions (HVRs), compared to a parent antibody which does not possess
such alterations, such alterations resulting in an improvement in the affinity of the antibody for
antigen.

The term “epitope” refers to the particular site on an antigen molecule to which an
antibody binds.

An “antibody that binds to the same epitope” as a reference antibody refers to an
antibody that blocks binding of the reference antibody to its antigen in a competition assay by
50% or more, and conversely, the reference antibody blocks binding of the antibody to its
antigen in a competition assay by 50% or more. An exemplary competition assay is provided
herein.

A “naked antibody” refers to an antibody that is not conjugated to a heterologous moiety
(e.g., a cytotoxic moiety) or radiolabel. The naked antibody may be present in a pharmaceutical
formulation.

“Effector functions” refer to those biological activities attributable to the Fc region of an
antibody, which vary with the antibody isotype. Examples of antibody effector functions
include: Clq binding and complement dependent cytotoxicity (CDC); Fc receptor binding;
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antibody-dependent cell-mediated cytotoxicity (ADCC); phagocytosis; down regulation of cell
surface receptors (e.g. B cell receptor); and B cell activation.

“Antibody-dependent cell-mediated cytotoxicity” or ADCC refers to a form of
cytotoxicity in which secreted Ig bound onto Fc receptors (FcRs) present on certain cytotoxic
cells (e.g., natural killer (NK) cells, neutrophils and macrophages) enable these cytotoxic
effector cells to bind specifically to an antigen-bearing target cell and subsequently kill the target
cell with cytotoxins. The antibodies “arm” the cytotoxic cells and are required for killing of the
target cell by this mechanism. The primary cells for mediating ADCC, NK cells, express
Fcy(gamma)RIII only, whereas monocytes express Fcy(gamma)RI, Fcy(gamma)RI1I and
Fcy(gamma)RIIl. Fc expression on hematopoietic cells is summarized in Table 3 on page 464 of
Ravetch and Kinet, Annu. Rev. Immunol. 9: 457-92 (1991). To assess ADCC activity of a
molecule of interest, an in vitro ADCC assay, such as that described in US 5,500,362 or US
5,821,337 may be performed. Useful effector cells for such assays include peripheral blood
mononuclear cells (PBMC) and natural killer (NK) cells. Alternatively, or additionally, ADCC
activity of the molecule of interest may be assessed in vivo, €.g., in an animal model such as that
disclosed in Clynes et al., PNAS USA 95:652-656 (1998).

“Phagocytosis” refers to a process by which a pathogen is engulfed or internalized by a
host cell (e.g., macrophage or neutrophil). Phagocytes mediate phagocytosis by three pathways:
(1) direct cell surface receptors (for example, lectins, integrins and scavenger receptors) (ii)
complement enhanced - using complement receptors (including CRI, receptor for C3b, CR3 and
CR4) to bind and ingest complement opsonized pathogens, and (iii) antibody enhanced - using

Fc Receptors (including FcygammaR]1, FcygammaRIIA and FcygammaRIIIA) to bind antibody

‘opsonized particles which then become internalized and fuse with lysosomes to become

phagolysosomes. In the present invention, it is believed that pathway (iii) plays a significant
role in the delivery of the anti-MRSA AAC therapeutics to infected leukocytes, e.g., neutrophils
and macrophages (Phagocytosis of Microbes: complexity in Action by D. Underhill and A
Ozinsky. (2002) Annual Review of Immunology, Vol 20:825).

“Complement dependent cytotoxicity” or “CDC” refers to the lysis of a target cell in the
presence of complement. Activation of the classical complement pathway is initiated by the
binding of the first component of the complement system (C1q) to antibodies (of the appropriate |
subclass) which are bound to their cognate antigen. To assess complement activation, a CDC
assay, €.g., as described in Gazzano-Santoro et al., J. Immunol. Methods 202: 163 (1996), may
be performed.
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The carbohydrate attached to the Fc region may be altered. Native antibodies produced
by mammalian cells typically comprise a branched, biantennary oligosaccharide that is generally
attached by an N-linkage to Asn297 of the CH2 domain of the Fc region. See, e.g., Wright et al.
(1997) TIBTECH 15:26-32. The oligosaccharide may include various carbohydrates, e.g.,
mannose, N-acetyl glucosamine (GIcNAc), galactose, and sialic acid, as well as a fucose
attached to a GIcNAc in the "stem" of the biantennary oligosaccharide structure. In some
embodiments, modifications of the oligosaccharide in an IgG may be made in order to create
IgGs with certain additionally improved properties. For example, antibody modifications are
provided having a carbohydrate structure that lacks fucose attached (directly or indirectly) to an
Fc region. Such modifications may have improved ADCC function. See, e.g. US 2003/0157108
(Presta, L.); US 2004/0093621 (Kyowa Hakko Kogyo Co., Ltd). Examples of publications
related to "defucosylated” or "fucose-deficient" antibody modifications include: US
2003/0157108; WO 2000/61739; WO 2001/29246; US 2003/0115614; US 2002/0164328; US
2004/0093621; US 2004/0132140; US 2004/0110704; US 2004/0110282; US 2004/0109865;
WO 2003/085119; WO 2003/084570;, WO 2005/035586; WO 2005/035778; W0O2005/053742;
W02002/031140; Okazaki et al., J. Mol. Biol. 336: 1239-1249 (2004); Yamane-Ohnuki et al.
Biotech. Bioeng. 87: 614 (2004). Examples of cell lines capable of producing defucosylated
antibodies include Lee 13 CHO cells deficient in protein fucosylation (Ripka et al. Arch.
Biochem. Biophys. 249:533-545 (1986); US Pat. Appl. Pub. No. 2003/0157108 Al, Presta, L;
and WO 2004/056312 Al, Adams et al., especially at Example 11), and knockout cell lines, such
as alpha- 1,6-fucosyltransferase gene, FUTS, knockout CHO cells (see, €.g., Yamane-Ohnuki et
al., Biotech. Bioeng. 87: 614 (2004); Kanda, Y. et al, Biotechnol. Bioeng., 94(4):680-688
(2006); and WO2003/085107).

An “isolated antibody” is one which has been separated from a component of its natural
environment. In some embodiments, an antibody is purified to greater than 95% or 99% purity
as determined by, for example, electrophoretic (e.g., SDS-PAGE, isoelectric focusing (IEF),
capillary electrophoresis) or chromatographic (e.g., ion exchange or reverse phase HPLC). For
review of methods for assessment of antibody purity, see, e.g., Flatman et al., J. Chromatogr. B
848:79-87 (2007).

An “isolated nucleic acid” refers to a nucleic acid molecule that has been separated from
a component of its natural environment. An isolated nucleic acid includes a nucleic acid
molecule contained in cells that ordinarily contain the nucleic acid molecule, but the nucleic acid
molecule is present extrachromosomally or at a chromosomal location that is different from its

natural chromosomal location.
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“Isolated nucleic acid encoding a rFlantibody” refers to one or more nucleic acid
molecules encoding antibody heavy and light chains, including such nucleic acid molecule(s) in
a single vector or separate vectors, and such nucleic acid molecule(s) present at one or more
locations in a host cell.

As use herein, the term "specifically binds to" or is "specific for" refers to measurable
and reproducible interactions such as binding between a target and an antibody, which is
determinative of the presence of the target in the presence of a heterogeneous population of
molecules including biological molecules. For example, an antibody that specifically binds to a
target (which can be an epitope) is an antibody that binds this target with greater affinity,
avidity, more readily, and/or with greater duration than it binds to other targets. In one
embodiment, the extent of binding of an antibody to a target unrelated to rF1 is less than about
10% of the binding of the antibody to the target as measured, e.g., by a radioimmunoassay
(RIA). In certain embodiments, an antibody that specifically binds to rF1 has a dissociation
constant (Kd) of < 1uM, <100 nM, <10 nM, <1 nM, or< 0.1 nM. In certain embodiments, an
antibody specifically binds to an epitope on that is conserved from different species. In another
embodiment, specific binding can include, but does not require exclusive binding.

“Binding affinity” generally refers to the strength of the sum total of non-covalent
interactions between a single binding site of a molecule (e.g., an antibody) and its binding
partner (e.g., an antigen). Unless indicated otherwise, as used herein, “binding affinity” refers to
intrinsic binding affinity that reflects a 1:1 interaction between members of a binding pair (e.g.,
antibody and antigen). The affinity of a molecule X for its partner Y can generally be
represented by the dissociation constant (Kd). Affinity can be measured by common methods
known in the art, including those described herein. Low-affinity antibodies generally bind
antigen slowly and tend to dissociate readily, whereas high-affinity antibodies generally bind
antigen faster and tend to remain bound longer. A variety of methods of measuring binding
affinity are known in the art, any of which can be used for purposes of the present invention.
Specific illustrative and exemplary embodiments for measuring binding affinity are described in
the following.

In one embodiment, the “Kd” or “Kd value” according to this invention is measured by a
radiolabeled antigen-binding assay (RIA) performed with the Fab version of an antibody of
interest and its antigen as described by the following assay. Solution-binding affinity of Fabs for
antigen is measured by equilibrating Fab with a minimal concentration of (**°I)-labeled antigen
in the presence of a titration series of unlabeled antigen, then capturing bound antigen with an
anti-Fab antibody-coated plate (see, e.g., Chen et al., (1999) J. Mol. Biol. 293:865-881). To
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establish conditions for the assay, microtiter plates (DYNEX Technologies, Inc.) are coated
overnight with 5 pg/ml of a capturing anti-Fab antibody (Cappel Labs) in 50 mM sodium
carbonate (pH 9.6), and subsequently blocked with 2% (w/v) bovine serum albumin in PBS for
two to five hours at room temperature (approximately 23°C). In a non-adsorbent plate (Nunc
#269620), 100 pM or 26 pM [ *I]-antigen are mixed with serial dilutions of a Fab of interest
(e.g., consistent with assessment of the anti-VEGF antibody, Fab-12, in Presta et al., Cancer Res.
57:4593-4599 (1997)). The Fab of interest is then incubated overnight; however, the incubation
may continue for a longer period (e.g., about 65 hours) to ensure that equilibrium is reached.
Thereafter, the mixtures are transferred to the capture plate for incubation at room temperature
(e.g., for one hour). The solution is then removed and the plate washed eight times with 0.1%
TWEEN-20™ surfactant in PBS. When the plates have dried, 150 ul/well of scintillant
(MICROSCINT-20™; Packard) is added, and the plates are counted on a TOPCOUNT™
gamma counter (Packard) for ten minutes. Concentrations of each Fab that give less than or
equal to 20% of maximal binding are chosen for use in competitive binding assays.

According to another embodiment, the Kd is measured by using surface-plasmon
resonance assays using a BIACORE®-2000 or a BIACORE®-3000 instrument (BIAcore, Inc.,
Piscataway, NJ) at 25°C with immobilized antigen CMS5 chips at ~10 response units (RU).
Briefly, carboxymethylated dextran biosensor chips (CM5, BIAcore Inc.) are activated with N-
ethyl-N’- (3-dimethylaminopropyl)-carbodiimide hydrochloride (EDC) and N-
hydroxysuccinimide (NHS) according to the supplier’s instructions. Antigen is diluted with 10
mM sodium acetate, pH 4.8, to 5 ug/ml (~0.2 uM) before injection at a flow rate of 5 ul/minute
to achieve approximately 10 response units (RU) of coupled protein. Following the injection of
antigen, 1 M ethanolamine is injected to block unreacted groups. For kinetics measurements,
two-fold serial dilutions of Fab (0.78 nM to 500 nM) are injected in PBS with 0.05% TWEEN
20™ surfactant (PBST) at 25°C at a flow rate of approximately 25 pl/min. Association rates
(kon) and dissociation rates (kog) are calculated using a simple one-to-one Langmuir binding
model (BIAcore® Evaluation Software version 3.2) by simultaneously fitting the association and
dissociation sensorgrams. The equilibrium dissociation constant (Kd) is calculated as the ratio
kos'kon. See, €.g., Chen et al., J. Mol. Biol. 293:865-881 (1999). If the on-rate exceeds 105 M
s by the surface-plasmon resonance assay above, then the on-rate can be determined by using a
fluorescent quenching technique that measures the increase or decrease in fluorescence-emission
intensity (excitation = 295 nm; emission = 340 nm, 16 nm band-pass) at 25 °C of a 20 nM anti-
antigen antibody (Fab form) in PBS, pH 7.2, in the presence of increasing concentrations of

antigen as measured in a spectrometer, such as a stop-flow-equipped spectrophotometer (Aviv
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Instruments) or a 8000-series SLM-AMINCO™ spectrophotometer (ThermoSpectronic) with a

stirred cuvette.

9 << 2% 66

An “on-rate,” “rate of association,” “association rate,” or “k,;” according to this
invention can also be determined as described above using a BIACORE®-2000 or a BIACORE®-
3000 system (BIAcore, Inc., Piscataway, NJ).

The terms “host cell,” “host cell line,” and “host cell culture” are used interchangeably
and refer to cells into which exogenous nucleic acid has been introduced, including the progeny
of such cells. Host cells include "transformants" and "transformed cells," which include the
primary transformed cell and progeny derived therefrom without regard to the number of
passages. Progeny may not be completely identical in nucleic acid content to a parent cell, but
may contain mutations. Mutant progeny that have the same function or biological activity as
screened or selected for in the originally transformed cell are included herein.

The term "vector," as used herein, refers to a nucleic acid molecule capable of
propagating another nucleic acid to which it is linked. The term includes the vector as a self-
replicating nucleic acid structure as well as the vector incorporated into the genome of a host cell
into which it has been introduced. Certain vectors are capable of directing the expression of
nucleic acids to which they are operatively linked. Such vectors are referred to herein as
“expression vectors”.

“Percent (%) amino acid sequence identity” with respect to a reference polypeptide
sequence is defined as the percentage of amino acid residues in a candidate sequence that are
identical with the amino acid residues in the reference polypeptide sequence, after aligning the
sequences and introducing gaps, if necessary, to achieve the maximum percent sequence
identity, and not considering any conservative substitutions as part of the sequence identity.
Alignment for purposes of determining percent amino acid sequence identity can be achieved in
various ways that are within the skill in the art, for instance, using publicly available computer
software such as BLAST, BLAST-2, ALIGN or Megalign (DNASTAR) software. Those skilled
in the art can determine appropriate parameters for aligning sequences, including any algorithms
needed to achieve maximal alignment over the full length of the sequences being compared. For
purposes herein, however, % amino acid sequence identity values are generated using the
sequence comparison computer program ALIGN-2. The ALIGN-2 sequence comparison
computer program was authored by Genentech, Inc., and the source code has been filed with
user documentation in the U.S. Copyright Office, Washington D.C., 20559, where it is registered
under U.S. Copyright Registration No. TXU510087. The ALIGN-2 program is publicly

available from Genentech, Inc., South San Francisco, California, or may be compiled from the
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source code. The ALIGN-2 program should be compiled for use on a UNIX operating system,
including digital UNIX V4.0D. All sequence comparison parameters are set by the ALIGN-2
program and do not vary.

In situations where ALIGN-2 is employed for amino acid sequence comparisons, the %
amino acid sequence identity of a given amino acid sequence A to, with, or against a given
amino acid sequence B (which can alternatively be phrased as a given amino acid sequence A
that has or comprises a certain % amino acid sequence identity to, with, or against a given amino
acid sequence B) is calculated as follows: 100 times the fraction X/Y, where X is the number of
amino acid residues scored as identical matches by the sequence alignment program ALIGN-2 in
that program’s alignment of A and B, and where Y is the total number of amino acid residues in
B. It will be appreciated that where the length of amino acid sequence A is not equal to the
length of amino acid sequence B, the % amino acid sequence identity of A to B will not equal
the % amino acid sequence identity of B to A. Unless specifically stated otherwise, all % amino
acid sequence identity values used herein are obtained as described.

The term "rifamycin-type antibiotic" means the class or group of antibiotics having the
structure of, or similar structure to, rifamycin.

The term "rifalazil-type antibiotic" means the class or group of antibiotics having the
structure of, or similar structure to, rifalazil.

When indicating the number of substituents, the term “one or more” refers to the range
from one substituent to the highest possible number of substitution, i.e. replacement of one
hydrogen up to replacement of all hydrogens by substituents. The term “substituent” denotes an
atom or a group of atoms replacing a hydrogen atom on the parent molecule. The term
“substituted” denotes that a specified group bears one or more substituents. Where any group
may carry multiple substituents and a variety of possible substituents is provided, the
substituents are independently selected and need not to be the same. The term “unsubstituted”
means that the specified group bears no substituents. The term “optionally substituted” means
that the specified group is unsubstituted or substituted by one or more substituents,
independently chosen from the group of possible substituents. When indicating the number of
substituents, the term “one or more” means from one substituent to the highest possible number
of substitution, i.e. replacement of one hydrogen up to replacement of all hydrogens by
substituents.

The term “alkyl” as used herein refers to a saturated linear or branched-chain monovalent

hydrocarbon radical of one to twelve carbon atoms (C,—C;,), wherein the alkyl radical may be
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optionally substituted independently with one or more substituents described below. In another
embodiment, an alkyl radical is one to eight carbon atoms (C;—Cg), or one to six carbon atoms
(C1—C¢). Examples of alkyl groups include, but are not limited to, methyl (Me, -CH3), ethyl (Et,
-CH,CH3), 1-propyl (n-Pr, n-propyl, -CH,CH,CH3), 2-propyl (i-Pr, i-propyl, -CH(CH3),), 1-
butyl (n-Bu, n-butyl, -CH,CH,CH,CH3), 2-methyl-1-propyl (i-Bu, i-butyl, -CH,CH(CHjs),), 2-
butyl (s-Bu, s-butyl, -CH(CH3)CH,CHj3), 2-methyl-2-propyl (t-Bu, t-butyl, -C(CH3)3), 1-pentyl
(n-pentyl, -CH,CH,CH,CH,CH3), 2-pentyl (-CH(CH3)CH,CH,CHz), 3-pentyl (-CH(CH,CHs),),
2-methyl-2-butyl (-C(CH3),CH,CH3), 3-methyl-2-butyl (-CH(CH3)CH(CHs),), 3-methyl-1-butyl
(-CH,CH;CH(CH3),), 2-methyl-1-butyl (-CH,CH(CH3)CH,CHj3), 1-hexyl (-
CH,CH>CH,CH,CH;CH3), 2-hexyl (-CH(CH3)CH,CH,CH,CH3), 3-hexyl (-
CH(CH,CH3)(CH,CH,CH3)), 2-methyl-2-pentyl (-C(CH3),CH,CH,CH3), 3-methyl-2-pentyl (-
CH(CH3)CH(CH3)CH,CH3), 4-methyl-2-pentyl (-CH(CH3)CH,CH(CH3),), 3-methyl-3-pentyl (-
C(CH;3)(CH,CH3),), 2-methyl-3-pentyl (-CH(CH,CH3)CH(CHs),), 2,3-dimethyl-2-butyl (-
C(CH3),CH(CH3),), 3,3-dimethyl-2-butyl (-CH(CH3)C(CHs)3, 1-heptyl, 1-octyl, and the like.

The term “alkylene” as used herein refers to a saturated linear or branched-chain divalent
hydrocarbon radical of one to twelve carbon atoms (C;—C;2), wherein the alkylene radical may
be optionally substituted independently with one or more substituents described below. In
another embodiment, an alkylene radical is one to eight carbon atoms (C;—Cs), or one to six
carbon atoms (C;—Cs). Examples of alkylene groups include, but are not limited to, methylene
(-CH3-), ethylene (~CH,CH,-), propylene (—CH>,CH,CH,-), and the like.

The term “alkenyl” refers to linear or branched-chain monovalent hydrocarbon radical of
two to eight carbon atoms (C,—Cs) with at least one site of unsaturation, i.e., a carbon-carbon,
sp” double bond, wherein the alkenyl radical may be optionally substituted independently with
one or more substituents described herein, and includes radicals having “cis” and “trans”
orientations, or alternatively, “E” and “Z” orientations. Examples include, but are not limited to,
ethylenyl or vinyl (-CH=CH,), allyl (-CH,CH=CH,), and the like.

The term “alkenylene” refers to linear or branched-chain divalent hydrocarbon radical of
two to eight carbon atoms (C,—Cg) with at least one site of unsaturation, i.e., a carbon-carbon,
sp> double bond, wherein the alkenylene radical may be optionally substituted independently
with one or more substituents described herein, and includes radicals having “cis” and “trans”
orientations, or alternatively, “E” and “Z” orientations. Examples include, but are not limited to,

ethylenylene or vinylene (-CH=CH-), allyl (-CH,CH=CH-), and the like.
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The term “alkynyl” refers to a linear or branched monovalent hydrocarbon radical of two
to eight carbon atoms (C,—Cs) with at least one site of unsaturation, i.e., a carbon-carbon, sp
triple bond, wherein the alkynyl radical may be optionally substituted independently with one or
more substituents described herein. Examples include, but are not limited to, ethynyl (-C=CH),
propynyl (propargyl, -CH,C=CH), and the like.

The term “alkynylene” refers to a linear or branched divalent hydrocarbon radical of two
to eight carbon atoms (C,—Cg) with at least one site of unsaturation, i.e., a carbon-carbon, sp
triple bond, wherein the alkynylene radical may be optionally substituted independently with one
or more substituents described herein. Examples include, but are not limited to, ethynylene
(-C=C-), propynylene (propargylene, -CH,C=C-), and the like.

The terms “carbocycle”, “carbocyclyl”, “carbocyclic ring” and “cycloalkyl” refer to a
monovalent non-aromatic, saturated or partially unsaturated ring having 3 to 12 carbon atoms
(C3—Ci2) as a monocyclic ring or 7 to 12 carbon atoms as a bicyclic ring. Bicyclic carbocycles
having 7 to 12 atoms can be arranged, for example, as a bicyclo [4,5], [5,5], [5,6] or [6,6]
system, and bicyclic carbocycles having 9 or 10 ring atoms can be arranged as a bicyclo [5,6] or
[6,6] system, or as bridged systems such as bicyclo[2.2.1]heptane, bicyclo[2.2.2]octane and
bicyclo[3.2.2]nonane. Spiro moieties are also included within the scope of this definition.
Examples of monocyclic carbocycles include, but are not limited to, cyclopropyl, cyclobutyl,
cyclopentyl, 1-cyclopent-1-enyl, 1-cyclopent-2-enyl, 1-cyclopent-3-enyl, cyclohexyl, 1-
cyclohex-1-enyl, 1-cyclohex-2-enyl, 1-cyclohex-3-enyl, cyclohexadienyl, cycloheptyl,
cyclooctyl, cyclononyl, cyclodecyl, cycloundecyl, cyclododecyl, and the like. Carbocyclyl
groups are optionally substituted independently with one or more substituents described herein.

“Aryl” means a monovalent aromatic hydrocarbon radical of 6-20 carbon atoms (C6—Cr)
derived by the removal of one hydrogen atom from a single carbon atom of a parent aromatic
ring system. Some aryl groups are represented in the exemplary structures as “Ar”. Aryl
includes bicyclic radicals comprising an aromatic ring fused to a saturated, partially unsaturated
ring, or aromatic carbocyclic ring. Typical aryl groups include, but are not limited to, radicals
derived from benzene (phenyl), substituted benzenes, naphthalene, anthracene, biphenyl,
indenyl, indanyl, 1,2-dihydronaphthalene, 1,2,3,4-tetrahydronaphthyl, and the like. Aryl groups
are optionally substituted independently with one or more substituents described herein.

“Arylene” means a divalent aromatic hydrocarbon radical of 6-20 carbon atoms (Cs—Ca)
derived by the removal of two hydrogen atom from a two carbon atoms of a parent aromatic ring

system. Some arylene groups are represented in the exemplary structures as “Ar”. Arylene
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includes bicyclic radicals comprising an aromatic ring fused to a saturated, partially unsaturated
ring, or aromatic carbocyclic ring. Typical arylene groups include, but are not limited to,
radicals derived from benzene (phenylene), substituted benzenes, naphthalene, anthracene,
biphenylene, indenylene, indanylene, 1,2-dihydronaphthalene, 1,2,3,4-tetrahydronaphthyl, and
the like. Arylene groups are optionally substituted with one or more substituents described
herein.

The terms “heterocycle,” “heterocyclyl” and “heterocyclic ring” are used interchangeably
herein and refer to a saturated or a partially unsaturated (i.e., having one or more double and/or
triple bonds within the ring) carbocyclic radical of 3 to about 20 ring atoms in which at least one
ring atom is a heteroatom selected from nitrogen, oxygen, phosphorus and sulfur, the remaining
ring atoms being C, where one or more ring atoms is optionally substituted independently with
one or more substituents described below. A heterocycle may be a monocycle having 3 to 7 ring
members (2 to 6 carbon atoms and 1 to 4 heteroatoms selected from N, O, P, and S) or a bicycle
having 7 to 10 ring members (4 to 9 carbon atoms and 1 to 6 heteroatoms selected from N, O, P,
and S), for example: a bicyclo [4,5], [5,5], [5,6], or [6,6] system. Heterocycles are described in
Paquette, Leo A.; “Principles of Modern Heterocyclic Chemistry” (W.A. Benjamin, New York,
1968), particularly Chapters 1, 3, 4, 6, 7, and 9; “The Chemistry of Heterocyclic Compounds, A
series of Monographs” (John Wiley & Sons, New York, 1950 to present), in particular Volumes
13, 14, 16, 19, and 28; and J. Am. Chem. Soc. (1960) 82:5566. “Heterocyclyl” also includes
radicals where heterocycle radicals are fused with a saturated, partially unsaturated ring, or
aromatic carbocyclic or heterocyclic ring. Examples of heterocyclic rings include, but are not
limited to, morpholin-4-yl, piperidin-1-yl, piperazinyl, piperazin-4-yl-2-one, piperazin-4-yl-3-
one, pyrrolidin-1-yl, thiomorpholin-4-yl, S-dioxothiomorpholin-4-yl, azocan-1-yl, azetidin-1-yl,
octahydropyrido[1,2-a]pyrazin-2-yl, [1,4]diazepan-1-yl, pyrrolidinyl, tetrahydrofuranyl,
dihydrofuranyl, tetrahydrothienyl, tetrahydropyranyl, dihydropyranyl, tetrahydrothiopyranyl,
piperidino, morpholino, thiomorpholino, thioxanyl, piperazinyl, homopiperazinyl, azetidinyl,
oxetanyl, thietanyl, homopiperidinyl, oxepanyl, thiepanyl, oxazepinyl, diazepinyl, thiazepinyl, 2-
pyrrolinyl, 3-pyrrolinyl, indolinyl, 2H-pyranyl, 4H-pyranyl, dioxanyl, 1,3-dioxolanyl,
pyrazolinyl, dithianyl, dithiolanyl, dihydropyranyl, dihydrothienyl, dihydrofuranyl,
pyrazolidinylimidazolinyl, imidazolidinyl, 3-azabicyco[3.1.0]hexanyl, 3-
azabicyclo[4.1.0]heptanyl, azabicyclo[2.2.2]hexanyl, 3H-indolyl quinolizinyl and N-pyridyl
ureas. Spiro moieties are also included within the scope of this definition. Examples of a

heterocyclic group wherein 2 ring atoms are substituted with oxo (=0) moieties are
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pyrimidinonyl and 1,1-dioxo-thiomorpholinyl. The heterocycle groups herein are optionally
substituted independently with one or more substituents described herein.

The term “heteroaryl” refers to a monovalent aromatic radical of 5-, 6-, or 7-membered
rings, and includes fused ring systems (at least one of which is aromatic) of 5-20 atoms,
containing one or more heteroatoms independently selected from nitrogen, oxygen, and sulfur.
Examples of heteroaryl groups are pyridinyl (including, for example, 2-hydroxypyridinyl),
imidazolyl, imidazopyridinyl, pyrimidinyl (including, for example, 4-hydroxypyrimidinyl),
pyrazolyl, triazolyl, pyrazinyl, tetrazolyl, furyl, thienyl, isoxazolyl, thiazolyl, oxadiazolyl,
oxazolyl, isothiazolyl, pyrrolyl, quinolinyl, isoquinolinyl, tetrahydroisoquinolinyl, indolyl,
benzimidazolyl, benzofuranyl, cinnolinyl, indazolyl, indolizinyl, phthalazinyl, pyridazinyl,
triazinyl, isoindolyl, pteridinyl, purinyl, oxadiazolyl, triazolyl, thiadiazolyl, thiadiazolyl,
furazanyl, benzofurazanyl, benzothiophenyl, benzothiazolyl, benzoxazolyl, quinazolinyl,
quinoxalinyl, naphthyridinyl, and furopyridinyl. Heteroaryl groups are optionally substituted
independently with one or more substituents described herein.

The heterocycle or heteroaryl groups may be carbon (carbon-linked), or nitrogen
(nitrogen-linked) bonded where such is possible. By way of example and not limitation, carbon
bonded heterocycles or heteroaryls are bonded at position 2, 3, 4, 5, or 6 of a pyridine, position
3,4, 5, or 6 of a pyridazine, position 2, 4, 5, or 6 of a pyrimidine, position 2, 3, 5, or 6 of a
pyrazine, position 2, 3, 4, or 5 of a furan, tetrahydrofuran, thiofuran, thiophene, pyrrole or
tetrahydropyrrole, position 2, 4, or 5 of an oxazole, imidazole or thiazole, position 3, 4, or 5 of
an isoxazole, pyrazole, or isothiazole, position 2 or 3 of an aziridine, position 2, 3, or 4 of an
azetidine, position 2, 3, 4, 5, 6, 7, or 8 of a quinoline or position 1, 3, 4, 5, 6, 7, or 8 of an
isoquinoline.

By way of example and not limitation, nitrogen bonded heterocycles or heteroaryls are
bonded at position 1 of an aziridine, azetidine, pyrrole, pyrrolidine, 2-pyrroline, 3-pyrroline,
imidazole, imidazolidine, 2-imidazoline, 3-imidazoline, pyrazole, pyrazoline, 2-pyrazoline, 3-
pyrazoline, piperidine, piperazine, indole, indoline, 1H-indazole, position 2 of a isoindole, or
isoindoline, position 4 of a morpholine, and position 9 of a carbazole, or B-carboline.

A “metabolite” 1s a product produced through metabolism in the body of a specified
compound or salt thereof. Metabolites of a compound may be identified using routine
techniques known in the art and their activities determined using tests such as those described
herein. Such products may result for example from the oxidation, reduction, hydrolysis,
amidation, deamidation, esterification, deesterification, enzymatic cleavage, and the like, of the

administered compound. Accordingly, the invention includes metabolites of compounds of the
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invention, including compounds produced by a process comprising contacting a Formula 1
compound of this invention with a mammal for a period of time sufficient to yield a metabolic
product thereof.

The term “pharmaceutical formulation” refers to a preparation which is in such form as
to permit the biological activity of an active ingredient contained therein to be effective, and
which contains no additional components which are unacceptably toxic to a subject to which the
formulation would be administered.

A “sterile” formulation is aseptic or free from all living microorganisms and their spores.

A “stable” formulation is one in which the protein therein essentially retains its physical
and chemical stability and integrity upon storage. Various analytical techniques for measuring
protein stability are available in the art and are reviewed in Peptide and Protein Drug Delivery,
247-301, Vincent Lee Ed., Marcel Dekker, Inc., New York, New York, Pubs. (1991) and Jones,
A. Adv. Drug Delivery Rev. 10: 29-90 (1993). Stability can be measured at a selected
temperature for a selected time period. For rapid screening, the formulation may be kept at 40
°C for 2 weeks to 1 month, at which time stability is measured. Where the formulation is to be
stored at 2-8 °C, generally the formulation should be stable at 30 °C or 40 °C for at least 1
month and/or stable at 2-8°C for at least 2 years. Where the formulation is to be stored at 30 °C,
generally the formulation should be stable for at least 2 years at 30 °C and/or stable at 40 °C for
at least 6 months. For example, the extent of aggregation during storage can be used as an
indicator of protein stability. Thus, a “stable” formulation may be one wherein less than about
10% and preferably less than about 5% of the protein are present as an aggregate in the
formulation. In other embodiments, any increase in aggregate formation during storage of the
formulation can be determined.

An “isotonic” formulation is one which has essentially the same osmotic pressure as
human blood. Isotonic formulations will generally have an osmotic pressure from about 250 to
350 mOsm. The term “hypotonic” describes a formulation with an osmotic pressure below that
of human blood. Correspondingly, the term “hypertonic” is used to describe a formulation with
an osmotic pressure above that of human blood. Isotonicity can be measured using a vapor
pressure or ice-freezing type osmometer, for example. The formulations of the present invention
are hypertonic as a result of the addition of salt and/or buffer.

“Carriers” as used herein include pharmaceutically acceptable carriers, excipients, or
stabilizers that are nontoxic to the cell or mammal being exposed thereto at the dosages and

concentrations employed. Often the physiologically acceptable carrier is an aqueous pH
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buffered solution. Examples of physiologically acceptable carriers include buffers such as
phosphate, citrate, and other organic acids; antioxidants including ascorbic acid; low molecular
weight (less than about 10 residues) polypeptide; proteins, such as serum albumin, gelatin, or
immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino acids such as
glycine, glutamine, asparagine, arginine or lysine; monosaccharides, disaccharides, and other
carbohydrates including glucose, mannose, or dextrins; chelating agents such as EDTA; sugar
alcohols such as mannitol or sorbitol; salt-forming counterions such as sodium; and/or nonionic
surfactants such as TWEEN®, polyethylene glycol (PEG), and PLURONICS™,

A “pharmaceutically acceptable carrier” refers to an ingredient in a pharmaceutical
formulation, other than an active ingredient, which is nontoxic to a subject. A pharmaceutically
acceptable carrier includes, but is not limited to, a buffer, excipient, stabilizer, or preservative.
A “pharmaceutically acceptable acid” includes inorganic and organic acids which are nontoxic
at the concentration and manner in which they are formulated. For example, suitable inorganic
acids include hydrochloric, perchloric, hydrobromic, hydroiodic, nitric, sulfuric, sulfonic,
sulfinic, sulfanilic, phosphoric, carbonic, etc. Suitable organic acids include straight and
branched-chain alkyl, aromatic, cyclic, cycloaliphatic, arylaliphatic, heterocyclic, saturated,
unsaturated, mono, di- and tri-carboxylic, including for example, formic, acetic, 2-
hydroxyacetic, trifluoroacetic, phenylacetic, trimethylacetic, t-butyl acetic, anthranilic,
propanoic, 2-hydroxypropanoic, 2-oxopropanoic, propandioic, cyclopentanepropionic,
cyclopentane propionic, 3-phenylpropionic, butanoic, butandioic, benzoic, 3-(4-
hydroxybenzoyl)benzoic, 2-acetoxy-benzoic, ascorbic, cinnamic, lauryl sulfuric, stearic,
muconic, mandelic, succinic, embonic, fumaric, malic, maleic, hydroxymaleic, malonic, lactic,
citric, tartaric, glycolic, glyconic, gluconic, pyruvic, glyoxalic, oxalic, mesylic, succinic,
salicylic, phthalic, palmoic, palmeic, thiocyanic, methanesulphonic, ethanesulphonic, 1,2-
ethanedisulfonic, 2-hydroxyethanesulfonic, benzenesulphonic, 4-chorobenzenesulfonic,
napthalene-2-sulphonic, p-toluenesulphonic, camphorsulphonic, 4-methylbicyclo[2.2.2]-oct-2-
ene-1-carboxylic, glucoheptonic, 4,4’-methylenebis-3-(hydroxy-2-ene-1-carboxylic acid),
hydroxynapthoic.

“Pharmaceutically-acceptable bases” include inorganic and organic bases which are non-
toxic at the concentration and manner in which they are formulated. For example, suitable bases
include those formed from inorganic base forming metals such as lithium, sodium, potassium,
magnesium, calcium, ammonium, iron, zinc, copper, manganese, aluminum, N-
methylglucamine, morpholine, piperidine and organic nontoxic bases including, primary,

secondary and tertiary amines, substituted amines, cyclic amines and basic ion exchange resins,
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[e.g., N(R")4" (where R’ is independently H or C;4alkyl, e.g., ammonium, Tris)], for example,
isopropylamine, trimethylamine, diethylamine, triethylamine, tripropylamine, ethanolamine, 2-
diethylaminoethanol, trimethamine, dicyclohexylamine, lysine, arginine, histidine, caffeine,
procaine, hydrabamine, choline, betaine, ethylenediamine, glucosamine, methylglucamine,
theobromine, purines, piperazine, piperidine, N-ethylpiperidine, polyamine resins and the like.
Particularly preferred organic non-toxic bases are isopropylamine, diethylamine, ethanolamine,
trimethamine, dicyclohexylamine, choline, and caffeine.

Additional pharmaceutically acceptable acids and bases useable with the present
invention include those which are derived from the amino acids, for example, histidine, glycine,
phenylalanine, aspartic acid, glutamic acid, lysine and asparagine.

“Pharmaceutically acceptable” buffers and salts include those derived from both acid and
base addition salts of the above indicated acids and bases. Specific buffers and/ or salts include
histidine, succinate and acetate.

A “pharmaceutically acceptable sugar” is a molecule which, when combined with a
protein of interest, significantly prevents or reduces chemical and/or physical instability of the
protein upon storage. When the formulation is intended to be lyophilized and then reconstituted,
“pharmaceutically acceptable sugars” may also be known as a “lyoprotectant”. Exemplary
sugars and their corresponding sugar alcohols include: an amino acid such as monosodium
glutamate or histidine; a methylamine such as betaine; a lyotropic salt such as magnesium
sulfate; a polyol such as trihydric or higher molecular weight sugar alcohols, e.g. glycerin,
dextran, erythritol, glycerol, arabitol, xylitol, sorbitol, and mannitol; propylene glycol;
polyethylene glycol; PLURONICS®; and combinations thereof. Additional exemplary
lyoprotectants include glycerin and gelatin, and the sugars mellibiose, melezitose, raffinose,
mannotriose and stachyose. Examples of reducing sugars include glucose, maltose, lactose,
maltulose, iso-maltulose and lactulose. Examples of non-reducing sugars include non-reducing
glycosides of polyhydroxy compounds selected from sugar alcohols and other straight chain
polyalcohols. Preferred sugar alcohols are monoglycosides, especially those compounds
obtained by reduction of disaccharides such as lactose, maltose, lactulose and maltulose. The
glycosidic side group can be either glucosidic or galactosidic. Additional examples of sugar
alcohols are glucitol, maltitol, lactitol and iso-maltulose. The preferred pharmaceutically-
acceptable sugars are the non-reducing sugars trehalose or sucrose. Pharmaceutically acceptable
sugars are added to the formulation in a “protecting amount” (e.g. pre-lyophilization) which
means that the protein essentially retains its physical and chemical stability and integrity during

storage (e.g., after reconstitution and storage).
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The “diluent” of interest herein is one which is pharmaceutically acceptable (safe and
non-toxic for administration to a human) and is useful for the preparation of a liquid
formulation, such as a formulation reconstituted after lyophilization. Exemplary diluents include
sterile water, bacteriostatic water for injection (BWFI), a pH buffered solution (e.g. phosphate-
buffered saline), sterile saline solution, Ringer's solution or dextrose solution. In an alternative
embodiment, diluents can include aqueous solutions of salts and/or buffers.

A “preservative” is a compound which can be added to the formulations herein to reduce
bacterial activity. The addition of a preservative may, for example, facilitate the production of a
multi-use (multiple-dose) formulation. Examples of potential preservatives include
octadecyldimethylbenzyl ammonium chloride, hexamethonium chloride, benzalkonium chloride
(a mixture of alkylbenzyldimethylammonium chlorides in which the alkyl groups are long-chain
compounds), and benzethonium chloride. Other types of preservatives include aromatic alcohols
such as phenol, butyl and benzyl alcohol, alkyl parabens such as methyl or propyl paraben,
catechol, resorcinol, cyclohexanol, 3-pentanol, and m-cresol. The most preferred preservative
herein is benzyl alcohol.

An “individual” or “subject” or “patient” is a mammal. Mammals include, but are not
limited to, domesticated animals (e.g., cows, sheep, cats, dogs, and horses), primates (e.g.,
humans and non-human primates such as monkeys), rabbits, and rodents (e.g., mice and rats). In
certain embodiments, the individual or subject is a human.

As used herein, “treatment” (and grammatical variations thereof such as “treat” or
“treating”) refers to clinical intervention designed to alter the natural course of the individual,
tissue or cell being treated during the course of clinical pathology. Desirable effects of treatment
include, but are not limited to, decreasing the rate of disease progression, ameliorating or
palliating the disease state, and remission or improved prognosis, all measurable by one of skill
in the art such as a physician. In one embodiment, treatment can mean alleviation of symptoms,
diminishment of any direct or indirect pathological consequences of the disease, decreasing the
rate of infectious disease progression, amelioration or palliation of the disease state, and
remission or improved prognosis. In some embodiments, the AACs and TACs of the invention
are used to delay development of a disease or to slow the progression of an infectious disease or
reduce the bacterial load in the blood stream and/or in infected tissues and organs.

As used herein, “in conjunction with” refers to administration of one treatment modality
in addition to another treatment modality. As such, “in conjunction with” refers to
administration of one treatment modality before, during or after administration of the other

treatment modality to the individual.
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The term “bacteremia” refers to the presence of bacteria in the bloodstream which is
most commonly detected through a blood culture. Bacteria can enter the bloodstream as a
severe complication of infections (like pneumonia or meningitis), during surgery (especially
when involving mucous membranes such as the gastrointestinal tract), or due to catheters and
other foreign bodies entering the arteries or veins. Bacteremia can have several consequences.

The immune response to the bacteria can cause sepsis and septic shock, which has a relatively

- high mortality rate. Bacteria can also use the blood to spread to other parts of the body, causing

infections away from the original site of infection. Examples include endocarditis or
osteomyelitis.

A “therapeutically effective amount” is the minimum concentration required to effect a
measurable improvement of a particular disorder. A therapeutically effective amount herein
may vary according to factors such as the disease state, age, sex, and weight of the patient, and
the ability of the antibody to elicit a desired response in the individual. A therapeutically
effective amount is also one in which any toxic or detrimental effects of the antibody are
outweighed by the therapeutically beneficial effects. In one embodiment, a therapeutically
effective amount is an amount effective to reduce bacteremia in an in vivo infection. In one
aspect, a “therapeutically effective amount” is at least the amount effective to reduce the
bacterial load or colony forming units (CFU) isolated from a patient sample such as blood by at
least one log relative to prior to drug administration. In a more specific aspect, the reduction is
at least 2 logs. In another aspect, the reduction is at least 3, 4, 5 logs. In yet another aspect, the
reduction is to below detectable levels using assays known in the art including assays
exemplified herein. In another embodiment, a therapeutically effective amount is the amount of
an AAC in one or more doses given over the course of the treatment period, that achieves a
negative blood culture (i.e., does not grow out the bacteria that is the target of the AAC) as
compared to the positive blood culture before or at the start of treatment of the infected patient.

A “prophylactically effective amount” refers to an amount effective, at the dosages and
for periods of time necessary, to achieve the desired prophylactic result. Typically but not
necessarily,‘ since a prophylactic dose is used in subjects prior to, at the earlier stage of disease,
or even prior to exposure to conditions where the risk of infection is elevated, the
prophylactically effective amount can be less than the therapeutically effective amount. In one
embodiment, a prophylactically effective amount is at least an amount effective to reduce,
prevent the occurrence of or spread of infection from one cell to another.

“Chronic” administration refers to administration of the medicament(s) in a continuous

as opposed to acute mode, so as to maintain the initial therapeutic effect (activity) for an
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extended period of time. “Intermittent” administration is treatment that is not consecutively
done without interruption, but rather is cyclic in nature.

The term “package insert” is used to refer to instructions customarily included in
commercial packages of therapeutic products, that contain information about the indications,
usage, dosage, administration, combination therapy, contraindications and/or warnings
concerning the use of such therapeutic products.

The term “chiral” refers to molecules which have the property of non-superimposability
of the mirror image partner, while the term “achiral” refers to molecules which are
superimposable on their mirror image partner.

The term “stereoisomers” refers to compounds which have identical chemical
constitution, but differ with regard to the arrangement of the atoms or groups in space.

“Diastereomer” refers to a stereoisomer with two or more centers of chirality and whose
molecules are not mirror images of one another. Diastereomers have different physical |
properties, e.g. melting points, boiling points, spectral properties, and reactivities. Mixtures of
diastereomers may separate under high resolution analytical procedures such as electrophoresis‘
and chromatography.

“Enantiomers” refer to two stereoisomers of a compound which are non-superimposable
mirror images of one another.

Stereochemical definitions and conventions used herein generally follow S. P. Parker,
Ed., McGraw-Hill Dictionary of Chemical Terms (1984) McGraw-Hill Book Company, New
York; and Eliel, E. and Wilen, S., Stereochemistry of Organic Compounds (1994) John Wiley &
Somns, Inc., New York. Many organic compbunds exist in optically active forms, i.e., they have
the ability to rotate the plane of plane-polarized light. In describing an optically active
compound, the prefixes D and L, or R and S, are used to denote the absolute configuration of the
molecule about its chiral center(s). The prefixes d and | or (+) and (-) are employed to designate
the sign of rotation of plane-polarized light by the compound, with (-) or 1 meaning that the
compound is levorotatory. A compound prefixed with (+) or d is dextrorotatory. For a given
chemical structure, these stereoisomers are identical except that they are mirror images of one
another. A specific stereoisomer may also be referred to as an enantiomer, and a mixture of such
isomers is often called an enantiomeric mixture. A 50:50 mixture of enantiomers is referred to as
a racemic mixture or a racemate, which may occur where there has been no stereoselection or
stereospecificity in a chemical reaction or process. The terms "racemic mixture" and "racemate”

refer to an equimolar mixture of two enantiomeric species, devoid of optical activity.



10

15

20

25

30

WO 2016/090040 PCT/US2015/063515
38

The term “protecting group” refers to a substituent that is commonly employed to block
or protect a particular functionality while other functional groups react on the compound. For
example, an “amino-protecting group” is a substituent attached to an amino group that blocks or
protects the amino functionality in the compound. Suitable amino-protecting groups include, but
are not limited to, acetyl, trifluoroacetyl, t-butoxycarbonyl (BOC), benzyloxycarbonyl (CBZ)
and 9-fluorenylmethylenoxycarbonyl (Fmoc). For a general description of protecting groups
and their use, see T. W. Greene, Protective Groups in Organic Synthesis, John Wiley & Sons,
New York, 1991, or a later edition.

The term “about” as used herein refers to the usual error range for the respective value
readily known to the skilled person in this technical field. Reference to “about” a value or
parameter herein includes (ad describes) embodiments that are directed to that value or
parameter per se.

As used herein and in the appended claims, the singular forms “a,” “an,” and “the”
include plural reference unless the context clearly indicates otherwise. For example, reference to
an “antibody” is a reference to from one to many antibodies, such as molar amounts, and

includes equivalents thereof known to those skilled in the art, and so forth.
III.  Compositions and Methods

ANTIBODY-ANTIBIOTIC CONJUGATES (AAC)

The experimental results herein are a strong indication that therapies aimed at
eliminating intracellular bacteria will improve clinical success. Towards this aim, the present
invention provides a unique therapeutic that selectively kills S. aureus organisms that have
invaded intracellular compartments of host cells. The present invention demonstrates that such a
therapeutic is efficacious in in-vivo models where conventional antibiotics like vancomycin fail.

The invention provides an antibacterial therapy that aims to prevent antibiotic escape by
targeting populations of bacteria that evade conventional antibiotic therapy. The novel
antibacterial therapy is achieved with an Antibody Antibiotic Conjugate (AAC) in which an rF1
antibody specific for cell wall components found on S. aureus (including MRSA) is chemically
linked to a potent rifamycin-type antibiotic (a derivative of rifamycin). The rifamycin-type
antibiotic is joined to the antibody via a protease-cleavable, non-peptide linker that is designed
to be cleaved by proteases, including cathepsin B, a lysosomal protease found in most
mammalian cell types (Dubowchik et al (2002) Bioconj. Chem. 13:855-869). A diagram of the
AAC with its 3 components is depicted in FIG. 2. Not to be limited by any one theory, one
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mechanism of action of the AAC is schematized in FIG. 3. The AAC acts as a pro-drug in that
the rifamycin-type antibiotic is inactive (due to the large size of the antibody) until the linker is
cleaved. Since a significant proportion of S. aureus found in a natural infection is taken up by
host cells, primarily neutrophils and macrophages, at some point during the course of infection
in the host, the time spent inside host cells provides a significant opportunity for the bacterium to
evade antibiotic activity. The AACs of the invention are designed to bind to the Staph bacteria
and release the antibiotic inside the phagolysosome after bacteria are taken up by host cells. By
this mechanism, AAC are able to concentrate the active antibiotic specifically in a location
where S. aureus is poorly treated by conventional antibiotics. While the invention is not limited
or defined by an particular mechanism of action, the AAC improve antibiotic activity via three
potential mechanisms: (1) The AAC delivers antibiotic inside mammalian cells that take up the
bacteria, thereby increasing the potency of antibiotics that diffuse poorly into the
phagolysosomes where bacteria are sequestered. (2) AAC opsonize bacteria thereby increasing
uptake of free bacteria by phagocytic cells, and release the antibiotic locally to kill the bacteria
while they are sequestered in the phagolysosome. Since thousands of AACs can bind to a single
bacterium, this platform releases sufficient antibiotics in these intracellular niches to sustain
maximal antimicrobial killing. Furthermore, as more bacteria are released from pre-existing
intracellular reservoirs, the fast on-rate of this antibody-based therapy ensures immediate
“tagging” of these bacteria before they can escape to neighboring or distant cells, thus mitigating
further spread of the infection. (3) AAC improve the half-life of antibiotics in vivo (improved
pharmacokinetics) by linking the antibiotic to an antibody, as compared to antibiotics which are
cleared rapidly from serum. Improved pharmacokinetics of AAC enable delivery of sufficient
antibiotic in regions where S. aureus is concentrated while limiting the overall dose of antibiotic
that needs to be administered systemically. This property should permit long-term therapy with
AAC to target persistent infection with minimal antibiotic side effects.

An antibody-antibiotic conjugate compound of the invention comprises an anti-SDR
antibody covalently attached by a protease-cleavable, non-peptide linker via a recombinantly
introduced cysteine, to a rifamycin-type antibiotic.

In an exemplary embodiment, the anti-SDR antibody (e.g. rF1 antibody) is a cysteine-
engineered antibody comprising a recombinantly introduced cysteine amino acid.

In an exemplary embodiment, the protease-cleavable, non-peptide linker is covalently
attached via a recombinantly introduced cysteine on the rF1, anti-SDR antibody, to the

rifamycin-type antibiotic
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An exemplary embodiment is the antibody-antibiotic conjugate having the formula:
Ab—(PML-abx),

wherein:
Ab is the rF1 antibody;
5 PML is the protease-cleavable, non-peptide linker having the formula:

—~Str-PM-Y-

where Str is a stretcher unit; PM is a peptidomimetic unit, and Y is a spacer unit;
abx is the rifamycin-type antibiotic; and

p is an integer from 1 to 8.
10 The rifamycin-type antibiotic may be a rifalazil-type antibiotic.

The rifamycin-type antibiotic may comprise a quaternary amine attached to the protease-

cleavable, non-peptide linker.

An exemplary embodiment of the antibody-antibiotic conjugate has Formula I:

15 wherein:
the dashed lines indicate an optional bond;
R is H, C;—C;; alkyl, or C(O)CHj;
R!is OH;
R? is CH=N—(heterocyclyl), wherein the heterocyclyl is optionally substituted with one
20  ormore groups independently selected from C(O)CHs, C;—C); alkyl, C;—C5 heteroaryl, C,—Cao
heterocyclyl, Cs—Cyq aryl, and C3—C;, 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, 1, C,—C;; alkyl, or OH;

PML is the protease-cleavable, non-peptide linker attached to R? or the fused heteroaryl
or heterocyclyl formed by R' and R%; and

Ab is the rF1 antibody.

The number of antibiotic moieties which may be conjugated via a reactive linker moiety
to an antibody molecule may be limited by the number of free cysteine residues, which are
introduced by the methods described herein. Exemplary AAC comprise antibodies which have
1, 2, 3, or 4 engineered cysteine amino acids (Lyon, R. et al (2012) Methods in Enzym. 502:123-
138).

To be effective target on MRSA, the epitope is preferably highly abundant, stably
expressed during infection and highly conserved in all clinical MRSA strains. The rF1 antibody

fulfills these requirements and additionally, also binds to Staph epidermidis as well.

ANTI-SDR AND rF1 ANTIBODIES

Anti-SDR antibodies can be produced as described below for the generation of F1
antibody. Several examples of anti-SDR antibodies are provided herein including rF1, SD2,
SD3 and SD4.

The rF1 Abs will be described in detail here.

rF1 antibody is a fully human is capable of specifically binding Staphylococcus species
such as S. aureus and S. epidermidis. Importantly, rF1 is capable of binding whole bacteria in
vivo as well as in vitro. Furthermore, antibody rF1 is capable of binding to bacteria that have
been grown in infected tissue of, for example, an animal. The rF1 Abs provided herein or
functional equivalents thereof are capable of binding to S. aureus surface proteins CIfA, CIfB, SdrC,
SdrD and SdrE.

Table 4A and Table 4B show an alignment of the H chain and L chain CDR sequences of
the parent antibody F1, rF1 antibody and its variants. F1 and rF1 differ in sequence in FW1 and
LC CDR3 (QHYXRFPYT, where X can be I or M (SEQ ID NO: 26); F1 is I (SEQ ID NO: 6)
and rF1 is M (SEQ ID NO: 7)).
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Table 4A: Heavy chain CDR sequences

PCT/US2015/063515

(SEQ ID NO:1)

Fl RFAMS SINNGNNPYYARSVQY | DHPSSGWPTEDS
(SEQ ID NO:1) | (SEQ ID NO: 2) (SEQ ID NO: 3)

TF1 RFAMS SINNGNNPYYARSVQY | DHPSSGWPTEDS
(SEQ ID NO:1) | (SEQ ID NO: 2) (SEQ ID NO: 3)

F1vl RFAMS SINSGNNPYYARSVQY | DHPSSGWPTEDS

(SEQ ID NO: 8)

(SEQ ID NO: 3)
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Table 4BLight chain CDR sequences

(SEQIDNO:4) | (SEQIDNO:5) | (SEQ ID NO:6)

tF1 RASENVGDWLA | KTSILES QHYMRFPYT

(SEQIDNO:4) | (SEQIDNO:5) | (SEQ ID NO:7)

rF1.v6 RASENVGDWLA | KTSILES QHYIRFPYT

(SEQIDNO: 4) | (SEQID NO:5) | (SEQ ID NO:6)

In one embodiment, the H and L chain Framework (FR) sequences are as follows:
HC FW1 EVQLXESGGGLVQPGGSLRLSCAASGFTLS (SEQ ID NO. 16)

HC FW2 WVRQAPGRGLEWVA (SEQ ID NO. 17)

HC FW3 RFTVSRDVSQNTVSLQMNNLRAEDSATYFCAK (SEQ ID NO. 18)
HCFW4  WGPGTLVTVSS (SEQ ID NO. 19)

LCFW1 DIQLTQSPSALPASVGDRVSITC (SEQ ID NO. 20)
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LC FW2 WYRQKPGKAPNLLIY (SEQ ID NO. 21)
LC FW3 GVPSRFSGSGSGTEFTLTISSLQPDDFATYYC (SEQ ID NO. 22)
LC FW4 FGQGTKVEIKRTV (SEQ ID NO. 23)

Various amino acid modifications were made to rF1 to improve stability and function. In
the HC CDR2, the NG deamindation site was eliminated by changing the 4™ residue N to S, thus
improving the stability of the antibody. A repair of TV was made to the LC backbone to
eliminate the severe antibody aggregation present in rF1.

For conjugation to form the therapeutic AACs of the invention, the following pairings of
H and L chain can be made to form the full tetrameric antibody. Boxed are the CDR1, CDR2,
CDR3 sequences. The introduced Cysteine (C ) is underiined. Residues in bold are amino acid
changes over the parent F1. In the Lchain, the A after the bolded “RTV” is the first residue of
the Constant region. The underlined C at Kabat position 114 in the H chain starts the Constant
region.

In 1A and 2A, the full length (FL) L chain of SEQ ID NO. 9 with an engineered Cys at
aa 205 near the end of C kappa is paired with the FL IgG1 H chain of SEQ ID NO. 10 (no Cys).
This antibody will have 2 Cys sites, one on each L chain, for conjugation to the linker-antibiotic
unit to form the AAC.

1A. rF1-V205C FL Light chain
DIQLTQSPSALPASVGDRVSITQRASENVGDWLAMYRQKPGKAPNLLIYKTSILESGVPSRFSG

SGSGTEFTLTISSLOPDDFATYYCIOHYMREPYTIFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSG
TASVVCLLNNEYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY
ACEVTHQGLSSPCTKSFNRGEC  (SEQ ID NO.9)

2A.1F1.vl FL Heavy chain (No Cys), pair of rfF1-V205C Light Chain with Cys205

EVOLVESGGGLVQPGGSLRLSCAASGFTLSREFAMS VRQAPGRGLEWVNSINSGNNPYYARSV@

!RFTVSRDVSQNTVSLQMNNLRAEDSATYFCAMDHPSSGWPTFDSMGPGTLVTVSSASTKGPSV

FPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVP
SSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMI
SRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGK
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EYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEW
ESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQOGNVEFSCSVMHEALHNHYTQKSLSLSP
G (SEQ ID NO: 10)

In 1B with 2A, rF1.v6 L chain of SEQ ID NO. 11 with an engineered Cys 205 is paired
with the FL IgG1 H chain of SEQ ID NO. 10 (no Cys). This antibody will have 2 Cys sites, one

on each L chain, for conjugation to the linker-antibiotic unit.

1B. rF1.v6-V205C Light chain
DIQLTQSPSALPASVGDRVSITCRASENVGDWLAWYRQKPGKAPNLLIYKTSILESIGVPSRFSG

SGSGTEFTLTISSLOPDDFATYYCIQHY IRFPYTIFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSG
TASVVCLLNNEYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY
ACEVTHQGLSSPCTKSFNRGEC (FL SEQ ID NO. 11)

In 1B with 2B, each of L and H chains has an engineered Cys, thus the tetramer

antibody can have up to 4 AAR (Antibiotic: antibody ratio).

2B.  rF1.vlFL Heavy chain, with Cys114 (114 Kabat numbering, or 118 -Eu numbering

)
EVOLVESGGGLVQPGGSLRLSCAASGFTLSRFAMSWVRQAPGRGLEWVASINSGNNPYYARSVQ
YREFTVSRDVSQONTVSLOMNNLRAEDSATYFCAKDHPSSGWPTFDSWGPGTLVTVSS
CSTKGPSVEFPLAPSSKSTSGGTAALGCLVKDYFPEPVTIVSWNSGALTSGVHTFPAVLQSSGLYS
LSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFEPP
KPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVL
HODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGEY
PSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQOGNVESCSVMHEALHNHYT

QKSLSLSPG (SEQ ID NO. 12)

rFl.vl H chain Variable region

EVQLVESGGGLVQPGGSLRLSCAASGFTLSRFAMS VRQAPGRGLEWVHSINSGNNPYﬂ

‘RSVQYRFTVSRDVSQNTVSLQMNNLRAEDSATYFCANDHPSSGWPTFDSMGPGTLVTVSS
(SEQ ID NO. 13)
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rF1 L chain Variable region

DIQLTQSPSALPASVGDRVSITCRASENVGDWLAWYRQKPGKAPNLLIYKTSILESGVP

SREFSGSGSGTEFTLTISSLOPDDFATYYCQHYMRFPYTFGQGTKVEIKRTV (SEQ ID NO.
14)
rFl.v6 L chain Variable region

DIQLTQSPSALPASVGDRVSITCPASENVGDWLNWYRQKPGKAPNLLIYKTSILESGVP

SREFSGSGSGTEFTLTISSLOPDDFATYYCIQHY IRFPYTIFGQGTKVEIKRTV  (SEQ ID NO.
15)

The anti-SDR Abs including rF1 may comprise at least one amino acid other than
cysteine has been replaced with cysteine. In some embodiments, the at least one amino acid
other than cysteine is valine at light chain position 205 and/or valine at light chain position 110,
and/or alanine at heavy chain position 114, whereby the amino acid numbering is according to

Kabat (1991), which is the same as position 118 according to the Eu numbering convention.

RIFAMYCIN-TYPE ANTIBIOTIC MOIETIES

The antibiotic moiety (abx) of the antibody-antibiotic conjugates (AAC) of the invention
is a rifamycin-type antibiotic or group that has a cytotoxic or cytostatic effect. The rifamycins
are a group of antibiotics that are obtained either naturally by the bacterium, Nocardia
mediterranei, Amycolatopsis mediterranei or artificially. They are a subclass of the larger
Ansamycin family which inhibit bacterial RNA polymerase (Fujii et al (1995) Antimicrob.
Agents Chemother. 39:1489-1492; Feklistov, et al (2008) Proc Natl Acad Sci USA, 105(39):
14820-5) and have potency against gram-positive and selective gram-negative bacteria.
Rifamycins are particularly effective against mycobacteria, and are therefore used to treat
tuberculosis, leprosy, and mycobacterium avium complex (MAC) infections. The rifamycin-
type group includes the "classic" rifamycin drugs as well as the rifamycin derivatives rifampicin
(rifampin, CA Reg. No. 13292-46-1), rifabutin (CA Reg. No. 72559-06-9; US 2011/0178001),
rifapentine and rifalazil (CA Reg. No. 129791-92-0, Rothstein et al (2003) Expert Opin.
Investig. Drugs 12(2):255-271; Fujii et al (1994) Antimicrob. Agents Chemother. 38:1118-1122.
Many rifamycin-type antibiotics share the detrimental property of resistance development
(Wichelhaus et al (2001) J. Antimicrob. Chemother. 47:153-156). Rifamycins were first isolated

in 1957 from a fermentation culture of Streptomyces mediterranei. About seven rifamycins
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were discovered, named Rifamycin A, B, C, D, E, S, and SV (US 3150046). Rifamycin B was
the first introduced commercially and was useful in treating drug-resistant tuberculosis in the
1960s. Rifamycins have been used for the treatment of many diseases, the most important one
being HIV-related Tuberculosis. Due to the large number of available analogues and
derivatives, rifamycins have been widely utilized in the elimination of pathogenic bacteria that
have become resistant to commonly used antibiotics. For instance, Rifampicin is known for its
potent effect and ability to prevent drug resistance. It rapidly kills fast-dividing bacilli strains as
well as “persisters” cells, which remain biologically inactive for long periods of time that allow
them to evade antibiotic activity. In addition, rifabutin and rifapentine have both been used
against tuberculosis acquired in HIV-positive patients.

Antibiotic moieties (abx) of the Formula I antibody-antibiotic conjugates are rifamycin-

type moieties having the structure:

wherein:

the dashed lines indicate an optional bond;

R is H, C;—C;; alkyl, or C(O)CH3;

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;—Cy alkyl, C,—C; heteroaryl, C;—Cx
heterocyclyl, C¢—Cy aryl, and C;—C,; 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 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; and

where the non-peptide linker PML is covalently attached to R

An embodiment of a rifamycin-type moiety is:
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(R3,N

wherein R is independently selected from H and C,—C,;, alkyl; 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; and
where the non-peptide linker PML is covalently attached to the nitrogen atom of N(R*),.

5 An embodiment of a rifampicin-type moiety is:

wherein
R’ is selected from H and C1—C,; alkyl; and where the non-peptide linker PML is
covalently attached to the nitrogen atom of NR”.

10 An embodiment of a rifabutin-type moiety is:




WO 2016/090040 PCT/US2015/063515
49

wherein R® is selected from H and C;—Cj, alkyl; and where the non-peptide linker PML
is covalently attached to the nitrogen atom of NR’.

An embodiment of a benzoxazinorifamycin-type moiety is:

5 wherein R’ is selected from H and C,—Cy; alkyl; and where the non-peptide linker PML
is covalently attached to the nitrogen atom of NR®.
An embodiment of a benzoxazinorifamycin-type moiety, referred to herein as pipBOR, -

is:

10 wherein R? is independently selected from H and C,—C;, alkyl; and where the non-
peptide linker PML is covalently attached to the nitrogen atom of N(R3)2.
An embodiment of a benzoxazinorifamycin-type moiety, referred to herein as

dimethylpipBOR, is:
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(CHa)N

where the non-peptide linker PML is covalently attached to the nitrogen atom of
N(CHa),.

The semi-synthetic derivative rifamycin S, or the reduced, sodium salt form rifamycin

SV, can be converted to Rifalazil-type antibiotics in several steps, where R is H, or Ac, R is
independently selected from H and C,—C,;; alkyl; 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 (see, e.g., Fig. 23A and B,
and Fig. 25A and B in WO 2014/194247). Benzoxazino (Z = O), benzthiazino (Z = S),
benzdiazino (Z = NH, N(C,—C;; alkyl) rifamycins may be prepared (US 7271165).
Benzoxazinorifamycin (BOR), benzthiazinorifamycin (BTR), and benzdiazinorifamycin (BDR)
analogs that contain substituents are numbered according to the numbering scheme provided in
formula A at column 28 in US 7271165, which is incorporated by reference for this purpose. By
"25-O-deacetyl" rifamycin is meant a rifamycin analog in which the acetyl group at the 25-
position has been removed. Analogs in which this position is further derivatized are referred to
as a "25-0O-deacetyl-25-(substituent) rifamycin”, in which the nomenclature for the derivatizing
group replaces "substituent” in the complete compound name.

Rifamycin-type antibiotic moieties can be synthesized by methods analogous to those
disclosed in US 4610919; US 4983602; US 5786349; US5981522; US 4859661, US 7271165,
US 2011/0178001; Seligson, et al., (2001) Anti-Cancer Drugs 12:305-13; Chem. Pharm. Bull.,
(1993) 41:148, and in WO 2014/194247, each of which is hereby incorporated by reference).
Rifamycin-type antibiotic moieties can be screened for antimicrobial activity by measuring their
minimum inhibitory concentration (MIC), using standard MIC in vitro assays (Tomioka et al.,
(1993) Antimicrob. Agents Chemother. 37:67).
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. . nzoxazinorifamycin
rifamycin-S benzoxazinorifamyc

PROTEASE-CLEAVABLE NON-PEPTIDE LINKERS

A “protease-cleavable, non-peptide linker” (PML) is a bifunctional or multifunctional
moiety which is covalently attached to one or more antibiotic moieties (abx) and an antibody
unit (Ab) to form antibody-antibiotic conjugates (AAC) of Formula I. Protease-cleavable, non-
peptide linkers in AAC are substrates for cleavage by intracellular proteases, including under
lysosomal conditions. Proteases includes various cathepsins and caspases. Cleavage of the non-
peptide linker of an AAC inside a cell may release the rifamycin-type antibiotic with anti-
bacterial effects.

Antibody-antibiotic conjugates (AAC) can be conveniently prepared using a linker
reagent or linker-antibiotic intermediate having reactive functionality for binding to the
antibiotic (abx) and to the antibody (Ab). In one exemplary embodiment, a cysteine thiol of a
cysteine engineered antibody (Ab) can form a bond with a functional group of a linker reagent,
an antibiotic moiety or antibiotic-linker intermediate.

The PML moiety of an AAC may comprise one amino acid residue.

The PML moiety of an AAC comprises a peptidomimetic unit.

In one aspect, a linker reagent or linker-antibiotic intermediate has a reactive site which
has an electrophilic group that is reactive to a nucleophilic cysteine present on an antibody. The
cysteine thiol of the antibody is reactive with an electrophilic group on a linker reagent or linker-
antibiotic, forming a covalent bond. Useful electrophilic groups include, but are not limited to,
maleimide and haloacetamide groups.

Cysteine engineered antibodies react with linker reagents or linker-antibiotic

intermediates, with electrophilic functional groups such as maleimide or a-halo carbonyl,
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according to the conjugation method at page 766 of Klussman, et al (2004), Bioconjugate
Chemistry 15(4):765-773, and according to the protocol of Example 18.

In another embodiment, the reactive group of a linker reagent or linker-antibiotic
intermediate contains a thiol-reactive functional group that can form a bond with a free cysteine
thiol of an antibody. Examples of thiol-reaction functional groups include, but are not limited
to, maleimide, a-haloacetyl, activated esters such as succinimide esters, 4-nitrophenyl esters,
pentafluorophenyl esters, tetrafluorophenyl esters, anhydrides, acid chlorides, sulfonyl chlorides,
isocyanates and isothiocyanates.

In another embodiment, a linker reagent or antibiotic-linker intermediate has a reactive
functional group which has a nucleophilic group that is reactive to an electrophilic group present
on an antibody. Useful electrophilic groups on an antibody include, but are not limited to,
pyridyl disulfide, aldehyde and ketone carbonyl groups. The heteroatom of a nucleophilic group
of a linker reagent or antibiotic-linker intermediate can react with an electrophilic group on an
antibody and form a covalent bond to an antibody unit. Useful nucleophilic groups on a linker
reagent or antibiotic-linker intermediate include, but are not limited to, hydrazide, oxime, amino,
thiol, hydrazine, thiosemicarbazone, hydrazine carboxylate, and arylhydrazide. The electrophilic
group on an antibody provides a convenient site for attachment to a linker reagent or antibiotic-
linker intermediate.

A PML moiety may comprise one or more linker components. Exemplary linker
components include a single amino acid such as citrulline (“cit”), 6-maleimidocaproyl (“MC”),
maleimidopropanoyl (“MP”), and p-aminobenzyloxycarbonyl (“PAB”), N-succinimidyl 4-(2-
pyridylthio) pentanoate (“SPP”), and 4-(N-maleimidomethyl) cyclohexane-1 carboxylate
(“MCC”). Various linker components are known in the art, some of which are described below.

In another embodiment, the linker may be substituted with groups that modulate
solubility or reactivity. For example, a charged substituent such as sulfonate (-SO3) or
ammonium, may increase water solubility of the reagent and facilitate the coupling reaction of
the linker reagent with the antibody or the antibiotic moiety, or facilitate the coupling reaction of
Ab-L (antibody-linker intermediate) with abx, or abx-L (antibiotic-linker intermediate) with Ab,
depending on the synthetic route employed to prepare the AAC.

The AAC of the invention expressly contemplate, but are not limited to, those prepared
with linker reagents: BMPEO, BMPS, EMCS, GMBS, HBVS, LC-SMCC, MBS, MPBH,
SBAP, SIA, SIAB, SMCC, SMPB, SMPH, sulfo-EMCS, sulfo-GMBS, sulfo-KMUS, sulfo-
MBS, sulfo-SIAB, sulfo-SMCC, sulfo-SMPB, SVSB (succinimidyl-(4-vinylsulfone)benzoate),
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and bis-maleimide reagents such as DTME, BMB, BMDB, BMH, BMOE, BM(PEG),, and
BM(PEG);. Bis-maleimide reagents allow the attachment of the thiol group of a cysteine
engineered antibody to a thiol-containing antibiotic moiety, label, or linker intermediate, in a
sequential or convergent fashion. Other functional groups besides maleimide, which are reactive
with a thiol group of a cysteine engineered antibody, antibiotic moiety, or linker-antibiotic
intermediate include iodoacetamide, bromoacetamide, vinyl pyridine, disulfide, pyridyl

disulfide, isocyanate, and isothiocyanate.
O
o) \ O 0
N/\,O\/\O/\,N N/\,O\/\O/\/O\/\N
\ o) \ /
0 (0] O

BM(PEG), BM(PEG);

Useful linker reagents can also be obtained via other commercial sources, such as
Molecular Biosciences Inc.(Boulder, CO), or synthesized in accordance with procedures
described in Toki et al (2002) J. Org. Chem. 67:1866-1872; Dubowchik, et al. (1997)
Tetrahedron Letters, 38:5257-60; Walker, M.A. (1995) J. Org. Chem. 60:5352-5355; Frisch et al
(1996) Bioconjugate Chem. 7:180-186; US 6214345; WO 02/088172; US 2003130189;
US2003096743; WO 03/026577; WO 03/043583; and WO 04/032828.

In another embodiment, the PML moiety of an AAC comprises a dendritic type linker for
covalent attachment of more than one antibiotic moiety through a branching, multifunctional
linker moiety to an antibody (Sun et al (2002) Bioorganic & Medicinal Chemistry Letters
12:2213-2215; Sun et al (2003) Bioorganic & Medicinal Chemistry 11:1761-1768). Dendritic
linkers can increase the molar ratio of antibiotic to antibody, i.e. loading, which is related to the
potency of the AAC. Thus, where a cysteine engineered antibody bears only one reactive
cysteine thiol group, a multitude of antibiotic moieties may be attached through a dendritic
linker.

In certain embodiments of Formula 1 AAC, the protease-cleavable, non-peptide linker
PML has the formula:

~Str-PM-Y-

where Str is a stretcher unit; PM is a peptidomimetic unit, and Y is a spacer unit;
abx is the rifamycin-type antibiotic; and
p is an integer from 1 to 8.

In one embodiment, a stretcher unit "Str" has the formula:
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N—Ré—

0]

wherein R® is selected from the group consisting of C;-C12 alkylene, C;-C) alkylene-
C(=0), C,-C; alkylene-NH, (CH,CH,0),, (CH,CH,0),-C(=0), (CH,CH;0),-CH;, and C;-C1»
alkylene-NHC(=0)CH,CH(thiophen-3-yl), where r is an integer ranging from 1 to 10.
5 Exemplary stretcher units are shown below (wherein the wavy line indicates sites of

covalent attachment to an antibody):

O MP
0O
_E§ i M
§ N/\)\’?‘/\/O\/\O/\n/
H O
0
O

10

In one embodiment, PM has the formula:

HR7 R8H (@)
N N
/Wﬁ)\
O (0] AA
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where R” and R® together form a C3-C- cycloalkyl ring, and

AA is an amino acid side chain selected from H, —CHj, —CHy(C¢Hs),
—CH,CH,CH,CH,NH;, -~CH,CH,CH,NHC(NH)NH,, -CHCH(CH3)CH3, and
—CH,CH,CH,NHC(O)NH,.

In one embodiment, spacer unit Y comprises para-aminobenzyl (PAB) or para-
aminobenzyloxycarbonyl (PABC).

A spacer unit allows for release of the antibiotic moiety without a separate hydrolysis
step. A spacer unit may be “self-immolative” or a “non-self-immolative.” In certain
embodiments, a spacer unit of a linker comprises a p-aminobenzyl unit (PAB). In one such
embodiment, a p-aminobenzyl alcohol is attached to an amino acid unit via an amide bond, a
carbamate, methylcarbamate, or carbonate between the p-aminobenzyl group and the antibiotic
moiety (Hamann et al. (2005) Expert Opin. Ther. Patents (2005) 15:1087-1103). In one
embodiment, the spacer unit is p-aminobenzyloxycarbonyl (PAB).

In one embodiment, the antibiotic comprises a quaternary amine, such as the
dimethylaminopiperidyl group, when attached to the PAB spacer unit of the non-peptide linker.
Examples of such quaternary amines are linker-antibiotic intermediates (PLA) are PLA-1 to 4
from Table 2. The quaternary amine group may modulate cleavage of the antibiotic moiety to
optimize the antibacterial effects of the AAC. In another embodiment, the antibiotic is linked to
the PABC spacer unit of the non-peptide linker, forming a carbamate functional group in the
AAC. Such carbamate functional group may also optimize the antibacterial effects of the AAC.
Examples of PABC carbamate linker-antibiotic intermediates (PLA) are PLA-5 and PLA-6 from
Table 2.

Other examples of self-immolative spacers include, but are not limited to, aromatic
compounds that are electronically similar to the PAB group such as 2-aminoimidazol-5-
methanol derivatives (US 7375078; Hay et al. (1999) Bioorg. Med. Chem. Lett. 9:2237) and
ortho- or para-aminobenzylacetals. Spacers can be used that undergo cyclization upon amide
bond hydrolysis, such as substituted and unsubstituted 4-aminobutyric acid amides (Rodrigues et
al (1995) Chemistry Biology 2:223), appropriately substituted bicyclo[2.2.1] and bicyclo[2.2.2]
ring systems (Storm et al (1972) J. Amer. Chem. Soc. 94:5815) and 2-aminophenylpropionic
acid amides (Amsberry, et al (1990) J. Org. Chem. 55:5867). Elimination of amine-containing
drugs that are substituted at glycine (Kingsbury et al (1984) J. Med. Chem. 27:1447) is also

exemplary of self-immolative spacers useful in AAC.
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The amount of active antibiotic released from cleavage of AAC can be measured by a

caspase release assay.

LINKER-ANTIBIOTIC INTERMEDIATES USEFUL FOR AAC

PML Linker-antibiotic intermediates (PLA) of Formula II and Table 2 were prepared by
coupling a rifamycin-type antibiotic moiety with a linker reagent, Examples 7-17. Linker
reagents were prepared by methods described in WO 2012/113847; US 7659241; US 7498298;
US 20090111756, US 2009/0018086; US 6214345; Dubowchik et al (2002) Bioconjugate
Chem. 13(4):855-869

Table 2 PML Linker-antibiotic intermediates
LA Structure
No.
PLA-1

PLA-2
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PLA-3
PLA-4
PLA-5
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EMBODIMENTS OF ANTIBODY-ANTIBIOTIC CONJUGATES

Cysteine engineered, rF1 antibodies were linked via the free cysteine thiol group to
derivatives of rifamycin, termed pipBOR and others, via a protease cleavable, non-peptide linker
to form the antibody-antibiotic conjugate compounds (AAC) in Table 3. The linker is designed
to be cleaved by lysosomal proteases including cathepsins B, D and others, Generation of the
linker-antibiotic intermediate consisting of the antibiotic and the PML linker and others, is
described in detail in Examples 7-17. The linker is designed such that cleavage of the amide
bond at the PAB moiety separates the antibody from the antibiotic in an active state.

The AAC named "dimethylpipBOR" is identical to the "pipBOR" AAC except for the
dimethylated amino on the antibiotic and the oxycarbonyl group on the linker.

Figure 3 shows a possible mechanism of drug activation for antibody-antibiotic
conjugates (AAC). Active antibiotic (Ab) is only released after internalization of the AAC inside
mammalian cells. The Fab portion of the antibody in AAC binds S. aureus whereas the Fc
portion of the AAC enhances uptake of the bacteria by Fc-receptor mediated binding to
phagocytic cells including neutrophils and macrophages. After internalization into the
phagolysosome, the linker may be cleaved by lysosomal proteases releasing the active antibiotic
inside the phagolysosome.

An embodiment of the antibody-antibiotic conjugate (AAC) compounds of the invention

includes Formula I:

wherein:

the dashed lines indicate an optional bond;
R is H, C;—Cy; alkyl, or C(O)CHs3;

R' is OH;
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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,—C;; heteroaryl, C,—Cy
heterocyclyl, C¢—Cy aryl, and C3—C,; 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 carbocyclyl
ring, wherein the spiro or fused six-membered heteroaryl, heterocyclyl, aryl, or carbocyclyl ring
is optionally substituted H, F, Cl, Br, 1, C,—C), alkyl, or OH;

PML is the protease-cleavable, non-peptide linker attached to R? or the fused heteroaryl
or heterocyclyl formed by R! and R%;

Ab is the rF1 antibody; and

p is an integer from 1 to 8.

Another embodiment of the antibody-antibiotic conjugate (AAC) compounds of the

invention includes the formula;

wherein

R’ is independently selected from H and C,~C;, alkyl;

nis 1 or2;

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.

Another embodiment of the antibody-antibiotic conjugate (AAC) compounds of the

invention includes the formula:
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wherein
R’ is selected from H and C1—Cy2 alkyl; and

nisQorl.

5 Another embodiment of the antibody-antibiotic conjugate (AAC) compounds of the

invention includes the formula:

wherein
R’ is selected from H and C,—C2 alkyl; and
10 nisQorl.

Another embodiment of the antibody-antibiotic conjugate (AAC) compounds of the

invention includes the formula:
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N
<R5>n\©
PML/

Ab

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

nisQorl.

Another embodiment of the antibody-antibiotic conjugate (AAC) compounds of the

invention includes the formula:

O
Ab-+—PML—(R®),N

wherein

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

nis 1 or2.

Another embodiment of the antibody-antibiotic conjugate (AAC) compounds of the

invention includes the formula:
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®
Ab—+—PML——(CHj3),N

Another embodiment of the antibody-antibiotic conjugate (AAC) compounds of the

invention includes the formula:

H H 1 abx
Ab Str
O 0] AA p

5 Another embodiment of the antibody-antibiotic conjugate (AAC) compounds of the

invention includes the formula:

0]
H H\)]\ _~abx
— - Y

O O

I

HN

A

0% “NH,

Another embodiment of the antibody-antibiotic conjugate (AAC) compounds of the

invention includes the formula:
O
O
H H abx
Y
Ab 0 O O AA
0

Another embodiment of the antibody-antibiotic conjugate (AAC) compounds of the

1 P

invention includes the formula:
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0]
H H 2 b;
abx
N\/\/\/N N
\:)I\Y/
Ab 0 o) OJ/"
HN P
O)\NHZ

Another embodiment of the antibody-antibiotic conjugate (AAC) compounds of the

invention includes the formulas:

2 b
anx
H H Q
N\/\/\/N N%
N
Ab (0] (0] AA H
(o]

P
and
0]
O /u\
O b
H WSZ'(” q /@/\ abx
NN N
%H
Ab 0 o) O AA
P .

Another embodiment of the antibody-antibiotic conjugate (AAC) compounds of the

invention includes the formulas:

Ab

n
I
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and

(@]
H H
Ab N\/\/\/NW‘S%(N\_)L

ANTIBIOTIC LOADING OF AAC

Antibiotic loading is represented by p, the average number of antibiotic (abx) moieties
per antibody in a molecule of Formula I. Antibiotic loading may range from 1 to 20 antibiotic
moieties (D) per antibody. The AAC of Formula I include collections or a pool of antibodies
conjugated with a range of antibiotic moieties, from 1 to 20. The average number of antibiotic
moieties per antibody in preparations of AAC from conjugation reactions may be characterized
by conventional means such as mass spectroscopy, ELISA assay, and HPLC. The quantitative
distribution of AAC in terms of p may also be determined. In some instances, separation,
purification, and characterization of homogeneous AAC where p is a certain value from AAC
with other antibiotic loadings may be achieved by means such as reverse phase HPLC or
electrophoresis.

For some antibody-antibiotic conjugates, p may be limited by the number of attachment
sites on the antibody. For example, where the attachment is a cysteine thiol, as in the exemplary
embodiments above, an antibody may have only one or several cysteine thiol groups, or may
have only one or several sufficiently reactive thiol groups through which a linker may be
attached. In certain embodiments, higher antibiotic loading, e.g. p >5, may cause aggregation,
insolubility, toxicity, or loss of cellular permeability of certain antibody-antibiotic conjugates.
In certain embodiments, the antibiotic loading for an AAC of the invention ranges from 1 to
about 8; from about 2 to about 6; from about 2 to about 4; or from about 3 to about 5; about 4; or
about 2.

In certain embodiments, fewer than the theoretical maximum of antibiotic moieties are
conjugated to an antibody during a conjugation reaction. An antibody may contain, for example,
lysine residues that do not react with the antibiotic-linker intermediate or linker reagent, as

discussed below. Generally, antibodies do not contain many free and reactive cysteine thiol
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groups which may be linked to an antibiotic moiety; indeed most cysteine thiol residues in
antibodies exist as disulfide bridges. In certain embodiments, an antibody may be reduced with
a reducing agent such as dithiothreitol (DTT) or tricarbonylethylphosphine (TCEP), under
partial or total reducing conditions, to generate reactive cysteine thiol groups. In certain
embodiments, an antibody is subjected to denaturing conditions to reveal reactive nucleophilic
groups such as lysine or cysteine.

The loading (antibiotic/antibody ratio, "AAR") of an AAC may be controlled in different
ways, €.g., by: (i) limiting the molar excess of antibiotic-linker intermediate or linker reagent
relative to antibody, (ii) limiting the conjugation reaction time or temperature, and (iii) partial or
limiting reductive conditions for cysteine thiol modification. “DAR” if referred to herein or in
the figures shall mean the same as “AAR”.

It is to be understood that where more than one nucleophilic group reacts with an
antibiotic-linker intermediate or linker reagent followed by antibiotic moiety reagent, then the
resulting product is a mixture of AAC compounds with a distribution of one or more antibiotic
moieties attached to an antibody. The average number of antibiotics per antibody may be
calculated from the mixture by a dual ELISA antibody assay, which is specific for antibody and
specific for the antibiotic. Individual AAC molecules may be identified in the mixture by mass
spectroscopy and separated by HPLC, e.g. hydrophobic interaction chromatography (see, e.g.,
McDonagh et al (2006) Prot. Engr. Design & Selection 19(7):299-307; Hamblett et al (2004)
Clin. Cancer Res. 10:7063-7070; Hamblett, K.J., et al. “Effect of drug loading on the
pharmacology, pharmacokinetics, and toxicity of an anti-CD30 antibody-drug conjugate,”
Abstract No. 624, American Association for Cancer Research, 2004 Annual Meeting, March 27-
31, 2004, Proceedings of the AACR, Volume 45, March 2004; Alley, S.C., et al. “Controlling
the location of drug attachment in antibody-drug conjugates,” Abstract No. 627, American
Association for Cancer Research, 2004 Annual Meeting, March 27-31, 2004, Proceedings of the
AACR, Volume 45, March 2004). In certain embodiments, a homogeneous AAC with a single
loading value may be isolated from the conjugation mixture by electrophoresis or
chromatography. Cysteine-engineered antibodies of the invention enable more homogeneous
preparations since the reactive site on the antibody is primarily limited to the engineered
cysteine thiol. In one embodiment, the average number of antibiotic moieties per antibody is in
the range of about 1 to about 20. In some embodiments the range is selected and controlled from
about 1 to 4.
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METHODS OF PREPARING ANTIBODY-ANTIBIOTIC CONJUGATES

An AAC of Formula I may be prepared by several routes employing organic chemistry
reactions, conditions, and reagents known to those skilled in the art, including: (1) reaction of a
nucleophilic group of an antibody with a bivalent linker reagent to form Ab-L via a covalent
bond, followed by reaction with an antibiotic moiety (abx); and (2) reaction of a nucleophilic
group of an antibiotic moiety with a bivalent linker reagent, to form L-abx, via a covalent bond,
followed by reaction with a nucleophilic group of an antibody. Exemplary methods for
preparing an AAC of Formula I via the latter route are described in US 7498298, which is
expressly incorporated herein by reference.

Nucleophilic groups on antibodies include, but are not limited to: (i) N-terminal amine
groups, (ii) side chain amine groups, e.g. lysine, (iii) side chain thiol groups, e.g. cysteine, and
(iv) sugar hydroxyl or amino groups where the antibody is glycosylated. Amine, thiol, and
hydroxyl groups are nucleophilic and capable of reacting to form covalent bonds with
electrophilic groups on linker moieties and linker reagents including: (i) active esters such as
NHS esters, HOBt esters, haloformates, and acid halides; (ii) alkyl and benzyl halides such as
haloacetamides; (iii) aldehydes, ketones, carboxyl, and maleimide groups. Certain antibodies
have reducible interchain disulfides, i.e. cysteine bridges. Antibodies may be made reactive for
conjugation with linker reagents by treatment with a reducing agent such as DTT (dithiothreitol)
or tricarbonylethylphosphine (TCEP), such that the antibody is fully or partially reduced. Each
cysteine bridge will thus form, theoretically, two reactive thiol nucleophiles. Additional
nucleophilic groups can be introduced into antibodies through modification of lysine residues,
€.g., by reacting lysine residues with 2-iminothiolane (Traut’s reagent), resulting in conversion
of an amine into a thiol. Reactive thiol groups may be introduced into an antibody by
introducing one, two, three, four, or more cysteine residues (e.g., by preparing variant antibodies
comprising one or more non-native cysteine amino acid residues).

Antibody-antibiotic conjugates of the invention may also be produced by reaction
between an electrophilic group on an antibody, such as an aldehyde or ketone carbonyl group,
with a nucleophilic group on a linker reagent or antibiotic. Useful nucleophilic groups on a
linker reagent include, but are not limited to, hydrazide, oxime, amino, hydrazine,
thiosemicarbazone, hydrazine carboxylate, and arylhydrazide. In one embodiment, an antibody
is modified to introduce electrophilic moieties that are capable of reacting with nucleophilic
substituents on the linker reagent or antibiotic. In another embodiment, the sugars of
glycosylated antibodies may be oxidized, e.g. with periodate oxidizing reagents, to form

aldehyde or ketone groups which may react with the amine group of linker reagents or antibiotic
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moieties. The resulting imine Schiff base groups may form a stable linkage, or may be reduced,
e.g. by borohydride reagents to form stable amine linkages. In one embodiment, reaction of the
carbohydrate portion of a glycosylated antibody with either galactose oxidase or sodium meta-
periodate may yield carbonyl (aldehyde and ketone) groups in the antibody that can react with
appropriate groups on the antibiotic (Hermanson, Bioconjugate Techniques). In another
embodiment, antibodies containing N-terminal serine or threonine residues can react with
sodium meta-periodate, resulting in production of an aldehyde in place of the first amino acid
(Geoghegan & Stroh, (1992) Bioconjugate Chem. 3:138-146; US 5362852). Such an aldehyde
can be reacted with an antibiotic moiety or linker nucleophile.

Nucleophilic groups on an antibiotic moiety include, but are not limited to: amine, thiol,
hydroxyl, hydrazide, oxime, hydrazine, thiosemicarbazone, hydrazine carboxylate, and
arylhydrazide groups capable of reacting to form covalent bonds with electrophilic groups on
linker moieties and linker reagents including: (i) active esters such as NHS esters, HOBt esters,
haloformates, and acid halides; (ii) alkyl and benzyl halides such as haloacetamides; (iii)
aldehydes, ketones, carboxyl, and maleimide groups.

The antibody-antibiotic conjugates (AAC) in Table 3 were prepared by conjugation of
the described rF1 antibodies and linker-antibiotic intermediates of Table 2, and according to the
described methods in Example 18. AAC were tested for efficacy by in vitro macrophage assay

(Example 19) and ir vivo mouse kidney model (Example 20).
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Table 3 rF1 Antibody-PML-antibiotic conjugates (AAC)
AAC AAC formula linker-abx | AAR
&

No. PLA No.

101 thio-rF1-LC-V205C-MC-(CBDK-cit)-PAB- PLA-1 2.0
(dimethyl, fluoropipBOR)

102 thio-rF1-HC-121C, LC-V205C-MC-(CBDK- | PLA-2 39
cit)-PAB-(dimethylpipBOR)

103 thio-rF1-LC-V205C-MC-(CBDK -cit)-PAB- PLA-2 19
(dimethylpipBOR)

104 thio-rF1-HC-A121C, LC-V205C-MC- PLA-2 3.7
(CBDK-cit)-PAB-(dimethylpipBOR)

* AAR = antibiotic/antibody ratio average

Wild-type ("WT"), cysteine engineered mutant antibody ("thio"), light chain ("LC"), heavy
chain ("HC"), 6-maleimidocaproyl (“MC”’), maleimidopropanoyl (“MP”’), cyclobutyldiketo
("CBDK"), citrulline (“cit”), cysteine (“cys”), p-aminobenzyl (“PAB”), and p-
aminobenzyloxycarbonyl (“PABC”)
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METHODS OF TREATING AND PREVENTING INFECTIONS WITH ANTIBODY -

ANTIBIOTIC CONJUGATES

The rF1-AAC of the invention are useful as antimicrobial agents effective against human
and veterinary Staphylococci, for example S. aureus, S. saprophyticus and S. simulans. In a
specific aspect, the AAC of the invention are useful to treat S. aureus infections.

Following entry into the bloodstream, S. aureus can cause metastatic infection in almost
any organ. Secondary infections occur in about one-third of cases before the start of therapy
(Fowler et al., (2003) Arch. Intern. Med. 163:2066-2072), and even in 10% of patients after the
start of therapy (Khatib et al., (2006) Scand. J. Infect. Dis., 38:7-14). Hallmarks of infections
are large reservoirs of pus, tissue destruction, and the formation of abcesses (all of which contain
large quantities of neutrophils). About 40% of patients develop complications if the bacteremia
persists beyond three days.

The proposed mechanism of action of an AAC has been described above (under
subheading Antibody-Antibiotic Conjugates). The rF1 antibody-antibiotic conjugates (AAC) of
the invention have significant therapeutic advantages for treating intracellular pathogens. The
AAC linker is cleaved by exposure to phagolysosomal enzymes, releasing an active antibiotic.
Due to the confined space and relatively high local antibiotic concentration (about 10* per
bacterium), the result is that the phagolysosome no longer supports the survival of the
intracellular pathogen. Because the AAC is essentially an inactive prodrug, the therapeutic
index of the antibiotic can be extended relative to the free (unconjugated) form. The antibody
provides pathogen specific targeting, while the cleavable linker is cleaved under conditions
specific to the intracellular location of the pathogen. The effect can be both directly on the
opsonized pathogen as well as other pathogens that are co-localized in the phagolysosome.
Antibiotic tolerance is the ability of a disease-causing pathogen to resist killing by antibiotics
and other antimicrobials and is mechanistically distinct from multidrug resistance (Lewis K
(2007). "Persister cells, dormancy and infectious disease". Nature Reviews Microbiology 5 (1):
48-56. doi:10.1038/nrmicro1557). Rather, this form of tolerance is caused by a small sub-
population of microbial cells called persisters (Bigger JW (14 October 1944). "Treatment of
staphylococcal infections with penicillin by intermittent sterilization". Lancet 244 (6320): 497—
500). These cells are not multidrug resistant in the classical sense, but rather are dormant cells
that are tolerant to antibiotic treatment that can kill their genetically identical siblings. This
antibiotic tolerance is induced by a non-or extremely slow dividing physiological state. When

antimicrobial treatment fails to eradicate these persister cells, they become a reservoir for
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recurring chronic infections. The antibody-antibiotic conjugates of the invention possess a
unique property to kill these persister cells and suppress the emergence of multidrug tolerant
bacterial populations.

In another embodiment, the rF1-AAC of the invention may be used to treat infection
regardless of the intracellular compartment in which the pathogen survives.

In another embodiment, rF1-AACs of the invention could also be used to target
Staphylococci bacteria in planktonic or biofilm form. Bacterial infections treatable with
antibody-antibiotic conjugates (AAC) of the invention include treating bacterial pulmonary
infections, such as S. aureus pneumonia, osteomyelitis, recurrent rhinosinusitis, bacterial
endocarditis, bacterial ocular infections, such as trachoma and conjunctivitis, heart, brain or skin
infections, infections of the gastrointestinal tract, such as travellers' diarrhea, ulcerative colitis,
irritable bowel syndrome (IBS), Crohn's disease, and IBD (inflammatory bowel disease) in
general, bacterial meningitis, and abscesses in any organ, such as muscle, liver, meninges, or
lung. The bacterial infections can be in other parts of the body like the urinary tract, the
bloodstream, a wound or a catheter insertion site. The AACs of the invention are useful for
difficult-to-treat infections that involve biofilms, implants or sanctuary sites (e.g., osteomyelitis
and prosthetic joint infections), and high mortality infections such as hospital acquired
pneumonia and bacteremia. Vulnerable patient groups that can be treated to prevent
Staphylococcal aureus infection include hemodialysis patients, immune-compromised patients,
patients in intensive care units, and certain surgical patients. In another aspect, the invention
provides a method of killing, treating, or preventing a microbial infection in an animal,
preferably a mammal, and most preferably a human, that includes administering to the animal an
rF1 AAC or pharmaceutical formulation of an AAC of the invention. The invention further
features treating or preventing diseases associated with or which opportunistically result from
such microbial infections. Such methods of treatment or prevention may include the oral,
topical, intravenous, intramuscular, or subcutaneous administration of a composition of the
invention. For example, prior to surgery or insertion of an IV catheter, in ICU care, in transplant
medicine, with or post cancer chemotherapy, or other activities that bear a high risk of infection,
the AAC of the invention may be administered to prevent the onset or spread of infection.

The bacterial infection may be caused by bacteria with an active and inactive form, and
the AAC is administered in an amount and for a duration sufficient to treat both the active and
the inactive, latent form of the bacterial infection, which duration is longer than is needed to

treat the active form of the bacterial infection.
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An aspect of the invention is a method of treating a patient infected with S. aureus and/or
Listeria monocytogenes by administering a therapeutically effective amount of an rF1-AAC of
the invention. The invention also contemplates a method of preventing infections by one or
more of S. aureus or S. Epidermidis, or S. saprophyticus or S. simulans by administering a
therapeutically effective amount of an rF1-AAC of the invention in hospital settings such as
surgery, burn patient, and organ transplantation.

The patient needing treatment for a bacterial infection as determined by a physician of
skill in the art may have already been, but does not need to be diagnosed with the kind of
bacteria that he/she is infected with. Since a patient with a bacterial infection can take a turn for
the worse very quickly, in a matter of hours, the patient upon admission into the hospital can be
administered the rF1-AACs of the invention along with one or more standard of care Abx such
as vancomycin or ciprofloxacin. When the diagnostic results become available and indicate the
presence of, e.g., S. aureus in the infection, the patient can continue with treatment with the rF1
AAC. Therefore, in one embodiment of the method of treating a bacterial infection or
specifically a S. aureus infection, the patient is administered a therapeutically effective amount
of an rF1 AAC. In the methods of treatment or prevention of the present invention, an AAC of
the invention can be administered as the sole therapeutic agent or in conjunction with other
agents such as those described below. The AACs of the invention show superiority to
vancomycin in the treatment of MRSA in pre-clinical models. Comparison of AACs to SOC
can be measured, e.g., by a reduction in mortality rate. The patient being treated would be
assessed for responsiveness to the AAC treatment by a variety of measurable factors. Examples
of signs and symptoms that clinicians might use to assess improvement in their patients includes
the following: normalization of the white blood cell count if elevated at diagnosis, normalization
of body temperature if elevated (fever) at the time of diagnosis, clearance of blood cultures,
visual improvement in wound including less erythema and drainage of pus, reduction in
ventilator requirements such as requiring less oxygen or reduced rate of ventilation in a patient
who is ventilated, coming off of the ventilator entirely if the patient is ventilated at the time of
diagnosis, use of less medications to support a stable blood pressure if these medications were
required at the time of diagnosis, normalization of lab abnormalities that suggest end-organ
failure such as elevated creatinine or liver function tests if they were abnormal at the time of
diagnosis, and improvement in radiologic imaging (e.g. chest x-ray that previously suggested
pneumonia showing resolution). In a patient in the ICU, these factors might be measured at least

daily. Fever is monitored closely as is white blood cell count including absolute neutrophil
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counts as well as evidence that a "left shift" (appearance of blasts indicating increased neutrophil
production in response to an active infection) has resolved.

In the context of the present methods of treatment of the invention, a patient with a
bacterial infection is considered to be treated if there is significant measurable improvement as
assessed by the physician of skill in the art, in at least two or more of the preceding factors
compared to the values, signs or symptoms before or at the start of treatment or at the time of
diagnosis. In some embodiments, there is measurable improvement in 3, 4, 5, 6 or more of the
aforementioned factors. If some embodiments, the improvement in the measured factors is by at
least 50%, 60%, 70%, 80%, 90%, 95% or 100% compared to the values before treatment.
Typically, a patient can be considered completely treated of the bacterial infection (e.g., S.
aureus infection) if the patient’s measurable improvements include the following: i) repeat
blood or tissue cultures (typically several) that do not grow out the bacteria that was originally
identified ; ii) fever is normalized; iii)) WBC is normalized; and iv) evidence that end-organ
failure (heart, lungs, liver, kidneys, vascular collapse) has resolved either fully or partially given

the pre-existent co-morbidities that the patient had.

Dosing. In any of the foregoing aspects, in treating an infected patient, the dosage of an
AAC is normally about 0.001 to 1000 mg/kg/day. In one embodiment the patient with a
bacterial infection is treated at an AAC dose in the range of about 1 mg/kg to about 150mg/kg,
typically about Smg/kg to about 150mg/kg, more specifically, 25mg/kg to 125 mg/kg, S0mg/kg
to 125mg/kg, even more specifically at about 50mg/kg to 100mg/kg. The AAC may be given
daily (e.g., a single dose of 5 to 50 mg/kg/day) or less frequently (e.g., a single dose of 5, 10, 25
or 50 mg/kg/week). One dose may be split over 2 days, for example, 25mg/kg on one day and
25mg/kg the next day. The patient can be administered a dose once every 3 days (q3D), once a
week to every other week (qOW), for a duration of 1-8 weeks. In one embodiment, the patient is
administered an AAC of the invention via IV once a week for 2-6 weeks with standard of care
(SOC) to treat the bacterial infection such as a staph A infection. Treatment length would be
dictated by the condition of the patient or the extent of the infection, e.g. a duration of 2 weeks
for uncomplicated bacteremia, or 6 weeks for bacteremia with endocarditis.

In one embodiment, an AAC administered at an initial dose of 2.5 to 100 mg/kg for one
to seven consecutive days, followed by a maintenance dose of 0.005 to 10 mg/kg once every one

to seven days for one month.
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Route of administration. For treating the bacterial infections, the AACs of the invention
can be administered at any of the preceding dosages intravenously (i.v.) or subcutaneously. In
one embodiment, the rF1-AAC is administered intravenously. In a specific embodiment, the
rF1-AAC is administered via i.v., wherein the rF1 antibody is one selected from the group of

Abs with amino acid sequences as disclosed under SDR and rF1Abs and Tables 4A and 4B.

Combination therapy. An AAC may be administered in conjunction with one or more
additional, e.g. second, therapeutic or prophylactic agents as appropriate as determined by the
physician treating the patient.

In one embodiment, the second antibiotic administered in combination with the antibody-
antibiotic conjugate compound of the invention is selected from the structural classes: : (i)
aminoglycosides; (ii) beta-lactams; (iii) macrolides/cyclic peptides; (iv) tetracyclines; (v)
fluoroquinolines/fluoroquinolones; (vi) and oxazolidinones. See: Shaw, K. and Barbachyn, M.
(2011) Ann. N.Y. Acad. Sci. 1241:48-70; Sutcliffe, J. (2011) Ann. N.Y. Acad. Sci. 1241:122-
152.

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

Additional examples of these additional therapeutic or prophylactic agents are anti-
inflammatory agents (¢.g., non-steroidal anti-inflammatory drugs (NSAIDs; e.g., detoprofen,
diclofenac, diflunisal, etodolac, fenoprofen, flurbiprofen, ibuprofen, indomethacin, ketoprofen,
meclofenameate, mefenamic acid, meloxicam, nabumeone, naproxen sodium, oxaprozin,
piroxicam, sulindac, tolmetin, celecoxib, rofecoxib, aspirin, choline salicylate, salsalte, and
sodium and magnesium salicylate) and steroids (e.g., cortisone, dexamethasone, hydrocortisone,
methylprednisolone, prednisolone, prednisone, triamcinolone)), antibacterial agents (e.g.,
azithromycin, clarithromycin, erythromycin, gatifloxacin, levofloxacin, amoxicillin,
metronidazole, penicillin G, penicillin V, methicillin, oxacillin, cloxacillin, dicloxacillin,
nafcillin, ampicillin, carbenicillin, ticarcillin, mezlocillin, piperacillin, azlocillin, temocillin,
cepalothin, cephapirin, cephradine, cephaloridine, cefazolin, cefamandole, cefuroxime,
cephalexin, cefprozil, cefaclor, loracarbef, cefoxitin, cefmatozole, cefotaxime, ceftizoxime,
ceftriaxone, cefoperazone, ceftazidime, cefixime, cefpodoxime, ceftibuten, cefdinir, cefpirome,

cefepime, BAL5788, BAL9141, imipenem, ertapenem, meropenem, astreonam, clavulanate,
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sulbactam, tazobactam, streptomycin, neomycin, kanamycin, paromycin, gentamicin,
tobramycin, amikacin, netilmicin, spectinomycin, sisomicin, dibekalin, isepamicin, tetracycline,
chlortetracycline, demeclocycline, minocycline, oxytetracycline, methacycline, doxycycline,
telithromycin, ABT-773, lincomycin, clindamycin, vancomycin, oritavancin, dalbavancin,
teicoplanin, quinupristin and dalfopristin, sulphanilamide, para-aminobenzoic acid, sulfadiazine,
sulfisoxazole, sulfamethoxazole, sulfathalidine, linezolid, nalidixic acid, oxolinic acid,
norfloxacin, perfloxacin, enoxacin, ofloxacin, ciprofloxacin, temafloxacin, lomefloxacin,
fleroxacin, grepafloxacin, sparfloxacin, trovafloxacin, clinafloxacin, moxifloxacin,
gemifloxacin, sitafloxacin, daptomycin, garenoxacin, ramoplanin, faropenem, polymyxin,
tigecycline, AZD2563, or trimethoprim), antibacterial antibodies including antibodies to the
same or different antigen from the AAC targeted Ag, platelet aggregation inhibitors (e.g.,
abciximab, aspirin, cilostazol, clopidogrel, dipyridamole, eptifibatide, ticlopidine, or tirofiban),
anticoagulants (e.g., dalteparin, danaparoid, enoxaparin, heparin, tinzaparin, or warfarin),
antipyretics (¢.g., acetaminophen), or lipid lowering agents (e.g., cholestyramine, colestipol,
nicotinic acid, gemfibrozil, probucol, ezetimibe, or statins such as atorvastatin, rosuvastatin,
lovastatin simvastatin, pravastatin, cerivastatin, and fluvastatin). In one embodiment the AAC
of the invention is administered in combination with standard of care (SOC) for S. aureus
(including methicillin-resistant and methicillin-sensitive strains). MSSA is usually typically
treated with nafcillin or oxacillin and MRSA is typically treated with vancomycin or cefazolin.
These additional agents may be administered within 14 days, 7 days, 1 day, 12 hours, or
1 hour of administration of an AAC, or simultaneously therewith. The additional therapeutic
agents may be present in the same or different pharmaceutical compositions as an AAC. When
present in different pharmaceutical compositions, different routes of administration may be used.
For example, an AAC may be administered intravenous or subcutaneously, while a second agent

may be administered orally.

PHARMACEUTICAL FORMULATIONS

The present invention also provides pharmaceutical compositions containing the rF1-
AAC, and to methods of treating a bacterial infection using the pharmaceutical compositions
containing AAC. Such compositions may further comprise suitable excipients, such as
pharmaceutically acceptable excipients (carriers) including buffers, acids, bases, sugars,
diluents, glidants, preservatives and the like, which are well known in the art and are described
herein. The present methods and compositions may be used alone or in combinations with other

conventions methods and/or agents for treating infectious diseases. In some embodiments, a
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pharmaceutical formulation comprises 1) a tF1-AAC of the invention, and 2) a pharmaceutically
acceptable carrier. In some embodiments, a pharmaceutical formulation comprises 1) an AAC
of the invention and optionally, 2) at least one additional therapeutic agent.

Pharmaceutical formulations comprising an AAC of the invention are prepared for
storage by mixing the AAC having the desired degree of purity with optional physiologically
acceptable carriers, excipients or stabilizers (Remington's Pharmaceutical Sciences 16th edition,
Osol, A. Ed. (1980)) in the form of aqueous solutions or lyophilized or other dried formulations.
Acceptable carriers, excipients, or stabilizers are nontoxic to recipients at the dosages and
concentrations employed, and include buffers such as phosphate, citrate, histidine and other
organic acids; antioxidants including ascorbic acid and methionine; preservatives (such as
octadecyldimethylbenzyl ammonium chloride; hexamethonium chloride; benzalkonium chloride,
benzethonium chloride); phenol, butyl or benzyl alcohol; alkyl parabens such as methyl or
propyl paraben; catechol; resorcinol; cyclohexanol; 3-pentanol; and m-cresol); low molecular
weight (less than about 10 residues) polypeptides; proteins, such as serum albumin, gelatin, or
immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino acids such as
glycine, glutamine, asparagine, histidine, arginine, or lysine; monosaccharides, disaccharides,
and other carbohydrates including glucose, mannose, or dextrins; chelating agents such as
EDTA, sugars such as sucrose, mannitol, trehalose or sorbitol; salt-forming counter-ions such as
sodium; metal complexes (e.g., Zn-protein complexes); and/or non-ionic surfactants such as
TWEEN™, PLURONICS™ or polyethylene glycol (PEG). Pharmaceutical formulations to be
used for in vivo administration are generally sterile, readily accomplished by filtration through
sterile filtration membranes.

Active ingredients may also be entrapped in microcapsule prepared, for example, by co-
acervation techniques or by interfacial polymerization, for example, hydroxymethylcellulose or
gelatin-microcapsule and poly-(methylmethacrylate) microcapsule, respectively, in colloidal
drug delivery systems (for example, liposomes, albumin microspheres, microemulsions, nano-
particles and nanocapsules) or in macroemulsions. Such techniques are disclosed in Remington's
Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980).

Sustained-release preparations may be prepared. Suitable examples of sustained-release
preparations include semipermeable matrices of solid hydrophobic polymers containing the
antibody or AAC of the invention, which matrices are in the form of shaped articles, e.g., films,
or microcapsule. Examples of sustained-release matrices include polyesters, hydrogels (for

example, poly(2-hydroxyethyl-methacrylate), or poly(vinylalcohol)), polylactides (U.S. Pat. No.
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3,773,919), copolymers of L-glutamic acid and y ethyl-L-glutamate, non-degradable ethylene-
vinyl acetate, degradable lactic acid-glycolic acid copolymers such as the LUPRON DEPOT™
(injectable microspheres composed of lactic acid-glycolic acid copolymer and leuprolide
acetate), and poly-D-(-)-3-hydroxybutyric acid. While polymers such as ethylene-vinyl acetate
and lactic acid-glycolic acid enable release of molecules for over 100 days, certain hydrogels
release proteins for shorter time periods. When encapsulated antibodies or AAC remain in the
body for a long time, they may denature or aggregate as a result of exposure to moisture at 37
°C, resulting in a loss of biological activity and possible changes in immunogenicity. Rational
strategies can be devised for stabilization depending on the mechanism involved. For example,
if the aggregation mechanism is discovered to be intermolecular S-S bond formation through
thio-disulfide interchange, stabilization may be achieved by modifying sulfhydryl residues,
lyophilizing from acidic solutions, controlling moisture content, using appropriate additives, and
developing specific polymer matrix compositions.

An AAC may be formulated in any suitable form for delivery to a target cell/tissue. For
example, AACs may be formulated as liposomes, a small vesicle composed of various types of
lipids, phospholipids and/or surfactant which is useful for delivery of a drug to a mammal. The
components of the liposome are commonly arranged in a bilayer formation, similar to the lipid
arrangement of biological membranes. Liposomes containing the antibody are prepared by
methods known in the art, such as described in Epstein et al., (1985) Proc. Natl. Acad. Sci. USA
82:3688; Hwang et al., (1980) Proc. Natl Acad. Sci. USA 77:4030; US 4485045, US 4544545,
WO 97/38731; US 5013556.

Particularly useful liposomes can be generated by the reverse phase evaporation method
with a lipid composition comprising phosphatidylcholine, cholesterol and PEG-derivatized
phosphatidylethanolamine (PEG-PE). Liposomes are extruded through filters of defined pore
size to yield liposomes with the desired diameter.

MATERIALS AND METHODS
Bacterial strains and culture:

All experiments were done with MRSA-USA300 NRS384 obtained from NARSA
(http://www.narsa.net/control/member/repositories) unless noted otherwise.

Bacteria were grown on tryptic soy agar plates supplemented with 5% sheep blood (TSA
plates) for 18 h at 37 °C. For liquid cultures, single colonies from TSA plates were inoculated
into tryptic soy broth (TSB) and incubated at 37 °C while shaking at 200 rpm for 18 h; 100 fold

dilutions of these cultures in fresh TSB were further subcultured for various times.
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MIC determinations for extracellular bacteria

The MIC for extracellular bacteria was determined by preparing serial 2-fold dilutions of
the antibiotic in Tryptic Soy Broth. Dilutions of the antibiotic were made in quadruplicate in 96
well culture dishes. MRSA (NRS384 strain of USA300) was taken from an exponentially
growing culture and diluted to 1x10* CFU/mL. The bacteria was cultured in the presence of
antibiotic for 18-24 hours with shaking at 37°C and bacterial growth was determined by reading
the Optical Density (OD) at 630 nM. The MIC was determined to be the dose of antibiotic that
inhibited bacterial growth by >90%.

MIC determinations for intracellular bacteria

Intracellular MIC was determined on bacteria that were sequestered inside mouse
peritoneal macrophages (see below for generation of murine peritoneal macrophages).
Macrophages were plated in 24 well culture dishes at a density of 4x10° cells/mL and infected
with MRSA at a ratio of 10-20 bacteria per macrophage. Macrophage cultures were maintained
in growth media supplemented with 50 ug/mL of gentamycin (an antibiotic that is active only on
extracellular bacteria) to inhibit the growth of extracellular bacteria and test antibiotics were
added to the growth media 1 day after infection. The survival of intracellular bacteria was
assessed 24 hours after addition of the antibiotics. Macrophages were lysed with Hanks Buffered
Saline Solution supplemented with .1% Bovine Serum Albumin and .1% Triton-X, and serial
dilutions of the lysate were made in Phosphate Buffered Saline solution containing .05% Tween-
20. The number of surviving intracellular bacteria was determined by plating on Tryptic Soy
Agar plates with 5% defibrinated sheep blood.

Bacterial cell wall preparations (CWP), immunoblotting, and ELISA

CWP were generated by incubating 40 mg of pelleted S. aureus or S. epidermidis per mL
of 10 mM Tris-HCI (pH 7.4) supplemented with 30% raffinose, 100 ug/ml of lysostaphin (Cell
Sciences, Canton, MA), and EDTA-free protease inhibitor cocktail (Roche, Pleasanton, CA), for
30 min at 37°C. The lysates were centrifuged at 11,600 x g for 5 min, and the supernatants
containing cell wall components were collected. For immunoprecipitation, CWP were diluted 4
times in NP-40 buffer (120 mM NaCl, 50 mM Tris-HCI pH 8.0, 1% NP-40, complete protease
inhibitor cocktail (Roche) and 2 mM dithiothreitol) containing 1 pg/mL of indicated primary
antibodies and incubated for 2 h at 4°C, followed by a 1 h incubation with Protein A/G agarose
(Thermo, Waltham, MA). Whole cell lysates (WCL) were generated by a 30 min incubation at
37°C in 20 mM Tris-HCI (pH 7.4), 150 mM NaCl, 100 pg/ml of lysostaphin, 1% Triton-X100
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(Thermo) and EDTA-free protease inhibitor cocktail. For immunoblot analysis, proteins were

“separated on a 4-12% Tris-glycine gel, and transferred to a nitrocellulose membrane (Invitrogen,

Carlsbad, CA), followed by blotting with indicated primary antibodies (1 pg/mL). Antibodies
used are listed in Table 1. Lectin studies were performed by immunoprecipitating filtered (0.2
micron) overnight culture supernatants with concanavalin A (ConA)- or sWGA-agarose beads
(Vector Labs, Burlingame, CA) supplemented with 0.1 mM CaCl; and 0.01 mM MnCl,.

ELISA experiments were performed using standard protocols. Briefly, plates which were
pre-coated with CWP were reacted with human IgG preparations, ie. purified human IgG
(Sigma), intravenous immunoglobulin Gammagard Liquid (Baxter, Westlake Village, CA),
pooled serum from healthy donors or from MRSA patients (both generated in-house). The
concentrations of anti-staphylococcal IgG present in the serum or purified IgG were calculated
by using a calibration curve that was generated with known concentrations of mAb 28.9.9

against peptidoglycan.

Treatment of bacteria with human neutrophil proteases or lysosomal extracts from human
neutrophils and cultured cells

Lysosomal extracts were isolated from human neutrophils, THP-1 cells, and RAW cells,
using a Lysosome Enrichment kit (Thermo). A total of 5x10 cells was used to obtain 300 to 500
microgram of total proteins in the lysosomes. Protease inhibitors were omitted from all steps to
maintain protease activity in the lysosomes. The plasma membranes of the cells were disrupted
by 30 strokes using 2 dounce homogenizer (Wheaton, Millville, NJ). The homogenate was
centrifuged at 500 x g for 5 min to obtain postnuclear supcrnatant, which was loaded onto the
top of a gradient of 8%, 20%, 23%, 27% and 30% (from top to bottom) of iodixanol. After
ultracentrifugation at 145,000 x g for 2 h at 4°C, we obtained the lysosomes layered between 8%
and 20% iodixanol. This lysosomal fraction was diluted into PBS and pelleted by centrifugation
at 18,000 x g for 30 min at 4 °C. The lysosomal pellets were washed with PBS and lysed in 2%
CHAPS with Tris-buffered saline to obtain lysosornal extracts.

To analyze the cleavage of SDR proteins by host proteases, S. aureus bacteria were
treated with 50 nM of purified human neutrophil serine proteases or 0.1 mg/ml of neutrophil
lysosomal extracts in 50 mM Tris (pH 8.0) with 150 mM NaCl and 2mM CaCl,; or with 0.1
mg/ml of RAW or THP-1 lysosomal extracts in 50 mM NaCitrate with 100 mM NaCl and 2 mM
DTT (pH 5.5). Cathepsin G inhibitor (Calbiochem, Billerica, MA) was added at 100 g/ml.
These mixtures were incubated at 37°C for 30 minutes when using purified proteases or for 1 h

when using lysosomal lysates, and centrifuged to pellet bacteria. The supernatants were analyzed
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by immunoblotting to detect cleavage products. In some experiments, cell wall preparations

were obtained from the remaining bacterial pellets and also analyzed by immunoblotting.

EXAMPLES

Example 1  Intracellular MRSA are protected from conventional antibiotics

To confirm the hypothesis that mammalian cells provide a protective niche for S. aureus
in the presence of antibiotic therapy, the efficacy was compared of three major antibiotics that
are currently used as standard of care (SOC) for invasive MRSA infections (vancomycin,
daptomycin and linezolid) against extracellular planktonic bacteria versus bacteria sequestered
inside murine macrophages (Table 1).

For extracellular bacteria, MRSA was cultured overnight in Tryptic Soy Broth, and the
MIC was determined to be the minimum antibiotic dose that prevented growth. For intracellular
bacteria, murine peritoneal macrophages were infected with MRSA and cultured in the presence
of gentamycin to kill extracellular bacteria. Test antibiotics were added to the culture medium
one day post infection, and the total number of surviving intracellular bacteria was determined

24 hours later. The expected serum concentrations for clinically relevant antibiotics was reported
in Antimicrobial Agents, Andre Bryskier. ASM Press, Washington DC (2005).

Table 1: Minimum inhibitory concentrations (MIC) for several antibiotics on extracellular

bacteria grown in liquid culture vs. intracellular bacteria sequestered inside murine macrophages.

Antibiotics (Abx) Extracellular Intracellular Serum Cmax
MRSA MRSA (ug/mL)
MIC (ug/mL) MIC (pg/mL)

Vancomycin 1 >100 50

Daptomycin 4 >100 60

Linezolid 0.3 >20 20

Rifampicin 0.004 50 20

This analysis with a highly virulent community-acquired MRSA strain USA300 revealed

that although extracellular MRSA is highly susceptible to growth inhibition by low
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concentrations of vancomycin, daptomycin, and linezolid in liquid culture, all three antibiotics
failed to kill the same strain of MRSA sequestered inside macrophages exposed to clinically
achievable concentrations of the antibiotics. Even rifampicin, thought to be relatively effective at
eliminating intracellular pathogens(Vandenbroek, P.V. (1989) Antimicrobial Drugs,
Microorganisms, and Phagocytes. Reviews of Infectious Diseases 11, 213-245), required a
6,000-fold higher dose to eliminate intracellular MRSA compared to the dose required to inhibit
growth (MIC) of planktonic bacteria (Table 1), consistent with other studies showing that the
majority of existing antibiotics are inefficient at killing intracellular S. aureus both in vitro and
in vivo(Sandberg, A., Hessler, J.H., Skov, R.L., Blom, J. & Frimodt-Moller, N. (2009)
"Intracellular activity of antibiotics against Staphylococcus aureus in a mouse peritonitis model"
Antimicrob Agents Chemother 53, 1874-1883).

Example 2  Dissemination of infection with intracellular MRSA

These experiments compared the virulence of intracellular bacteria versus an equivalent
dose of free-living planktonic bacteria, and determined whether the intracellular bacteria are able
to establish infection in the presence of vancomycin in vivo. Four cohorts of mice were infected
by intravenous injection with roughly equivalent doses of S. aureus viable free bacteria (2.9 x
106) taken directly from broth culture or intracellular bacteria (1.8 x 10°) sequestered inside host
macrophages and neutrophils that were generated by peritoneal infection of donor mice (Fig.
1A) and selected groups were treated with vancomycin immediately after infection and then
once per day. Mice were examined 4 days after infection for bacterial colonization in the
kidney, an organ that is consistently colonized by S. aureus in mice **. In three independent
experiments, equivalent or higher bacterial burdens in the kidneys of mice infected with
intracellular bacteria compared to those infected with an equivalent dose of planktonic bacteria
was observed (Fig. 1B). Surprisingly, it was found that infection with intracellular bacteria
resulted in more consistent colonization of the brain, an organ that is not efficiently colonized
following infection with planktonic bacteria in this model (Fig. 1C). Furthermore, intracellular
bacteria, but not planktonic bacteria, were able to establish infection in the face of vancomycin
therapy in this model (Fig. 1B, Fig.1C)

Further analyses in vitro addressed more quantitatively the extent to which intracellular
survival facilitates antibiotic evasion. To this end, MG63 osteoblasts were infected with either
planktonic MRSA or intracellular MRSA, in the presence of vancomycin.

Infection of osteoblasts or HBMEC. MG63 cell line was obtained from ATCC (CRL-
1427) and maintained in RPMI 1640 tissue culture media supplemented with 10 mM Hepes and
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10 % Fetal Calf Serum (RPMI-10). HBMEC cells (Catalog #1000) and ECM media (catalog#
1001) were obtained from SciencCell Research Labs (Carlsbad, CA). Cells were plated in 24
well tissue culture plates and cultured to obtain a confluent layer. On the day of the experiment,
the cells were washed once in RPMI (without supplements). MRSA or infected peritoneal cells
were diluted in complete RPMI-10 and vancomycin was added at 5 ug/mL immediately prior to
infection. Peritoneal cells were added to the osteoblasts at 1x10° peritoneal cells/mL. A sample
of the cells was lysed with .1% triton-x to determine the actual concentration of live intracellular
bacteria at the time of infection. The actual titer for all infections was determined by plating
serial dilutions of the bacteria on Tryptic Soy Agar with 5% defibrinated sheep blood.

MRSA (free bacteria) was seeded in media, media + vancomycin, or media +
vancomycin and plated on a monolayer of MG63 osteoblasts (Fig.1E) or Human Brain
Microvascular Endothelial Cells (HBMEC, Fig.1F). Plates were centrifuged to promote contact
of the bacteria with the monolayer. At each time point, the culture supernatant was collected to
recover extracellular bacteria or adherent cells were lysed to release intracellular bacteria.

Planktonic bacteria exposed to vancomycin alone were efficiently killed. Surviving
bacteria were not recovered after one day in culture (Fig. 1D). When a similar number of
planktonic bacteria were plated on MG63 osteoblasts, a small number of surviving bacteria
(approximately 0.06% of input) associated with the MG63 cells one day after infection, which
had been protected from vancomycin by invasion of the osteoblasts, was recovered.

MRSA that were sequestered inside peritoneal cells showed a dramatic increase in both
survival and efficiency of infection in the presence of vancomycin. About 15% of intracellular
MRSA in the leukocytes survived under identical conditions where vancomycin had sterilized
the cultures of planktonic bacteria. Intracellular bacteria also were better able to infect the
monolayer of MG63 osteoblasts in the presence of vancomyecin, resulting in a doubling of the
bacteria recovered one day after exposure to vancomycin (Fig. 1D). Moreover, intracellular S.
aureus were able to increase by almost 10-fold over a 24 hour period in MG63 cells (Fig. 1E),
primary human brain endothelial cells (Fig. 1F), and A549 bronchial epithelial cells (not shown)
under constant exposure to a concentration of vancomycin that killed free living bacteria.
Although protected from antibiotic killing, bacterial growth did not occur in cultures of infected
peritoneal macrophages and neutrophils (not shown). Together these data support that
intracellular reservoirs of MRSA in myeloid cells can promote dissemination of infection to new
sites, even in the presence of active antibiotic treatment, and intracellular growth can occur in

endothelial and epithelial cells, even under conditions of constant antibiotic therapy.
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Example 3  Generation of anti-SDR and other antibodies

For generation of mAb rF1, CD19"CD3°CD27'IgD IgA” memory B cells were isolated
from peripheral blood of an MRSA-infected donor using a FACSArria cell sorter (BD, San Jose,
CA). Before viral transduction with B-cell lymphoma (Bcl)-xL and Bcl-6 genes, the memory
cells were activated on CD40L-expressing mouse L fibroblasts in the presence of interleukin-21,
as described previously in Kwakkenbos MJ, et al. (2010) Nat Med 16: 123-128. Transduced B
cells were maintained in the same culture system. The use of donor blood was approved by the
institutional committee. Monoclonal antibody (mAb) rF1 was selected from culture
supernatants by reactivity with lysates of MSSA strain Newman by ELISA; positive wells were
subcloned and re-tested by ELISA twice. Recombinant rF1 was generated by cloning the heavy
and light chain variable regions with human IgG1 kappa constant regions using pcDNA3.1
(Invitrogen) and transfection into 293T cells (ATCC). Purified IgG was obtained from culture
supernatants using protein A-coupled SEPHAROSE® (Invitrogen). The generation of mAb rF1
and its variants are described in US 8,617,556 (Beaumont et al.) and Hazenbos et al. (2103)
PLOS Pathogens 9(10): 1-18, incorporated by reference herein in their entirety.

The human IgG1 mAbs SD2, SD3 and SD4 (all against glycosylated SDR proteins)
and 4675 (human IgG1 anti-CIfA),were cloned from peripheral B cells from patients post S.
aureus infection using the Symplex™ technology which conserves the cognate pairing of
antibody heavy and light chains [34]. Both plasma and memory B-cells were used as genetic
source for the recombinant full length IgG repertoires (manuscript in preparation). Individual
antibody clones were expressed by transfection of mammalian cells [35]. Supernatants
containing full length IgG1 antibodies were harvested after seven days and used to screen for
antigen binding by ELISA. Antibodies 4675, SD2, SD3 and SD4 were positive for binding to
cell wall preparations from USA300 or Newman S. aureus strains. Antibodies were
subsequently produced in 200-ml transient transfections and purified with Protein A
chromatography (MabSelect SuRe, GE Life Sciences, Piscataway, NJ) for further testing.
Isolation and usage of these antibodies were approved by the regional ethical review board. rF1
variants were generated.

Mouse mADb against CIfA (9E10), CIfB, (10D2), SdrD (17H4), IsdA (2D3) and non-
modified SDR proteins (9G4) were generated by immunizing mice with the respective
recombinant proteins, which were purified after expression in E. coli, using standard protocols;
hybridoma supernatants were purified by protein A affinity chromatography. Rabbit mAb 28.9.9
was generated by immunizing rabbits with peptidoglycan (PGN)-derived peptide CKKGGG-(L-
Ala)-(D-gamma-Glu)-(L-Lys)-(D-Ala)-D-Ala) followed by cloning of the IgG.
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Example 4  Characterization of a highly opsonic monoclonal antibody (rF1) isolated from an
MRSA infected donor
Several S. aureus-reactive monoclonal antibodies (mAb) from memory B cells from

peripheral blood of MRSA-infected donors were isolated as described above. When
characterizing these antibodies, one IgG1 mAb (hereafter referred to as rF1) was identified with
broad reactivity to a panel of S. aureus strains that induced robust opsonophagocytic killing
(OPK) by human polymorphonuclear leukocytes (PMN).

Maximum binding of mAb rF1 to bacteria from clinical MRSA strain USA300 was
approximately 10 fold higher than that of an isotype-matched anti-CIfA mAb (Figure 5A).
Consistent with increased binding, opsonization with rF1 resulted in increased uptake (Figure
5B) and killing (Figure 5C) of USA300 by PMN. In contrast, preopsonization with human anti-
CIfA had no effect on bacterial viability (Figure 5C). The rF1 antibody did not affect viability of
USA300 in the absence of PMN. Thus, rF1 is a mAb with the capacity to bind MRSA and
induce potent killing of MRSA by PMN.

Example 5  Binding of rF1 to Staphylococcus strains

FACS analysis of rF1 binding to whole bacteria from culture or infected tissues

Whole bacteria were harvested from TSA plates or TSB cultures and washed with
HBSS without phenol red supplemented with 0.1% IgG free BSA (Sigma) and 10 mM Hepes,
pH 7.4 (HB buffer) Bacteria (20x10® CFU/mL) were incubated with 300 ug/mL of rabbit IgG
(Sigma) in HB buffer for 1 h at room temperature (RT) to block nonspecific IgG binding.
Bacteria were stained with 2 pg/mL of primary antibodies, including rF1 or isotype control IgG1
mADb gD:5237 (Nakamura GR, et al. (1993) J Virol 67: 6179-6191), and next with fluorescent
anti-human IgG secondary antibodies (Jackson Immunoresearch, West Grove, PA). The bacteria
were washed and analyzed by FACSCalibur® (BD).

For antibody staining of bacteria from infected mouse tissues, 6-8 weeks old female
C57Bl/6 mice (Charles River, Wilmington, MA) were injected intravenously with 10% CFU of
logphase-grown USA300 in PBS. Mouse organs were harvested two days after infection. Rabbit
infective endocarditis (IE) was established as described in Tattevin P, et al. (2010) Antimicrobial
agents and chemotherapy 54: 610-613. Rabbits were injected intravenously with 5x10” CFU of
stationary-phase grown MRSA strain COL, and heart vegetations were harvested eighteen hours
later. Treatment with 30 mg/kg of vancomycin was given intravenously b.i.d. 18 h after infection

with 7x10” CFU stationary-phase COL.
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To lyse mouse or rabbit cells, tissues were homogenized in M tubes (Miltenyi, Auburn,
CA) using a gentleMACS® cell dissociator (Miltenyi), followed by incubation for 10 min at RT
in PBS containing 0.1% Triton-X100 (Thermo), 10 pg/mL of DNAsel (Roche) and Complete
Mini protease inhibitor cocktail (Roche). The suspensions were passed through a 40 micron
filter (BD) and bacteria were stained with mAbs as described above. Bacteria were differentiated
from mouse organ debris by double staining with 20 pug/mL mouse mAb 702 anti-S. aureus
peptidoglycan (abcam, Cambridge, MA) and a fluorochrome-labeled anti-mouse IgG secondary
antibody (Jackson Immunoresearch). During flow cytometry analysis, bacteria were gated for
positive staining with mAb 702 from double fluorescence plots. All animal experiments were
approved by the Institutional Review Boards of Genentech and the University of California, San
Francisco.

Flow cytometry (FCM) analysis showed potent binding activity of rF1 to all 15 S. aureus
strains tested (Figure 7). These strains were broadly distributed across the S. aureus phylogeny
[8]. As expression levels of bacterial cell surface antigens might differ between in vitro and in
vivo growth, we also tested the ability of rF1 to recognize USA300 isolated from various mouse
tissues after systemic infection. The rF1 mADb strongly bound to USA300 derived from infected
mouse kidneys, livers and lungs (Figure 6). The binding rF1 to USA300 from mouse kidneys
was sustained until at least 8 days after infection (not shown), suggesting robust long-term
expression of the rF1 epitope during infection. In addition, rF1 strongly bound to MRSA COL
bacteria from heart vegetations in a rabbit model of infectious endocarditis. Treatment with
vancomycin did not affect the reactivity of rF1 with MRSA (Figure 6). Thus, the antigen
recognized by rF1 is conserved across various strains and stably expressed in various growth and
infection conditions.

Given the ubiquitous nature of rF1-reactivity across all S. aureus strains, experiments
were performed to see if such reactivity is extended to other gram-positive bacteria. Notably, rF1
binding was detectable only for the coagulase-negative human pathogen S. epidermidis (Figure
7). The rF1 mADb did not bind to any other staphylococcal species tested, including S.
saprophyticus, S. lugdunensis, S. simulans and S. carnosus, or other Gram-positive species such
as Streptococcus pyogenes, Bacillus subtilis, Enterococcus faecalis, and Listeria monocytogenes
(Figure 7). Thus, rF1 is a human antibody that binds to stably-expressed surface antigen(s) on
human-adapted staphylococcal pathogens and promotes bacterial killing by human PMNs.
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Example 6  Amino acid modifications of rF1 antibodies

In summary, the VH region of each of the rF1 Abs were cloned out and linked to human
H chain gammal constant region and the VL linked to kappa constant region to express the Abs
as IgG1. Wild-type sequences were altered at certain positions to improve the antibody stability
while maintaining antigen binding as described below. Cysteine engineered Abs (ThioMabs,
also referred to as THIOMAB™) were then generated.

i. Generating stability variants

The rF1 Abs were engineered to improve certain properties (to avoid deamidation,

aspartic acid isomerization, oxidation or N-linked glycosylation) and tested for retention of
antigen binding as well as chemical stability after amino acid replacements . The amino acid

alterations made were as described in US8,617,556.

iii. Generating Cys engineered mutants (ThioMabs)

Full length ThioMabs were produced by introducing a Cysteine into the H chain (in
CH1) or the L chain (Ck) at a predetermined position as previously taught, e.g., at V205 in the
kappa Constant region of the L chain and position A118 in the human Gamma 1 H chain (amino
acid position numbers according to Eu convention) to allow conjugation of the antibody to a
linker-antibiotic intermediate. H and L chains are then cloned into separate plasmids and the H
and L encoding plasmids co-transfected into 293 cells where they are expressed and assembled
into intact Abs. Both H and L chains can also be cloned into the same expression plasmid. IgGl
having 2 engineered Cys, one in each of H chains; or 2 engineered Cys, one in each of the L
chains; or a combination of an engineered Cys in each of the H and L chains (HC LC Cys)
leading to 4 engineered Cys per antibody tetramer, were generated by expressing the desired

combination of cys mutant chains and wild type chains.
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Example 7  Piperidyl benzoxazino rifamycin (pipBOR) 5

OTBS
OH OH NH,
NO, H2 Pd/C NH, HCl  TBS-CI, TEA
il —
OH
OH EtOH OH DCM, THF
1 2 3

rifamycin S

OIH oH ©
H,N )r\j:[
WO

MnO, H,N

2-Nitrobenzene-1,3-diol 1 was hydrogenated under hydrogen gas with palladium/carbon

catalyst in ethanol solvent to give 2-aminobenzene-1,3-diol 2, isolated as the hydrochloride salt.
5 Mono-protection of 2 with tert-butyldimethylsilyl chloride and triethylamine in

dichloromethane/tetrahydrofuran gave 2-amino-3-(tert-butyldimethylsilyloxy)phenol 3.
Rifamycin S (ChemShuttle Inc., Fremont, CA, US 7342011; US 7271165, US 7547692) was
reacted with 3 by oxidative condensation with manganese oxide or oxygen gas in toluene at
room temperature to give TBS-protected benzoxazino rifamycin 4. LCMS (ESI): M+H" =

10 915.41. Reaction of 4 with piperidin-4-amine and manganese oxide gave piperidyl benzoxazino
rifamycin (pipBOR) 5. LCMS (ESI): M+H" = 899.40
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Example 8  DimethylpipBOR 6

NH

Reaction of N,N-dimethylpiperidin-4-amine with TBS-protected benzoxazino rifamycin

4 gave dimethylpiperidyl benzoxazino rifamycin (dimethylpipBOR) 6

or

NH

Alternatively, (5-fluoro-2-nitro-1,3-phenylene)bis(oxy)bis(methylene)dibenzene 7 was
hydrogenated under hydrogen gas with palladium/carbon catalyst in tetrahydrofuran/methanol
solvent to remove the benzyl groups to give 2-amino-5-fluorobenzene-1,3-diol 8. LCMS (ESI):

M+H" = 144.04. Commercially available Rifamycin S or Rifamycin SV sodium salt
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(ChemShuttle Inc., Fremont, CA) was reacted with 2-amino-5-fluorobenzene-1,3-diol 8 by
oxidative condensation in air or potassium ferric cyanide in ethyl acetate at 60 °C to give
fluorobenzoxazino rifamycin 9. Displacement of fluoride with N,N-dimethylpiperidin-4-amine
gave dimethylpipBOR 6. LCMS (ESI): M+H" = 927.43 ’

Example 9 (S)-N-(5-(2,5-diox0-2,5-dihydro-1H-pyrrol-1-yl)pentyl)-N-(1-(4-
(hydroxymethyl)phenylamino)-1-oxo-5-ureidopentan-2-yl)cyclobutane-1,1-dicarboxamide 10
Step 1: Preparation of 1-(5-aminopentyl)-1H-pyrrole-2,5-dione hydrochloride 10a

OH
0 HNTTTNYT g
o 0 - N/\/\/\H/OH DPPA,TEA
\ HOACc, Reflux \ 0] t-BuOH

O o)
Q o)
a/\/\/\NHBOC HCI-EtOAc N/\/\/\NH2 HCI
DCM \
0] 0O 10a

Maleic anhydride, furan-2,5-dione (150 g, 1.53 mol) was added to a stirred solution of 6-A
aminohexanoic acid (201 g, 1.53 mol) in HOAc (1000 mL). After the mixture was stirred at r.t.
for 2 h, it was heated at reflux for 8 h. The organic solvents were removed under reduced
pressure and the residue was extracted with EtOAc (500 mL x 3), washed with H,O. The
combined organic layers was dried over Na,SO4 and concentrated to give the crude product. It
was washed with petroleum ether to give 6-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)hexanoic acid
as white solid (250 g, 77.4 %). DPPA (130 g, 473 mmol) and TEA (47.9 g, 473 mmol) was
added to a solution of 6-(2,5-diox0-2,5-dihydro-1H-pyrrol-1-yl)hexanoic acid (100 g, 473 mmol) -
in t-BuOH (200 mL). The mixture was heated at reflux for 8 h under N,. The mixture was
concentrated, and the residue was purified by column chromatography on silica gel (PE:EtOAc=
3:1) to give tert-butyl 5-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)pentylcarbamate (13 g, 10 %).
To a solution of tert-butyl 5-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)pentylcarbamate (28 g, 992
mmol) in anhydrous EtOAc (30 mL) was added HCI/EtOAc (50 mL) dropwise. After the
mixture was stirred at r.t. for 5 h, it was filtered and the solid was dried to give 1-(5-
aminopentyl)-1H-pyrrole-2,5-dione hydrochloride 10a (16 g, 73.7 %). 'H NMR (400 MHz,
DMSO-ds): 6 8.02 (s, 2H), 6.99 (s, 2H), 3.37-3.34 (m, 2H), 2.71-2.64 (m, 2H), 1.56-1.43 (m,
4H), 1.23-1.20 (m, 2H).



WO 2016/090040 PCT/US2015/063515
90

Step 2: Preparation of (S)-1-(1-(4-(hydroxymethyl)phenylamino)-1-oxo-5-
ureidopentan-2-ylcarbamoyl)cyclobutanecarboxylic acid 10b

0 0 OH
HN A, FmocHN \)L on FmocHN\)LNO/\
: HoN : H

Fmoc-Cl, K,CO4 J/:
————— et . -
. EEDQ, DCM,
HN dioxane, H,0  HN MeOH, r.t. HN

]

07 NH, 07 NH, 07 NH,

10g 10f 10e

o)
o) /©/\OH ~_O Ny
HoN
oA, Ty

piperidine J/ -
—_——
DMF HN NaHCOg3, DME, H,0, r.t

0% NH,

10d

;4 SO el

LiOH (2 eq) o o0 ~
MeOH, THF, H,0, r.t. J/

HN HN
0% “NH, O)\NHz
10¢ 10b

To a mixture of (S)-2-amino-5-ureidopentanoic acid 10g (17.50 g, 0.10 mol) in a mixture
5  of dioxane and H,O (50 mL / 75 mL) was added K»CO3 (34.55 g, 0.25 mol). Fmoc-Cl (30.96 g,
0.12 mol) was added slowly at 0 °C. The reaction mixture was warmed to r.t. over 2 h. Organic
solvent was removed under reduced pressure, and the water slurry was adjusted to pH = 3 with 6
M HCl solution, and extracted with EtOAc (100 mL x 3). The organic layer was dried over
NaySOyq, filtered, and concentrated under reduced pressure to give (S)-2-((((9H-fluoren-9-
10 yl)methoxy)carbonyl)amino)-5-ureidopentanoic acid 10f (38.0 g, 95.6 %). 10f is commercially
available.
To a solution of 10f (4 g, 10 mmol) in a mixture of DCM and MeOH (100 mL / 50 mL)
were added (4-aminophenyl)methanol (1.6 g, 13 mmol, 1.3 eq) and 2-Ethoxy-1-ethoxycarbonyl-
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1,2-dihydroquinoline, EEDQ, Sigma-Aldrich CAS Reg. No. 16357-59-8 (3.2 g, 13 mmol, 1.3
eq). After the mixture was stirred at r.t. for 16 h under N3, it was concentrated to give a brown
solid. MTBE (200 mL) was added and it was stirred at 15°C for 2 h. The solid was collected by
filtration, washed with MTBE (50 mL % 2) to give (S)-(9H-fluoren-9-yl)methyl (1-((4-
(hydroxymethyl)phenyl)amino)-1-oxo-5-ureidopentan-2-yl)carbamate 10e as an orange solid
(4.2 g, 84%). LCMS (ESI): m/z 503.0 [M+1].

To a stirred solution of 10e (4.2 g, 8.3 mmol) in dry DMF (20 ml) was added piperidine
(1.65 mL, 17 mmol, 2 eq) dropwise at r.t. The mixture was stirred at r.t. for 30 min, and solid
precipitate formed. Dry DCM (50 mL) was added, and the mixture became transparent
immediately. The mixture was stirred at r.t. for another 30 min, and LCMS showed 10e was
consumed. It was concentrated to dryness under reduced pressure (make sure no piperidine
remained), and the residue was partitioned between EtOAc and H,0 (50 mL / 20 mL). Aqueous
phase was washed with EtOAc (50 mL x 2) and concentrated to give (S)-2-amino-N-(4-
(hydroxymethyl)phenyl)-5-ureidopentanamide 10d as an oily residual (2.2 g, 94%) (contained
small amount of DMF).

Commercially available 1,1-cyclobutanedicarboxylic acid, 1,1-diethyl ester (CAS Reg.
No. 3779-29-1) was converted by limited saponification with aqueous base to the half acid/ester
1,1-cyclobutanedicarboxylic acid, 1-ethyl ester (CAS Reg No. 54450-84-9) and activation with a
coupling reagent such as TBTU (O-(Benzotriazol-1-yl)-N,N,N', N'-tetramethyluronium
tetrafluoroborate, also called: N,N,N' N'-Tetramethyl-O-(benzotriazol-1-yl)uronium
tetrafluoroborate, CAS No. 125700-67-6, Sigma-Aldrich B-2903), and N-hydroxysuccinimide to
the NHS ester, 1-(2,5-dioxopyrrolidin-1-yl) 1-ethyl cyclobutane-1,1-dicarboxylate.

To a solution of 1-(2,5-dioxopyrrolidin-1-yl) 1-ethyl cyclobutane-1,1-dicarboxylate (8 g,
29.7 mmol) in DME (50 mL) was added a solution of 10d (6.0 g, 21.4 mmol) and NaHCOj; (7.48
g, 89.0 mmol) in water (30 mL). After the mixture was stirred at r.t. for 16 h, it was concentrated
to dryness under reduced pressure and the residue was purified by column chromatography
(DCM:MeOH = 10:1) to give (S)-ethyl 1-((1-(4-(hydroxymethyl)phenyl)-2-oxo-6-ureidohexan-
3-yl)carbamoyl)cyclobutanecarboxylate 10c as white solid (6.4 g, 68.7%). LCMS (ESI): m/z
435.0 [M+1]

To a stirred solution of 10c¢ (6.4 g, 14.7 mmol) in a mixture of THF and MeOH (20 mL /
10 mL) was added a solution of LiOH « H,0 ( 1.2 g, 28.6 mmol) in H,O (20 mL) at r.t. After the

reaction mixture was stirred at r.t. for 16 h, solvent was removed under reduced pressure, the

residue obtained was purified by prep-HPLC to give (S)-1-(1-(4-(hydroxymethyl)phenylamino)-
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1-oxo0-5-ureidopentan-2-ylcarbamoyl)cyclobutanecarboxylic acid 10b (3.5 g, yield: 58.5%).
LCMS (ESI): m/z 406.9 [M+1]. "H NMR (400 MHz, Methanol-dq) J 8.86 (d,J= 8.4 Hz, 2 H),
8.51(d, J=8.4 Hz, 2 H), 5.88 - 5.85 (m, 1 H), 5.78 (s, 2 H), 4.54 - 4.49 (m, 3 H), 4.38 - 4.32 (m,
1 H), 3.86 -3.75 (m, 1 H), 3.84 - 3.80 (m, 2 H), 3.28 - 3.21 (m, 1 H), 3.30 - 3.24 (m, 1 H), 3.00
-2.80 (m, 1 H), 2.37 - 2.28 (m, 2 H).

Step 3: Preparation of S)-N-(5-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)pentyl)-N-
(1-(4-(hydroxymethyl)phenylamino)-1-oxo-5-ureidopentan-2-yl)cyclobutane-1,1-dicarboxamide

“Q(N\AQA oo [‘éNMNéZW &ku/@ﬁ >
7

BOP-CI,

DIPEA
DMF
I-;\ll\ —_— HN
o) NH, O)\NHZ
10b 10

Diisopropylethylamine, DIPEA (1.59 g, 12.3 mmol) and bis(2-0x0-3-
oxazolidinyl)phosphinic chloride, BOP-C1 (CAS Reg. No. 68641-49-6, Sigma-Aldrich, 692 mg,
2.71 mmol) was added to a solution of (S)-1-(1-(4-(hydroxymethyl)phenylamino)-1-oxo-5-
ureidopentan-2-ylcarbamoyl)cyclobutanecarboxylic acid 10b (1 g, 2.46 mmol) in DMF (10 mL)
at 0 °C, followed by 1-(5-aminopentyl)-1H-pyrrole-2,5-dione hydrochloride 10a (592 mg, 2.71
mmol). The mixture was stirred at 0 °C for 0.5h. The reaction mixture was quenched with citric
acid solution (10 mL), extracted with DCM/MeOH (10:1). The organic layer was dried and
concentrated, and the residue was purified by column chromatography on silica gel
(DCM:MeOH = 10:1) to give to give S)-N-(5-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)pentyl)-N-
(1-(4-(hydroxymethyl)phenylamino)-1-oxo-5-ureidopentan-2-yl)cyclobutane-1,1-dicarboxamide
10 (1.0 g, 71 %), also referred to as MC-CBDK-cit-PAB-OH. LCMS (ESI): M+H" =571.28. 'H
NMR (400 MHz, DMSO-ds): 6 10.00 (s, 1H), 7.82-7.77 (m, 2H), 7.53 (d, J= 8.4 Hz, 2 H), 7.19
(d, J=8.4 Hz, 2 H), 6.96 (s, 2H), 5.95 (t, /= 6.4 Hz, 1H), 5.39 (s, 2H), 5.08 (t, /= 5.6 Hz, 1H),
4.40-4.35 (m, 3H), 4.09 (d, /=4.8 Hz, 1 H), 3.01 (d, J=3.2 Hz, 2 H), 3.05-2.72 (m, 4H), 2.68-
2.58 (m, 3H), 2.40-2.36 (m, 4H), 1.72-1.70 (m, 3H), 1.44-1.42 (m, 1H), 1.40-1.23 (m, 6H), 1.21-
1.16 (m, 4H).
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Example 10 (S)-N-(1-(4-(chloromethyl)phenylamino)-1-oxo-5-ureidopentan-2-yl)-N-(5-(2,5-
dioxo-2,5-dihydro-1H-pyrrol-1-yl)pentyl)cyclobutane-1,1-dicarboxamide 11

7 Cl
0]
H H
QN\/\/\/N%N\)J\NO/\
5 O O z H

HN 11
07 "NH,
A solution of (S)-N-(5-(2,5-diox0-2,5-dihydro-1H-pyrrol-1-yl)pentyl)-N-(1-(4-

5  (hydroxymethyl)phenylamino)-1-oxo-5-ureidopentan-2-yl)cyclobutane-1,1-dicarboxamide 10
(2.0 g, 3.5 mmol) in N,N-dimethylformamide, DMF or N-methylpyrrolidone, NMP (50 mL) was
treated with thionyl chloride, SOCl, (1.25 g, 10.5 mmol) in pertions dropwise at 0 °C. The
reaction remained yellow. The reaction was monitored by LC/MS indicating >90% conversion.
After the reaction mixture was stirred at 20 °C for 30 min or several hours, it was diluted with

10 water (50 mL) and extracted with EtOAc (50 mL x 3). The organic layer was dried,
concentrated and purified by flash column (DCM : MeOH = 20 : 1) to form 11, also referred to
as MC-CBDK-cit-PAB-C] as a gray solid. LCMS: (5-95, AB, 1.5 min), 0.696 min, m/z = 589.0
[M+1]".

Example 11 (S)-4-(2-(1-(5-(2,5-diox0-2,5-dihydro-1H-pyrrol-1-

15 ylDpentylcarbamoyl)cyclobutanecarboxamido)-5-ureidopentanamido)benzyl 4-nitrophenyl

(or gt
o] OJ/

carbonate 12

o)

HN

12
HoN" 0

To a solution of (S)-N-(5-(2,5-diox0-2,5-dihydro-1H-pyrrol-1-yl)pentyl)-N-(1-(4-
(hydroxymethyl)phenylamino)-1-oxo-5-ureidopentan-2-yl)cyclobutane-1,1-dicarboxamide 10 in
20  anhydrous DMF was added diisopropylethylamine (DIEA), followed by PNP carbonate (bis(4-
nitrophenyl) carbonate). The reaction solution was stirred at room temperature (r.t.) for 4 hours
and the mixture was purified by prep-HPLC to afford 12. LCMS (EST): M+H" = 736.29.



10

15

20

WO 2016/090040 PCT/US2015/063515
94

Example 12 Preparation of MC-(CBDK-cit)-PAB-(dimethyl, fluoropipBOR) - PLA-1

Following the procedure for PLA-2, (S)-N-(1-(4-(chloromethyl)phenylamino)-1-oxo-5-
ureidopentan-2-yl)-N-(5-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)pentyl)cyclobutane-1,1-
dicarboxamide 11 and the fluorinated rifamycin-derivative, dimethylfluoropipBOR 13 (LCMS
(ESI): M+H" =945 .43) were reacted to form MC-(CBDK-cit)-PAB-(dimethyl, fluoropipBOR) -
PLA-1, Table 2. LCMS (ESI): M+H" = 1499.7

Example 13 Preparation of MC-(CBDK-cit)-PAB-(dimethylpipBOR) - PLA-2
(S)-N-(1-(4-(chloromethyl)phenylamino)-1-oxo-5-ureidopentan-2-yl)-N-(5-(2,5-dioxo-
2,5-dihydro-1H-pyrrol-1-yl)pentyl)cyclobutane-1,1-dicarboxamide 11 (0.035 mmol) in DMF
was cooled to 0 °C and dimethylpipBOR 6, (10 mg, 0.011 mmol) was added. The mixture was
diluted with another 0.5 mL of DME. Stirred open to air for 30 minutes. N,N-
diisopropylethylamine (DIEA, 10 uL, 0.05 momol) was added and the reactioun stirred overnight
open to air. By LC/MS, 50% of desired product was observed. An additional 0.2 eq NN-
diisopropylethylamine base was added while the reaction stirred open to air for another 6 hours
until the reaction appeared to stop progressing. The reaction mixture was dituted with DMF and
purified on HPLC (20-60% ACN/HCOOH inHo0) to give MC-(CBDKcit)-PAB-
(dimethylpipBOR) - PLA-2, Table 2. LCMS (ESI): M+H" = 1481.8, yield 31%.

Example 14 Preparation of MC-((R)-thiophen-3-yl-CBDK-cit)-PAB-(dimethylpipBOR) (PLA-
3)

14
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Following the procedure for PLA-2, (N-((S)-1-(4-(chloromethyl)phenylamino)-1-oxo-5-
ureidopentan-2-yl)-N-((R)-3-(5-(2,5-dioxo0-2,5-dihydro-1H-pyrrol-1-yl)pentylamino)-3-oxo-1-
(thiophen-3-yl)propyl)cyclobutane-1,1-dicarboxamide 14 (LCMS (ESI): M+H" = 742.3) and
dimethylpipBOR 6 were reacted to give MC-((R)-thiophen-3-yl-CBDK-cit)-PAB-
(dimethylpipBOR) (PLA-3, Table 2). LCMS (ESI): M+H" = 1633.9

Example 15 Preparation of MC-((S)-thiophen-3-yl-CBDK-cit)-PAB-(dimethylpipBOR) (PLA-

4)
o A AR IO
\/\/\/\“/\;NO oNé N

Fi 16
HoN™ "0

Following the procedure for PLA-2, (N-((R)-1-(4-(chloromethyl)phenylamino)-1-0xo0-5-
ureidopentan-2-yl)-N-((R)-3-(5-(2,5-diox0-2,5-dihydro-1H-pyrrol-1-yl)pentylamino)-3-oxo-1-
(thiophen-3-yl)propyl)cyclobutane-1,1-dicarboxamide 15 (LCMS (ESI): M+H" = 742.3) and
dimethylpipBOR 6 were reacted to give MC-((R)-thiophen-3-yl-CBDK-cit)-PAB-

(dimethylpipBOR) (PLA-4, Table 2). LCMS (ESI): M+H" = 1633.9

Example 16 Preparation of MC-(CBDK-cit)-PABC-(pipBOR) (PLA-5)

Piperidyl benzoxazino rifamycin (pipBOR) 5§ (15 mg, 0.0167 mmol), and then (S)-4-(2-
(1-(5-(2,5-dioxo0-2,5-dihydro-1H-pyrrol-1-yl)pentylcarbamoyl)cyclobutanecarboxamido)-5-
ureidopentanamido)benzyl 4-nitrophenyl carbonate 12 (12 mg, 0.0167 mmol) were weighed into
a vial. Dimethylformamide, DMF (0.3 mL) was added, followed by diisopropylethylamine,
DIEA (0.006 mL, 0.0334 mmol), and the reaction was allowed to stir at room temperature for 2
h. The reaction solution was directly purified by HPLC (30 to 70% MeCN/water + 1% formic
acid) to give MC-(CBDK-cit)-PABC-(pipBOR) (PLA-5, Table 2). LCMS (ESI): M+H" =
1496.5
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Example 17 Preparation of MC-(CBDK-cit)-PABC-(piperazBTR) (PLA-6)

Following the procedures for PLA-5,the piperidine rifamycin derivative, piperazBOR 16
(LCMS (ESI): M+H" = 885.4) and (S)-4-(2-(1-(5-(2,5-diox0-2,5-dihydro-1H-pyrrol-1-
yDpentylcarbamoyl)cyclobutanecarboxamido)-5-ureidopentanamido)benzyl 4-nitrophenyl
carbonate 12 were reacted to give MC-(CBDK-cit)-PABC-(piperazBTR) (PLA-6. Table 2).
LCMS (ESI): M+H" = 1482.5

Example 18 Preparation of rF1 Antibody-Antibiotic Conjugates

Antibody-antibiotic conjugates (AAC) Table 3 were prepared by conjugating an rF1
antibody to a PML Linker-Antibiotic intermediate, including those from Table 2. Prior to
conjugation, the rF1 antibodies were partially reduced with TCEP using standard methods in
accordance with the methodology described in WO 2004/010957, the teachings of which are
incorporated by reference for this purpose. The partially reduced antibodies were conjugated to
the linker-antibiotic intermediate using standard methods in accordance with the methodology
described, ¢.g., in Doronina et al. (2003) Nat. Biotechnol. 21:778-784 and US 2005/0238649 Al.
Briefly, the partially reduced antibodies were combined with the linker-antibiotic intermediate to
allow conjugation of the linker-antibiotic intermediate to reduced cysteine residues of the
antibody. The conjugation reactions were quenched, and the AAC were purified. The antibiotic
load (average number of antibiotic moieties per antibody) for each AAC was determined and
was between about 1 to about 2 for the rF1 antibodies engineered with a single cysteine mutant
site.

Reduction/Oxidation of ThioMabs for Conjugation: Full length, cysteine engineered
monoclonal antibodies (ThioMabs - Junutula, et al., 2008b Nature Biotech., 26(8):925-932;
Dornan et al (2009) Blood 114(13):2721-2729; US 7521541, US 7723485; W02009/052249,
Shen et al (2012) Nature Biotech., 30(2):184-191; Junutula et al (2008) Jour of Immun. Methods
332:41-52) expressed in CHO cells were reduced with about a 20-40 fold excess of TCEP
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(tris(2-carboxyethyl)phosphine hydrochloride or DTT (dithiothreitol) in 50 mM Tris pH 7.5 with
2 mM EDTA for 3 hrs at 37 °C or overnight at room temperature.(Getz et al (1999) Anal.
Biochem. Vol 273:73-80; Soltec Ventures, Beverly, MA). The reduced ThioMab was diluted
and loaded onto a HiTrap S column in 10 mM sodium acetate, pH 5, and eluted with PBS
containing 0.3M sodium chloride. Alternatively, the antibody was acidified by addition of 120"
volume of 10 % acetic acid, diluted with 10 mM succinate pH 5, loaded onto the column and
then washed with 10 column volumes of succinate buffer. The column was eluted with 50 mM
Tris pH7.5, 2 mM EDTA.

The eluted reduced ThioMab was treated with 15 fold molar excess of DHAA
(dehydroascorbic acid) or 200 nM aqueous copper sulfate (CuSO4). Oxidation of the interchain
disulfide bonds was complete in about three hours or more. Ambient air oxidation was also
effective. The re-oxidized antibody was dialyzed into 20 mM sodium succinate pH 5, 150 mM
NaCl, 2 mM EDTA and stored frozen at -20 °C.

Conjugation of ThioMabs with linker-antibiotic intermediates: The deblocked,
reoxidized, thio-antibodies (ThioMab) were reacted with 6-8 fold molar excess of the linker-
antibiotic intermediate of Table 2 (from a DMSO stock at a concentration of 20 mM) in 50 mM
Tris, pH 8, until the reaction was complete (16-24 hours) as determined by LC-MS analysis of
the reaction mixture.

The crude antibody-antibiotic conjugates (AAC) were then applied to a cation exchange
column after dilution with 20 mM sodium succinate, pH 5. The column was washed with at
least 10 column volumes of 20 mM sodium succinate, pH 5, and the antibody was eluted with
PBS. The AAC were formulated into 20 mM His/acetate, pH 5, with 240 mM sucrose using gel
filtration columns. AAC were characterized by UV spectroscopy to determine protein
concentration, analytical SEC (size-exclusion chromatography) for aggregation analysis and LC-
MS before and after treatment with Lysine C endopeptidase.

Size exclusion chromatography was performed using a Shodex KW802.5 column in
0.2M potassium phosphate pH 6.2 with 0.25 mM potassium chloride and 15% IPA at a flow rate
of 0.75 ml/min. Aggregation state of AAC was determined by integration of eluted peak area
absorbance at 280 nm.

LC-MS analysis was performed using an Agilent QTOF 6520 ESI instrument. As an
example, an AAC generated using this chemistry was treated with 1:500 w/w Endoproteinase
Lys C (Promega) in Tris, pH 7.5, for 30 min at 37 °C. The resulting cleavage fragments were
loaded onto a 1000A, 8 um PLRP-S column heated to 80°C and eluted with a gradient of 30% B
to 40% B in 5 minutes. Mobile phase A: H,O with 0.05% TFA. Mobile phase B: acetonitrile
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with 0.04% TFA. Flow rate: 0.5ml/min. Protein elution was monitored by UV absorbance
detection at 280 nm prior to electrospray ionization and MS analysis. Chromatographic
resolution of the unconjugated Fc fragment, residual unconjugated Fab and antibiotic-Fab was
usually achieved. The obtained m/z spectra were deconvoluted using Mass Hunter™ software
(Agilent Technologies) to calculate the mass of the antibody fragments.

The AAC, 103 (AAR = 1.9) thio-rF1-HC-121C, LC-V205C-MC-(CBDK-cit)-PAB-
(dimethylpipBOR) was made using the rF1 L chain of SEQ ID NO. 9 containing the engineered
Cys 205, and the rF1 H chain comprising SEQ ID NO. 10. The AAC 102 (AAR = 3.9) thio-rF1-
HC-121C, LC-V205C-MC-(CBDK-cit)-PAB-(dimethylpipBOR) was made using the rF1 L
chain of SEQ ID NO. 9 in the preceding containing the engineered Cys 205, and the rF1 H chain

comprising SEQ ID NO. 12 which contains the engineered Cys 114 (114 Kabat numbering is the

same as 118 Eu numbering and 121 sequential numbering). The Cys engineered L and/or H

chain was conjugated to the PML linker and rifamycin-type antibiotic as shown in Table 2.

Example 19 In vitro efficacy of rF1-AACs

S. aureus (USA300 NRS384 strain) was incubated with various doses (100 ug/mL, 10
ug/mL, 1 ug/mL or 0.1 ug/mL) of an anti-S. aureus unconjugated antibody, 103 AAC loaded
with 1.9 average antibiotic molecules per antibody (AAR2) or with 102 AAC loaded with 3.9
average antibiotic moleculeé per antibody (AAR4) for 1 hour to permit binding of the antibody
to the bacteria. The resulting opsonized bacteria were fed to murine macrophages and incubated
at 37°C to permit phagocytosis (in vitro macrophage assay). After 2 hours, the infection mix
was removed and replaced with normal growth media supplemented with 50 ug/mL of
gentamycin to kill any remaining extracellular bacteria. The total number of surviving
intracellular bacteria was determined 2 days later by plating serial dilutions of the macrophage
lysates on Tryptic Soy Agar plates.

The results are shown in Figure 10. Both of the AACs tested (AAR2 vs. AAR4) showed
a similar dose response and yielded maximal killing at a dose of 10 ug/mL or above with partial
to no killing at 1 ug/mL and below, suggesting that the dose response for the AAC is limited by
the number of antibody binding sites on the bacterium. By loading 4 antibiotic molecules per
antibody, bacterial killing by AACs and overall killing of bacteria was superior with the AAR4
AAC at all doses tested. At the highest dose tested, the 2DAR AAC reduced bacterial loads by
350-fold, whereas the 4AAR AAC reduced bacterial loads by more than 4,000-fold. (dashed line

indicates the limit of detection for the assays shown).
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This example demonstrates that rF1-AAC, 102 (AAR = 3.9) and 103 (AAR = 1.9) thio-
1F1-HC-121C, LC-V205C-MC-(CBDK-cit)-PAB-(dimethylpipBOR) from Table 3 killed

intracellular MRSA in a macrophage assay in vitro. The results are shown in Figure 10.

Example 20 In vivo efficacy of tF1-AACs
This example demonstrates that the rF1-AACs were effective in greatly reducing or

eradicating intracellular S. aureus infections, in a murine intravenous infection model.

Peritonitis Model. 7 week old female A/J mice (Jackson Laboratories) are infected by
peritoneal injection with 5x10” CFU of USA300. Mice are sacrificed 2 days post infection and
the peritoneum is flushed with 5 mL of cold phosphate buffered saline solution (PBS). Kidneys
are homogenized in 5 mL of PBS as described below for the intravenous infection model.
Peritoneal washes are centrifuged for 5 minutes at 1,000 rpm at 4°C in a table top centrifuge.
The supernatant is collected as the extracellular bacteria and the cell pellet containing peritoneal
cells is collected as the intracellular fraction. The cells are treated with 50 pg/mL of lysostaphin
for 20 minutes at 37°C to kill contaminating extracellular bacteria. Peritoneal cells are washed
3x in ice cold PBS to remove the lysostaphin prior to analysis. To count the number of
intracellular CFUs, peritoneal cells are lysed in HB (Hanks Balanced Salt Solution supplemented
with 10 mM HEPES and .1% Bovine Serum Albumin) with 0.1% Triton-X, and serial dilutions
of the lysate are made in PBS with 0.05% tween-20.

Murine intravenous infection model. For studies involving competing human IgG (SCID
IVIG model), CB17.SCID mice (Charles River Laboratories, Hollister, CA) were reconstituted
with GammaGard S/D IGIV Immune Globulin (ASD Healthcare, Brooks KY) using a dosing
regimen optimized to achieve constant serum levels of at least 10 mg/mL of human IgG in
serum. IGIV was administered with an initial intravenous dose of 30 mg per mouse followed by
a second dose of 15 mg/mouse by intraperitoneal injection after 6 hours, and subsequent daily
dosing of 15 mg per mouse by intraperitoneal injection for 3 consecutive days.

Mice (n=8 for each of antibody or AAC) were infected 4 hours after the first dose of
IGIV with 1x10” CFU of MRSA (USA300 NRS384 strain) diluted in phosphate buffered saline
by intravenous injection. Infected mice were treated with 50 mg/kg of rF1 naked antibody, 103
AAC DAR2 or 102 AAC DAR4. Mice were given a single dose of AAC 26h post infection by
intravenous injection, sacrificed on day 4 post infection, and kidneys and hearts were harvested
in 5 mL of phosphate buffered saline. The tissue samples were homogenized using a
GentleMACS Dissociator™ (Miltenyi Biotec, Auburn, CA). The total number of bacteria
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recovered per organ was determined by plating serial dilutions of the tissue homogenate in PBS
.05% Tween on Tryptic Soy Agar with 5% defibrinated sheep blood.

Figure 11A shows the results of in vivo treatment with AACs on the bacterial load in the
kidneys of the infected mice. Treatment with AAC containing 2 antibiotic molecules per
antibody (DAR?2) reduced bacterial load by approximately 30-fold and treatment with the AAC
containing 4 antibiotic molecules per antibody (AAR4) reduced bacterial burdens by more than
30,000-fold.

Figure 11B shows the results of in vivo treatment with AACs on the bacterial count in
the heart. Treatment with AAC AAR?2 reduced bacterial burdens by approximately 70-fold with
6 out of 8 mice having undetectable level of bacteria in hearts; treatment with the AAC DAR4
completely eradicated infection in hearts resulting in 8 out of 8 mice having undetectable levels

of bacteria.

Although the foregoing invention has been described in some detail by way of
illustration and example, for purposes of clarity of understanding, the descriptions and examples
should not be construed as limiting the scope of the invention. All patents, patent applications,

and references cited throughout the specification are expressly incorporated by reference.
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CLAIMS
We claim:
1. An antibody-antibiotic conjugate compound comprising an anti-serine-aspartate

repeat (SDR) antibody, covalently attached by a protease-cleavable, non-peptide linker to a

5 rifamycin-type antibiotic.

2. The antibody-antibiotic conjugate compound of claim 1 having the formula:
Ab—(PML-abx),

wherein:
Ab is the rF1 antibody;
10 PML is the protease-cleavable, non-peptide linker having the formula:

~Str-PM-Y-

where Str is a stretcher unit; PM is a peptidomimetic unit, and Y is a spacer unit;
abx is the rifamycin-type antibiotic; and

p is an integer from 1 to 8.

15 3. The antibody-antibiotic conjugate compound of claim 2 wherein the rifamycin-

type antibiotic is a rifalazil-type antibiotic.

4. The antibody-antibiotic conjugate compound of claim 2 wherein the rifamycin-
type antibiotic comprises a quaternary amine attached to the protease-cleavable, non-peptide
linker.

20 5. The antibody-antibiotic conjugate compound of claim 2 having Formula I:

wherein:
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the dashed lines indicate an optional bond;

R is H, C;-C;; alkyl, or C(O)CH3;

R'is OH;

R? is CH=N-(heterocyclyl), wherein the heterocyclyl is optionally substituted with one
or more groups independently selected from C(O)CH3, C,—C;; alkyl, C,—C;; heteroaryl, C,—Cyo
heterocyclyl, Cs—Cy aryl, and C3—C;;, 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 carbocyclyl
ring, wherein the spiro or fused six-membered heteroaryl, heterocyclyl, aryl, or carbocyclyl ring
is optionally substituted H, F, Cl, Br, I, C,—Cy; alkyl, or OH;

PML is the protease-cleavable, non-peptide linker attached to R? or the fused heteroaryl
or heterocyclyl formed by R! and R%; and

Ab is the rF1 antibody.

6. The antibody-antibiotic conjugate compound of claim 5 having the formula:

R4
Ab——PML—(R®),N
p
wherein
R} is independently selected from H and C,—C,;, alkyl;
nis1or?2;

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

7. The antibody-antibiotic conjugate compound of claim 2 having the formula:
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Ab
P
wherein
R’ is selected from H and C;—Cj; alkyl; and
nis0or 1.
8. The antibody-antibiotic conjugate compound of claim 2 having the formula:
(R%)n
X
/ N
Ab‘éPML
p
wherein
R’ is selected from H and C,—Ci; alkyl; and
nis0or 1.

9. The antibody-antibiotic conjugate compound of claim 2 having the formula:
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Ab

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

nisOorl.

10.  The antibody-antibiotic conjugate compound of claim 2 having the formula:

L
Ab=+—PML—(R%.N

wherein

R? is independently selected from H and C;—C; alkyl; and
nis 1 or2.

11.  The antibody-antibiotic conjugate compound of claim 10 having the formula:
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N
@
Ab——PML—(CH;);N

p
12.  The antibody-antibiotic conjugate compound of claim 2 wherein Str has the
formula:
O
N—R®—
O
5 wherein R® is selected from the group consisting of C;-C, alkylene, C;-C;, alkylene-

C(=0), C1-C12 alkylene—NH, (CH2CH20)r, (CHQCHzo)r-C(=O), (CHzCHzO)r-CHz, and C1-C12
alkylene-NHC(=O)CH,CH(thiophen-3-yl), where r is an integer ranging from 1 to 10.

13.  The antibody-antibiotic conjugate compound of claim 12 wherein R® is (CH,)s .

14.  The antibody-antibiotic conjugate compound of claim 2 wherein PM has the

10 formula;

H RL R 4 O
A
o) O AA
where R’ and R® together form a C3;-C5 cycloalkyl ring, and
AA is an amino acid side chain selected from H, —CH3, —CH,(C¢Hs),
—CH,CH,CH,CH,NH,, -CH,CH,CH,NHC(NH)NH,, ~-CHCH(CH3)CH3, and
15 —CH,CH,CH,NHC(O)NH,.

15.  The antibody-antibiotic conjugate compound of claim 2 wherein Y comprises

para-aminobenzyl or para-aminobenzyloxycarbonyl.
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16.  The antibody-antibiotic conjugate compound of claim 2 having the formula:

0]
H H
abx
/N N v -
Ab Str
0 (0] AA p

17.  The antibody-antibiotic conjugate compound of claim 16 having the formula:

O
H H\/lk _~-abx
— %

O 0

Ab Str

M\

HN

PN

0% “NH,

18.  The antibody-antibiotic conjugate compound of claim 15 having the formula:

O
E 2 o)
H H
N\/\/\/N N% /abx
Y
Ab 0 0] 0] AA

P

19.  The antibody-antibiotic conjugate compound of claim 18 having the formula:

O
H H 0 b
anx
N\/\/\/N N
Ab B o) OJ/—
HN P
O)\NHZ

20.  The antibody-antibiotic conjugate compound of claim 15 selected from the

formulas:
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2 abx
H H Q
NS N\Hl\
N
Ab AA H
& 0 O
p
and
(0]
0 N
abx
H H (o] /@/\
NN N
Ab D O O AA
P,

21.  The antibody-antibiotic conjugate compound of claim 16 selected from the

formulas:

Ab

Ab
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Ab

Ab

and

0O
H H
Ab N\/\/\/N“S%‘/N\:)LH
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22. The antibody-antibiotic conjugate compound of claim 1, wherein the anti-SDR

antibody is a rF1 antibody.

23. The antibody-antibiotic conjugate of claim 22, wherein the 1F1 antibody
comprises a light (L) chain and a heavy (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 F1, rF1, rFl.vl and rF1.v6 (SEQ ID NO.1-8), respectively, as
shown in Table 4A and Table 4B .

24. The antibody-antibiotic conjugate of claim 22 wherein the rF1 antibody
comprises a heavy chain variable region (VH), wherein the VH comprises at least 95% sequence
identity over the length of the VH region of SEQ ID NO.13.

25. The antibody-antibiotic conjugate compound of claim 24, wherein the VL
comprises at least 95% sequence identity over the length of the VL region of SEQ ID NO. 14 or
SEQ ID NO.15.

26. The antibody-antibiotic conjugate compound of any one of claim 1 or claim 22
wherein the anti-SDR antibody binds to Staphylococcus aureus and/or Staphylococcus

epidermidis in vivo.

27.  The antibody-antibiotic conjugate compound of any of the preceding claims,

wherein the antibody is a F(ab) or a F(ab’),.

28. A pharmaceutical composition comprising the antibody-antibiotic conjugate

compound of claim 1, and a pharmaceutically acceptable carrier, glidant, diluent, or excipient.

29. A method of treating a Staphyloccocal bacterial infection in a patient comprising
administering to the patient a therapeutically-effective amount of the antibody-antibiotic

conjugate compound of claim 1.

30.  The method of claim 29 wherein the patient is infected with Staphylococcus

aurcus.
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31.  The method of claim 30 wherein the patient is infected with Staphylococcus

epidermidis.

32.  The method of claim 29 wherein the antibody-antibiotic conjugate compound is

5  administered to the patient at a dose in the range of about 50mg/kg to 100mg/kg.

33.  The method of claim 29 wherein the patient is administered the antibody-

antibiotic conjugate compound in conjunction with treatment with a second antibiotic.

10 34. A method of killing intracellular Staph aureus in the cells of a staph aureus
infected patient without killing the host cells by administering an antibody-antibiotic conjugate

compound of claim 1.

35. A process for making the antibody-antibiotic conjugate compound of claim 1

15  comprising conjugating a rifamycin-type antibiotic to an rF1 antibody.

36. A kit for treating a bacterial infection, comprising:
a) the pharmaceutical composition of claim 23; and
b) instructions for use.

20

37.  An antibiotic-linker intermediate having Formula II:

X—PML—R? 0y

I
wherein:
the dashed lines indicate an optional bond;

25 R is H, C,-C;; alkyl, or C(O)CH3;
R'is OH;
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R? is CH=N—(heterocyclyl), wherein the heterocyclyl is optionally substituted with one
or more groups independently selected from C(O)CH;, C1—C; alkyl, C,—C); heteroaryl, C,—Cy
heterocyclyl, Ce—Cy aryl, and C3—C, 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 carbocyclyl
ring, wherein the spiro or fused six-merhbered heteroaryl, heterocyclyl, aryl, or carbocyclyl ring
is optionally substituted H, F, Cl, Br, I, C;~C; alkyl, or OH,;

PML is a protease-cleavable, non-peptide linker attached to R? or the fused heteroaryl or
heterocyclyl formed by R' and R?, and having the formula:

~Str—PM-Y-

where Str is a stretcher unit; PM is a peptidomimetic unit, and Y is a spacer unit; and
X is a reactive functional group selected from maleimide, thiol, amino, bromide,
bromoacetamido, iodoacetamido, p-toluenesulfonate, iodide, hydroxyl, carboxyl, pyridyl

disulfide, and N-hydroxysuccinimide.

38. The antibiotic-linker intermediate of claim 37 wherein X is

¢O E

N ~

AN Br

o] 465 or /T 4";

39.  The antibiotic-linker intermediate of claim 37 having the formula:

X—PML—(R3)N

wherein
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R%is independently selected from H and C,—C;; 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.

40.

41.

The antibiotic-linker intermediate of claim 37 having the formula:

N
@

2

The antibiotic-linker intermediate of claim 37 selected from the formulas:
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0% NH, ; and
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ANTI-STAPHYLOCOCCUS AUREUS ANTIBODY RIFAMYCIN CONJUGATES AND
USES THEREOF

CROSS REFERENCE TO RELATED APPLICATION
This application claims the benefit of U.S. Provisional Application No. 62/087,213,

filed December 3, 2014, which is incorporated herein by reference in its entirety for all purposes.

SEQUENCE LISTING
The instant application contains a Sequence Listing which has been submitted
electronically in ASCII format and is hereby incorporated by reference in its entirety. Said
ASCII copy, created on December 1, 2015, is named P32350WO_PCTSequenceListing.txt and
is 26,747 bytes in size.

TECHNICAL FIELD
The invention relates to anti-Staphylococcus antibodies conjugated to rifamycin-type
antibiotics and to use of the resultant antibody-antibiotic conjugates in the treatment of

Staphylococcus infections.

BACKGROUND OF THE INVENTION

Staphylococcus aureus and S. epidermidis are successful human commensals that
primarily colonize the nares and skin. Staphylococcus aureus (S. aureus; SA) can also invade a
variety of tissues, leading to life-threatening infections; it is the leading cause of bacterial
infections in humans worldwide. Recently emerged strains of S. aureus show increased
virulence and enhanced ability to cause disease in otherwise healthy individuals. Over the last
several decades, infection with S. aureus has become increasingly difficult to treat due to the
emergence and rapid spread of methicillin-resistant S. aureus (MRSA) that is resistant to all
known beta-lactam antibiotics (Boucher, HW., et al. (2009) Clin Infect Dis 48, 1-12).
Currently, the most prevalent and most virulent clinical strain of methicillin resistant S. aureus
(MRSA) is USA300, which has the capacity to produce a large number of virulence factors and
cause mortality in infected individuals (Chambers, HF and Deleo FR (2009) Nature Reviews
Microbiology 7:629-641). The most serious infections such as endocarditis, osteomyelitis,
necrotizing pneumonia and sepsis occur following dissemination of the bacteria into the
bloodstream (Lowy, F.D. (1998) N ENGL J MED 339, 520-532). S. epidermidis, which is
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closely related to S. aureus, is often associated with hospital-acquired infections, and represents
the most common source of infections on indwelling medical devices.

Important for staphylococcal adhesion to and successful colonization of host tissues, is
a family of cell wall proteins, characterized by a large stretch of serine-aspartate dipeptide
(SDR) repeats adjacent to an adhesive A-domain, that is present in staphylococci (Foster TJ,
Hook M (1998) Trends Microbiol 6: 484-488). Such proteins important for adherence include
clumping factor (CIf)A and CIfB (Foster TJ, supra). In addition to CIfA and CIfB, S. aureus also
expresses three SDR-proteins, SdrC, SdrD and SdrE, which are organized in tandem in the
genome. These proteins are also thought to be involved in tissue colonization, and elimination of
any of them decreases bacterial virulence (Cheng AG, et al. (2009) FASEB Journal 23: 3393-
3404). Three additional members of this family, SrdF, SdrG and SdrH, are present in most S.
epidermidis strains (McCrea KW, et al. (2000) The serine-aspartate repeat (Sdr) protein family
in Staphylococcus epidermidis. Microbiology 146 ( Pt 7): 1535-1546). In each of these proteins,
the SDR-region, which contains between 25 and 275 SD-dipeptide repeats (SEQ ID NO: 24), is
located between the N-terminal ligand-binding A-domain and a C-terminal LPXTG-motif (SEQ
ID NO: 25), which mediates anchoring to the cell wall by the transpeptidase sortase A. The
function of the SDR-domain remains unknown, although it has been proposed to act as a cell
wall spanning domain allowing exposure of the N terminal ligand binding sites of these proteins
(Hartford O, et al. (1997) Mol Microbiol 25: 1065-1076).

It was found that the SDR-domains of all SDR-proteins of S. aureus and S. epidermidis
are heavily glycosylated by two novel glycosyltransferases, SdgA and SdgB, which are
responsible for glycosylation in two steps (Hazenbos ct al. (2013) PLOS Pathogens 9 (10):1-18).
These glycosylation events prevent degradation of these proteins by host proteases, thereby
preserving bacterial host tissue interactions. Hazenbos et al. {2013) also showed that the SdgB-
mediated glycosylation creates an immunodominant epitope for highly opsonic antibodies in
humans. These antibodies account for a significant proportion of the total anti-staphylococcal
IgG response.

Invasive MRSA infections are hard to treat, with a mortality rate of ~20% and are the
leading cause of death by an infectious agent in the USA. Vancomycin, linezolid and
daptomycin have thus become the few antibiotics of choice for treating invasive MRSA
infections (Boucher, H., Miller, L.G. & Razonable, R.R. (2010) Clin Infect Dis 51 Suppl 2,
S183-197). However, reduced susceptibility to vancomycin and cross-resistance to linezolid and
daptomycin have already been reported in MRSA clinical strains (Nannini, E., Murray, B.E. &
Arnas, C.A. (2010) Curr Opin Pharmacol 10, 516-521). Over time, the vancomycin dose
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necessary to overcome resistance has crept upward to levels where nephrotoxicity occurs. Thus,
mortality and morbidity from invasive MRSA infections remains high despite these antibiotics.

Investigations have revealed that S. aureus is able to invade and survive inside
mammalian cells including the phagocytic cells that are responsible for bacterial clearance
(Thwaites, G.E. & Gant, V. (2011) Nat Rev Microbiol 9, 215-222); Rogers, D.E., Tompsett, R.
(1952) J. Exp. Med 95, 209-230); Gresham, H.D,, et al. (2000) J Immunol 164, 3713-3722),
Kapral, F.A. & Shayegani, M.G. (1959) J Exp Med 110, 123-138; Anwar, S., et al. (2009) Clin
Exp Immunol 157, 216-224); Fraunholz, M. & Sinha, B. (2012) Front Cell Infect Microbiol 2,
43); Garzoni, C. & Kelley, W.L. (2011) EMBO Mol Med 3, 115-117). S. aureus is taken up by
host phagocytic cells, primarily neutrophils and macrophages, within minutes following
intravenous infection (Rogers, D.E. (1956) JEM 103, 713). While the majority of the bacteria are
effectively killed by these cells, incomplete clearance of S. aureus inside blood borne
phagocytes can allow these infected cells to act as “Trojan horses” for dissemination of the
bacteria away from the initial site of infection. Indeed, patients with normal neutrophil counts
may be more prone to disseminated disease than those with reduced neutrophil counts
(Thwaites, G.E. & Gant, V. (2011) supra). Once delivered to the tissues, S. aureus can invade
various non-phagocytic cell types, and intracellular S. aureus in tissues is associated with
chronic or recurrent infections. Furthermore, exposure of intracellular bacteria to suboptimal
antibiotic concentrations may encourage the emergence of antibiotic resistant strains, thus
making this clinical problem more acute. Consistent with these observations, treatment of
patients with invasive MRSA infections such as bacteremia or endocarditis with vancomycin or
daptomycin was associated with failure rates greater than 50% (Kullar, R., Davis, S.L., Levine,
D.P. & Rybak, M.J. Impact of vancomycin exposure on outcomes in patients with methicillin-
resistant Staphylococcus aureus bacteremia: support for consensus guidelines suggested targets.
Clinical infectious diseases : an official publication of the Infectious Diseases Society of
America 52, 975-981 (2011); Fowler, V.G., Jr. et al. Daptomycin versus standard therapy for
bacteremia and endocarditis caused by Staphylococcus aureus. The New England journal of
medicine 355, 653-665 (2006); Yoon, Y .K., Kim, J.Y ., Park, D.W., Sohn, JW. & Kim, M.J.
Predictors of persistent methicillin-resistant Staphylococcus aureus bacteraemia in patients
treated with vancomycin. The Journal of antimicrobial chemotherapy 65:1015-1018 (2010)).
Therefore, a more successful anti-staphylococcal therapy should include the elimination of
intracellular bacteria.

Ansamycins are a class of antibiotics, including rifamycin, rifampin, rifampicin,

rifabutin, rifapentine, rifalazil, ABI-1657, and analogs thereof, that inhibit bacterial RNA
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polymerase and have exceptional potency against gram-positive and selective gram-negative
bacteria (Rothstein, D.M., et al (2003) Expert Opin. Invest. Drugs 12(2):255-271; US 7342011,
US 7271165).

Immunotherapies have been reported for preventing and treating S. aureus (including
MRSA) infections. US2011/0262477 concerns uses of bacterial adhesion proteins Eap, Emp
and AdsA as vaccines to stimulate immune response against MRSA. W02000071585 describes
1solated monoclonal antibodies reactive to specific S. aureus strain isolates. US20110059085A1
suggests an Ab-based strategy utilizing IgM Abs specific for one or more SA capsular antigens,
although no actual antibodies were described.

Antibody-drug conjugates (ADC), also known as immunoconjugates, are targeted
chemotherapeutic molecules which combine ideal properties of both antibodies and cytotoxic
drugs by targeting potent cytotoxic drugs to antigen-expressing tumor cells (Teicher, B.A.
(2009) Curr. Cancer Drug Targets 9:982-1004), thereby enhancing the therapeutic index by
maximizing efficacy and minimizing off-target toxicity (Carter, P.J. and Senter P.D. (2008) The
Cancer J.. 14(3):154-169; Chari, R.V. (2008) Acc. Chem. Res. 41:98-107. ADC comprise a
targeting antibody covalently attached through a linker unit to a cytotoxic drug moiety.
Immunoconjugates allow for the targeted delivery of a drug moiety to a tumor, and intracellular
accumulation therein, where systemic administration of unconjugated drugs may result in
unacceptable levels of toxicity to normal cells as well as the tumor cells sought to be eliminated
(Polakis P. (2005) Curr. Opin. Pharmacol. 5:382-387).

Non-specific immunoglobulin-antibiotic conjugates are described that bind to the surface
of target bacteria via the antibiotic for treating sepsis (US 5545721; US 6660267). Antibiotic-
conjugated antibodies are described 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 (US 7569677).

In view of the alarming rate of resistance of MRSA to conventional antibiotics and the
resultant mortality and morbidity from invasive MRSA infections, there is a high unmet need for
new therapeutics to treat S. aureus infections. The present invention satisfies this need and by
providing compositions and methods that overcome the limitations of current therapeutic
compositions as well as offer additional advahtages that will be apparent from the detailed

description below.
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SUMMARY OF THE INVENTION

The present invention provides a unique therapeutic that includes the elimination of
intracellular bacteria. The present invention demonstrates that such a therapeutic is efficacious
in-vivo where conventional antibiotics like vancomycin fail.

The invention 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.

An aspect of the invention is an antibody-antibiotic conjugate compound comprising an
rF1 antibody, covalently attached by a protease-cleavable, non-peptide linker to a rifamycin-type

antibiotic.

An exemplary embodiment of the invention is an antibody-antibiotic conjugate having

the formula:
Ab—(PML-abx),

wherein:
Ab is the rF1 antibody;

PML is the protease-cleavable, non-peptide linker having the formula:
~Str—PM-Y-

where Str is a stretcher unit; PM is a peptidomimetic unit, and Y is a spacer unit;
abx is the rifamycin-type antibiotic; and

p is an integer from 1 to 8.

The antibody-antibiotic conjugate compounds of any of the preceding embodiments
can comprise any one of the anti-SDR Abs and specifically rF1 antibodies described herein.
These rF1 antibodies bind to Staphylococcus aureus. In exemplary rF1 antibodies, the Ab is a
monoclonal antibody comprising a light (L) chain and a heavy (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 H1, CDR H2 and CDR H3 and the CDR L1, CDR L2, and CDR L3 and
comprise the amino acid sequences of the CDRs of each of Abs F1 (SEQ ID NO. 1-6), rF1 (SEQ
ID NO. 1-5,7), rF1.vl (SEQ ID NO. 1,8,3,4-6), respectively, as indicated in Tables 4A and 4B.
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In some embodiments, the rF1 antibody comprises 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.13. The antibodies may further comprise 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.14 and SEQ ID NO.15,

of antibodies rF1 and rF1.v6, respectively.

In specific embodiments, the rF1 antibody comprises L and H chain pairs as follows: a
L chain comprising the sequence of SEQ ID NO. 9 paired with a H chain comprising the
sequence of SEQ ID NO.10; L chain comprising the sequence of SEQ ID NO. 11paired with a H
chain comprising the sequence of SEQ ID NO.10; a L chain comprising the sequence of SEQ ID
NO. 11 paired with a H chain comprising the sequence of SEQ ID NO.12.

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 system is according to EU numbering.

In some embodiments of any of the antibodies described above, the antibody is not-an
IgM isotype. In some embodiments of any of the antibodies described above, the antibody is an
1gG (e.g., IgG1, 1gG2, 1gG3, 1gG4), IgE, IgD, or IgA (e.g., IgAl or IgA2) isotype.

An exemplary embodiment of the invention is a pharmaceutical composition comprising
the antibody-antibiotic conjugate compound, and a pharmaceutically acceptable carrier, glidant,
diluent, or excipient.

Another aspect of the invention is a method of treating a bacterial infection comprising
administering to an infected patient a therapeutically-effective amount of the antibody-antibiotic
conjugate of any of the preceding embodiments. Another aspect of the invention is a method of
treating a Staphylococcal infection in épatient comprising administering to the patient a
therapeutically-effective amount of an antibody-antibiotic conjugate of the invention. In one
embodiment, the patient is a human. In one embodiment the patient is infected with a

Staphylococcus aureus and/or a Staphylococcus epidermidis infection. In some embodiments,
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the patient has been diagnosed with a S. aureus infection. In some embodiments, treating the
bacterial infection comprises reducing the bacterial load or counts. |

Another aspect of the invention is a method of treating a Staphylococcal infection in an
infected patient comprising administering to the patient a therapeutically-effective amount of an
antibody-antibiotic conjugate of any one of the preceding embodiments. In one embodiment, the
patient is a human. In one embodiment the bacterial infection is a Staphylococcus aureus
infection. In some embodiments, the patient has been diagnosed with a S. aureus infection. In
some embodiments, treating the bacterial infection comprises reducing the bacterial load or
counts.

In one embodiment of any of the preceding methods of treatment, the is administered to
patients where the bacterial infection including S. aureus has led to bacteremia. In specific
embodiments the method is used to treat Staphylococcal endocarditis or osteomyelitis. In one
embodiment, the antibody-antibiotic conjugate compound is administered to the infected patient
at a dose in the range of about 50mg/kg to 100mg/kg.

Also provided is method of killing intracellular S. aureus in the cells of a . aureus
infected patient without killing the host cells by administering a rF1 antibiotic conjugate
compound of any of the above embodiments. Another method is provided for killing persister
Staphylococcal bacterial cells (e.g, S. aureus) 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 invention 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 invention 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 infected patient 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
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embodiments herein, the bacterial resistance in the subject is undetectable or low. In some
embodiments herein, the patient is not responsive to treatment with methicillin or vancomycin.
An exemplary embodiment of the invention is a process for making the antibody-
antibiotic conjugate comprising conjugating a rifamycin-type antibiotic to an rF1 antibody.
An exemplary embodiment of the invention is a kit for treating a bacterial infection,
comprising:
a) the pharmaceutical composition comprising the antibody-antibiotic conjugate
compound, and a pharmaceutically acceptable carrier, glidant, diluent, or excipient; and
b) instructions for use.

An aspect of the invention is an antibiotic-linker intermediate having Formula II:

I

wherein:

the dashed lines indicate an optional bond;

R is H, C,—C;; 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)CH3, C,—C;; alkyl, C,—C;; heteroaryl, Co—Cy
heterocyclyl, Cs—Cy aryl, and C3—C;, 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 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;

PML is a protease-cleavable, non-peptide linker attached to R? or the fused heteroaryl or
heterocyclyl formed by R' and R?; and having the formula:

~Str-PM-Y-
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where Str is a stretcher unit; PM is a peptidomimetic unit, and Y is a spacer unit; and

X is a reactive functional group selected from maleimide, thiol, amino, bromide,
bromoacetamido, iodoacetamido, p-toluenesulfonate, iodide, hydroxyl, carboxyl, pyridyl
disulfide, and N-hydroxysuccinimide.

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 invention. These

and other aspects of the invention will become apparent to one of skill in the art.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A-1F: Intracellular stores of MRSA are protected from vancomycin in vivo and
in vitro. Figure 1A shows a schematic of the experimental design for generating free bacteria
(planktonic) vs. intracellular bacteria. Four cohorts of mice were infected by intravenous
injection with roughly equivalent doses of viable free bacteria or intracellular bacteria and
selected groups were treated with vancomycin immediately after infection and then once per day
(see Example 2). Figure 1B and Figure 1C show bacterial loads in kidney and brain,
respectively of infected mice 4 days post infection. The dashed line indicates the limit of
detection for the assay. Figure 1D shows that MRSA is protected from vancomycin when
cultured on a monolayer of infectable cells. (ND = none detected). Figure 1E and Figure 1F
show that MRSA is able to grow in the presence of vancomyicn when cultured on a monolayer
of infectable cells. MRSA (free bacteria) was seeded in media, media + vancomycin, or media +
vancomycin and plated on a monolayer of MG63 osteoblasts (Figure 1E) or Human Brain
Microvascular Endothelial Cells (HBMEC, Figure 1F). Extracellular bacteria (free bacteria)
grew well in media alone, but were killed by vancomycin. In wells containing a monolayer of
mammalian cells (Intracellular + vanco) a fraction of the bacteria were protected from
vancomycin during the first 8 hours after infection and were able to expand within the

intracellular compartment over 24 hours. Error bars show standard deviation for triplicate wells.

Figure 2: shows the concept of an Antibody Antibiotic Conjugate (AAC). In one
example, the AAC consists of an antibody directed against an epitope on the surface of S. aureus
linked to a potent rifamycin-type antibiotic (e.g. Rifalog) via a linker that is cleaved by

lysosomal proteases.

Figure 3 shows a possible mechanism of drug activation for antibody-antibiotic
conjugates (AAC). AACs bind to extracellular bacteria via the antigen binding domain (Fab) of

the antibody and promote uptake of the opsonized bacteria via Fc-mediated phagocytosis. The
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linker is cleaved by lysosomal proteases such as cathepsin B. Following cleavage of the linker,
the linker is hydrolyzed releasing free antibiotic inside the phagolysosome. The free antibiotic
kills the opsonized and phagocytosed bacteria along with any previously internalized bacteria

residing in the same compartment.

Figures 4A and 4B show aspects of serine-aspartate (SDR) proteins. Figure 4A shows
alignment of SDR proteins revealed by mass-spectrometry from S. aureus and S. epidermidis.
SDR-regions are indicated by hatches. The rF1 epitope is expressed in abundance since there
are multiple SDR proteins on S. aureus and multiple epitopes per protein. Figure 4A discloses
'SDSDSDSD' as SEQ ID NO: 27. Figure 4B is a model showing the step-wise glycosylation of
SDR proteins by SdgA and SdgB. First, SdgB appends GIcNAc moieties onto the SD-region on
SDR proteins, followed by additional GIcNAc modification by SdgA. The epitope for mAb rF1
includes the SdgB-dependent GIcNAc moieties. Data suggests that rF1 binds to GlcNac and
parts of the SD backbone. Figure 4B discloses 'SDSDSD' as SEQ ID NO: 28.

Figures 5A, 5B and 5C show mAb rF1 exhibits robust binding to and killing of S.
aureus bacteria. (Figures A-C) Bacteria were preopsonized with hulgG1 mAbs rF1 (squares),
4675 anti-CIfA (triangles), or anti-herpes virus gD (circles). (Figure SA): Binding of mAbs to
WT (USA300-Aspa) bacteria was assessed by flow cytometry, and expressed as mean
fluorescent intensity (MFI). (Figure 5B): CFSE-labeled, preopsonized WT (USA300-Aspa)
bacteria were incubated with human PMN. Bacterial uptake was expressed as % of CFSE-
positive PMN, after gating for CD11b-positive cells by flow cytometry. (Figure 5C):
Preopsonized WT (USA300-Aspa) bacteria were incubated with PMN to assess bacterial killing.

Numbers of viable CFU per mL are representative of at least three experiments.

Figure 6 shows flow cytometry analysis of binding of rF1 to S. aureus from various
infected tissues. Homogenized tissues were double stained with mAb rF1 (X-axis), and with
anti-peptidoglycan mAb 702 to distinguish bacteria from tissue debris (Y-axis) (left panel; gate
indicated by arrow), followed by gating of bacteria to generate histogram figures (see also,
Hazenbos et al. (2013) PLOS Pathogens 9 (10):1-18, Fig. 1D).

Figure 7 shows binding of rF1 to various staphylococcal and non-staphylococcal
Gram-positive bacterial species by flow cytometry (see also, Hazenbos et al. (2013) PLOS
Pathogens 9 (10):1-18, Fig. 1E).

10
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Figure 8 shows selection of a potent rifamycin-type antibiotic (rifalog)
dimethylpipBOR for its ability to kill non-replicating MRSA.

Figure 9: Growth inhibition assay demonstrating that intact TAC (a form of AAC)
does not kill planktonic bacteria unless the antibiotic is released by treatment with cathepsin B.
TAC was incubated in buffer alone (open circles) or treated with cathepsin B (closed circles).
The intact TAC was not able to prevent bacterial growth after overnight incubation. Pretreatment
of the TAC with cathepsin B released sufficient antibiotic activity to prevent bacterial growth at
.6 ug/mL of TAC, which is predicted to contain .006 ug/mL of antibiotic.

Figure 10 shows efficacy of the tF1-AACs in an in vitro macrophage assay, as

described in Example 19.

Figures 11A and 11B show the efficacy of the rF1-AACs in vivo as described in Example
20. Treatment of S. aureus infected mice with rF1-AACs greatly reduced or eradicated bacterial
counts in infected organs as compared to naked antibody. Figure 11A shows treatment with
AAC containing 2 antibiotic molecules per antibody (AAR2) reduced bacterial load in the
kidneys by approximately 30-fold and treatment with the AAC containing 4 antibiotic molecules
per antibody (AAR4) reduced bacterial burdens by more than 30,000-fold. Figure 11B shows
that treatment with AAC AAR2 reduced bacterial burdens in the heart by approximately 70-fold
with 6 out of 8 mice having undetectable level of bacteria in hearts; treatment with the AAC
AAR4 completely eradicated infection in hearts resulting in 8 out of 8 mice having undetectable

levels of bacteria.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

Reference will now be made in detail to certain embodiments of the invention, examples
of which are illustrated in the accompanying structures and formulas. While the invention will
be described in conjunction with the enumerated embodiments, including methods, materials and
examples, such description is non-limiting and the invention is intended to cover all alternatives,
modifications, and equivalents, whether they are generally known, or incorporated herein. In the
event that one or more of the incorporated literature, patents, and similar materials differs from
or contradicts this application, including but not limited to defined terms, term usage, described
techniques, or the like, this application controls. Unless otherwise defined, all technical and
scientific terms used herein have the same meaning as commonly understood by one of ordinary

skill in the art to which this invention belongs. One skilled in the art will recognize many
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methods and materials similar or equivalent to those described herein, which could be used in
the practice of the present invention. The present invention is in no way limited to the methods
and materials described.

All publications, patent applications, patents, and other references mentioned herein are
incorporated by reference in their entirety.

I.  GENERAL TECHNIQUES

The techniques and procedures described or referenced herein are generally well
understood and commonly employed using conventional methodology by those skilled in the art,
such as, for example, the widely utilized methodologies described in Sambrook et al., Molecular
Cloning: A Laboratory Manual 3d edition (2001) Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y.; Current Protocols in Molecular Biology (F.M. Ausubel, et al. eds.,
(2003)); the series Methods in Enzymology (Academic Press, Inc.): PCR 2: A Practical
Approach (M.]J. MacPherson, B.D. Hames and G.R. Taylor eds. (1995)), Harlow and Lane, eds.
(1988) Antibodies, A Laboratory Manual, and Animal Cell Culture (R.1. Freshney, ed. (1987));
Oligonucleotide Synthesis (M.J. Gait, ed., 1984); Methods in Molecular Biology, Humana Press;
Cell Biology: A Laboratory Notebook (J.E. Cellis, ed., 1998) Academic Press; Animal Cell
Culture (R 1. Freshney), ed., 1987); Introduction to Cell and Tissue Culture (J.P. Mather and
P.E. Roberts, 1998) Plenum Press; Cell and Tissue Culture: Laboratory Procedures (A. Doyle,
J.B. Griffiths, and D.G. Newell, eds., 1993-8) J. Wiley and Sons; Handbook of Experimental
Immunology (D.M. Weir and C.C. Blackwell, eds.); Gene Transfer Vectors for Mammalian
Cells (J.M. Miller and M.P. Calos, eds., 1987); PCR: The Polymerase Chain Reaction, (Mullis
et al., eds., 1994); Current Protocols in Immunology (J.E. Coligan et al., eds., 1991); Short
Protocols in Molecular Biology (Wiley and Sons, 1999); Immunobiology (C.A. Janeway and P.
Travers, 1997); Antibodies (P. Finch, 1997); Antibodies: A Practical Approach (D. Catty., ed.,
IRL Press, 1988-1989); Monoclonal Antibodies: A Practical Approach (P. Shepherd and C.
Dean, eds., Oxford University Press, 2000); Using Antibodies: A Laboratory Manual (E. Harlow
and D. Lane (Cold Spring Harbor Laboratory Press, 1999); The Antibodies (M. Zanetti and J. D.
Capra, eds., Harwood Academic Publishers, 1995); and Cancer: Principles and Practice of
Oncology (V.T. DeVita et al., eds., J.B. Lippincott Company, 1993).

The nomenclature used in this Application is based on [IUPAC systematic nomenclature,
unless indicated otherwise. Unless defined otherwise, technical and scientific terms used herein
have the same meaning as commonly understood by one of ordinary skill in the art to which this

invention belongs, and are consistent with: Singleton et al (1994) Dictionary of Microbiology
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and Molecular Biology, 2nd Ed., J. Wiley & Sons, New York, NY; and Janeway, C., Travers, P.,
Walport, M., Shlomchik (2001) Immunobiology, 5th Ed., Garland Publishing, New York.

IL Definitions

Staphylococcus aureus is also referred to herein as Staph A or S. aureus in short.
Likewise, Staphylococcus epidermidis is also referred herein as Staph E or S. epidermidis.

“Antibody Antibiotic Conjugate” or AAC is a compound composed of an antibody that
is chemically linked to an antibiotic by a linker. The antibody binds an antigen or epitope on a
bacterial surface, for example, a bacterial cell wall component. As used in this invention, the
linker is a protease-cleavable, non-peptide linker that is designed to be cleaved by proteases,
including cathepsin B, a lysosomal protease found in most mammalian cell types (Dubowchik et
al (2002) Bioconj. Chem. 13:855-869). A diagram of the AAC with its 3 components is
depicted in Figure 2. “THIOMAB™ Antibiotic Conjugate” or “TAC” is a form of AAC in
which the antibody is chemically conjugated to a linker-antibiotic unit via one or more cysteines,
generally a cysteine that is recombinantly engineered into the antibody at specific site(s) on the
antibody to not interfere with the antigen binding function. |

When indicating the number of substituents, the term “one or more” refers to the range
from one substituent to the highest possible number of substitution, i.e. replacement of one
hydrogen up to replacement of all hydrogens by substituents. The term “substituent” denotes an
atom or a group of atoms replacing a hydrogen atom on the parent molecule. The term
“substituted”’ denotes that a specified group bears one or more substituents. Where any group
may carry multiple substituents and a variety of possible substituents is provided, the
substituents are independently selected and need not to be the same. The term “unsubstituted”
means that the specified group bears no substituents. The term “optionally substituted” means
that the specified group is unsubstituted or substituted by one or more substituents,
independently chosen from the group of possible substituents. When indicating the number of
substituents, the term “one or more” means from one substituent to the highest possible number
of substitution, i.e. replacement of one hydrogen up to replacement of all hydrogens by
substituents.

The term “antibiotic” (abx or Abx) includes any molecule that specifically inhibits the
growth of or kill micro-organisms, such as bacteria, but is non-lethal to the host at the
concentration and dosing interval administered. In a specific aspect, an antibiotic is non-toxic to
the host at the administered concentration and dosing intervals. Antibiotics effective against

bacteria can be broadly classified as either bactericidal (i.e., directly kills) or bacteriostatic (i.e.,
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prevents division). Anti-bactericidal antibiotics can be further subclassified as narrow-spectrum
or broad-spectrum. A broad-spectrum antibiotic is one effective against a broad range of bacteria
including both Gram-positive and Gram-negative bacteria, in contrast to a narrow-spectrum
antibiotic, which is effective against a smaller range or specific families of bacteria. Examples
of antibiotics include: (i) aminoglycosides, e.g., amikacin, gentamicin, kanamycin, neomycin,
netilmicin, streptomycin, tobramycin, paromycin, (ii) ansamycins, e.g., geldanamycin,
herbimycin, (iii) carbacephems, e.g., loracarbef, (iv), carbapenems, e.g., ertapenum, doripenem,
imipenem/cilastatin, meropenem, (v) cephalosporins (first generation), e.g., cefadroxil,
cefazolin, cefalotin, cefalexin, (vi) cephalosporins (second generation), e.g., ceflaclor,
cefamandole, cefoxitin, cefprozil, cefuroxime, (vi) cephalosporins (third generation), e.g.,
cefixime, cefdinir, cefditoren, cefoperazone, cefotaxime, cefpodoxime, ceftazidime, ceftibuten,
ceftizoxime, ceftriaxone, (vii) cephalosporins (fourth generation), e.g., cefepime, (viii),
cephalosporins (fifth generation), e.g., ceftobiprole, (ix) glycopeptides, e.g., teicoplanin,
vancomycin, (x) macrolides, e.g., axithromycin, clarithromycin, dirithromycine, erythromycin,
roxithromycin, troleandomycin, telithromycin, spectinomycin, (xi) monobactams, e.g.,
axtreonam, (xii) penicilins, e.g., amoxicillin, ampicillin, axlocillin, carbenicillin, cloxacillin,
dicloxacillin, flucloxacillin, mezlocillin, meticillin, nafcilin, oxacillin, penicillin, peperacillin,
ticarcillin, (xiii) antibiotic polypeptides, e.g., bacitracin, colistin, polymyxin B, (xiv)
quinolones, e.g., ciprofloxacin, enoxacin, gatifloxacin, levofloxacin, lemefloxacin, moxifloxacin,
norfloxacin, orfloxacin, trovafloxacin, (xv) sulfonamides, e.g., mafenide, prontosil,
sulfacetamide, sulfamethizole, sulfanilamide, sulfasalazine, sulfisoxazole, trimethoprim,
trimethoprim-sulfamethoxazole (TMP-SMX), (xvi) tetracyclines, e.g., demeclocycline,
doxycycline, minocycline, oxytetracycline, tetracycline and (xvii) others such as arspenamine,
chloramphenicol, clindamycin, lincomycin, ethambutol, fosfomycin, fusidic acid, furazolidone,
isoniazid, linezolid, metronidazole, mupirocin, nitrofurantoin, platensimycin, pyrazinamidé,
quinupristin/dalfopristin, rifampin/rifampicin or tinidazole.

The term “methicillin-resistant Staphylococcus aureus” (MRSA), alternatively known as
multidrug resistant Staphylococcus aureus or oxacillin-resistant Staphylococcus aureus (ORSA),
refers to any strain of Staphylococcus aureus that is resistant to beta-lactam antibiotics, which in
include the penicillins (e.g., methicillin, dicloxacillin, nafcillin, oxacillin, etc.) and the
cephalosporins. “Methicillin-sensitive Staphylococcus aureus” (MSSA) refers to any strain of
Staphylococcus aureus that is sensitive to beta-lactam antibiotics.

The term “minimum inhibitory concentration” (“MIC”) refers to the lowest concentration

of an antimicrobial that will inhibit the visible growth of a microorganism after overnight
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incubation. Assay for determining MIC are known. One method is as described in the Example
section below.

The terms “anti-Staph a antibody” and “an antibody that binds to Staph a” refer to an
antibody that is capable of binding an antigen on Staphylococcus aureus ( “S. aureus”) with
sufficient affinity such that the antibody is useful as a diagnostic and/or therapeutic agent in
targeting S. aureus. In one embodiment, the extent of binding of an anti-Staph a antibody to an
unrelated, non-Staph a protein is less than about 10% of the binding of the antibody to MRSA as
measured, e.g., by a radioimmunoassay (RIA). In certain embodiments, an antibody that binds
to Staph a has a dissociation constant (Kd) of < 1uM, <100 nM, <10 nM, , <5 Nm, ,<4nM,,
<3nM,,<2nM,<1nM,<0.1 nM, <0.01 nM, or £0.001 nM (e.g., 10 M or less, e.g. from
108 M to 10 M, e.g., from 10°M to 10" M). In certain embodiments, an anti-Staph a
antibody binds to an epitope of Staph a that is conserved among Staph from different species.
An anti-Staph antibody herein will refer to an antibody that binds to at least one more
Staphylococcal species in addition S. Aureus.

“SDR? refers to serine-aspartate repeat; SDRs are are present in a family of cell wall
proteins, characterized by a large stretch of serine-aspartate dipeptide repeats adjacent to an
adhesive A-domain, that is present in staphylococci (Foster TJ, Hook M (1998) Trends
Microbiol 6: 484-488). Such proteins involved in adherence include clumping factor (CIf)A and
CIfB. In addition to CIfA and CIfB, S. aureus also expresses three SDR-proteins, SdrC, SdrD
and SdrE, Three additional members of this family, SrdF, SdrG and SdrH, are present in most S.
epidermidis strains (McCrea KW, et al. (2000) The serine-aspartate repeat (Sdr) protein family
in Staphylococcus epidermidis. Microbiology 146 ( Pt 7): 1535-1546). In each of these proteins,
the SDR-region, which contains between 25 and 275 SD-dipeptide repeats (SEQ ID NO: 24), is
located between the N-terminal ligand-binding A-domain and a C-terminal LPXTG-motif (SEQ
ID NO: 25),

The antibody designated “F1” has heavy chain and light chain variable domain sequences
as depicted in Figure 1 of US 8,617,556, which is incorporated herein by reference in its entirety.
The CDR sequences of F1, which in particular contribute to the antigen-binding properties of F1, are
also depicted in Figure 1. Antibody F1 is fully human, is capable of specifically binding
Staphylococcus species such as S. aureus and S. epidermidis . Importantly, antibody F1 is capable of
binding whole bacteria in vivo as well as in vitro. Furthermore, antibody F1 is capable of binding to
bacteria that have been grown in infected tissue of, for example, an animal. Recombinantly produced
F1 is herein also called “rF1”. rF1 (and F1) antibody is an anti-SDR monoclonal Ab. The epitope
for mAD rF1 includes the SdgB-dependent GIcNAc moieties. Data suggests that rF1 binds to
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GlcNac and parts of the SD backbone. “rF1 antibody” as used herein encompasses the Fl
antibody, the rF1 antibody as well as all variants of rF1containing amino acid alterations relative to

rF1. The amino acid sequences of the rF1 and variant antibodies are provided below.

The term “antibody” herein is used in the broadest sense and specifically covers
monoclonal antibodies, polyclonal antibodies, dimers, multimers, multispecific antibodies (e.g.,
bispecific antibodies), and antigen binding antibody fragments thereof, (Miller et al (2003) J. of
Immunology 170:4854-4861). Antibodies may be murine, human, humanized, chimeric, or
derived from other species. An antibody is a protein generated by the immune system that is
capable of recognizing and binding to a specific antigen (Janeway, C., Travers, P., Walport, M.,
Shlomchik (2001) Immuno Biology, 5th Ed., Garland Publishing, New York). A target antigen
generally has numerous binding sites, also called epitopes, recognized by CDRs on multiple
antibodies. Each antibody that specifically binds to a different epitope has a different structure.
Thus, one antigen may be recognized and bound by more than one corresponding antibody. An
antibody includes a full-length immunoglobulin molecule or an immunologically active portion
of a full-length immunoglobulin molecule, i.e., a molecule that contains an antigen binding site
that immunospecifically binds an antigen of a target of interest or part thereof, such targets
including but not limited to, cancer cell or cells that produce autoimmune antibodies associated
with an autoimmune disease, an infected cell or a microorganism such as a bacterium. The
immunoglobulin (Ig) disclosed herein can be of any isotype except IgM (e.g., IgG, IgE, IgD,
and IgA) and subclass (e.g., IgG1, 1gG2, I1gG3, 1gG4, IgA1 and IgA2. The immunoglobulins
can be derived from any species. In one aspect, the Ig is of human, murine, or rabbit origin. In a
specific embodiment, the Ig is of human origin.

The “class” of an antibody refers to the type of constant domain or constant region
possessed by its heavy chain. There are five major classes of antibodies: IgA, IgD, IgE, IgG,
and IgM, and several of these may be further divided into subclasses (isotypes), e.g., IgG, IgGy,
IgGs, 1gGy, IgA;, and IgA,. The heavy chain constant domains that correspond to the different
classes of immunoglobulins are called a, d, &, v, and u, respectively.

“Native antibodies” refer to naturally occurring immunoglobulin molecules with varying
structures. For example, native IgG antibodies are heterotetrameric glycoproteins of about
150,000 daltons, composed of two identical light chains and two identical heavy chains that are
disulfide-bonded. From N- to C-terminus, each heavy chain has a variable region (VH), also

called a variable heavy domain or a heavy chain variable domain, followed by three constant
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domains (CH1, CH2, and CH3). Similarly, from N- to C-terminus, each light chain has a
variable region (VL), also called a variable light domain or a light chain variable domain,
followed by a constant light (CL) domain. The light chain of an antibody may be assigned to
one of two types, called kappa (k) and lambda (X), based on the amino acid sequence of its
constant domain.

The terms “full length antibody,” “intact antibody,” and “whole antibody” are used
herein interchangeably to refer to an antibody having a structure substantially similar to a native
antibody structure or having heavy chains that contain an Fc region as defined herein.

An "antigen-binding fragment" of an antibody refers to a molecule other than an intact
antibody that comprises a portion of an intact antibody that binds the antigen to which the intact
antibody binds. Examples of antibody fragments include but are not limited to Fv, Fab, Fab',
Fab’-SH, F(ab"),; diabodies; linear antibodies; single-chain antibody molecules (e.g. scFv); and
multispecific antibodies formed from antibody fragments.

The term "monoclonal antibody" as used herein refers to an antibody obtained from a
population of substantially homogeneous antibodies, i.¢., the individual antibodies comprising
the population are identical and/or bind the same epitope, except for possible variant antibodies,
e.g., containing naturally occurring mutations or arising during production of a monoclonal
antibody preparation (e.g., natural variation in glycosylation), such variants generally being
present in minor amounts. One such possible variant for IgG1 antibodies is the cleavage of the
C-terminal lysine (K) of the heavy chain constant region. In contrast to polyclonal antibody
preparations, which typically include different antibodies directed against different determinants
(epitopes), each monoclonal antibody of a monoclonal antibody preparation is directed against a
single determinant on an antigen. Thus, the modifier “monoclonal” indicates the character of the
antibody as being obtained from a substantially homogeneous population of antibodies, and is
not to be construed as requiring production of the antibody by any particular method. For
example, the monoclonal antibodies to be used in accordance with the present invention may be
made by a variety of techniques, including but not limited to the hybridoma method,
recombinant DNA methods, phage-display methods, and methods utilizing transgenic animals
containing all or part of the human immunoglobulin loci, such methods and other exemplary
methods for making monoclonal antibodies being described herein. In addition to their
specificity, the monoclonal antibodies are advantageous in that they may be synthesized

uncontaminated by other antibodies.
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The term "chimeric antibody” refers to an antibody in which a portion of the heavy
and/or light chain is derived from a particular source or species, while the remainder of the
heavy and/or light chain is derived from a different source or species.

A “human antibody” is one which possesses an amino acid sequence which corresponds
to that of an antibody produced by a human or a human cell or derived from a non-human source
that utilizes human antibody repertoires or other human antibody-encoding sequences. This
definition of a human antibody specifically excludes a humanized antibody comprising non-
human antigen-binding residues.

A “humanized antibody” refers to a chimeric antibody comprising amino acid residues
from non-human HVRs and amino acid residues from human FRs. In certain embodiments, a
humanized antibody will comprise substantially all of at least one, and typically two, variable
domains, in which all or substantially all of the HVRs (e.g., CDRs) correspond to those of a non-
human antibody, and all or substantially all of the FRs correspond to those of a human antibody.
A humanized antibody optionally may comprise at least a portion of an antibody constant region
derived from a human antibody. A “humanized form” of an antibody, e.g., a non-human
antibody, refers to an antibody that has undergone humanization.

The term “variable region” or “variable domain” refers to the domain of an antibody
heavy or light chain that is involved in binding the antibody to antigen. The variable domains of
the heavy chain and light chain (VH and VL, respectively) of a native antibody generally have
similar structures, with each domain comprising four conserved framework regions (FRs) and
three hypervariable regions (HVRs). (See, e.g., Kindt et al. Kuby Immunology, 6™ ed., W.H.
Freeman and Co., page 91 (2007).) A single VH or VL domain may be sufficient to confer
antigen-binding specificity. Furthermore, antibodies that bind a particular antigen may be
isolated using a VH or VL domain from an antibody that binds the antigen to screen a library of

complementary VL or VH domains, respectively. See, e.g., Portolano et al., J. Immunol.

- 150:880-887 (1993); Clarkson et al., Nature 352:624-628 (1991).

The term “hypervariable region,” “HVR,” or “HV,” when used herein refers to the
regions of an antibody variable domain which are hypervariable in sequence (“complementarity
determining regions” or “CDRs”) and/or form structurally defined loops and/or contain the
antigen-contacting residues (“‘antigen contacts”). Generally, antibodies comprise six HVRs;
three in the VH (H1, H2, H3), and three in the VL (L1, L2, L3). In native antibodies, H3 and L3
display the most diversity of the six HVRs, and H3 in particular is believed to play a unique role
in conferring fine specificity to antibodies. See, e.g., Xu et al., Immunity 13:37-45 (2000);
Johnson and Wu, in Methods in Molecular Biology 248:1-25 (Lo, ed., Human Press, Totowa,
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NJ, 2003). Indeed, naturally occurring camelid antibodies consisting of a heavy chain only are
functional and stable in the absence of light chain (Hamers-Casterman et al., (1993) Nature
363:446-448; Sheriff et al., (1996) Nature Struct. Biol. 3:733-736).

A number of HVR delineations are in use and are encompassed herein. The Kabat
Complementarity Determining Regions (CDRs) are based on sequence variability and are the
most commonly used (Kabat et al., Sequences of Proteins of Immunological Interest, Sth Ed.
Public Health Service, National Institutes of Health, Bethesda, MD. (1991)). Chothia refers
instead to the location of the structural loops (Chothia and Lesk, (1987) J. Mol. Biol. 196:901-
917). For antigen contacts, refer to MacCallum et al. J. Mol. Biol. 262: 732-745 (1996). The
AbM HVRs represent a compromise between the Kabat HVRs and Chothia structural loops, and
are used by Oxford Molecular's AbM antibody modeling software. The “contact” HVRs are
based on an anélysis of the available complex crystal structures. The residues from each of these
HVRs are noted below.

Loop Kabat AbM Chothia Contact

L1 L.24-1.34 L.24-1.34 L26-L32 L30-L36

L2  L50-Ls6 L50-L56 L50-L52 L46-L55

L3  L89-L97 L89-L97 L91-1L96 L89-1L.96

H1  H31-H35B H26-H35B H26-H32 H30-H35B (Kabat numbering)
H1  H31-H35 H26-H35 H26-H32 H30-H35 (Chothia numbering)
H2  HS50-H65 H50-H58 HS53-HS55 H47-H58

H3  H95-H102  H95-H102 H96-H101  H93-H101

HVRs may comprise “extended HVRs” as follows: 24-36 or 24-34 (L1), 46-56 or 50-56
(L2) and 89-97 or 89-96 (L3) in the VL and 26-35 (H1), 50-65 or 49-65 (H2) and 93-102, 94-
102, or 95-102 (H3) in the VH. Unless otherwise indicated, HVR residues, CDR residues and
other residues in the variable domain (e.g., FR residues) are numbered herein according to Kabat
et al., supra.

The expression “variable-domain residue-numbering as in Kabat” or “amino-acid-
position numbering as in Kabat,” and variations thereof, refers to the numbering system used for
heavy-chain variable domains or light-chain variable domains of the compilation of antibodies in
Kabat et al., supra. Using this numbering system, the actual linear amino acid sequence may
contain fewer or additional amino acids corresponding to a shortening of, or insertion into, a FR

or HVR of the variable domain. For example, a heavy-chain variable domain may include a
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single amino acid insert (residue 52a according to Kabat) after residue 52 of H2 and inserted
residues (e.g. residues 82a, 82b, and 82c, etc. according to Kabat) after heavy-chain FR residue
82. The Kabat numbering of residues may be determined for a given antibody by alignment at
regions of homology of the sequence of the antibody with a “standard” Kabat numbered
sequence.

“Framework” or “FR” refers to variable domain residues other than hypervariable region
(HVR) residues. The FR of a variable domain generally consists of four FR domains: FR1,
FR2, FR3, and FR4. Accordingly, the HVR and FR sequences generally appear in the following
sequence in VH (or VL): FR1-H1(L1)-FR2-H2(L2)-FR3-H3(L3)-FR4.

An “acceptor human framework” for the purposes herein is a framework comprising the
amino acid sequence of a light chain variable domain (VL) framework or a heavy chain variable
domain (VH) framework derived from a human immunoglobulin framework or a human
consensus framework, as defined below. An acceptor human framework “derived from” a
human immunoglobulin framework or a human consensus framework may comprise the same
amino acid sequence thereof, or it may contain amino acid sequence changes. In some
embodiments, the number of amino acid changes are 10 or less, 9 or less, 8 or less, 7 or less, 6 or
less, 5 or less, 4 or less, 3 or less, or 2 or less. In some embodiments, the VL acceptor human
framework is identical in sequence to the VL. human immunoglobulin framework sequence or
human consensus framework sequence.

A “human consensus framework” is a framework which represents the most commonly
occurring amino acid residues in a selection of human immunoglobulin VL or VH framework
sequences. Generally, the selection of human immunoglobulin VL or VH sequences is from a
subgroup of variable domain sequences. Generally, the subgroup of sequences is a subgroup as
in Kabat et al., Sequences of Proteins of Immunological Interest, Fifth Edition, NIH Publication
91-3242, Bethesda MD (1991), vols. 1-3. In one embodiment, for the VL, the subgroup is
subgroup kappa I as in Kabat et al., supra. In one embodiment, for the VH, the subgroup is
subgroup III as in Kabat et al., supra.

The term “Fc region” herein is used to define a C-terminal region of an immunoglobulin
heavy chain. The term includes native-sequence Fc regions and variant Fc regions. Although
the boundaries of the Fc region of an immunoglobulin heavy chain might vary, the human IgG
heavy-chain Fc region is usually defined to stretch from an amino acid residue at position
Cys226, or from Pro230, to the carboxyl-terminus thereof. The C-terminal lysine (residue 447
according to the EU numbering system - also called the EU index, as described in Kabat et al.,

Sequences of Proteins of Immunological Interest, 5th Ed. Public Health Service, National
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Institutes of Health, Bethesda, MD, 1991) of the Fc region may be removed, for example, during
production or purification of the antibody, or by recombinantly engineering the nucleic acid
encoding a heavy chain of the antibody. Accordingly, a composition of intact antibodies may
comprise antibody populations with all K447 residues removed, antibody populations with no
K447 residues removed, and antibody populations having a mixture of antibodies with and
without the K447 residue. The term “Fc receptor” or “FcR” also includes the neonatal receptor,
FcRn, which is responsible for the transfer of maternal IgGs to the fetus. Guyer et al., J.
Immunol. 117: 587 (1976) and Kim et al., J. Immunol. 24: 249 (1994). Methods of measuring
binding to FcRn are known (see, e.g., Ghetie and Ward, Immunol. Today 18: (12): 592-8 (1997);
Ghetie et al., Nature Biotechnology 15 (7): 637-40 (1997), Hinton et al., J. Biol. Chem. 279(8):
6213-6 (2004); WO 2004/92219 (Hinton et al.). Binding to FcRn in vivo and serum half-life of
human FcRn high-affinity binding polypeptides can be assayed, e.g., in transgenic mice or
transfected human cell lines expressing human FcRn, or in primates to which the polypeptides
having a variant Fc region are administered. WO 2004/42072 (Presta) describes antibody
variants which improved or diminished binding to FcRs. See also, e.g., Shields et al., J. Biol.
Chem. 9(2): 6591-6604 (2001).

An “affinity matured” antibody refers to an antibody with one or more alterations in one
or more hypervariable regions (HVRs), compared to a parent antibody which does not possess
such alterations, such alterations resulting in an improvement in the affinity of the antibody for
antigen.

The term “epitope” refers to the particular site on an antigen molecule to which an
antibody binds.

An “antibody that binds to the same epitope” as a reference antibody refers to an
antibody that blocks binding of the reference antibody to its antigen in a competition assay by
50% or more, and conversely, the reference antibody blocks binding of the antibody to its
antigen in a competition assay by 50% or more. An exemplary competition assay is provided
herein.

A “naked antibody” refers to an antibody that is not conjugated to a heterologous moiety
(e.g., a cytotoxic moiety) or radiolabel. The naked antibody may be present in a pharmaceutical
formulation.

“Effector functions” refer to those biological activities attributable to the Fc region of an
antibody, which vary with the antibody isotype. Examples of antibody effector functions
include: Clq binding and complement dependent cytotoxicity (CDC); Fc receptor binding;
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antibody-dependent cell-mediated cytotoxicity (ADCC); phagocytosis; down regulation of cell
surface receptors (e.g. B cell receptor); and B cell activation.

“Antibody-dependent cell-mediated cytotoxicity” or ADCC refers to a form of
cytotoxicity in which secreted Ig bound onto Fc receptors (FcRs) present on certain cytotoxic
cells (e.g., natural killer (NK) cells, neutrophils and macrophages) enable these cytotoxic
effector cells to bind specifically to an antigen-bearing target cell and subsequently kill the target
cell with cytotoxins. The antibodies “arm” the cytotoxic cells and are required for killing of the
target cell by this mechanism. The primary cells for mediating ADCC, NK cells, express
Fcy(gamma)RIII only, whereas monocytes express Fcy(gamma)RI, Fey(gamma)RII and
Fey(gamma)RIII. Fc expression on hematopoietic cells is summarized in Table 3 on page 464 of
Ravetch and Kinet, Annu. Rev. Immunol. 9: 457-92 (1991). To assess ADCC activity of a
molecule of interest, an in vitro ADCC assay, such as that described in US 5,500,362 or US
5,821,337 may be performed. Useful effector cells for such assays include peripheral blood
mononuclear cells (PBMC) and natural killer (NK) cells. Alternatively, or additionally, ADCC
activity of the molecule of interest may be assessed in vivo, e.g., in an animal model such as that
disclosed in Clynes et al., PNAS USA 95:652-656 (1998).

“Phagocytosis” refers to a process by which a pathogen is engulfed or internalized by a
host cell (e.g., macrophage or neutrophil). Phagocytes mediate phagocytosis by three pathways:
(1) direct cell surface receptors (for example, lectins, integrins and scavenger receptors) (ii)
complement enhanced - using complement receptors (including CRI, receptor for C3b, CR3 and
CR4) to bind and ingest complement opsonized pathogens, and (iii) antibody enhanced - using
Fc Receptors (including FecygammaR]I, FeygammaRIIA and FeygammaRIIIA) to bind antibody
opsonized particles which then become internalized and fuse with lysosomes to become
phagolysosomes. In the present invention, it is believed that pathway (iii) plays a significant
role in the delivery of the anti-MRSA AAC therapeutics to infected leukocytes, e.g., neutrophils
and macrophages (Phagocytosis of Microbes: complexity in Action by D. Underhill and A
Ozinsky. (2002) Annual Review of Immunology, Vol 20:825).

“Complement dependent cytotoxicity” or “CDC” refers to the lysis of a target cell in the
presence of complement. Activation of the classical complement pathway is initiated by the
binding of the first component of the complement system (C1q) to antibodies (of the appropriate
subclass) which are bound to their cognate antigen. To assess complement activation, a CDC
assay, €.g., as described in Gazzano-Santoro et al., J. Immunol. Methods 202: 163 (1996), may
be performed.
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The carbohydrate attached to the Fc region may be altered. Native antibodies produced
by mammalian cells typically comprise a branched, biantennary oligosaccharide that is generally
attached by an N-linkage to Asn297 of the CH2 domain of the Fc region. See, e.g., Wright et al.
(1997) TIBTECH 15:26-32. The oligosaccharide may include various carbohydrates, e.g.,
mannose, N-acetyl glucosamine (GIcNAc), galactose, and sialic acid, as well as a fucose
attached to a GIcNAc in the "sfem" of the biantennary oligosaccharide structure. In some
embodiments, modifications of the oligosaccharide in an IgG may be made in order to create
IgGs with certain additionally improved properties. For example, antibody modifications are
provided having a carbohydrate structure that lacks fucose attached (directly or indirectly) to an
Fc region. Such modifications may have improved ADCC function. See, e.g. US 2003/0157108
(Presta, L.); US 2004/0093621 (Kyowa Hakko Kogyo Co., Ltd). Examples of publications
related to "defucosylated” or "fucose-deficient" antibody modifications include: US
2003/0157108; WO 2000/61739; WO 2001/29246; US 2003/0115614; US 2002/0164328; US
2004/0093621; US 2004/0132140; US 2004/0110704; US 2004/0110282; US 2004/0109865;
WO 2003/085119; WO 2003/084570; WO 2005/035586; WO 2005/035778; W02005/053742;
W02002/031140; Okazaki et al., J. Mol. Biol. 336: 1239-1249 (2004); Yamane-Ohnuki et al.
Biotech. Bioeng. 87: 614 (2004). Examples of cell lines capable of producing defucosylated
antibodies include Lee 13 CHO cells deficient in protein fucosylation (Ripka et al. Arch.
Biochem. Biophys. 249:533-545 (1986); US Pat. Appl. Pub. No. 2003/0157108 Al, Presta, L;
and WO 2004/056312 Al, Adams et al., especially at Example 11), and knockout cell lines, such
as alpha- 1,6-fucosyltransferase gene, FUT8, knockout CHO cells (see, ¢.g., Yamane-Ohnuki et
al., Biotech. Bioeng. 87: 614 (2004); Kanda, Y. et al, Biotechnol. Bioeng., 94(4):680-688
(2006); and W02003/085107).

An “isolated antibody” is one which has been separated from a component of its natural
environment. In some embodiments, an antibody is purified to greater than 95% or 99% purity
as determined by, for example, electrophoretic (e.g., SDS-PAGE, isoelectric focusing (IEF),
capillary electrophoresis) or chromatographic (e.g., ion exchange or reverse phase HPLC). For
review of methods for assessment of éntibody purity, see, e.g., Flatman et al., J. Chromatogr. B
848:79-87 (2007).

An “isolated nucleic acid” refers to a nucleic acid molecule that has been separated from
a component of its natural environment. An isolated nucleic acid includes a nucleic acid
molecule contained in cells that ordinarily contain the nucleic acid molecule, but the nucleic acid
molecule is present extrachromosomally or at a chromosomal location that is different from its

natural chromosomal location.
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“Isolated nucleic acid encoding a rFlantibody” refers to one or more nucleic acid
molecules encoding antibody heavy and light chains, including such nucleic acid molecule(s) in
a single vector or separate vectors, and such nucleic acid molecule(s) present at one or more
locations in a host cell.

As use herein, the term "specifically binds to" or is "specific for" refers to measurable
and reproducible interactions such as binding between a target and an antibody, which is
determinative of the presence of the target in the presence of a heterogeneous population of
molecules including biological molecules. For example, an antibody that specifically binds to a
target (which can be an epitope) is an antibody that binds this target with greater affinity,
avidity, more readily, and/or with greater duration than it binds to other targets. In one
embodiment, the extent of binding of an antibody to a target unrelated to rF1 is less than about
10% of fhe binding of the antibody to the target as measured, ¢.g., by a radioimmunoassay
(RIA). In certain embodiments, an antibody that specifically binds to rF1 has a dissociation
constant (Kd) of < 1uM, <100 nM, <10 nM, <1 nM, or < 0.1 nM. In certain embodiments, an
antibody specifically binds to an epitope on that is conserved from different species. In another
embodiment, specific binding can include, but does not require exclusive binding.

“Binding affinity” generally refers to the strength of the sum total of non-covalent
interactions between a single binding site of a molecule (e.g., an antibody) and its binding
partner (e.g., an antigen). Unless indicated otherwise, as used herein, “binding affinity” refers to
intrinsic binding affinity that reflects a 1:1 interaction between members of a binding pair (e.g.,
antibody and antigen). The affinity of a molecule X for its partner Y can generally be
represented by the dissociation constant (Kd). Affinity can be measured by common methods
known in the art, including those described herein. Low-affinity antibodies generally bind
antigen slowly and tend to dissociate readily, whereas high-affinity antibodies generally bind
antigen faster and tend to remain bound longer. A variety of methods of measuring binding
affinity are known in the art, any of which can be used for purposes of the present invention.
Specific illustrative and exemplary embodiments for measuring binding affinity are described in
the following.

In one embodiment, the “Kd” or “Kd value” according to this invention is measured by a
radiolabeled antigen-binding assay (RIA) performed with the Fab version of an antibody of
interest and its antigen as described by the following assay. Solution-binding affinity of Fabs for
antigen is measured by equilibrating Fab with a minimal concentration of (**’I)-labeled antigen
in the presence of a titration series of unlabeled antigen, then capturing bound antigen with an

anti-Fab antibody-coated plate (see, e.g., Chen et al., (1999) J. Mol. Biol. 293:865-881). To
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establish conditions for the assay, microtiter plates (DYNEX Technologies, Inc.) are coated
overnight with 5 pg/ml of a capturing anti-Fab antibody (Cappel Labs) in 50 mM sodium
carbonate (pH 9.6), and subsequently blocked with 2% (w/v) bovine serum albumin in PBS for
two to five hours at room temperature (approximately 23°C). In a non-adsorbent plate (Nunc
#269620), 100 pM or 26 pM ['*I])-antigen are mixed with serial dilutions of a Fab of interest
(e.g., consistent with assessment of the anti-VEGF antibody, Fab-12, in Presta et al., Cancer Res.
57:4593-4599 (1997)). The Fab of interest is then incubated overnight; however, the incubation
may continue for a longer period (e.g., about 65 hours) to ensure that equilibrium is reached.
Thereafter, the mixtures are transferred to the capture plate for incubation at room temperature
(e.g., for one hour). The solution is then removed and the plate washed eight times with 0.1%
TWEEN-20™ surfactant in PBS. When the plates have dried, 150 pl/well of scintillant
(MICROSCINT-20™; Packard) is added, and the plates are counted on a TOPCOUNT™
gamma counter (Packard) for ten minutes. Concentrations of each Fab that give less than or
equal to 20% of maximal binding are chosen for use in competitive binding assays.

According to another embodiment, the Kd is measured by using surface-plasmon
resonance assays using a BIACORE®-2000 or a BIACORE®-3000 instrument (BlAcore, Inc.,
Piscataway, NJ) at 25°C with immobilized antigen CM35 chips at ~10 response units (RU).
Briefly, carboxymethylated dextran biosensor chips (CMS, BIAcore Inc.) are activated with N-
ethyl-N’- (3-dimethylaminopropyl)-carbodiimide hydrochloride (EDC) and N-
hydroxysuccinimide (NHS) according to the supplier’s instructions. Antigen is diluted with 10
mM sodium acetate, pH 4.8, to 5 ug/ml (~0.2 pM) before injection at a flow rate of 5 ul/minute
to achieve approximately 10 response units (RU) of coupled protein. Following the injection of
antigen, 1 M ethanolamine is injected to block unreacted groups. For kinetics measurements,
two-fold serial dilutions of Fab (0.78 nM to 500 nM) are injected in PBS with 0.05% TWEEN
20™ surfactant (PBST) at 25°C at a flow rate of approximately 25 pl/min. Association rates
(kon) and dissociation rates (ko) are calculated using a simple one-to-one Langmuir binding
model (BIAcore® Evaluation Software version 3.2) by simultaneously fitting the association and
dissociation sensorgrams. The equilibrium dissociation constant (Kd) is calculated as the ratio
kos'kon. See, e.g., Chen et al., J. Mol. Biol. 293:865-881 (1999). If the on-rate exceeds 10° M™!
s by the surface-plasmon resonance assay above, then the on-rate can be determined by using a
fluorescent quenching technique that measures the increase or decrease in fluorescence-emission
intensity (excitation = 295 nm; emission = 340 nm, 16 nm band-pass) at 25 °C of a 20 nM anti-
antigen antibody (Fab form) in PBS, pH 7.2, in the presence of increasing concentrations of

antigen as measured in a spectrometer, such as a stop-flow-equipped spectrophotometer (Aviv
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Instruments) or a 8000-series SLM-AMINCO™ spectrophotometer (ThermoSpectronic) with a

stirred cuvette.

% &L 3% ¢¢

An “on-rate,” “rate of association,” “association rate,” or “ko,” according to this
invention can also be determined as described above using a BIACORE®-2000 or a BIACORE®-
3000 system (BIAcore, Inc., Piscataway, NJ).

The terms “‘host cell,” “host cell line,” and “host cell culture” are used interchangeably
and refer to cells into which exogenous nucleic acid has been introduced, including the progeny
of such cells. Host cells include "transformants" and "transformed cells,” which include the
primary transformed cell and progeny derived therefrom without regard to the number of
passages. Progeny may not be completely identical in nucleic acid content to a parent cell, but
may contain mutations. Mutant progeny that have the same function or biological activity as
screened or selected for in the originally transformed cell are included herein.

The term "vector," as used herein, refers to a nucleic acid molecule capable of
propagating another nucleic acid to which it is linked. The term includes the vector as a self-
replicating nucleic acid structure as well as the vector incorporated into the genome of a host cell
into which it has been introduced. Certain vectors are capable of directing the expression of
nucleic acids to which they are operatively linked. Such vectors are referred to herein as
“expression vectors”.

“Percent (%) amino acid sequence identity” with respect to a reference polypeptide
sequence is defined as the percentage of amino acid residues in a candidate sequence that are
identical with the amino acid residues in the reference polypeptide sequence, after aligning the
sequences and introducing gaps, if necessary, to achieve the maximum percent sequence
identity, and not considering any conservative substitutions as part of the sequence identity.
Alignment for purposes of determining percent amino acid sequence identity can be achieved in
various ways that are within the skill in the art, for instance, using publicly available computer
software such as BLAST, BLAST-2, ALIGN or Megalign (DNASTAR) software. Those skilled
in the art can determine appropriate parameters for aligning sequences, including any algorithms
needed to achieve maximal alignment over the full length of the sequences being compared. For
purposes herein, however, % amino acid sequence identity values are generated using the
sequence comparison computer program ALIGN-2. The ALIGN-2 sequence comparison
computer program was authored by Genentech, Inc., and the source code has been filed with
user documentation in the U.S. Copyright Office, Washington D.C., 20559, where it is registered
under U.S. Copyright Registration No. TXU510087. The ALIGN-2 program is publicly

available from Genentech, Inc., South San Francisco, California, or may be compiled from the
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source code. The ALIGN-2 program should be compiled for use on a UNIX operating system,
including digital UNIX V4.0D. All sequence comparison parameters are set by the ALIGN-2
program and do not vary.

In situations where ALIGN-2 is employed for amino acid sequence comparisons, the %
amino acid sequence identity of a given amino acid sequence A to, with, or against a given
amino acid sequence B (which can alternatively be phrased as a given amino acid sequence A
that has or comprises a certain % amino acid sequence identity to, with, or against a given amino
acid sequence B) is calculated as follows: 100 times the fraction X/Y, where X is the number of
amino acid residues scored as identical matches by the sequence alignment program ALIGN-2 in
that program’s alignment of A and B, and where Y is the total number of amino acid residues in
B. It will be appreciated that where the length of amino acid sequence A is not equal to the
length of amino acid sequence B, the % amino acid sequence identity of A to B will not equal
the % amino acid sequence identity of B to A. Unless specifically stated otherwise, all % amino
acid sequence identity values used herein are obtained as described.

The term "rifamycin-type antibiotic" means the class or group of antibiotics having the
structure of, or similar structure to, rifamycin.

The term "rifalazil-type antibiotic" means the class or group of antibiotics having the
structure of, or similar structure to, rifalazil.

When indicating the number of substituents, the term “one or more” refers to the range
from one substituent to the highest possible number of substitution, i.e. replacement of one
hydrogen up to replacement of all hydrogens by substituents. The term “substituent” denotes an
atom or a group of atoms replacing a hydrogen atom on the parent molecule. The term
“substituted” denotes that a specified group bears one or more substituents. Where any group
may carry multiple substituents and a variety of possible substituents is provided, the
substituents are independently selected and need not to be the same. The term “unsubstituted”
means that the specified group bears no substituents. The term “optionally substituted”” means
that the specified group is unsubstituted or substituted by one or more substituents,
independently chosen from the group of possible substituents. When indicating the number of
substituents, the term “one or more” means from one substituent to the highest possible number
of substitution, i.e. replacement of one hydrogen up to replacement of all hydrogens by
substituents.

The term “alkyl” as used herein refers to a saturated linear or branched-chain monovalent

hydrocarbon radical of one to twelve carbon atoms (C,—C,2), wherein the alkyl radical may be
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optionally substituted independently with one or more substituents described below. In another
embodiment, an alkyl radical is one to eight carbon atoms (C;—Cs), or one to six carbon atoms
(C,—C¢). Examples of alkyl groups include, but are not limited to, methyl (Me, -CH3), ethyl (Et,
-CH,CH3), 1-propyl (n-Pr, n-propyl, -CH,CH,CH3), 2-propyl (i-Pr, i-propyl, -CH(CH3),), 1-
butyl (n-Bu, n-butyl, -CH,CH,CH,CH3), 2-methyl-1-propyl (i-Bu, i-butyl, -CH,CH(CHz),), 2-
butyl (s-Bu, s-butyl, -CH(CH3)CH,CH3), 2-methyl-2-propyl (t-Bu, t-butyl, -C(CH3)s3), 1-pentyl
(n-pentyl, -CH,CH,CH,CH,CH3), 2-pentyl (-CH(CH3)CH,CH,CH3), 3-pentyl (-CH(CH,CHz)»),
2-methyl-2-butyl (-C(CH3),CH,CHj3), 3-methyl-2-butyl (-CH(CH3)CH(CHj3),), 3-methyl-1-butyl
(-CH,CH;CH(CH3),), 2-methyl-1-butyl (-CH,CH(CH3)CH,CHs), 1-hexyl (-
CH,CH,CH,CH,CH,CHs), 2-hexyl (-CH(CH3)CH,CH,;CH,CH3), 3-hexyl (-
CH(CH,CHj3)(CH,CH,CH3)), 2-methyl-2-pentyl (-C(CH3),CH,CH,CH3), 3-methyl-2-pentyl (-
CH(CH3)CH(CH3)CH,CHs), 4-methyl-2-pentyl (-CH(CH3)CH,CH(CH3),), 3-methyl-3-pentyl (-
C(CH3)(CH,CHs;),), 2-methyl-3-pentyl (-CH(CH,CH3)CH(CHj3),), 2,3-dimethyl-2-butyl (-
C(CH3),CH(CH3),), 3,3-dimethyl-2-butyl (-CH(CH3)C(CHj3)s, 1-heptyl, 1-octyl, and the like.

The term “alkylene” as used herein refers to a saturated linear or branched-chain divalent
hydrocarbon radical of one to twelve carbon atoms (C;—C;2), wherein the alkylene radical may
be optionally substituted independently with one or more substituents described below. In
another embodiment, an alkylene radical is one to eight carbon atoms (C;—Cg), or one to six
carbon atoms (C;—Cs). Examples of alkylene groups include, but are not limited to, methylene
(-CH3-), ethylene (—-CH,CH;—), propylene (—-CH2CH,CH>-), and the like.

The term “alkenyl” refers to linear or branched-chain monovalent hydrocarbon radical of
two to eight carbon atoms (C,—Cg) with at least one site of unsaturation, i.e., a carbon-carbbn,
sp® double bond, wherein the alkenyl radical may be optionally substituted independently with
one or more substituents described herein, and includes radicals having “cis” and “trans”
orientations, or alternatively, “E” and “Z” orientations. Examples include, but are not limited to,
ethylenyl or vinyl (-CH=CH,), allyl (-CH,CH=CH,), and the like.

The term “alkenylene” refers to linear or branched-chain divalent hydrocarbon radical of
two to eight carbon atoms (C,—Csg) with at least one site of unsaturation, i.e., a carbon-carbon,
sp® double bond, wherein the alkenylene radical may be optionally substituted independently
with one or more substituents described herein, and includes radicals having “cis” and “trans”
orientations, or alternatively, “E” and “Z” orientations. Examples include, but are not limited to,

ethylenylene or vinylene (-CH=CH-), allyl (-CH,CH=CH-), and the like.
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The term “alkynyl” refers to a linear or branched monovalent hydrocarbon radical of two
to eight carbon atoms (C,—Cg) with at least one site of unsaturation, i.e., a carbon-carbon, sp
triple bond, wherein the alkynyl radical may be optionally substituted independently with one or
more substituents described herein. Examples include, but are not limited to, ethynyl (-C=CH),
propynyl (propargyl, -CH,C=CH), and the like.

The term “alkynylene” refers to a linear or branched divalent hydrocarbon radical of two
to eight carbon atoms (C,—Cs) with at least one site of unsaturation, i.e., a carbon-carbon, sp
triple bond, wherein the alkynylene radical may be optionally substituted independently with one
or more substituents described herein. Examples include, but are not limited to, ethynylene
(-C=C-), propynylene (propargylene, -CH,C=C-), and the like.

The terms “carbocycle”, “carbocyclyl”, “carbocyclic ring” and “cycloalkyl” refer to a
monovalent non-aromatic, saturated or partially unsaturated ring having 3 to 12 carbon atoms
(C5—Cy,) as a monocyclic ring or 7 to 12 carbon atoms as a bicyclic ring. Bicyclic carbocycles
having 7 to 12 atoms can be arranged, for example, as a bicyclo [4,5], [5,5], [5,6] or [6,6]
system, and bicyclic carbocycles having 9 or 10 ring atoms can be arranged as a bicyclo [5,6] or
[6,6] system, or as bridged systems such as bicyclo[2.2.1]heptane, bicyclo[2.2.2]octane and
bicyclo[3.2.2]nonane. Spiro moieties are also included within the scope of this definition.
Examples of monocyclic carbocycles include, but are not limited to, cyclopropyl, cyclobutyl,
cyclopentyl, 1-cyclopent-1-enyl, 1-cyclopent-2-enyl, 1-cyclopent-3-enyl, cyclohexyl, 1-
cyclohex-1-enyl, 1-cyclohex-2-enyl, 1-cyclohex-3-enyl, cyclohexadienyl, cycloheptyl,
cyclooctyl, cyclononyl, cyclodecyl, cycloundecyl, cyclododecyl, and the like. Carbocyclyl
groups are optionally substituted independently with one or more substituents described herein.

“Aryl” means a monovalent aromatic hydrocarbon radical of 6-20 carbon atoms (Cs—Cy)
derived by the removal of one hydrogen atom from a single carbon atom of a parent aromatic
ring system. Some aryl groups are represented in the exemplary structures as “Ar”. Aryl
includes bicyclic radicals comprising an aromatic ring fused to a saturated, partially unsaturated
ring, or aromatic carbocyclic ring. Typical aryl groups include, but are not limited to, radicals
derived from benzene (phenyl), substituted benzenes, naphthalene, anthracene, biphenyl,
indenyl, indanyl, 1,2-dihydronaphthalene, 1,2,3,4-tetrahydronaphthyl, and the like. Aryl groups
are optionally substituted independently with one or more substituents described herein.

“Arylene” means a divalent aromatic hydrocarbon radical of 6-20 carbon atoms (Cs—Cs0)
derived by the removal of two hydrogen atom from a two carbon atoms of a parent aromatic ring

system. Some arylene groups are represented in the exemplary structures as “Ar”. Arylene
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includes bicyclic radicals comprising an aromatic ring fused to a saturated, partially unsaturated
ring, or aromatic carbocyclic ring. Typical arylene groups include, but are not limited to,
radicals derived from benzene (phenylene), substituted benzenes, naphthalene, aﬁthracene,
biphenylene, indenylene, indanylene, 1,2-dihydronaphthalene, 1,2,3,4-tetrahydronaphthyl, and
the like. Arylene groups are optionally substituted with one or more substituents described
herein.

The terms “heterocycle,” “heterocyclyl” and “heterocyclic ring” are used interchangeably
herein and refer to a saturated or a partially unsaturated (i.e., having one or more double and/or
triple bonds within the ring) carbocyclic radical of 3 to about 20 ring atoms in which at least one
ring atom is a heteroatom selected from nitrogen, oxygen, phosphorus and sulfur, the remaining
ring atoms being C, where one or more ring atoms is optionally substituted independently with
one or more substituents described below. A heterocycle may be a monocycle having 3 to 7 ring
members (2 to 6 carbon atoms and 1 to 4 heteroatoms selected from N, O, P, and S) or a bicycle
having 7 to 10 ring members (4 to 9 carbon atoms and 1 to 6 heteroatoms selected from N, O, P,
and S), for example: a bicyclo [4,5], [5,5], [5,6], or [6,6] system. Heterocycles are described in
Paquette, Leo A.; “Principles of Modern Heterocyclic Chemistry” (W.A. Benjamin, New York,
1968), particularly Chapters 1, 3, 4, 6, 7, and 9; “The Chemistry of Heterocyclic Compounds, A
series of Monographs” (John Wiley & Sons, New York, 1950 to present), in particular Volumes
13, 14, 16, 19, and 28; and J. Am. Chem. Soc. (1960) 82:5566. “Heterocyclyl” also includes
radicals where heterocycle radicals are fused with a saturated, partially unsaturated ring, or
aromatic carbocyclic or heterocyclic ring. Examples of heterocyclic rings include, but are not
limited to, morpholin-4-yl, piperidin-1-yl, piperazinyl, piperazin-4-yl-2-one, piperazin-4-yl-3-
one, pyrrolidin-1-yl, thiomorpholin-4-yl, S-dioxothiomorpholin-4-yl, azocan-1-yl, azetidin-1-yl,
octahydropyrido[1,2-a]pyrazin-2-yl, [1,4]diazepan-1-yl, pyrrolidinyl, tetrahydrofuranyl,
dihydrofuranyl, tetrahydrothienyl, tetrahydropyranyl, dihydropyranyl, tetrahydrothiopyranyl,
piperidino, morpholino, thiomorpholino, thioxanyl, piperazinyl, homopiperazinyl, azetidinyl,
oxetanyl, thietanyl, homopiperidinyl, oxepanyl, thiepanyl, oxazepinyl, diazepinyl, thiazepinyl, 2-
pyrrolinyl, 3-pyrrolinyl, indolinyl, 2H-pyranyl, 4H-pyranyl, dioxanyl, 1,3-dioxolanyl,
pyrazolinyl, dithianyl, dithiolanyl, dihydropyranyl, dihydrothienyl, dihydrofuranyl,
pyrazolidinylimidazolinyl, imidazolidinyl, 3-azabicyco[3.1 .0]hexanyl, 3-
azabicyclo[4.1.0}heptanyl, azabicyclo[2.2.2]hexanyl, 3H-indolyl quinolizinyl and N-pyridyl
ureas. Spiro moieties are also included within the scope of this .deﬁnition. Examples of a

heterocyclic group wherein 2 ring atoms are substituted with oxo (=0) moieties are
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pyrimidinonyl and 1,1-dioxo-thiomorpholinyl. The heterocycle groups herein are optionally
substituted independently with one or more substituents described herein.

The term “heteroaryl” refers to a monovalent aromatic radical of 5-, 6-, or 7-membered
rings, and includes fused ring systems (at least one of which is aromatic) of 5-20 atoms,
containing one or more heteroatoms independently selected from nitrogen, oxygen, and sulfur.
Examples of heteroaryl groups are pyridinyl (including, for example, 2-hydroxypyridinyl),
imidazolyl, imidazopyridinyl, pyrimidinyl (including, for example, 4-hydroxypyrimidinyl),
pyrazolyl, triazolyl, pyrazinyl, tetrazolyl, furyl, thienyl, isoxazolyl, thiazolyl, oxadiazolyl,
oxazolyl, isothiazolyl, pyrrolyl, quinolinyl, isoquinolinyl, tetrahydroisoquinolinyl, indolyl,
benzimidazolyl, benzofuranyl, cinnolinyl, indazolyl, indolizinyl, phthalazinyl, pyridazinyl,
triazinyl, isoindolyl, pteridinyl, purinyl, oxadiazolyl, triazolyl, thiadiazolyl, thiadiazolyl,
furazanyl, benzofurazanyl, benzothiophenyl, benzothiazolyl, benzoxazolyl, quinazolinyl,
quinoxalinyl, naphthyridinyl, and furopyridinyl. Heteroaryl groups are optionally substituted
independently with one or more substituents described herein.

The heterocycle or heteroaryl groups may be carbon (carbon-linked), or nitrogen
(nitrogen-linked) bonded where such is possible. By way of example and not limitation, carbon
bonded heterocycles or heteroaryls are bonded at position 2, 3, 4, 5, or 6 of a pyridine, position
3,4, 5, or 6 of a pyridazine, position 2, 4, 5, or 6 of a pyrimidine, position 2, 3, 5, or 6 of a
pyrazine, position 2, 3, 4, or 5 of a furan, tetrahydrofuran, thiofuran, thiophene, pyrrole or
tetrahydropyrrole, position 2, 4, or 5 of an oxazole, imidazole or thiazole, position 3, 4, or 5 of
an isoxazole, pyrazole, or isothiazole, position 2 or 3 of an aziridine, position 2, 3, or 4 of an
azetidine, position 2, 3, 4, 5, 6, 7, or 8 of a quinoline or position 1, 3,4, 5, 6, 7, or 8 of an
isoquinoline.

By way of example and not limitation, nitrogen bonded heterocycles or heteroaryls are
bonded at position 1 of an aziridine, azetidine, pyrrole, pyrrolidine, 2-pyrroline, 3-pyrroline,
imidazole, imidazolidine, 2-imidazoline, 3-imidazoline, pyrazole, pyrazoline, 2-pyrazoline, 3-
pyrazoline, piperidine, piperazine, indole, indoline, 1H-indazole, position 2 of a isoindole, or
isoindoline, position 4 of a morpholine, and position 9 of a carbazole, or B-carboline.

A “metabolite” is a product produced thfough metabolism in the body of a specified
compound or salt thereof. Metabolites of a compound may be identified using routine
techniques known in the art and their activities determined using tests such as those described
herein. Such products may result for example from the oxidation, reduction, hydrolysis,
amidation, deamidation, esterification, deesterification, enzymatic cleavage, and the like, of the

administered compound. Accordingly, the invention includes metabolites of compounds of the
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invention, including compounds produced by a process comprising contacting a Formula I
compound of this invention with a mammal for a period of time sufficient to yield a metabolic
product tilereof.

The term “pharmaceutical formulation” refers to a preparation which is in such form as
to permit the biological activity of an active ingredient contained therein to be effective, and
which contains no additional components which are unacceptably toxic to a subject to which the
formulation would be administered.

A “sterile” formulation is aseptic or free from all living microorganisms and their spores.

A “‘stable” formulation is one in which the protein therein essentially retains its physical
and chemical stability and integrity upon storage. Various analytical techniques for measuring
protein stability are available in the art and are reviewed in Peptide and Protein Drug Delivery,
247-301, Vincent Lee Ed., Marcel Dekker, Inc., New York, New York, Pubs. (1991) and Jones,
A. Adv. Drug Delivery Rev. 10: 29-90 (1993). Stability can be measured at a selected
temperature for a selected time period. For rapid screening, the formulation may be kept at 40
°C for 2 weeks to 1 month, at which time stability is measured. Where the formulation is to be
stored at 2-8 °C, generally the formulation should be stable at 30 °C or 40 °C for at least 1

month and/or stable at 2-8°C for at least 2 years. Where the formulation is to be stored at 30 °C,

generally the formulation should be stable for at least 2 years at 30 °C and/or stable at 40 °C for
at least 6 months. For example, the extent of aggregation during storage can be used as an
indicator of protein stability. Thus, a “stable” formulation may be one wherein less than about
10% and preferably less than about 5% of the protein are present as an aggregate in the
formulation. In other embodiments, any increase in aggregate formation during storage of the
formulation can be determined.

An “isotonic” formulation is one which has essentially the same osmotic pressure as
human blood. Isotonic formulations will generally have an osmotic pressure from about 250 to
350 mOsm. The term “hypotonic” describes a formulation with an osmotic pressure below that
of human blood. Correspondingly, the term “hypertonic” is used to describe a formulation with
an osmotic pressure above that of human blood. Isotonicity can be measured using a vapor
pressure or ice-freezing type osmometer, for example. The formulations of the present invention
are hypertonic as a result of the addition of salt and/or buffer.

“Carriers” as used herein include pharmaceutically acceptable carriers, excipients, or
stabilizers that are nontoxic to the cell or mammal being exposed thereto at the dosages and

concentrations employed. Often the physiologically acceptable carrier is an aqueous pH
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buffered solution. Examples of physiologically acceptable carriers include buffers such as
phosphate, citrate, and other organic acids; antioxidants including ascorbic acid; low molecular
weight (less than about 10 residues) polypeptide; proteins, such as serum albumin, gelatin, or
immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino acids such as
glycine, glutamine, asparagine, arginine or lysine; monosaccharides, disaccharides, and other
carbohydrates including glucose, mannose, or dextrins; chelating agents such as EDTA; sugar
alcohols such as mannitol or sorbitol; salt-forming counterions such as sodium; and/or nonionic
surfactants such as TWEEN®, polyethylene glycol (PEG), and PLURONICS™,

A “pharmaceutically acceptable carrier” refers to an ingredient in a pharmaceutical
formulation, other than an active ingredient, which is nontoxic to a subject. A pharmaceutically
acceptable carrier includes, but is not limited to, a buffer, excipient, stabilizer, or preservative.
A “pharmaceutically acceptable acid” includes inorganic and organic acids which are nontoxic
at the concentration and manner in which they are formulated. For example, suitable inorganic
acids include hydrochloric, perchloric, hydrobromic, hydroiodic, nitric, sulfuric, sulfonic,
sulfinic, sulfanilic, phosphoric, carbonic, etc. Suitable organic acids include straight and
branched-chain alkyl, aromatic, cyclic, cycloaliphatic, arylaliphatic, heterocyclic, saturated,
unsaturated, mono, di- and tri-carboxylic, including for example, formic, acetic, 2-
hydroxyacetic, trifluoroacetic, phenylacetic, trimethylacetic, t-butyl acetic, anthranilic,
propanoic, 2-hydroxypropanoic, 2-oxopropanoic, propandioic, cyclopentanepropionic,
cyclopentane propionic, 3-phenylpropionic, butanoic, butandioic, benzoic, 3-(4-
hydroxybenzoyl)benzoic, 2-acetoxy-benzoic, ascorbic, cinnamic, lauryl sulfuric, stearic,
muconic, mandelic, succinic, embonic, fumaric, malic, maleic, hydroxymaleic, malonic, lactic,
citric, tartaric, glycolic, glyconic, gluconic, pyruvic, glyoxalic, oxalic, mesylic, succinic,
salicylic, phthalic, palmoic, palmeic, thiocyanic, methanesulphonic, ethanesulphonic, 1,2-
ethanedisulfonic, 2-hydroxyethanesulfonic, benzenesulphonic, 4-chorobenzenesulfonic,
napthalene-2-sulphonic, p-toluenesulphonic, camphorsulphonic, 4-methylbicyclo[2.2.2]-oct-2-
ene-1-carboxylic, glucoheptonic, 4,4’-methylenebis-3-(hydroxy-2-ene-1-carboxylic acid),
hydroxynapthoic.

“Pharmaceutically-acceptable bases” include inorganic and organic bases which are non-
toxic at the concentration and manner in which they are formulated. For example, suitable bases
include those formed from inorganic base forming metals such as lithium, sodium, potassium,
magnesium, calcium, ammonium, iron, zinc, copper, manganese, aluminum, N-
methylglucamine, morpholine, piperidine and organic nontoxic bases including, primary,

secondary and tertiary amines, substituted amines, cyclic amines and basic ion exchange resins,
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[e.g, N(R’)s" (where R’ is independently H or C;4alkyl, e.g., ammonium, Tris)], for example,
isopropylamine, trimethylamine, diethylamine, triethylamine, tripropylamine, ethanolamine, 2-
diethylaminoethanol, trimethamine, dicyclohexylamine, lysine, arginine, histidine, caffeine,
procaine, hydrabamine, choline, betaine, ethylenediamine, glucosamine, methylglucamine,
theobromine, purines, piperazine, piperidine, N-ethylpiperidine, polyamine resins and the like.
Particularly preferred organic non-toxic bases are isopropylamine, diethylamine, ethanolamine,
trimethamine, dicyclohexylamine, choline, and caffeine. _

Additional pharmaceutically acceptable acids and bases useable with the present
invention include those which are derived from the amino acids, for example, histidine, glycine,
phenylalanine, aspartic acid, glutamic acid, lysine and asparagine.

“Pharmaceutically acceptable” buffers and salts include those derived from both acid and
base addition salts of the above indicated acids and bases. Specific buffers and/ or salts include
histidine, succinate and acetate.

A “pharmaceutically acceptable sugar” is a molecule which, when combined with a
protein of interest, significantly prevents or reduces chemical and/or physical instability of the
protein upon storage. When the formulation is intended to be lyophilized and then reconstituted,
“pharmaceutically acceptable sugars” may also be known as a “lyoprotectant”. Exemplary
sugars and their corresponding sugar alcohols include: an amino acid such as monosodium
glutamate or histidine; a methylamine such as betaine; a lyotropic salt such as magnesium
sulfate; a polyol such as trihydric or higher molecular weight sugar alcohols, e.g. glycerin,
dextran, erythritol, glycerol, arabitol, xylitol, sorbitol, and mannitol; propylene glycol;
polyethylene glycol; PLURONICS®; and combinations thereof. Additional exemplary
lyoprotectants include glycerin and gelatin, and the sugars mellibiose, melezitose, raffinose,
mannotriose and stachyose. Examples of reducing sugars include glucose, maltose, lactose,
maltulose, iso-maltulose and lactulose. Examples of non-reducing sugars include non-reducing
glycosides of polyhydroxy compounds selected from sugar alcohols and other straight chain
polyalcohols. Preferred sugar alcohols are monoglycosides, especially those compounds
obtained by reduction of disaccharides such as lactose, maltose, lactulose and maltulose. The
glycosidic side group can be either glucosidic or galactosidic. Additional examples of sugar
alcohols are glucitol, maltitol, lactitol and iso-maltulose. The preferred pharmaceutically-
acceptable sugars are the non-reducing sugars trehalose or sucrose. Pharmaceutically acceptable
sugars are added to the formulation in a “protecting amount” (e.g. pre-lyophilization) which
means that the protein essentially retains its physical and chemical stability and integrity during

storage (e.g., after reconstitution and storage).
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The “diluent” of interest herein is one which is pharmaceutically acceptable (safe and
non-toxic for administration to a human) and is useful for the preparation of a liquid
formulation, such as a formulation reconstituted after lyophilization. Exemplary diluents include
sterile water, bacteriostatic water for injection (BWFT), a pH buffered solution (e.g. phosphate-
buffered saline), sterile saline solution, Ringer's solution or dextrose solution. In an alternative
embodiment, diluents can include aqueous solutions of salts and/or buffers.

A “preservative” is a compound which can be added to the formulations herein to reduce
bacterial activity. The addition of a preservative may, for example, facilitate the production of a
multi-use (multiple-dose) formulation. Examples of potential preservatives include
octadecyldimethylbenzyl ammonium chloride, hexamethonium chloride, benzalkonium chloride
(a mixture of alkylbenzyldimethylammonium chlorides in which the alkyl groups are long-chain
compounds), and benzethonium chloride. Other types of preservatives include aromatic alcohols
such as phenol, butyl and benzyl alcohol, alkyl parabens such as methyl or propyl paraben,
catechol, resorcinol, cyclohexanol, 3-pentanol, and m-cresol. The most preferred preservative
herein is benzyl alcohol.

An “individual” or “subject” or “patient” is a mammal. Mammals include, but are not
limited to, domesticated animals (e.g., cows, sheep, cats, dogs, and horses), primates (e.g.,
humans and non-human primates such as monkeys), rabbits, and rodents (e.g., mice and rats). In
certain embodiments, the individual or subject is a human.

As used herein, “treatment” (and grammatical variations thereof such as “treat” or
“treating”) refers to clinical intervention designed to alter the natural course of the individual,
tissue or cell being treated during the course of clinical pathology. Desirable effects of treatment
include, but are not limited to, decreasing the rate of disease progression, ameliorating or
palliating the disease state, and remission or improved prognosis, all measurable by one of skill
in the art such as a physician. In one embodiment, treatment can mean alleviation of symptoms,
diminishment of any direct or indirect pathological consequences of the disease, decreasing the
rate of infectious disease progression, amelioration or palliation of the disease state, and
remission or improved prognosis. In some embodiments, the AACs and TACs of the invention
are used to delay development of a disease or to slow the progression of an infectious disease or
reduce the bacterial load in the blood stream and/or in infected tissues and organs.

As used herein, “in conjunction with” refers to administration of one treatment modality
in addition to another treatment modality. As such, “in conjunction with” refers to
administration of one treatment modality before, during or after administration of the other

treatment modality to the individual.
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The term “bacteremia” refers to the presence of bacteria in the bloodstream which is
most commonly detected through a blood culture. Bacteria can enter the bloodstream as a
severe complication of infections (like pneumonia or meningitis), during surgery (especially
when involving mucous membranes such as the gastrointestinal tract), or due to catheters and
other foreign bodies entering the arteries or veins. Bacteremia can have several consequences.
The immune response to the bacteria can cause sepsis and septic shock, which has a relatively
high mortality rate. Bacteria can also use the blood to spread to other parts of the body, causing
infections away from the original site of infection. Examples include endocarditis or
osteomyelitis.

A “therapeutically effective amount” is the minimum concentration required to effect a
measurable improvement of a particular disorder. A therapeutically effective amount herein
may vary according to factors such as the disease state, age, sex, and weight of the patient, and
the ability of the antibody to elicit a desired response in the individual. A therapeutically
effective amount is also one in which any toxic or detrimental effects of the antibody are
outweighed by the therapeutically beneficial effects. In one embodiment, a therapeutically
effective amount is an amount effective to reduce bacteremia in an irn vivo infection. In one
aspect, a “therapeutically effective amount” is at least the amount effective to reduce the
bacterial load or colony forming units (CFU) isolated from a patient sample such as blood by at
least one log relative to prior to drug administration. In a more specific aspect, the reduction is
at least 2 logs. In another aspect, the reduction is at least 3, 4, 5 logs. In yet another aspect, the
reduction is to below detectable levels using assays known in the art including assays
exemplified herein. In another embodiment, a therapeutically effective amount is the amount of
an AAC in one or more doses given over the course of the treatment period, that achieves a
negative blood culture (i.e., does not grow out the bacteria that is the target of the AAC) as
compared to the positive blood culture before or at the start of treatment of the infected patient.

A “prophylactically effective amount” refers to an amount effective, at the dosages and
for periods of time necessary, to achieve the desired prophylactic result. Typically but not
necessarily, since a prophylactic dose is used in subjects prior to, at the earlier stage of disease,
or even prior to exposure to conditions where the risk of infection is elevated, the
prophylactically effective amount can be less than the therapeutically effective amount. In one
embodiment, a prophylactically effective amount is at least an amount effective to reduce,
prevent the occurrence of or spread of infection from one cell to another.

“Chronic” administration refers to administration of the medicament(s) in a continuous

as opposed to acute mode, so as to maintain the initial therapeutic effect (activity) for an
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extended period of time. “Intermittent” administration is treatment that is not consecutively
done without interruption, but rather is cyclic in nature.

The term “package insert” is used to refer to instructions customarily included in
commercial packages of therapeutic products, that contain information about the indications,
usage, dosage, administration, combination therapy, contraindications and/or warnings
concerning the use of such therapeutic products.

The term “chiral” refers to molecules which have the property of non-superimposability
of the mirror image partner, while the term “achiral” refers to molecules which are
superimposable on their mirror image partner.

The term “stereoisomers” refers to compounds which have identical chemical
constitution, but differ with regard to the arrangement of the atoms or groups in space.

“Diastereomer” refers to a stereoisomer with two or more centers of chirality and whose
molecules are not mirror images of one another. Diastereomers have different physical
properties, e.g. melting points, boiling points, spectral properties, and reactivities. Mixtures of
diastereomers may separate under high resolution analytical procedures such as electrophoresis
and chromatography.

“Enantiomers” refer to two stereoisomers of a compound which are non-superimposable
mirror images of one another.

Stereochemical definitions and conventions used herein generally follow S. P. Parker,
Ed., McGraw-Hill Dictionary of Chemical Terms (1984) McGraw-Hill Book Company, New
York; and Eliel, E. and Wilen, S., Stereochemistry of Organic Compounds (1994) John Wiley &
Sons, Inc., New York. Many organic compounds exist in optically active forms, i.e., they have
the ability to rotate the plane of plane-polarized light. In describing an optically active
compound, the prefixes D and L, or R and S, are used to denote the absolute configuration of the
molecule about its chiral center(s). The prefixes d and 1 or (+) and (-) are employed to designate
the sign of rotation of plane-polarized light by the compound, with (-) or 1 meaning that the
compound is levorotatory. A compound prefixed with (+) or d is dextrorotatory. For a given
chemical structure, these stereoisomers are identical except that they are mirror images of one
another. A specific stereoisomer may also be referred to as an enantiomer, and a mixture of such
isomers is often called an enantiomeric mixture. A 50:50 mixture of enantiomers is referred to as
a racemic mixture or a racemate, which may occur where there has been no stereoselection or
stereospecificity in a chemical reaction or process. The terms "racemic mixture" and "racemate”

refer to an equimolar mixture of two enantiomeric species, devoid of optical activity.
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The term “protecting group” refers to a substituent that is commonly employed to block
or protect a particular functionality while other functional groups react on the compound. For
example, an “amino-protecting group” is a substituent attached to an amino group that blocks or
protects the amino functionality in the compound. Suitable amino-protecting groups include, but
are not limited to, acetyl, trifluoroacetyl, t-butoxycarbonyl (BOC), benzyloxycarbonyl (CBZ)
and 9-fluorenylmethylenoxycarbonyl (Fmoc). For a general description of protecting groups
and their use, see T. W. Greene, Protective Groups in Organic Synthesis, John Wiley & Sons,
New York, 1991, or a later edition.

The term “about” as used herein refers to the usual error range for the respective value
readily known to the skilled person in this technical field. Reference to “about” a value or
parameter herein includes (ad describes) embodiments that are directed to that value or
parameter per se.

As used herein and in the appended claims, the singular forms “a,” “an,” and “the”
include plural reference unless the context clearly indicates otherwise. For example, reference to
an “antibody” is a reference to from one to many antibodies, such as molar amounts, and

includes equivalents thereof known to those skilled in the art, and so forth.
HI. Compositions and Methods

ANTIBODY-ANTIBIOTIC CONJUGATES (AAC)

The experimental results herein are a strong indication that therapies aimed at
eliminating intracellular bacteria will improve clinical success. Towards this aim, the present
invention provides a unique therapeutic that selectively kills S. aureus organisms that have
invaded intracellular compartments of host cells. The present invention demonstrates that such a
therapeutic is efficacious in in-vivo models where conventional antibiotics like vancomycin fail.

The invention provides an antibacterial therapy that aims to prevent antibiotic escape by
targeting populations of bacteria that evade conventional antibiotic therapy. The novel
antibacterial therapy is achieved with an Antibody Antibiotic Conjugate (AAC) in which an rF1
antibody specific for cell wall components found on S. aureus (including MRSA) is chemically
linked to a potent rifamycin-type antibiotic (a derivative of rifamycin). The rifamycin-type
antibiotic is joined to the antibody via a protease-cleavable, non-peptide linker that is designed
to be cleaved by proteases, including cathepsin B, a lysosomal protease found in most
mammalian cell types (Dubowchik et al (2002) Bioconj. Chem. 13:855-869). A diagram of the
AAC with its 3 components is depicted in FIG. 2. Not to be limited by any one theory, one
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mechanism of action of the AAC is schematized in FIG. 3. The AAC acts as a pro-drug in that
the rifamycin-type antibiotic is inactive (due to the large size of the antibody) until the linker is
cleaved. Since a significant proportion of S. aureus found in a natural infection is taken up by
host cells, primarily neutrophils and macrophages, at some point during the course of infection
in the host, the time spent inside host cells provides a significant opportunity for the bacterium to
evade antibiotic activity. The AACs of the invention are designed to bind to the Staph bacteria
and release the antibiotic inside the phagolysosome after bacteria are taken up by host cells. By
this mechanism, AAC are able to concentrate the active antibiotic specifically in a location
where S. aureus is poorly treated by conventional antibiotics. While the invention is not limited
or defined by an particular mechanism of action, the AAC improve antibiotic activity via three
potential mechanisms: (1) The AAC delivers antibiotic inside mammalian cells that take up the
bacteria, thereby increasing the potency of antibiotics that diffuse poorly into the
phagolysosomes where bacteria are sequestered. (2) AAC opsonize bacteria thereby increasing
uptake of free bacteria by phagocytic cells, and release the antibiotic locally to kill the bacteria
while they are sequestered in the phagolysosome. Since thousands of AACs can bind to a single
bacterium, this platform releases sufficient antibiotics in these intracellular niches to sustain
maximal antimicrobial killing. Furthermore, as more bacteria are released from pre-existing
intracellular reservoirs, the fast on-rate of this antibody-based therapy ensures immediate
“tagging” of these bacteria before they can escape to neighboring or distant cells, thus mitigating
further spread of the infection. (3) AAC improve the half-life of antibiotics in vivo (improved
pharmacokinetics) by linking the antibiotic to an antibody, as compared to antibiotics which are
cleared rapidly from serum. Improved pharmacokinetics of AAC enable delivery of sufficient
antibiotic in regions where S. aureus is concentrated while limiting the overall dose of antibiotic
that needs to be administered systemically. This property should permit long-term therapy with
AAC to target persistent infection with minimal antibiotic side effects.

An antibody-antibiotic conjugate compound of the invention comprises an anti-SDR
antibody covalently attached by a protease-cleavable, non-peptide linker via a recombinantly
introduced cysteine, to a rifamycin-type antibiotic.

In an exemplary embodiment, the anti-SDR antibody (e.g. rF1 antibody) is a cysteine-
engineered antibody comprising a recombinantly introduced cysteine amino acid.

In an exemplary embodiment, the protease-cleavable, non-peptide linker is covalently
attached via a recombinantly introduced cysteine on the rF1, anti-SDR antibody, to the

rifamycin-type antibiotic
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An exemplary embodiment is the antibody-antibiotic conjugate having the formula:
Ab—(PML-abx),

wherein:
Ab is the rF1 antibody;

5 PML is the protease-cleavable, non-peptide linker having the formula:
—Str—PM-Y-

where Str is a stretcher unit; PM is a peptidomimetic unit, and Y is a spacer unit;
abx is the rifamycin-type antibiotic; and

p is an integer from 1 to 8.
10 ~ The rifamycin-type antibiotic may be a rifalazil-type antibiotic.

The rifamycin-type antibiotic may comprise a quaternary amine attached to the protease-

cleavable, non-peptide linker.

An exemplary embodiment of the antibody-antibiotic conjugate has Formula I:

15 wherein:
the dashed lines indicate an optional bond,
R is H, C,—C,; alkyl, or C(O)CHj3;
R'is OH;
R? is CH=N—(heterocyclyl), wherein the heterocyclyl is optionally substituted with one
20  or more groups independently selected from C(O)CH3, C;—Cy; alkyl, C1—Ci3 heteroaryl, Co—Cao
heterocyclyl, Cs—Cyo aryl, and C3—C;; 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;

PML is the protease-cleavable, non-peptide linker attached to R? or the fused heteroaryl
or heterocyclyl formed by R' and R?; and

Ab is the rF1 antibody.

The number of antibiotic moieties which may be conjugated via a reactive linker moiety
to an antibody molecule may be limited by the number of free cysteine residues, which are
introduced by the methods described herein. Exemplary AAC comprise antibodies which have
1,2, 3, or 4 engineered cysteine amino acids (Lyon, R. et al (2012) Methods in Enzym. 502:123-
138).

To be effective target on MRSA, the epitope is preferably highly abundant, stably
expressed during infection and highly conserved in all clinical MRSA strains. The rF1 antibody

fulfills these requirements and additionally, also binds to Staph epidermidis as well.

ANTI-SDR AND rF1 ANTIBODIES

Anti-SDR antibodies can be produced as described below for the generation of F1
antibody. Several examples of anti-SDR antibodies are provided herein including rF1, SD2,
SD3 and SDA4.

The rF1 Abs will be described in detail here.

rF1 antibody is a fully human is capable of specifically binding Staphylococcus species
such as S. aureus and S. epidermidis. Importantly, rF1 is capable of binding whole bacteria in
vivo as well as in vitro. Furthermore, antibody rF1 is capable of binding to bacteria that have
been grown in infected tissue of, for example, an animal. The rF1 Abs provided herein or
functional equivalents thereof are capable of binding to S. aureus surface proteins CIfA, CIfB, SdrC,
SdrD and SdrE.

Table 4A and Table 4B show an alignment of the H chain and L chain CDR sequences of
the parent antibody F1, rF1 antibody and its variants. F1 and rF1 differ in sequence in FW1 and
LC CDR3 (QHYXRFPYT, where X can be I or M (SEQ ID NO: 26); F1 is I (SEQ ID NO: 6)
and rF1 is M (SEQ ID NO: 7)).
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(SEQ ID NO:1)

F1 RFAMS SINNGNNPYYARSVQY | DHPSSGWPTFDS
(SEQ ID NO:1) | (SEQ ID NO: 2) (SEQ ID NO: 3)

TF1 RFAMS SINNGNNPYYARSVQY | DHPSSGWPTEDS
(SEQ ID NO:1) | (SEQ ID NO: 2) (SEQ ID NO: 3)

F1.vl RFAMS SINSGNNPYYARSVQY | DHPSSGWPTEDS

(SEQ ID NO: 8)

(SEQ ID NO: 3)
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Fl RASENVGDWLA | KTSILES QHYIRFPYT
(SEQIDNO:4) | (SEQIDNO:5) | (SEQ ID NO:6)

TF1 RASENVGDWLA | KTSILES QHYMRFPYT
(SEQIDNO: 4) | (SEQIDNO:5) | (SEQ ID NO:7)

F1.v6 | RASENVGDWLA | KTSILES QHYIRFPYT
(SEQIDNO:4) | (SEQIDNO:5) | (SEQ ID NO:6)

In one embodiment, the H and L chain Framework (FR) sequences are as follows:

HC FW1 EVQLVESGGGLVQPGGSLRLSCAASGFTLS (SEQ ID NO. 16)

HC FW2 WVRQAPGRGLEWVA (SEQ ID NO. 17)

HC FW3 RFTVSRDVSQNTVSLQMNNLRAEDSATYFCAK (SEQ ID NO. 18)

HC FW4

WGPGTLVTVSS (SEQ ID NO. 19)

LCFW1 DIQLTQSPSALPASVGDRVSITC (SEQ ID NO. 20)

43



10

15

20

25

30

WO 2016/090040 PCT/US2015/06351S

LC FW2 WYRQKPGKAPNLLIY (SEQ ID NO. 21)
LC FW3 GVPSRFSGSGSGTEFTLTISSLQPDDFATYYC (SEQ ID NO. 22)
LC FW4 FGQGTKVEIKRTV (SEQ ID NO. 23)

Various amino acid modifications were made to rF1 to improve stability and function. In
the HC CDR2, the NG deamindation site was eliminated by changing the 4™ residue N to S, thus
improving the stability of the antibody. A repair of TV was made to the LC backbone to
eliminate the severe antibody aggregation present in rF1.

For conjugation to form the therapeutic AACs of the invention, the following pairings of
H and L chain can be made to form the full tetrameric antibody. Boxed are the CDR1, CDR2,
CDR3 sequences. The introduced Cysteine (C ) is underlined. Residues in bold are amino acid
changes over the parent F1. In the Lchain, the A after the bolded “RTV” is the first residue of
the Constant region. The underlined C at Kabat position 114 in the H chain starts the Constant
region.

In 1A and 2A, the full length (FL) L chain of SEQ ID NO. 9 with an engineered Cys at
aa 205 near the end of C kappa is paired with the FL IgG1 H chain of SEQ ID NO. 10 (no Cys).
This antibody will have 2 Cys sites, one on each L chain, for conjugation to the linker-antibiotic
unit to form the AAC.

1A. rF1-V205C FL Light chain
DIQLTQSPSALPASVGDRVSITCBASENVGDWLNWYRQKPGKAPNLLIYKTSILESGVPSRFSG

SGSGTEFTLTISSLOPDDFATYYCIQHYMREPYTIFGOQGTKVEIKRTVAAPSVFIFPPSDEQLKSG
TASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY
ACEVTHQGLSSPCTKSEFNRGEC  (SEQ ID NO.9)

2A.rFl.vl FL Heavy chain (No Cys), pair of rF1-V205C Light Chain with Cys205

EVQLVESGGGLVQPGGSLRLSCAASGFTLSREFAMS VRQAPGRGLEWVNSINSGNNPYYARSVQ

!RFTVSRDVSQNTVSLQMNNLRAEDSATYFCAMDHPSSGWPTFDSWGPGTLVTVSSASTKGPSV

FPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVP
SSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMI
SRTPEVTCVVVDVSHEDPEVKEFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGK
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EYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEW
ESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQOQOGNVEFSCSVMHEALHNHYTQKSLSLSP
G (SEQ ID NO: 10)

In 1B with 2A, rF1.v6 L chain of SEQ ID NO. 11 with an engineered Cys 205 is paired
with the FL IgG1 H chain of SEQ ID NO. 10 (no Cys). This antibody will have 2 Cys sites, one

on each L chain, for conjugation to the linker-antibiotic unit.

1B. rF1.v6-V205C Light chain
DIQLTQSPSALPASVGDRVSITCRASENVGDWLAWYRQKPGKAPNLLIYKTSILESGVPSRFSG

SGSGTEFTLTISSLOPDDFATYYCQHY IRFPYTIFGOQGTKVEIKRTVAAPSVEIFPPSDEQLKSG
TASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY
ACEVTHQGLSSPLTKSFNRGEC (FL SEQID NO. 11)

In 1B with 2B, each of L and H chains has an engineered Cys, thus the tetramer
antibody can have up to 4 AAR (Antibiotic: antibody ratio).

2B.  rFl.vlFL Heavy chain, with Cys114 (114 Kabat numbering, or 118 -Eu numbering

)
EVQOLVESGGGLVQPGGSLRLSCAASGFTLSRFAMSWVRQAPGRGLEWVASINSGNNPYYARSVQ
YREFTVSRDVSONTVSLOMNNLRAEDSATYFCAKDHPSSGWPTEDSWGPGTLVTVSS
CSTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYS
LSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPP
KPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVL
HODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGEY
PSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQOGNVEFSCSVMHEALHNHYT

QKSLSLSPG (SEQ ID NO. 12)

rF1l.vl H chain Variable region

EVQLVESGGGLVQPGGSLRLSCAASGFTLSRFAMS VRQAPGRGLEWVNSINSGNNPYY

‘RSVQYRFTVSRDVSQNTVSLQMNNLRAEDSATYFCAMDHPSSGWPTFDSMGPGTLVTVSS
(SEQ ID NO. 13)
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rFl L chain Variable region

DIQLTQSPSALPASVGDRVSITCRASENVGDWLAWYRQKPGKAPNLLIYKTSILES|GVP

SRFSGSGSGTEFTLTISSLOPDDFATYYCQHYMRFPYTFGQGTKVEIKRTV (SEQ ID NO.
14)
rFl1.v6é L chain Variable region
DIQLTQSPSALPASVGDRVSITCRASENVGDWLAWYRQKPGKAPNLLIYKTSILES|GVP
SRFSGSGSGTEFTLTISSLQPDDFATYYC|QHYIRFPYTFGOGTKVEIKRTV ~ (SEQ ID NO.
15)

The anti-SDR Abs including rF1 may comprise at least one amino acid other than
cysteine has been replaced with cysteine. In some embodiments, the at least one amino acid
other than cysteine is valine at light chain position 205 and/or valine at light chain position 110,
and/or alanine at heavy chain position 114, whereby the amino acid numbering is according to

Kabat (1991), which is the same as position 118 according to the Eu numbering convention.

RIFAMYCIN-TYPE ANTIBIOTIC MOIETIES

The antibiotic moiety (abx) of the antibody-antibiotic conjugates (AAC) of the invention
is a rifamycin-type antibiotic or group that has a cytotoxic or cytostatic effect. The rifamycins
are a group of antibiotics that are obtained either naturally by the bacterium, Nocardia
mediterranei, Amycolatopsis mediterranei or artificially. They are a subclass of the larger
Ansamycin farhily which inhibit bacterial RNA polymerase (Fujii et al (1995) Antimicrob.
Agents Chemother. 39:1489-1492; Feklistov, et al (2008) Proc Natl Acad Sci USA, 105(39):
14820-5) and have potency against gram-positive and selective gram-negative bacteria.
Rifamycins are particularly effective against mycobacteria, and are therefore used to treat
tuberculosis, leprosy, and mycobacterium avium complex (MAC) infections. The rifamycin-
type group includes the "classic" rifamycin drugs as well as the rifamycin derivatives rifampicin
(rifampin, CA Reg. No. 13292-46-1), rifabutin (CA Reg. No. 72559-06-9; US 2011/0178001),
rifapentine and rifalazil (CA Reg. No. 129791-92-0, Rothstein et al (2003) Expert Opin.
Investig. Drugs 12(2):255-271; Fujii et al (1994) Antimicrob. Agents Chemother. 38:1118-1122.
Many rifamycin-type antibiotics share the detrimental property of resistance development
(Wichelhaus et al (2001) J. Antimicrob. Chemother. 47:153-156). Rifamycins were first isolated

in 1957 from a fermentation culture of Streptomyces mediterranei. About seven rifamycins
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were discovered, named Rifamycin A, B, C, D, E, S, and SV (US 3150046). Rifamycin B was
the first introduced commercially and was useful in treating drug-resistant tuberculosis in the
1960s. Rifamycins have been used for the treatment of many diseases, the most important one
being HIV-related Tuberculosis. Due to the large number of available analogues and
derivatives, rifamycins have been widely utilized in the elimination of pathogenic bacteria that
have become resistant to commonly used antibiotics. For instance, Rifampicin is known for its
potent effect and ability to prevent drug resistance. It rapidly kills fast-dividing bacilli strains as
well as “persisters” cells, which remain biologically inactive for long periods of time that allow
them to evade antibiotic activity. In addition, rifabutin and rifapentine have both been used
against tuberculosis acquired in HIV-positive patients.

Antibiotic moieties (abx) of the Formula I antibody-antibiotic conjugates are rifamycin-

type moieties having the structure:

wherein:

the dashed lines indicate an optional bond;

R is H, C,—C;; alkyl, or C(O)CH3;

R' is OH;

R? is CH=N—(heterocyclyl), wherein the heterocyclyl is optionally substituted with one
or more groups independently selected from C(O)CHj3, C,—C; alkyl, C1—C;, heteroaryl, C;—Cao
heterocyclyl, C¢—Cyp aryl, and C3—C;, 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 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; and

where the non-peptide linker PML is covalently attached to R%.

An embodiment of a rifamycin-type moiety is:
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(R%:N

wherein R? is independently selected from H and C;-C;; alkyl, 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; and
where the non-peptide linker PML is covalently attached to the nitrogen atom of NR?,.

5 An embodiment of a rifampicin-type moiety is:

wherein
R’ is selected from H and C1—Cy2 alkyl; and where the non-peptide linker PML is
covalently attached to the nitrogen atom of NR”.

10 An embodiment of a rifabutin-type moiety is:
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wherein R’ is selected from H and C,~C;, alkyl; and where the non-peptide linker PML
is covalently attached to the nitrogen atom of NR>.

An embodiment of a benzoxazinorifamycin-type moiety is:

5 wherein R’ is selected from H and C;—C;, alkyl; and where the non-peptide linker PML
is covalently attached to the nitrogen atom of NR”.

An embodiment of a benzoxazinorifamycin-type moiety, referred to herein as pipBOR,

18:

10 wherein R? is independently selected from H and C,—C; alkyl; and where the non-
peptide linker PML is covalently attached to the nitrogen atom of N(R?),.
An embodiment of a benzoxazinorifamycin-type moiety, referred to herein as
dimethylpipBOR, is:
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¢
(CH3)oN

where the non-peptide linker PML is covalently attached to the nitrogen atom of
N(CHs),.

The semi-synthetic derivative rifamycin S, or the reduced, sodium salt form rifamycin

SV, can be converted to Rifalazil-type antibiotics in several steps, where R is H, or Ac, R3is
independently selected from H and C,—C;; alkyl; R*is selected from H, F, Cl, Br, I, C;—C12
alkyl, and OH; and Z is selected from NH, N(C,—C,, alkyl), O and S (see, e.g., Fig. 23A and B,
and Fig. 25A and B in WO 2014/194247). Benzoxazino (Z = O), benzthiazino (Z = S),
benzdiazino (Z = NH, N(C,—C,; alkyl) rifamycins may be prepared (US 7271165).
Benzoxazinorifamycin (BOR), benzthiazinorifamycin (BTR), and benzdiazinorifamycin (BDR)
analogs that contain substituents are numbered according to the numbering scheme provided in
formula A at column 28 in US 7271165, which is incorporated by reference for this purpose. By
"25-0-deacetyl" rifamycin is meant a rifamycin analog in which the acetyl group at the 25-
position has been removed. Analogs in which this position is further derivatized are referred to
as a "25-O-deacetyl-25-(substituent) rifamycin", in which the nomenclature for the derivatizing
group replaces "substituent” in the complete compound name.

Rifamycin-type antibiotic moieties can be synthesized by methods analogous to those
disclosed in US 46109‘19; US 4983602; US 5786349; US5981522; US 4859661; US 7271165,
US 2011/0178001; Seligson, et al., (2001) Anti-Cancer Drugs 12:305-13; Chem. Pharm. Bull.,
(1993) 41:148, and in WO 2014/194247, each of which is hereby incorporated by reference).
Rifamycin-type antibiotic moieties can be screened for antimicrobial activity by measuring their
minimum inhibitory concentration (MIC), using standard MIC in vitro assays (Tomioka et al.,
(1993) Antimicrob. Agents Chemother. 37:67).
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. . benzoxazinorifamycin
rifamycin-S y

PROTEASE-CLEAVABLE NON-PEPTIDE LINKERS

A “protease-cleavable, non-peptide linker” (PML) is a bifunctional or multifunctional
moiety which is covalently attached to one or more antibiotic moieties (abx) and an antibody
unit (Ab) to form antibody-antibiotic conjugates (AAC) of Formula I. Protease-cleavable, non-
peptide linkers in AAC are substrates for cleavage by intracellular proteases, including under
lysosomal conditions. Proteases includes various cathepsins and caspases. Cleavage of the non-
peptide linker of an AAC inside a cell may release the rifamycin-type antibiotic with anti-
bacterial effects.

Antibody-antibiotic conjugates (AAC) can be conveniently prepared using a linker
reagent or linker-antibiotic intermediate having reactive functionality for binding to the
antibiotic (abx) and to the antibody (Ab). In one exemplary embodiment, a cysteine thiol of a
cysteine engineered antibody (Ab) can form a bond with a functional group of a linker reagent,
an antibiotic moiety or antibiotic-linker intermediate.

The PML moiety of an AAC may comprise one amino acid residue.

- The PML moiety of an AAC comprises a peptidomimetic unit.

In one aspect, a linker reagent or linker-antibiotic intermediate has a reactive site which
has an electrophilic group that is reactive to a nucleophilic cysteine present on an antibody. The
cysteine thiol of the antibody is reactive with an electrophilic group on a linker reagent or linker-
antibiotic, forming a covalent bond. Useful electrophilic groups include, but are not limited to,
maleimide and haloacetamide groups.

Cysteine engineered antibodies react with linker reagents or linker-antibiotic

intermediates, with electrophilic functional groups such as maleimide or a-halo carbonyl,
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according to the conjugation method at page 766 of Klussman, et al (2004), Bioconjugate
Chemistry 15(4):765-773, and according to the protocol of Example 18.

In another embodiment, the reactive group of a linker reagent or linker-antibiotic
intermediate contains a thiol-reactive functional group that can form a bond with a free cysteine
thiol of an antibody. Examples of thiol-reaction functional groups include, but are not limited
to, maleimide, a-haloacetyl, activated esters such as succinimide esters, 4-nitrophenyl esters,
pentafluorophenyl esters, tetrafluorophenyl esters, anhydrides, acid chlorides, sulfonyl chlorides,
isocyanates and isothiocyanates.

In another embodiment, a linker reagent or antibiotic-linker intermediate has a reactive
functional group which has a nucleophilic group that is reactive to an electrophilic group present
on an antibody. Useful electrophilic groups on an antibody include, but are not limited to,
pyridyl disulfide, aldehyde and ketone carbonyl groups. The heteroatom of a nucleophilic group
of a linker reagent or antibiotic-linker intermediate can react with an electrophilic group on an
antibody and form a covalent bond to an antibody unit. Useful nucleophilic groups on a linker
reagent or antibiotic-linker intermediate include, but are not limited to, hydrazide, oxime, amino,
thiol, hydrazine, thiosemicarbazone, hydrazine carboxylate, and arylhydrazide. The electrophilic
group on an antibody provides a convenient site for attachment to a linker reagent or antibiotic-
linker intermediate.

A PML moiety may comprise one or more linker components. Exemplary linker
components include a single amino acid such as citrulline (“cit”), 6-maleimidocaproyl (“MC”),
maleimidopropanoyl (“MP”), and p-aminobenzyloxycarbonyl (“PAB”), N-succinimidyl 4-(2-
pyridylthio) pentanoate (‘“SPP”), and 4-(N-maleimidomethyl) cyclohexane-1 carboxylate
(*MCC”). Various linker components are known in the art, some of which are described below.

In another embodiment, the linker may be substituted with groups that modulate
solubility or reactivity. For example, a charged substituent such as sulfonate (-SO3) or
ammonium, may increase water solubility of the reagent and facilitate the coupling reaction of
the linker reagent with the antibody or the antibiotic moiety, or facilitate the coupling reaction of
Ab-L (antibody-linker intermediate) with abx, or abx-L (antibiotic-linker intermediate) with Ab,
depending on the synthetic route employed to prepare the AAC.

The AAC of the invention expressly contemplate, but are not limited to, those prepared
with linker reagents: BMPEO, BMPS, EMCS, GMBS, HBVS, LC-SMCC, MBS, MPBH,
SBAP, SIA, SIAB, SMCC, SMPB, SMPH, sulfo-EMCS, sulfo-GMBS, sulfo-KMUS, sulfo-
MBS, sulfo-SIAB, sulfo-SMCC, sulfo-SMPB, SVSB (succinimidyl-(4-vinylsulfone)benzoate),
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and bis-maleimide reagents such as DTME, BMB, BMDB, BMH, BMOE, BM(PEG),, and
BM(PEG)s. Bis-maleimide reagents allow the attachment of the thiol group of a cysteine
engineered antibody to a thiol-containing antibiotic moiety, label, or linker intermediate, in a
sequential or convergent fashion. Other functional groups besides maleimide, which are reactive
with a thiol group of a cysteine engineered antibody, antibiotic moiety, or linker-antibiotic
intermediate include iodoacetamide, bromoacetamide, vinyl pyridine, disulfide, pyridyl

disulfide, isocyanate, and isothiocyanate.
O,
0 \ © o)
N /\/O\/\O/\/ N N /\/O\/\O/\/O\/\ N
\ o) \ /
(6] (@) O

BM(PEG), BM(PEG)3

Useful linker reagents can also be obtained via other commercial sources, such as
Molecular Biosciences Inc.(Boulder, CO), or synthesized in accordance with procedures
described in Toki et al (2002) J. Org. Chem. 67:1866-1872; Dubowchik, et al. (1997)
Tetrahedron Letters, 38:5257-60; Walker, M.A. (1995) J. Org. Chem. 60:5352-5355; Frisch et al
(1996) Bioconjugate Chem. 7:180-186; US 6214345, WO 02/088172; US 2003130189;
US2003096743; WO 03/026577; WO 03/043583; and WO 04/032828.

In another embodiment, the PML moiety of an AAC comprises a dendritic type linker for
covalent attachment of more than one antibiotic moiety through a branching, multifunctional
linker moiety to an antibody (Sun et al (2002) Bioorganic & Medicinal Chemistry Letters
12:2213-2215; Sun et al (2003) Bioorganic & Medicinal Chemistry 11:1761-1768). Dendritic
linkers can increase the molar ratio of antibiotic to antibody, i.e. loading, which is related to the
potency of the AAC. Thus, where a cysteine engineered antibody bears only one reactive
cysteine thiol group, a multitude of antibiotic moieties may be attached through a dendritic
linker.

In certain embodiments of Formula I AAC, the protease-cleavable, non-peptide linker
PML has the formula:

-Str-PM-Y-

where Str is a stretcher unit; PM is a peptidomimetic unit, and Y is a spacer unit;
abx is the rifamycin-type antibiotic; and
p is an integer from 1 to 8.

In one embodiment, a stretcher unit "Str" has the formula;:
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N—Ré—

0]

wherein R® is selected from the group consisting of C,-C; alkylene, C;-C;; alkylene-
C(=0), C;-Cy2 alkylene-NH, (CH,CH,0),, (CH,CH,0),-C(=0), (CH,CH,0),-CH3, and C;-C>
alkylene-NHC(=O)CH,CH(thiophen-3-yl), where r is an integer ranging from 1 to 10.
5 Exemplary stretcher units are shown below (wherein the wavy line indicates sites of

covalent attachment to an antibody):

éAI:iN/\))\“I‘/\/O\/\OY%
%‘EéN/\/O\/\O/\"/"%.

10 o)

;”\)J\N,{\/\/\g/ﬁ”‘a |

In one embodiment, PM has the formula:
H R7 R8 H O
N N
AN
(0] 0] AA
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where R’ and R® together form a C3-C; cycloalkyl ring, and

AA is an amino acid side chain selected from H, ~CHz, —CH,(CsHs),
—CH,CH,;CH,CH;NH,, -CH,CH,CH,NHC(NH)NH,, ~-CHCH(CH3)CH3, and
—CH,CH,CH,;NHC(O)NH,.

In one embodiment, spacer unit Y comprises para-aminobenzyl (PAB) or para-
aminobenzyloxycarbonyl (PABC).

A spacer unit allows for release of the antibiotic moiety without a separate hydrolysis
step. A spacer unit may be “self-immolative” or a “non-self-immolative.” In certain
embodiments, a spacer unit of a linker comprises a p-aminobenzyl unit (PAB). In one such
embodiment, a p-aminobenzyl alcohol is attached to an amino acid unit via an amide bond, a
carbamate, methylcarbamate, or carbonate between the p-aminobenzyl group and the antibiotic
moiety (Hamann et al. (2005) Expert Opin. Ther. Patents (2005) 15:1087-1103). In one
embodiment, the spacer unit is p-aminobenzyloxycarbonyl (PAB).

In one embodiment, the antibiotic comprises a quaternary amine, such as the
dimethylaminopiperidyl group, when attached to the PAB spacer unit of the non-peptide linker.
Examples of such quaternary amines are linker-antibiotic intermediates (PLA) are PLA-1 to 4
from Table 2. The quaternary amine group may modulate cleavage of the antibiotic moiety to
optimize the antibacterial effects of the AAC. In another embodiment, the antibiotic is linked to
the PABC spacer unit of the non-peptide linker, forming a carbamate functional group in the
AAC. Such carbamate functional group may also optimize the antibacterial effects of the AAC.
Examples of PABC carbamate linker-antibiotic intermediates (PLA) are PLA-5 and PLA-6 from
Table 2. .

Other examples of self-immolative spacers include, but are not limited to, aromatic
compounds that are electronically similar to the PAB group such as 2-aminoimidazol-5-
methanol derivatives (US 7375078; Hay et al. (1999) Bioorg. Med. Chem. Lett. 9:2237) and
ortho- or para-aminobenzylacetals. Spacers can be used that undergo cyclization upon amide
bond hydrolysis, such as substituted and unsubstituted 4-aminobutyric acid amides (Rodrigues et
al (1995) Chemistry Biology 2:223), appropriately substituted bicyclo[2.2.1] and bicyclo[2.2.2]
ring systems (Storm et al (1972) J. Amer. Chem. Soc. 94:5815) and 2-aminophenylpropionic
acid amides (Amsberry, et al (1990) J. Org. Chem. 55:5867). Elimination of amine-containing
drugs that are substituted at glycine (Kingsbury et al (1984) J. Med. Chem. 27:1447) is also

exemplary of self-immolative spacers useful in AAC.

55



WO 2016/090040 PCT/US2015/063515

The amount of active antibiotic released from cleavage of AAC can be measured by a

caspase release assay.

LINKER-ANTIBIOTIC INTERMEDIATES USEFUL FOR AAC

PML Linker-antibiotic intermediates (PLA) of Formula I and Table 2 were prepared by
coupling a rifamycin-type antibiotic moiety with a linker reagent, Examples 7-17. Linker
reagents were prepared by methods described in WO 2012/113847; US 7659241, US 7498298,
US 20090111756, US 2009/0018086; US 6214345; Dubowchik et al (2002) Bioconjugate
Chem. 13(4):855-869

Table 2 PML Linker-antibiotic intermediates
LA Structure
No.
PLA-1

° s

HN

(0] NH,

PLA-2
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PLA-3

PLA-4

PLA-5

PLA-6
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EMBODIMENTS OF ANTIBODY-ANTIBIOTIC CONJUGATES

Cysteine engineered, rF1 antibodies were linked via the free cysteine thiol group to
derivatives of rifamycin, termed pipBOR and others, via a protease cleavable, non-peptide linker
to form the antibody-antibiotic conjugate compounds (AAC) in Table 3. The linker is designed
to be cleaved by lysosomal proteases including cathepsins B, D and others, Generation of the
linker-antibiotic intermediate consisting of the antibiotic and the PML linker and others, is
described in detail in Examples 7-17. The linker is designed such that cleavage of the amide
bond at the PAB moiety separates the antibody from the antibiotic in an active state.

The AAC named "dimethylpipBOR" is identical to the "pipBOR" AAC except for the
dimethylated amino on the antibiotic and the oxycarbonyl group on the linker.

Figure 3 shows a possible mechanism of drug activation for antibody-antibiotic
conjugates (AAC). Active antibiotic (Ab) is only released after internalization of the AAC inside
mammalian cells. The Fab portion of the antibody in AAC binds S. aureus whereas the Fc
portion of the AAC enhances uptake of the bacteria by Fc-receptor mediated binding to
phagocytic cells including neutrophils and macrophages. After internalization into the
phagolysosome, the linker may be cleaved by lysosomal proteases releasing the active antibiotic
inside the phagolysosome.

An embodiment of the antibody-antibiotic conjugate (AAC) compounds of the invention

includes Formula I:

wherein:

the dashed lines indicate an optional bond,;
R is H, C,—C,z alkyl, or C(O)CH3;

R'is OH;
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R? is CH=N—(heterocyclyl), wherein the heterocyclyl is optionally substituted with one
or more groups independently selected from C(O)CH3;, C,—Cy; alkyl, Ci—C;; heteroaryl, C,—Cy
heterocyclyl, Cs—Cy aryl, and C3—C;; 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 carbocyclyl
ring, wherein the spiro or fused six-membered heteroaryl, heterocyclyl, aryl, or carbocyclyl ring
is optionally substituted H, F, Cl, Br, 1, C;—C;, alkyl, or OH;

PML is the protease-cleavable, non-peptide linker attached to R? or the fused heteroaryl
or heterocyclyl formed by R and R?;

Ab is the rF1 antibody; and

p is an integer from 1 to 8.

Another embodiment of the antibody-antibiotic conjugate (AAC) compounds of the

invention includes the formula;:

Ab——PML—(R%.N

wherein

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

nis 1 or2;

R*is selected from H, F, Cl, Br, I, C;—C1, alkyl, and OH; and
Z is selected from NH, N(C;—Cy; alkyl), O and S.

Another embodiment of the antibody-antibiotic conjugate (AAC) compounds of the

invention includes the formula:
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wherein
R’ is selected from H and C;—Cy; alkyl; and

nisQorl.

5 Another embodiment of the antibody-antibiotic conjugate (AAC) compounds of the

invention includes the formula:

wherein
R’ is selected from H and C;—C;, alkyl; and
10 nisOorl.

Another embodiment of the antibody-antibiotic conjugate (AAC) compounds of the

invention includes the formula:

60



WO 2016/090040 PCT/US2015/063515

N
(RS)n\O
Ab PML/

P
wherein
R’ is independently selected from H and C,—C;, alkyl; and
nisOor 1.
5 Another embodiment of the antibody-antibiotic conjugate (AAC) compounds of the

invention includes the formula:

@
Ab+—PML—(R%)N

wherein

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

Another embodiment of the antibody-antibiotic conjugate (AAC) compounds of the

invention includes the formula:
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N
®
Ab—t—PML——(CHj),N

Another embodiment of the antibody-antibiotic conjugate (AAC) compounds of the

invention includes the formula:

0
H H /abx
-~ Y
Ab Str
o) 0 AA p

5 Another embodiment of the antibody-antibiotic conjugate (AAC) compounds of the

invention includes the formula:

O
H H\)l\ _~abx
— v Y

o) o)

I

HN

N

0% “NH,

Another embodiment of the antibody-antibiotic conjugate (AAC) compounds of the

invention includes the formula:
O
: 0]
H H abx
N P Va Y N N e
Y
Ab 0 0] O AA
0

Another embodiment of the antibody-antibiotic conjugate (AAC) compounds of the

1 p

invention includes the formula:
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O
H H P b
abx
NS SN N
Ab X o} OJ/“

HN

A

0% “NH,

Another embodiment of the antibody-antibiotic conjugate (AAC) compounds of the

invention includes the formulas:

2 b
abx
H H Q
N\/\/\/N N
N
Ab 0 (0] (0] AA

and

O
o N
abx
H H Q
NN N
N
Ab 0O (0] @) AA

Another embodiment of the antibody-antibiotic conjugate (AAC) compounds of the

P .

invention includes the formulas:

N\/\/\/w
Ab I
o
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Ab

Ab
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and

O
’ H H
Ab N\/\NN%N\;)L

ANTIBIOTIC LOADING OF AAC

Antibiotic loading is represented by p, the average number of antibiotic (abx) moieties
per antibody in a molecule of Formula I. Antibiotic loading may range from 1 to 20 antibiotic
moieties (D) per antibody. The AAC of Formula I include collections or a pool of antibodies
conjugated with a range of antibiotic moieties, from 1 to 20. The average number of antibiotic
moieties per antibody in preparations of AAC from conjugation reactions may be characterized
by conventional means such as mass spectroscopy, ELISA assay, and HPLC. The quantitative
distribution of AAC in terms of p may also be determined. In some instances, separation,
purification, and characterization of homogeneous AAC where p is a certain value from AAC
with other antibiotic loadings may be achieved by means such as reverse phase HPLC or
electrophoresis.

For some antibody-antibiotic conjugates, p may be limited by the number of attachment
sites on the antibody. For example, where the attachment is a cysteine thiol, as in the exemplary
embodiments above, an antibody may have only one or several cysteine thiol groups, or may
have only one or several sufficiently reactive thiol groups through which a linker may be
attached. In certain embodiments, higher antibiotic loading, e.g. p >5, may cause aggregation,
insolubility, toxicity, or loss of cellular permeability of certain antibody-antibiotic conjugates.

In certain embodiments, the antibiotic loading for an AAC of the invention ranges from 1 to
about 8; from about 2 to about 6; from about 2 to about 4; or from about 3 to about 5; about 4; or
about 2.

In certain embodiments, fewer than the theoretical maximum of antibiotic moieties are
conjugated to an antibody during a conjugation reaction. An antibody may contain, for example,
lysine residues that do not react with the antibiotic-linker intermediate or linker reagent, as

discussed below. Generally, antibodies do not contain many free and reactive cysteine thiol
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groups which may be linked to an antibiotic moiety; indeed most cysteine thiol residues in
antibodies exist as disulfide bridges. In certain embodiments, an antibody may be reduced with
a reducing agent such as dithiothreitol (DTT) or tricarbonylethylphosphine (TCEP), under
partial or total reducing conditions, to generate reactive cysteine thiol groups. In certain
embodiments, an antibody is subjected to denaturing conditions to reveal reactive nucleophilic
groups such as lysine or cysteine.

The loading (antibiotic/antibody ratio, "AAR") of an AAC may be controlled in different
ways, €.g., by: (1) limiting the molar excess of antibiotic-linker intermediate or linker reagent
relative to antibody, (ii) limiting the conjugation reaction time or temperature, and (iii) partial or
limiting reductive conditions for cysteine thiol modification. “DAR” if referred to herein or in
the figures shall mean the same as “AAR”.

It is to be understood that where more than one nucleophilic group reacts with an
antibiotic-linker intermediate or linker reagent followed by antibiotic moiety reagent, then the
resulting product is a mixture of AAC compounds with a distribution of one or more antibiotic
moieties attached to an antibody. The average number of antibiotics per antibody may be
calculated from the mixture by a dual ELISA antibody assay, which is specific for antibody and
specific for the antibiotic. Individual AAC molecules may be identified in the mixture by mass
spectroscopy and separated by HPLC, e.g. hydrophobic interaction chromatography (see, e.g.,
McDonagh et al (2006) Prot. Engr. Design & Selection 19(7):299-307; Hamblett et al (2004)
Clin. Cancer Res. 10:7063-7070; Hamblett, K.J., et al. “Effect of drug loading on the
pharmacology, pharmacokinetics, and toxicity of an anti-CD30 antibody-drug conjugate,”
Abstract No. 624, American Association for Cancer Research, 2004 Annual Meeting, March 27-
31, 2004, Proceedings of the AACR, Volume 45, March 2004; Alley, S.C., et al. “Controlling
the location of drug attachment in antibody-drug conjugates,” Abstract No. 627, American
Association for Cancer Research, 2004 Annual Meeting, March 27-31, 2004, Proceedings of the
AACR, Volume 45, March 2004). In certain embodiments, a homogeneous AAC with a single
loading value may be isolated from the conjugation mixture by electrophoresis or
chromatography. Cysteine-engineered antibodies of the invention enable more homogeneous
preparations since the reactive site on the antibody is primarily limited to the engineered
cysteine thiol. In one embodiment, the average number of antibiotic moieties per antibody is in
the range of about 1 to about 20. In some embodiments the range is selected and controlled from

about 1 to 4.
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METHODS OF PREPARING ANTIBODY-ANTIBIOTIC CONJUGATES

An AAC of Formula I may be prepared by several routes employing organic chemistry
reactions, conditions, and reagents known to those skilled in the art, including: (1) reaction of a
nucleophilic group of an antibody with a bivalent linker reagent to form Ab-L via a covalent
bond, followed by reaction with an antibiotic moiety (abx); and (2) reaction of a nucleophilic
group of an antibiotic moiety with a bivalent linker reagent, to form L-abx, via a covalent bond,
followed by reaction with a nucleophilic group of an'antibody. Exemplary methods for
preparing an AAC of Formula I via the latter route are described in US 7498298, which is
expressly incorporated herein by reference.

Nucleophilic groups on antibodies include, but are not limited to: (i) N-terminal amine
groups, (ii) side chain amine groups, e.g. lysine, (iii) side chain thiol groups, ¢.g. cysteine, and
(iv) sugar hydroxy! or amino groups where the antibody is glycosylated. Amine, thiol, and
hydroxyl groups are nucleophilic and capable of reacting to form covalent bonds with
electrophilic groups on linker moieties and linker reagents including: (i) active esters such as
NHS esters, HOBt esters, haloformates, and acid halides; (ii) alkyl and benzyl halides such as
haloacetamides; (iii) aldehydes, ketones, carboxyl, and maleimide groups. Certain antibodies
have reducible interchain disulfides, i.e. cysteine bridges. Antibodies may be made reactive for
conjugation with linker reagents by treatment with a reducing agent such as DTT (dithiothreitol)
or tricarbonylethylphosphine (TCEP), such that the antibody is fully or partially reduced. Each
cysteine bridge will thus form, theoretically, two reactive thiol nucleophiles. Additional
nucleophilic groups can be introduced into antibodies through modification of lysine residues,
e.g., by reacting lysine residues with 2-iminothiolane (Traut’s reagent), resulting in conversion
of an amine into a thiol. Reactive thiol groups may be introduced into an antibody by
introducing one, two, three, four, or more cysteine residues (e.g., by preparing variant antibodies
comprising one or more non-native cysteine amino acid residues).

Antibody-antibiotic conjugates of the invention may also be produced by reaction
between an electrophilic group on an antibody, such as an aldehyde or ketone carbonyl group,
with a nucleophilic group on a linker reagent or antibiotic. Useful nucleophilic groups on a
linker reagent include, but are not limited to, hydrazide, oxime, amino, hydrazine,
thiosemicarbazone, hydrazine carboxylate, and arylhydrazide. In one embodiment, an antibody
is modified to introduce electrophilic moieties that are capable of reacting with nucleophilic
substituents on the linker reagent or antibiotic. In another embodiment, the sugars of
glycosylated antibodies may be oxidized, e.g. with periodate oxidizing reagents, to form

aldehyde or ketone groups which may react with the amine group of linker reagents or antibiotic
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moieties. The resulting imine Schiff base groups may form a stable linkage, or may be reduced,
e.g. by borohydride reagents to form stable amine linkages. In one embodiment, reaction of the
carbohydrate portion of a glycosylated antibody with either galactose oxidase or sodium meta-
periodate may yield carbonyl (aldehyde and ketone) groups in the antibody that can react with
appropriate groups on the antibiotic (Hermanson, Bioconjugate Techniques). In another
embodiment, antibodies containing N-terminal serine or threonine residues can react with
sodium meta-periodate, resulting in production of an aldehyde in place of the first amino acid
(Geoghegan & Stroh, (1992) Bioconjugate Chem. 3:138-146; US 5362852). Such an aldehyde
can be reacted with an antibiotic moiety or linker nucleophile.

Nucleophilic groups on an antibiotic moiety include, but are not limited to: amine, thiol,
hydroxyl, hydrazide, oxime, hydrazine, thiosemicarbazone, hydrazine carboxylate, and
arylhydrazide groups capable of reacting to form covalent bonds with electrophilic groups on
linker moieties and linker reagents including: (i) active esters such as NHS esters, HOBt esters,
haloformates, and acid halides; (ii) alkyl and benzyl halides such as haloacetamides; (iii)
aldehydes, ketones, carboxyl, and maleimide groups.

The antibody-antibiotic conjugates (AAC) in Table 3 were prepared by conjugation of
the described rF1 antibodies and linker-antibiotic intermediates of Table 2, and according to the
described methods in Example 18. AAC were tested for efficacy by in vitro macrophage assay

(Example 19) and in vivo mouse kidney model (Example 20).
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Table 3 rF1 Antibody-PML-antibiotic conjugates (AAC)
AAC AAC formula linker-abx | AAR
*

No. PLA No.

101 thio-rF1-LC-V205C-MC-(CBDK -cit)-PAB- PLA-1 2.0
(dimethyl, fluoropipBOR)

102 thio-rF1-HC-121C, LC-V205C-MC-(CBDK- | PLA-2 39
cit)-PAB-(dimethylpipBOR)

103 thio-rF1-LC-V205C-MC-(CBDK-cit)-PAB- PLA-2 1.9
(dimethylpipBOR)

104 thio-rF1-HC-A121C, LC-V205C-MC- PLA-2 3.7

(CBDK-cit)-PAB-(dimethylpipBOR)

* AAR = antibiotic/antibody ratio average

Wild-type ("WT"), cysteine engineered mutant antibody ("thio"), light chain ("LC"), heavy
chain ("HC"), 6-maleimidocaproyl (“MC”), maleimidopropanoyl (“MP”), cyclobutyldiketo
("CBDK"), citrulline (“cit”), cysteine (“cys”), p-aminobenzyl (“PAB”), and p-
aminobenzyloxycarbonyl (“PABC”)
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METHODS OF TREATING AND PREVENTING INFECTIONS WITH ANTIBODY -
ANTIBIOTIC CONJUGATES

The rF1-AAC of the invention are useful as antimicrobial agents effective against human
and veterinary Staphylococci, for example S. aureus, S. saprophyticus and S. simulans. Ina
specific aspect, the AAC of the invention are useful to treat S. aureus infections.

Following entry into the bloodstream, S. aureus can cause metastatic infection in almost
any organ. Secondary infections occur in about one-third of cases before the start of therapy
(Fowler et al., (2003) Arch. Intern. Med. 163:2066-2072), and even in 10% of patients after the
start of therapy (Khatib et al., (2006) Scand. J. Infect. Dis., 38:7-14). Hallmarks of infections
are large reservoirs of pus, tissue destruction, and the formation of abcesses (all of which contain
large quantities of neutrophils). About 40% of patients develop complications if the bacteremia
persists beyond three days.

The proposed mechanism of action of an AAC has been described above (under
subheading Antibody-Antibiotic Conjugates). The rF1 antibody-antibiotic conjugates (AAC) of
the invention have significant therapeutic advantages for treating intracellular pathogens. The
AAC linker is cleaved by exposure to phagolysosomal enzymes, releasing an active antibiotic.
Due to the confined space and relatively high local antibiotic concentration (about 10* per
bacterium), the result is that the phagolysosome no longer supports the survival of the
intracellular pathogen. Because the AAC is essentially an inactive prodrug, the therapeutic
index of the antibiotic can be extended relative to the free (unconjugated) form. The antibody
provides pathogen specific targeting, while the cleavable linker is cleaved under conditions
specific to the intracellular location of the pathogen. The effect can be both directly on the
opsonized pathogen as well as other pathogens that are co-localized in the phagolysosome.
Antibiotic tolerance is the ability of a disease-causing pathogen to resist killing by antibiotics
and other antimicrobials and is mechanistically distinct from multidrug resistance (Lewis K
(2007). "Persister cells, dormancy and infectious disease". Nature Reviews Microbiology S (1):
48-56. d0i:10.1038/nrmicro1557). Rather, this form of tolerance is caused by a small sub-
population of microbial cells called persisters (Bigger JW (14 October 1944). "Treatment of
staphylococcal infections with penicillin by intermittent sterilization". Lancet 244 (6320): 497-
500). These cells are not multidrug resistant in the classical sense, but rather are dormant cells
that are tolerant to antibiotic treatment that can kill their genetically identical siblings. This
antibiotic tolerance is induced by a non-or extremely slow dividing physiological state. When

antimicrobial treatment fails to eradicate these persister cells, they become a reservoir for

70



10

15

20

25

30

WO 2016/090040 PCT/US2015/063515

recurring chronic infections. The antibody-antibiotic conjugates of the invention possess a
unique property to kill these persister cells and suppress the emergence of multidrug tolerant
bacterial populations.

In another embodiment, the rF1-AAC of the invention may be used to treat infection
regardless of the intracellular compartment in which the pathogen survives.

In another embodiment, rF1-AACs of the invention could also be used to target
Staphylococci bacteria in planktonic or biofilm form. Bacterial infections treatable with
antibody-antibiotic conjugates (AAC) of the invention include treating bacterial pulmonary
infections, such as S. aureus pneumonia, osteomyelitis, recurrent rhinosinusitis, bacterial
endocarditis, bacterial ocular infections, such as trachoma and conjunctivitis, heart, brain or skin
infections, infections of the gastrointestinal tract, such as travellers' diarrhea, ulcerative colitis,
irritable bowel syndrome (IBS), Crohn's disease, and IBD (inflammatory bowel disease) in
general, bacterial meningitis, and abscesses in any organ, such as muscle, liver, meninges, or
lung. The bacterial infections can be in other parts of the body like the urinary tract, the
bloodstream, a wound or a catheter insertion site. The AACs of the invention are useful for
difficult-to-treat infections that involve biofilms, implants or sanctuary sites (e.g., osteomyelitis
and prosthetic joint infections), and high mortality infections such as hospital acquired
pneumonia and bacteremia. Vulnerable patient groups that can be treated to prevent
Staphylococcal aureus infection include hemodialysis patients, immune-compromised patients,
patients in intensive care units, and certain surgical patients. In another aspect, the invention
provides a method of killing, treating, or preventing a microbial infection in an animal,
preferably a mammal, and most preferably a human, that includes administering to the animal an
rF1 AAC or pharmaceutical formulation of an AAC of the invention. The invention further
features treating or preventing diseases associated with or which opportunistically result from
such microbial infections. Such methods of treatment or prevention may include the oral,
topical, intravenous, intramuscular, or subcutaneous administration of a composition of the
invention. For example, prior to surgery or insertion of an IV catheter, in ICU care, in transplant
medicine, with or post cancer chemotherapy, or other activities that bear a high risk of infection,
the AAC of the invention may be administered to prevent the onset or spread of infection.

The bacterial infection may be caused by bacteria with an active and inactive form, and
the AAC is administered in an amount and for a duration sufficient to treat both the active and
the inactive, latent form of the bacterial infection, which duration is longer than is needed to

treat the active form of the bacterial infection.

71



10

15

20

25

30

WO 2016/090040 PCT/US2015/063515

An aspect of the invention is a method of treating a patient infected with S. aureus and/or
Listeria monocytogenes by administering a therapeutically effective amount of an rF1-AAC of
the invention. The invention also contemplates a method of preventing infections by one or
more of S. aureus or S. Epidermidis, or S. saprophyticus or S. simulans by administering a
therapeutically effective amount of an rF1-AAC of the invention in hospital settings such as
surgery, burn patient, and organ transplantation.

The patient needing treatment for a bacterial infection as determined by a physician of
skill in the art may have already been, but does not need to be diagnosed with the kind of
bacteria that he/she is infected with. Since a patient with a bacterial infection can take a turn for
the worse very quickly, in a matter of hours, the patient upon admission into the hospital can be
administered the rF1-AACs of the invention along with one or more standard of care Abx such
as vancomycin or ciprofloxacin. When the diagnostic results become available and indicate the
presence of, e.g., S. aureus in the infection, the patient can continue with treatment with the rF1
AAC. Therefore, in one embodiment of the method of treating a bacterial infection or
specifically a S. aureus infection, the patient is administered a therapeutically effective amount
of an rF1 AAC. In the methods of treatment or prevention of the present invention, an AAC of
the invention can be administered as the sole therapeutic agent or in conjunction with other
agents such as those described below. The AACs of the invention show supcriority to
vancomycin in the treattnent of MRSA 1o pre-~clinical models. Comparison of AACs to SOC
can be measured, e.g., by a reduction in mortality rate. The patient being treated would be
assessed for responsiveness to the AAC treatment by a variety of measurable factors. Examples
of signs and symptoms that clinicians might use to assess improvement in their patients includes
the following: normalization of the white blood cell count if elevated at diagnosis, normalization
of body temperature if elevated (fever) at the time of diagnosis, clearance of blood cultures,
visual improvement in wound including less erythema and drainage of pus, reduction in
ventilator requirements such as requiring less oxygen or reduced rate of ventilation in a patient
who is ventilated, coming off of the ventilator entirely if the patient is ventilated at the time of
diagnosis, use of less medications to support a stable blood pressure if these medications were
required at the time of diagnosis, normalization of lab abnormalities that suggest end-organ
failure such as elevated creatinine or liver function tests if they were abnormal at the time of
diagnosis, and improvement in radiologic imaging (e.g. chest x-ray that previously suggested
pneumonia showing resolution). In a patient in the ICU, these factors might be measured at least

daily. Fever is monitored closely as is white blood cell count including absolute neutrophil
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counts as well as evidence that a "left shift" (appearance of blasts indicating increased neutrophil
production in response to an active infection) has resolved.

In the context of the present methods of treatment of the invention, a patient with a
bacterial infection is considered to be treated if there is significant measurable improvement as
assessed by the physician of skill in the art, in at least two or more of the preceding factors
compared to the values, signs or symptoms before or at the start of treatment or at the time of
diagnosis. In some embodiments, there is measurable improvement in 3, 4, 5, 6 or more of the
aforementioned factors. If some embodiments, the improvement in the measured factors is by at
least 50%, 60%, 70%, 80%, 90%, 95% or 100% compared to the values before treatment.
Typically, a patient can be considered completely treated of the bacterial infection (e.g., S.
aureus infection) if the patient’s measurable improvements include the following: 1) repeat
blood or tissue cultures (typically several) that do not grow out the bacteria that was originally
identified ; ii) fever is normalized; iii) WBC is normalized; and iv) evidence that end-organ
failure (heart, lungs, liver, kidneys, vascular collapse) has resolved either fully or partially given

the pre-existent co-morbidities that the patient had.

Dosing. In any of the foregoing aspects, in treating an infected patient, the dosage of an
AAC is normally about 0.001 to 1000 mg/kg/day. In one embodiment the patient with a
bacterial infection is treated at an AAC dose in the range of about 1 mg/kg to about 150mg/kg,
typically about Smg/kg to about 150mg/kg, more specifically, 25mg/kg to 125 mg/kg, 50mg/kg
to 125mg/kg, even more specifically at about 50mg/kg to 100mg/kg. The AAC may be given
daily (e.g., a single dose of 5 to 50 mg/kg/day) or less frequently (e.g., a single dose of 5, 10, 25
or 50 mg/kg/week). One dose may be split over 2 days, for example, 25mg/kg on one day and
25mg/kg the next day. The patient can be administered a dose once every 3 days (q3D), once a
week to every other week (QOW), for a duration of 1-8 weeks. In one embodiment, the patient is
administered an AAC of the invention via IV once a week for 2-6 weeks with standard of care
(SOC) to treat the bacterial infection such as a staph A infection. Treatment length would be
dictated by the condition of the patient or the extent of the infection, e.g. a duration of 2 weeks
for uncomplicated bacteremia, or 6 weeks for bacteremia with endocarditis.

In one embodiment, an AAC administered at an initial dose of 2.5 to 100 mg/kg for one
to seven consecutive days, followed by a maintenance dose of 0.005 to 10 mg/kg once every one

to seven days for one month.
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Route of administration. For treating the bacterial infections, the AACs of the invention
can be administered at any of the preceding dosages intravenously (i.v.) or subcutaneously. In
one embodiment, the rF1-AAC is administered intravenously. In a specific embodiment, the
tF1-AAC is administered via i.v., wherein the rF1 antibody is one selected from the group of
Abs with amino acid sequences as disclosed under SDR and rF1Abs and Tables 4A and 4B.

Combination therapy. An AAC may be administered in conjunction with one or more
additional, e.g. second, therapeutic or prophylactic agents as appropriate as determined by the
physician treating the patient.

In one embodiment, the second antibiotic administered in combination with the antibody-
antibiotic conjugate compound of the invention is selected from the structural classes: : (i)
aminoglycosides; (ii) beta-lactams; (iii) macrolides/cyclic peptides; (iv) tetracyclines; (v)
fluoroquinolines/fluoroquinolones; (vi) and oxazolidinones. See: Shaw, K. and Barbachyn, M.
(2011) Ann. N.Y. Acad. Sci. 1241:48-70; Sutcliffe, J. (2011) Ann. N.Y. Acad. Sci. 1241:122-
152.

In one embodiment, the second antibiotic administered in combination with the antibody-
antibiotic conjugate compound of the invention 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.

Additional examples of these additional therapeutic or prophylactic agents are anti-
inflammatory agents (e.g., non-steroidal anti-inflammatory drugs (NSAIDs; e.g., detoprofen,
diclofenac, diflunisal, etodolac, fenoprofen, flurbiprofen, ibuprofen, indomethacin, ketoprofen,
meclofenameate, mefenamic acid, meloxicam, nabumeone, naproxen sodium, oxaprozin,
piroxicam, sulindac, tolmetin, celecoxib, rofecoxib, aspirin, choline salicylate, salsalte, and
sodium and magnesium salicylate) and steroids (e.g., cortisone, dexamethasone, hydrocortisone,
methylprednisolone, prednisolone, prednisone, triamcinolone)), antibacterial agents (e.g.,
azithromycin, clarithromycin, erythromycin, gatifloxacin, levofloxacin, amoxicillin,
metronidazole, penicillin G, penicillin V, methicillin, oxacillin, cloxacillin, dicloxacillin,
nafcillin, ampicillin, carbenicillin, ticarcillin, mezlocillin, piperacillin, azlocillin, temocillin,
cepalothin, cephapirin, cephradine, cephaloridine, cefazolin, cefamandole, cefuroxime,
cephalexin, cefprozil, cefaclor, loracarbef, cefoxitin, cefmatozole, cefotaxime, ceftizoxime,
ceftriaxone, cefoperazone, ceftazidime, cefixime, cefpodoxime, ceftibuten, cefdinir, cefpirome,

cefepime, BAL5788, BAL9141, imipenem, ertapenem, meropenem, astreonam, clavulanate,
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sulbactam, tazobactam, streptomycin, neomycin, kanamycin, paromycin, gentamicin,
tobramycin, amikacin, netilmicin, spectinomycin, sisomicin, dibekalin, isepamicin, tetracycline,
chlortetracycline, demeclocycline, minocycline, oxytetracycline, methacycline, doxycycline,
telithromycin, ABT-773, lincomycin, clindamycin, vancomycin, oritavancin, dalbavancin,
teicoplanin, quinupristin and dalfopristin, sulphanilamide, para-aminobenzoic acid, sulfadiazine,
sulfisoxazole, sulfamethoxazole, sulfathalidine, linezolid, nalidixic acid, oxolinic acid,
norfloxacin, perfloxacin, enoxacin, ofloxacin, ciprofloxacin, temafloxacin, lomefloxacin,
fleroxacin, grepafloxacin, sparfloxacin, trovafloxacin, clinafloxacin, moxifloxacin,
gemifloxacin, sitafloxacin, daptomycin, garenoxacin, ramoplanin, faropenem, polymyxin,
tigecycline, AZD2563, or trimethoprim), antibacterial antibodies including antibodies to the
same or different antigen from the AAC targeted Ag, platelet aggregation inhibitors (e.g.,
abciximab, aspirin, cilostazol, clopidogrel, dipyridamole, eptifibatide, ticlopidine, or tirofiban),
anticoagulants (e.g., dalteparin, danaparoid, enoxaparin, heparin, tinzaparin, or warfarin),
antipyretics (e.g., acetaminophen), or lipid lowering agents (e.g., cholestyramine, colestipol,
nicotinic acid, gemfibrozil, probucol, ezetimibe, or statins such as atorvastatin, rosuvastatin,
lovastatin simvastatin, pravastatin, cerivastatin, and fluvastatin). In one embodiment the AAC
of the invention is administered in combination with standard of care (SOC) for S. aureus
(including methicillin-resistant and methicillin-sensitive strains). MSSA is usually typically
treated with nafcillin or oxacillin and MRSA is typically treated with vancomycin or cefazolin.
These additional agents may be administered within 14 days, 7 days, 1 day, 12 hours, or
1 hour of administration of an AAC, or simultaneously therewith. The additional therapeutic
agents may be present in the same or different pharmaceutical compositions as an AAC. When
present in different pharmaceutical compositions, different routes of administration may be used.
For example, an AAC may be administered intravenous or subcutaneously, while a second»agent

may be administered orally.

PHARMACEUTICAL FORMULATIONS

The present invention also provides pharmaceutical compositions containing the rF1-
AAC, and to methods of treating a bacterial infection using the pharmaceutical compositions
containing AAC. Such compositions may further comprise suitable excipients, such as
pharmaceutically acceptable excipients (carriers) including buffers, acids, bases, sugars,
diluents, glidants, preservatives and the like, which are well known in the art and are described
herein. The present methods and compositions may be used alone or in combinations with other

conventions methods and/or agents for treating infectious diseases. In some embodiments, a
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pharmaceutical formulation comprises 1) a rfF1-AAC of the invention, and 2) a pharmaceutically
acceptable carrier. In some embodiments, a pharmaceutical formulation comprises 1) an AAC
of the invention and optionally, 2) at least one additional therapeutic agent.

Pharmaceutical formulations comprising an AAC of the invention are prepared for
storage by mixing the AAC having the desired degree of purity with optional physiologically
acceptable carriers, excipients or stabilizers (Remington's Pharmaceutical Sciences 16th edition,
Osol, A. Ed. (1980)) in the form of aqueous solutions or lyophilized or other dried formulations.
Acceptable carriers, excipients, or stabilizers are nontoxic to recipients at the dosages and
concentrations employed, and include buffers such as phosphate, citrate, histidine and other
organic acids; antioxidants including ascorbic acid and methionine; preservatives (such as
octadecyldimethylbenzyl ammonium chloride; hexamethonium chloride; benzalkonium chloride,
benzethonium chloride); phenol, butyl or benzyl alcohol; alkyl parabens such as methyl or
propyl paraben; catechol; resorcinol; cyclohexanol; 3-pentanol; and m-cresol); low molecular
weight (less than about 10 residues) polypeptides; proteins, such as serum albumin, gelatin, or
immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino acids such as
glycine, glutamine, asparagine, histidine, arginine, or lysine; monosaccharides, disaccharides,
and other carbohydrates including glucose, mannose, or dextrins; chelating agents such as
EDTA; sugars such as sucrose, mannitol, trehalose or sorbitol; salt-forming counter-ions such as
sodium; metal complexes (e.g., Zn-protein complexes); and/or non-ionic surfactants such as
TWEEN™, PLURONICS™ or polyethylene glycol (PEG). Pharmaceutical formulations to be
used for in vivo administration are generally sterile, readily accomplished by filtration through
sterile filtration membranes.

Active ingredients may also be entrapped in microcapsule prepared, for example, by co-
acervation techniques or by interfacial polymerization, for example, hydroxymethylcellulose or
gelatin-microcapsule and poly-(methylmethacrylate) microcapsule, respectively, in colloidal
drug delivery systems (for example, liposomes, albumin microspheres, microemulsions, nano-
particles and nanocapsules) or in macroemulsions. Such techniques are disclosed in Remington's
Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980).

Sustained-release preparations may be prepared. Suitable examples of sustained-release
preparations include semipermeable matrices of solid hydrophobic polymers containing the
antibody or AAC of the invention, which matrices are in the form of shaped articles, e.g., films,
or microcapsule. Examples of sustained-release matrices include polyesters, hydrogels (for

example, poly(2-hydroxyethyl-methacrylate), or poly(vinylalcohol)), polylactides (U.S. Pat. No.
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3,773,919), copolymers of L-glutamic acid and y ethyl-L-glutamate, non-degradable ethylene-
vinyl acetate, degradable lactic acid-glycolic acid copolymers such as the LUPRON DEPOT™
(injectable microspheres composed of lactic acid-glycolic acid copolymer and leuprolide
acetate), and poly-D-(-)-3-hydroxybutyric acid. While polymers such as ethylene-vinyl acetate
and lactic acid-glycolic acid enable release of molecules for over 100 days, certain hydrogels
release proteins for shorter time periods. When encapsulated antibodies or AAC remain in the
body for a long time, they may denature or aggregate as a result of exposure to moisture at 37
°C, resulting in a loss of biological activity and possible changes in immunogenicity. Rational
strategies can be devised for stabilization depending on the mechanism involved. For example,
if the aggregation mechanism is discovered to be intermolecular S-S bond formation through
thio-disulfide interchange, stabilization may be achieved by modifying sulfhydryl residues,
lyophilizing from acidic solutions, controlling moisture content, using appropriate additives, and
developing specific polymer matrix compositions.

An AAC may be formulated in any suitable form for delivery to a target cell/tissue. For
example, AACs may be formulated as liposomes, a small vesicle composed of various types of
lipids, phospholipids and/or surfactant which is useful for delivery of a drug to a mammal. The
components of the liposome are commonly arranged in a bilayer formation, similar to the lipid
arrangement of biological membranes. Liposomes containing the antibody are prepared by
methods known in the art, such as described in Epstein et al., (1985) Proc. Natl. Acad. Sci. USA
82:3688; Hwang et al., (1980) Proc. Natl Acad. Sci. USA 77:4030; US 4485045; US 4544545,
WO 97/38731; US 5013556.

Particularly useful liposomes can be generated by the reverse phase evaporation method
with a lipid composition comprising phosphatidylcholine, cholesterol and PEG-derivatized
phosphatidylethanolamine (PEG-PE). Liposomes are extruded through filters of defined pore
size to yield liposomes with the desired diameter.

MATERIALS AND METHODS
Bacterial strains and culture:

All experiments were done with MRSA-USA300 NRS384 obtained from NARSA
(http://www .narsa.net/control/member/repositories) unless noted otherwise.

Bacteria were grown on tryptic soy agar plates supplemented with 5% sheep blood (TSA
plates) for 18 h at 37 °C. For liquid cultures, single colonies from TSA plates were inoculated
into tryptic soy broth (TSB) and incubated at 37 °C while shaking at 200 rpm for 18 h; 100 fold

dilutions of these cultures in fresh TSB were further subcultured for various times.

77



10

15

20

25

30

WO 2016/090040 PCT/US2015/063515

MIC determinations for extracellular bacteria

The MIC for extracellular bacteria was determined by preparing serial 2-fold dilutions of
the antibiotic in Tryptic Soy Broth. Dilutions of the antibiotic were made in quadruplicate in 96
well culture dishes. MRSA (NRS384 strain of USA300) was taken from an exponentially
growing culture and diluted to 1x10* CFU/mL. The bacteria was cultured in the presence of
antibiotic for 18-24 hours with shaking at 37°C and bacterial growth was determined by reading
the Optical Density (OD) at 630 nM. The MIC was determined to be the dose of antibiotic that
inhibited bacterial growth by >90%.

MIC determinations for intracellular bacteria

Intracellular MIC was determined on bacteria that were sequestered inside mouse
peritoneal macrophages (see below for generation of murine peritoneal macrophages).
Macrophages were plated in 24 well culture dishes at a density of 4x10° cells/mL and infected
with MRSA at a ratio of 10-20 bacteria per macrophage. Macrophage cultures were maintained
in growth media supplemented with 50 ug/mL of gentamycin (an antibiotic that is active only on
extracellular bacteria) to inhibit the growth of extracellular bacteria and test antibiotics were
added to the growth media 1 day after infection. The survival of intracellular bacteria was
assessed 24 hours after addition of the antibiotics. Macrophages were lysed with Hanks Buffered
Saline Solution supplemented with .1% Bovine Serum Albumin and .1% Triton-X, and serial
dilutions of the lysate were made in Phosphate Buffered Saline solution containing .05% Tween-
20. The number of surviving intracellular bacteria was determined by plating on Tryptic Soy
Agar plates with 5% defibrinated sheep blood.

Bacterial cell wall preparations (CWP), immunoblotting, and ELISA

CWP were generated by incubating 40 mg of pelleted S. aureus or S. epidermidis per mL
of 10 mM Tris-HCI (pH 7.4) supplemented with 30% raffinose, 100 pg/ml of lysostaphin (Cell
Sciences, Canton, MA), and EDTA-free protease inhibitor cocktail (Roche, Pleasanton, CA), for
30 min at 37°C. The lysates were centrifuged at 11,600 x g for 5 min, and the supernatants
containing cell wall components were collected. For immunoprecipitation, CWP were diluted 4
times in NP-40 buffer (120 mM NaCl, 50 mM Tris-HCI pH 8.0, 1% NP-40, complete protease
inhibitor cocktail (Roche) and 2 mM dithiothreitol) containing 1 pg/mL of indicated primary
antibodies and incubated for 2 h at 4°C, followed by a 1 h incubation with Protein A/G agarose
(Thermo, Waltham, MA). Whole cell lysates (WCL) were generated by a 30 min incubation at
37°C in 20 mM Tris-HCI (pH 7.4), 150 mM NaCl, 100 pg/ml of lysostaphin, 1% Triton-X100
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(Thermo) and EDTA-free protease inhibitor cocktail. For immunoblot analysis, proteiné were
separated on a 4-12% Tris-glycine gel, and transferred to a nitrocellulose membrane (Invitrogen,
Carlsbad, CA), followed by blotting with indicated primary antibodies (1 pg/mL). Antibodies
used are listed in Table 1. Lectin studies were performed by immunoprecipitating filtered (0.2
micron) overnight culture supernatants with concanavalin A (ConA)- or sWGA-agarose beads
(Vector Labs, Burlingame, CA) supplemented with 0.1 mM CaCl; and 0.01 mM MnCl,.

ELISA experiments were performed using standard protocols. Briefly, plates which were
pre-coated with CWP were reacted with human IgG preparations, ie. purified human IgG
(Sigma), intravenous immunoglobulin Gammagard Liquid (Baxter, Westlake Village, CA),
pooled serum from healthy donors or from MRSA patients (both generated in-house). The
concentrations of anti-staphylococcal IgG present in the serum or purified I1gG were calculated
by using a calibration curve that was generated with known concentrations of mAb 28.9.9

against peptidoglycan.

Treatment of bacteria with human neutrophil proteases or lysosomal extracts from human
neutrophils and cultured celis

Lysosomal extracts were isolated from human neutrophils, THP-1 cells, and RAW cells,
using a Lysosome Enrichment kit (Thermo). A total of 5x107 cells was used to obtain 300 to 500
microgram of total proteins in the lysosomes. Protease inhibitors were omitted from all steps to
maintain protease activity in the lysosomes. The plasma membranes of the cells were disrupted
by 30 strokes using a dounce homogenizer (Wheaton, Millville, NJ). The homogenate was
centrifuged at 500 x g for 5 min to obtain postnuclear supernatant, which was loaded onto the
top of a gradient of 8%, 20%, 23%, 27% and 30% (from top to bottom) of iodixanol. After
ultracentrifugation at 145,000 x g for 2 h at 4°C, we obtained the lysosomes layered between 8%
and 20% iodixanol. This lysosomal fraction was diluted into PBS and pelleted by centrifugation
at 18,000 x g for 30 min at 4 °C. The lysosomal pellets were washed with PBS and lysed in 2%
CHAPS with Tris-butfered saline to obtain lysosomal extracts.

To analyze the cleavage of SDR proteins by host proteases, S. aureus bacteria were
treated with 50 nM of purified human neutrophil serine proteases or 0.1 mg/ml of neutrophil
lysosomal extracts in 50 mM Tris (pH 8.0) with 150 mM NaCl and 2mM CaCl,; or with 0.1
mg/ml of RAW or THP-1 lysosomal extracts in 50 mM NaCitrate with 100 mM NaCl and 2 mM
DTT (pH 5.5). Cathepsin G inhibitor (Calbiochem, Billerica, MA) was added at 100 g/ml.
These mixtures were incubated at 37°C for 30 minutes when using purified proteases or for 1 h

when using lysosomal lysates, and centrifuged to pellet bacteria. The supernatants were analyzed
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by immunoblotting to detect cleavage products. In some experiments, cell wall preparations

were obtained from the remaining bacterial pellets and also analyzed by immunoblotting.

EXAMPLES

Example 1  Intracellular MRSA are protected from conventional antibiotics

To confirm the hypothesis that mammalian cells provide a protective niche for S. aureus
in the presence of antibiotic therapy, the efficacy was compared of three major antibiotics that
are currently used as standard of care (SOC) for invasive MRSA infections (vancomycin,
daptomycin and linezolid) against extracellular planktonic bacteria versus bacteria sequestered
inside murine macrophages (Table 1).

For extracellular bacteria, MRSA was cultured overnight in Tryptic Soy Broth, and the
MIC was determined to be the minimum antibiotic dose that prevented growth. For intracellular
bacteria, murine peritoneal macrophages were infected with MRSA and cultured in the presence
of gentamycin to kill extracellular bacteria. Test antibiotics were added to the culture medium
one day post infection, and the total number of surviving intracellular bacteria was determined

24 hours later. The expected serum concentrations for clinically relevant antibiotics was reported
in Antimicrobial Agents, Andre Bryskier. ASM Press, Washington DC (2005).

Table 1: Minimum inhibitory concentrations (MIC) for several antibiotics on extracellular

bacteria grown in liquid culture vs. intracellular bacteria sequestered inside murine macrophages.

Antibiotics (Abx) Extracellular Intracellular Serum Cmax
MRSA MRSA (ug/mL)
MIC (pg/mL) MIC (ng/mL)

Vancomycin 1 >100 50

Daptomycin 4 >100 60

Linezolid 0.3 >20 20

Rifampicin 0.004 50 20

This analysis with a highly virulent community-acquired MRSA strain USA300 revealed
that although extracellular MRSA is highly susceptible to growth inhibition by low
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concentrations of vancomycin, daptomycin, and linezolid in liquid culture, all three antibiotics
failed to kill the same strain of MRSA sequestered inside macrophages exposed to clinically
achievable concentrations of the antibiotics. Even rifampicin, thought to be relatively effective at
eliminating intracellular pathogens(Vandenbroek, P.V. (1989) Antimicrobial Drugs,
Microorganisms, and Phagocytes. Reviews of Infectious Diseases 11, 213-245), required a
6,000-fold higher dose to eliminate intracellular MRSA compared to the dose required to inhibit
growth (MIC) of planktonic bacteria (Table 1), consistent with other studies showing that the
majority of existing antibiotics are inefficient at killing intracellular S. aureus both in vitro and
in vivo(Sandberg, A., Hessler, J.H., Skov, R.L., Blom, J. & Frimodt-Moller, N. (2009)
"Intracellular activity of antibiotics against Staphylococcus aureus in a mouse peritonitis model"
Antimicrob Agents Chemother 53, 1874-1883).

Example 2  Dissemination of infection with intracellular MRSA

These experiments compared the virulence of intracellular bacteria versus an equivalent
dose of free-living planktonic bacteria, and determined whether the intracellular bacteria are able
to establish infection in the presence of vancomycin in vivo. Four cohorts of mice were infected
by intravenous injection with roughly equivalent doses of S. aureus viable free bacteria (2.9 x
10°) taken directly from broth culture or intracellular bacteria (1.8 x 10°) sequestered inside host
macrophages and neutrophils that were generated by peritoneal infection of donor mice (Fig.
1A) and selected groups were treated with vancomycin immediately after infection and then
once per day. Mice were examined 4 days after infection for bacterial colonization in the
kidney, an organ that is consistently colonized by S. aureus in mice 2. In three independent
experiments, equivalent or higher bacterial burdens in the kidneys of mice infected with
intracellular bacteria compared to those infected with an equivalent dose of planktonic bacteria
was observed (Fig. 1B). Surprisingly, it was found that infection with intracellular bacteria
resulted in more consistent colonization of the brain, an organ that is not efficiently colonized
following infection with planktonic bacteria in this model (Fig. 1C). Furthermore, intracellular
bacteria, but not planktonic bacteria, were able to establish infection in the face of vancomycin
therapy in this model (Fig. 1B, Fig.1C)

Further analyses in vitro addressed more quantitatively the extent to which intracellular
survival facilitates antibiotic evasion. To this end, MG63 osteoblasts were infected with either
planktonic MRSA or intracellular MRSA, in the presence of vancomycin.

Infection of osteoblasts or HBMEC. MG63 cell line was obtained from ATCC (CRL-
1427) and maintained in RPMI 1640 tissue culture media supplemented with 10 mM Hepes and
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10 % Fetal Calf Serum (RPMI-10). HBMEC cells (Catalog #1000) and ECM media (catalog#
1001) were obtained from SciencCell Research Labs (Carlsbad, CA). Cells were plated in 24
well tissue culture plates and cultured to obtain a confluent layer. On the day of the experiment,
the cells were washed once in RPMI (without supplements). MRSA or infected peritoneal cells
were diluted in complete RPMI-10 and vancomycin was added at 5 ug/mL immediately prior to
infection. Peritoneal cells were added to the osteoblasts at 1x10° peritoneal cells/mL. A sample
of the cells was lysed with .1% triton-x to determine the actual concentration of live intracellular
bacteria at the time of infection. The actual titer for all infections was determined by plating
serial dilutions of the bacteria on Tryptic Soy Agar with 5% defibrinated sheep blood.

MRSA (free bacteria) was seeded in media, media + vancomycin, or media +
vancomycin and plated on a monolayer of MG63 osteoblasts (Fig.1E) or Human Brain
Microvascular Endothelial Cells (HBMEC, Fig.1F). Plates were centrifuged to promote contact
of the bacteria with the monolayer. At each time point, the culture supernatant was collected to
recover extracellular bacteria or adherent cells were lysed to release intracellular bacteria.

Planktonic bacteria exposed to vancomycin alone were efficiently killed. Surviving
bacteria were not recovered after one day in culture (Fig. 1D). When a similar number of
planktonic bacteria were plated on MG63 osteoblasts, a small number of surviving bacteria
(approximately 0.06% of input) associated with the MG63 cells one day after infection, which
had been protected from vancomycin by invasion of the osteoblasts, was recovered.

MRSA that were sequestered inside peritoneal cells showed a dramatic increase in both
survival and efficiency of infection in the presence of vancomycin. About 15% of intracellular
MRSA in the leukocytes survived under identical conditions where vancomycin had sterilized
the cultures of planktonic bacteria. Intracellular bacteria also were better able to infect the
monolayer of MG63 osteoblasts in the presence of vancomycin, resulting in a doubling of the
bacteria recovered one day after exposure to vancomycin (Fig. 1D). Moreover, intracellular S.
aureus were able to increase by almost 10-fold over a 24 hour period in MG63 cells (Fig. 1E),
primary human brain endothelial cells (Fig. 1F), and A549 bronchial epithelial cells (not shown)
under constant exposure to a concentration of vancomycin that killed free living bacteria.
Although protected from antibiotic killing, bacterial growth did not occur in cultures of infected
peritoneal macrophages and neutrophils (not shown). Together these data support that
intracellular reservoirs of MRSA in myeloid cells can promote dissemination of infection to new
sites, even in the presence of active antibiotic treatment, and intracellular growth can occur in

endothelial and epithelial cells, even under conditions of constant antibiotic therapy.
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Example 3  Generation of anti-SDR and other antibodies

For generation of mAb rF1, CD19"CD3 CD27'IgD IgA” memory B cells were isolated
from peripheral blood of an MRSA-infected donor using a FACSAria cell sorter (BD, San Jose,
CA). Before viral transduction with B-cell lymphoma (Bcl)-xL and Bcl-6 genes, the memory
cells were activated on CD40L-expressing mouse L fibroblasts in the presence of interleukin-21,
as described previously in Kwakkenbos MJ, et al. (2010) Nat Med 16: 123-128. Transduced B
cells were maintained in the same culture system. The use of donor blood was approved by the
institutional committee. Monoclonal antibody (mAb) rF1 was selected from culture
supernatants by reactivity with lysates of MSSA strain Newman by ELISA; positive wells were
subcloned and re-tested by ELISA twice. Recombinant rF1 was generated by cloning the heavy
and light chain variable regions with human IgG1 kappa constant regions using pcDNA3.1
(Invitrogen) and transfection into 293T cells (ATCC). Purified IgG was obtained from culture
supernatants using protein A-coupled SEPHAROSE® (Invitrogen). The generation of mAb rF1
and its variants are described in US 8,617,556 (Beaumont et al.) and Hazenbos et al. (2103)
PLOS Pathogens 9(10): 1-18, incorporated by reference herein in their entirety.

The human IgG1 mAbs SD2, SD3 and SD4 (all against glycosylated SDR proteins)
and 4675 (human IgG1 anti-ClfA),were cloned from peripheral B cells from patients post S.
aureus infection using the Symplex™ technology which conserves the cognate pairing of
antibody heavy and light chains [34]. Both plasma and memory B-cells were used as genetic
source for the recombinant full length IgG repertoires (manuscript in preparation). Individual
antibody clones were expressed by transfection of mammalian cells [35]. Supernatants
containing full length IgG1 antibodies were harvested after seven days and used to screen for
antigen binding by ELISA. Antibodies 4675, SD2, SD3 and SD4 were positive for binding to
cell wall preparations from USA300 or Newman S. aureus strains. Antibodies were
subsequently produced in 200-ml transient transfections and purified with Protein A
chromatography (MabSelect SuRe, GE Life Sciences, Piscataway, NJ) for further testing.
Isolation and usage of these antibodies were approved by the regional ethical review board. rF1
variants were generated.

Mouse mAb against CIfA (9E10), CIfB, (10D2), SdrD (17H4), IsdA (2D3) and non-
modified SDR proteins (9G4) were generated by immunizing mice with the respective
recombinant proteins, which were purified after expression in E. coli, using standard protocols;
hybridoma supernatants were purified by protein A affinity chromatography. Rabbit mAb 28.9.9
was generated by immunizing rabbits with peptidoglycan (PGN)-derived peptide CKKGGG-(L-
Ala)-(D-gamma-Glu)-(L-Lys)-(D-Ala)-D-Ala) followed by cloning of the IgG.
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Example 4  Characterization of a highly opsonic monoclonal antibody (rF1) isolated from an
MRSA infected donor
Several S. aureus-reactive monoclonal antibodies (mAb) from memory B cells from

peripheral blood of MRSA-infected donors were isolated as described above. When
characterizing these antibodies, one IgG1 mAb (hereafter referred to as rF1) was identified with
broad reactivity to a panel of S. aureus strains that induced robust opsonophagocytic killing
(OPK) by human polymorphonuclear leukocytes (PMN).

Maximum binding of mAb rF1 to bacteria from clinical MRSA strain USA300 was
approximately 10 fold higher than that of an isotype-matched anti-CIfA mAb (Figure 5A).
Consistent with increased binding, opsonization with rF1 resulted in increased uptake (Figure
5B) and killing (Figure 5C) of USA300 by PMN. In contrast, preopsonization with human anti-
CIfA had no effect on bacterial viability (Figure 5C). The rF1 antibody did not affect viability of
USA300 in the absence of PMN. Thus, rF1 is a mAb with the capacity to bind MRSA and
induce potent killing of MRSA by PMN.

Example 5  Binding of rF1 to Staphylococcus strains

FACS analysis of rF1 binding to whole bacteria from culture or infected tissues

Whole bacteria were harvested from TSA plates or TSB cultures and washed with
HBSS without phenol red supplemented with 0.1% IgG free BSA (Sigma) and 10 mM Hepes,
pH 7.4 (HB buffer) Bacteria (20x10® CFU/mL) were incubated with 300 pg/mL of rabbit IgG
(Sigma) in HB buffer for 1 h at room temperature (RT) to block nonspecific IgG binding.
Bacteria were stained with 2 ug/mL of primary antibodies, including rF1 or isotype control IgG1
mADb gD:5237 (Nakamura GR, et al. (1993) J Virol 67: 6179-6191), and next with fluorescent
anti-human IgG secondary antibodies (Jackson Immunoresearch, West Grove, PA). The bacteria
were washed and analyzed by FACSCalibur® (BD).

For antibody staining of bacteria from infected mouse tissues, 6-8 weeks old female
C57Bl/6 mice (Charles River, Wilmington, MA) were injected intravenously with 10® CFU of
logphase-grown USA300 in PBS. Mouse organs were harvested two days after infection. Rabbit
infective endocarditis (IE) was established as described in Tattevin P, et al. (2010) Antimicrobial
agents and chemotherapy 54: 610-613. Rabbits were injected intravenously with 5x10” CFU of
stationary-phase grown MRSA strain COL, and heart vegetations were harvested eighteen hours
later. Treatment with 30 mg/kg of vancomycin was given intravenously b.i.d. 18 h after infection
with 7x10” CFU stationary-phase COL.
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To lyse mouse or rabbit cells, tissues were homogenized in Mxtubes (Miltenyi, Auburn,
CA) using a gentleMACS® cell dissociator (Miltenyi), followed by incubation for 10 min at RT
in PBS containing 0.1% Triton-X100 (Thermo), 10 ug/mL of DNAsel (Roche) and Complete
Mini protease inhibitor cocktail (Roche). The suspensions were passed through a 40 micron
filter (BD) and bacteria were stained with mAbs as described above. Bacteria were differentiated
from mouse organ debris by double staining with 20 pg/mL mouse mAb 702 anti-S. aureus
peptidoglycan (abcam, Cambridge, MA) and a fluorochrome-labeled anti-mouse IgG secondary
antibody (Jackson Immunoresearch). During flow cytometry analysis, bacteria were gated for
positive staining with mAb 702 from double fluorescence plots. All animal experiments were
approved by the Institutional Review Boards of Genentech and the University of California, San
Francisco.

Flow cytometry (FCM) analysis showed potent binding activity of rF1 to all 15 S. aureus
strains tested (Figure 7). These strains were broadly distributed across the S. aureus phylogeny
[8]. As expression levels of bacterial cell surface antigens might differ between in vitro and in
vivo growth, we also tested the ability of rF1 to recognize USA300 isolated from various mouse
tissues after systemic infection. The rF1 mAb strongly bound to USA300 derived from infected
mouse kidneys, livers and lungs (Figure 6). The binding rF1 to USA300 from mouse kidneys
was sustained until at least 8 days after infection (not shown), suggesting robust long-term
expression of the rF1 epitope during infection. In addition, rF1 strongly bound to MRSA COL
bacteria from heart vegetations in a rabbit model of infectious endocarditis. Treatment with
vancomycin did not affect the reactivity of rF1 with MRSA (Figure 6). Thus, the antigen
recognized by rF1 is conserved across various strains and stably expressed in various growth and
infection conditions.

Given the ubiquitous nature of rF1-reactivity across all S. aureus strains, experiments
were performed to see if such reactivity is extended to other gram-positive bacteria. Notably, rF1
binding was detectable only for the coagulase-negative human pathogen S. epidermidis (Figure
7). The rF1 mAD did not bind to any other staphylococcal species tested, including S.
saprophyticus, S. lugdunensis, S. simulans and S. carnosus, or other Gram-positive species such
as Streptococcus pyogenes, Bacillus subtilis, Enterococcus faecalis, and Listeria monocytogenes
(Figure 7). Thus, rF1 is a human antibody that binds to stably-expressed surface antigen(s) on
human-adapted staphylococcal pathogens and promotes bacterial killing by human PMNs.
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Example 6 Amino acid modifications of rF1 antibodies

In summary, the VH region of each of the rF1 Abs were cloned out and linked to human
H chain gammal constant region and the VL linked to kappa constant region to express the Abs
as IgG1. Wild-type sequences were altered at certain positions to improve the antibody stability
while maintaining antigen binding as described below. Cysteine engineered Abs (ThioMabs,
also referred to as THIOMAB™) were then generated.

i. Generating stability variants

The rF1 Abs were engineered to improve certain properties (to avoid deamidation,

aspartic acid isomerization, oxidation or N-linked glycosylation) and tested for retention of
antigen binding as well as chemical stability after amino acid replacements . The amino acid

alterations made were as described in US8,617,556.

iii. Generating Cys engineered mutants (ThioMabs)

Full length ThioMabs were produced by introducing a Cysteine into the H chain (in
CH1) or the L chain (Ck) at a predetermined position as previously taught, e.g., at V205 in the
kappa Constant region of the L chain and position A118 in the human Gamma 1 H chain (amino
acid position numbers according to Eu convention) to allow conjugation of the antibody to a
linker-antibiotic intermediate. H and L chains are then cloned into separate plasmids and the H
and L encoding plasmids co-transfected into 293 cells where they are expressed and assembled
into intact Abs. Both H and L chains can also be cloned into the same expression plasmid. IgG1
having 2 engineered Cys, one in each of H chains; or 2 engineered Cys, one in each of the L
chains; or a combination of an engineered Cys in each of the H and L chains (HC LC Cys)
leading to 4 engineered Cys per antibody tetramer, were generated by expressing the desired

combination of cys mutant chains and wild type chains.
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Example 7  Piperidyl benzoxazino rifamycin (pipBOR) 5

on o OTBSNH
NO, H2 Pd/C @NHz HCl  TBS-CI, TEA 2
oH EOH OH DCM, THF OH
1 2 3

rifamycin S

I
H,N

e 3
Mn02

2-Nitrobenzene-1,3-diol 1 was hydrogenated under hydrogen gas with palladium/carbon
catalyst in ethanol solvent to give 2-aminobenzene-1,3-diol 2, isolated as the hydrochloride salt.
Mono-protection of 2 with tert-butyldimethylsilyl chloride and triethylamine in
dichloromethane/tetrahydrofuran gave 2-amino-3-(tert-butyldimethylsilyloxy)phenol 3.
Rifamycin S (ChemShuttle Inc., Fremont, CA, US 7342011; US 7271165, US 7547692) was
reacted with 3 by oxidative condensation with manganese oxide or oxygen gas in toluene at
room temperature to give TBS-protected benzoxazino rifamycin 4. LCMS (ESI): M+H" =
915.41. Reaction of 4 with piperidin-4-amine and manganese oxide gave piperidyl benzoxazino
rifamycin (pipBOR) 5. LCMS (ESI): M+H" = 899.40
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Example 8  DimethylpipBOR 6

NH

Reaction of N,N-dimethylpiperidin-4-amine with TBS-protected benzoxazino rifamycin

4 gave dimethylpiperidyl benzoxazino rifamycin (dimethylpipBOR) 6

Alternatively, (5-fluoro-2-nitro-1,3-phenylene)bis(oxy)bis(methylene)dibenzene 7 was
hydrogenated under hydrogen gas with palladium/carbon catalyst in tetrahydrofuran/methanol
solvent to remove the benzyl groups to give 2-amino-5-fluorobenzene-1,3-diol 8. LCMS (ESI):

10 M+H" =144.04. Commercially available Rifamycin S or Rifamycin SV sodium salt
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(ChemShuttle Inc., Fremont, CA) was reacted with 2-amino-5-fluorobenzene-1,3-diol 8 by
oxidative condensation in air or potassium ferric cyanide in ethyl acetate at 60 °C to give
fluorobenzoxazino rifamycin 9. Displacement of fluoride with N,N-dimethylpiperidin-4-amine
gave dimethylpipBOR 6. LCMS (ESI): M+H" = 927.43

Example 9  (S)-N-(5-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)pentyl)-N-(1-(4-
(hydroxymethyl)phenylamino)-1-oxo-5-ureidopentan-2-yl)cyclobutane-1,1-dicarboxamide 10
Step 1: Preparation of 1-(5-aminopentyl)-1H-pyrrole-2,5-dione hydrochloride 10a

OH
o) HzN/\/\/\[f o)
o o N/\/\/\H/OH DPPA.TEA
\ HOAc, Reflux \ 0 t-BUOH

O o)
Q o)
N” " N""NHBoc HCI-EtOAc N"N"NH, HC
—_ - 2
Q DCM &g
(0] o) 10a

Maleic anhydride, furan-2,5-dione (150 g, 1.53 mol) was added to a stirred solution of 6-
aminohexanoic acid (201 g, 1.53 mol) in HOAc (1000 mL). After the mixture was stirred at r.t.
for 2 h, it was heated at reflux for 8 h. The organic solvents were removed under reduced
pressure and the residue was extracted with EtOAc (500 mL x 3), washed with H,O. The
combined organic layers was dried over Na,SO4 and concentrated to give the crude product. It
was washed with petroleum ether to give 6-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)hexanoic acid
as white solid (250 g, 77.4 %). DPPA (130 g, 473 mmol) and TEA (47.9 g, 473 mmol) was
added to a solution of 6-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)hexanoic acid (100 g, 473 mmol)
in t-BuOH (200 mL). The mixture was heated at reflux for 8 h under Nj. The mixture was
concentrated, and the residue was purified by column chromatography on silica gel (PE:EtOAc=
3:1) to give tert-butyl 5-(2,5-dioxo0-2,5-dihydro-1H-pyrrol-1-yl)pentylcarbamate (13 g, 10 %).
To a solution of tert-butyl 5-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)pentylcarbamate (28 g, 992
mmol) in anhydrous EtOAc (30 mL) was added HCI/EtOAc (50 mL) dropwise. After the
mixture was stirred at r.t. for 5 h, it was filtered and the solid was dried to give 1-(5-
aminopentyl)-1H-pyrrole-2,5-dione hydrochloride 10a (16 g, 73.7 %). 'H NMR (400 MHz,
DMSO-dy): 6 8.02 (s, 2H), 6.99 (s, 2H), 3.37-3.34 (m, 2H), 2.71-2.64 (m, 2H), 1.56-1.43 (m,
4H), 1.23-1.20 (m, 2H).
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Step 2: Preparation of (S)-1-(1-(4-(hydroxymethyl)phenylamino)-1-oxo-5-

ureidopentan-2-ylcarbamoyl)cyclobutanecarboxylic acid 10b

o OH o OH
HZN\)I\OH‘ FmocHN\)LOH N FmocHN\.)J\N
H; : H

Fmoc-Cl, KoCO4 N f
_—— b
. EEDQ, DCM,
dioxane, H,O HN MeOH. r.t. HN
o NH, 0% “NH, 0% "NH,
10g 10f 10e
0]
OH o) . O.
w3 ~
TN 0 O
: H o
piperidine J/ -
—i-
DMF HN NaHCOj;, DME, H,0, r.t
0% “NH,
10d

mﬁ%( w HO%H\__/(‘)LNOA >

LiOH (2 eq) O O /
MeOH, THF, H,0, r.t. J/

HN HN
0% NH, 07 > NH,
10c 10b

To a mixture of (S)-2-amino-5-ureidopentanoic acid 10g (17.50 g, 0.10 mol) in a mixture
5  of dioxane and H,O (50 mL /75 mL) was added K,CO; (34.55 g, 0.25 mol). Fmoc-Cl (30.96 g,
0.12 mol) was added slowly at 0 °C. The reaction mixture was warmed to r.t. over 2 h. Organic
solvent was removed under reduced pressure, and the water slurry was adjusted to pH = 3 with 6
M HCI solution, and extracted with EtOAc (100 mL x 3). The organic layer was dried over
Na,S0y, filtered, and concentrated under reduced pressure to give (S)-2-((((9H-fluoren-9-
10  yl)methoxy)carbonyl)amino)-5-ureidopentanoic acid 10f (38.0 g, 95.6 %). 10f is commercially
available.
To a solution of 10f (4 g, 10 mmol) in a mixture of DCM and MeOH (100 mL / 50 mL)
were added (4-aminophenyl)methanol (1.6 g, 13 mmol, 1.3 eq) and 2-Ethoxy-1-ethoxycarbonyl-
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1,2-dihydroquinoline, EEDQ, Sigma-Aldrich CAS Reg. No. 16357-59-8 (3.2 g, 13 mmol, 1.3
eq). After the mixture was stirred at r.t. for 16 h under N, it was concentrated to give a brown
solid. MTBE (200 mL) was added and it was stirred at 15°C for 2 h. The solid was collected by
filtration, washed with MTBE (50 mL x 2) to give (S)-(9H-fluoren-9-yl)methyl (1-((4-
(hydroxymethyl)phenyl)amino)-1-oxo-5-ureidopentan-2-yl)carbamate 10e as an orange solid
(4.2 g, 84%). LCMS (ESI): m/z 503.0 [M+1].

To a stirred solution of 10e (4.2 g, 8.3 mmol) in dry DMF (20 ml) was added piperidine
(1.65 mL, 17 mmol, 2 eq) dropwise at r.t. The mixture was stirred at r.t. for 30 min, and solid
precipitate formed. Dry DCM (50 mL) was added, and the mixture became transparent
immediately. The mixture was stirred at r.t. for another 30 min, and LCMS showed 10e was
consumed. It was concentrated to dryness under reduced pressure (make sure no piperidine
remained), and the residue was partitioned between EtOAc and H,O (50 mL / 20 mL). Aqueous
phase was washed with EtOAc (50 mL x 2) and concentrated to give (S)-2-amino-N-(4-
(hydroxymethyl)phenyl)-5-ureidopentanamide 10d as an oily residual (2.2 g, 94%) (contained
small amount of DMF).

Commercially available 1,1-cyclobutanedicarboxylic acid, 1,1-diethyl ester (CAS Reg.
No. 3779-29-1) was converted by limited saponification with aqueous base to the half acid/ester
1,1-cyclobutanedicarboxylic acid, 1-ethyl ester (CAS Reg No. 54450-84-9) and activation with a
coupling reagent such as TBTU (O-(Benzotriazol-1-yl)-N,N,N', N'-tetramethyluronium
tetrafluoroborate, also called: N,N,N',N'-Tetramethyl-O-(benzotriazol-1-yl)uronium
tetrafluoroborate, CAS No. 125700-67-6, Sigma-Aldrich B-2903), and N-hydroxysuccinimide to
the NHS ester, 1-(2,5-dioxopyrrolidin-1-yl) 1-ethyl cyclobutane-1,1-dicarboxylate.

To a solution of 1-(2,5-dioxopyrrolidin-1-yl) 1-ethyl cyclobutane-1,1-dicarboxylate (8 g,
29.7 mmol) in DME (50 mL) was added a solution of 10d (6.0 g, 21.4 mmol) and NaHCO; (7.48
g, 89.0 mmol) in water (30 mL). After the mixture was stirred at r.t. for 16 h, it was concentrated
to dryness under reduced pressure and the residue was purified by column chromatography
(DCM:MeOH = 10:1) to give (S)-ethyl 1-((1-(4-(hydroxymethyl)phenyl)-2-oxo-6-ureidohexan-
3-yhcarbamoyl)cyclobutanecarboxylate 10¢ as white solid (6.4 g, 68.7%). LCMS (ESI): m/z
435.0 [M+1]

To a stirred solution of 10¢ (6.4 g, 14.7 mmol) in a mixture of THF and MeOH (20 mL /
10 mL) was added a solution of LiOH « H,0 ( 1.2 g, 28.6 mmol) in HéO (20 mL) at r.t. After the

reaction mixture was stirred at r.t. for 16 h, solvent was removed under reduced pressure, the

residue obtained was purified by prep-HPLC to give (S)-1-(1-(4-(hydroxymethyl)phenylamino)-
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1-oxo0-5-ureidopentan-2-ylcarbamoyl)cyclobutanecarboxylic acid 10b (3.5 g, yield: 58.5%).
LCMS (ESI): m/z 406.9 [M+1]. '"H NMR (400 MHz, Methanol-ds) ¢ 8.86 (d, J= 8.4 Hz, 2 H),
8.51(d,J=8.4Hz,2 H), 5.88 - 5.85 (m, 1 H), 5.78 (s, 2 H), 4.54 - 4.49 (m, 3 H), 4.38 - 4.32 (m,
1 H),3.86 -3.75 (m, 1 H), 3.84 - 3.80 (m, 2 H), 3.28 - 3.21 (m, 1 H), 3.30 - 3.24 (m, 1 H), 3.00
-2.80 (m, 1 H), 2.37 - 2.28 (m, 2 H).

Step 3: Preparation of S)-N-(5-(2,5-diox0-2,5-dihydro-1H-pyrrol-1-yl)pentyl)-N-
(1-(4-(hydroxymethyl)phenylamino)-1 -oxo-5-ureidopentén¥2-yl)cyclobutane-1 ,1-dicarboxamide
10

BOP-ClI,

DIPEA
DMF J/
j\ _— HN
07 NH, OZ\NHz
10b 10

Diisopropylethylamine, DIPEA (1.59 g, 12.3 mmol) and bis(2-oxo0-3-
oxazolidinyl)phosphinic chloride, BOP-Cl (CAS Reg. No. 68641-49-6, Sigma-Aldrich, 692 mg,
2.71 mmol) was added to a solution of (S)-1-(1-(4-(hydroxymethyl)phenylamino)-1-oxo-5-
ureidopentan-2-ylcarbamoyl)cyclobutanecarboxylic acid 10b (1 g, 2.46 mmol) in DMF (10 mL)
at 0 °C, followed by 1-(5-aminopentyl)-1H-pyrrole-2,5-dione hydrochloride 10a (592 mg, 2.71
mmol). The mixture was stirred at 0 °C for 0.5h. The reaction mixture was quenched with citric
acid solution (10 mL), extracted with DCM/MeOH (10:1). The organic layer was dried and
concentrated, and the residue was purified by column chromatography on silica gel
(DCM:MeOH = 10:1) to give to give S)-N-(5-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)pentyl)-N-
(1-(4-(hydroxymethyl)phenylamino)-1-oxo-5-ureidopentan-2-yl)cyclobutane-1,1-dicarboxamide
10 (1.0 g, 71 %), also referred to as MC-CBDK-¢it-PAB-OH. LCMS (ESI): M+H" =571.28. 'H
NMR (400 MHz, DMSO-dp): 6 10.00 (s, 1H), 7.82-7.77 (m, 2H), 7.53 (d, /= 8.4 Hz, 2 H), 7.19
(d,J=8.4 Hz, 2 H), 6.96 (s, 2H), 5.95 (t, J = 6.4 Hz, 1H), 5.39 (s, 2H), 5.08 (t, /= 5.6 Hz, 1H),
4.40-4.35 (m, 3H), 4.09 (d, /= 4.8 Hz, 1 H), 3.01 (d, J=3.2 Hz, 2 H), 3.05-2.72 (m, 4H), 2.68-
2.58 (m, 3H), 2.40-2.36 (m, 4H), 1.72-1.70 (m, 3H), 1.44-1.42 (m, 1H), 1.40-1.23 (m, 6H), 1.21-
1.16 (m, 4H).

92



WO 2016/090040 PCT/US2015/063515

Example 10  (S)-N-(1-(4-(chloromethyl)phenylamino)-1-oxo-5-ureidopentan-2-yl)-N-(5-(2,5-
dioxo-2,5-dihydro-1H-pyrrol-1-yl)pentyl)cyclobutane-1,1-dicarboxamide 11
0

H H e Cl
I N ~~N N\)J\N
W 0 o z H
HN 11
O NH,

A solution of (S)-N-(5-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)pentyl)-N-(1-(4-

5  (hydroxymethyl)phenylamino)-1-oxo-5-ureidopentan-2-yl)cyclobutane-1,1-dicarboxamide 10
(2.0 g, 3.5 mmol) in N,N-dimethylformamide, DMF or N-methylpyrrolidone, NMP (50 mL) was
treated with thionyl chloride, SOCI; (1.25 g, 10.5 mmol) in portions dropwise at 0°C. The
reaction remained yellow. The reaction was monitored by LC/MS indicating >90% conversion.
After the reaction mixture was stirred at 20 °C for 30 min or several hours, it was diluted with

10 water (50 mL) and extracted with EtOAc (50 mL x 3). The organic layer was dried,
concentrated and purified by flash column (DCM : MeOH = 20 : 1) to form 11, also referred to
as MC-CBDK-cit-PAB-Cl as a gray solid. LCMS: (5-95, AB, 1.5 min), 0.696 min, m/z = 589.0
[M+17*. ‘

Example 11  (S)-4-(2-(1-(5-(2,5-diox0-2,5-dihydro-1H-pyrrol-1-
15 yDpentylcarbamoyl)cyclobutanecarboxamido)-5-ureidopentanamido)benzyl 4-nitrophenyl

carbonate 12

gMN\.%JN/])LH@A

O

HN

H,N” SO 12

To a solution of (S)-N-(5-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)pentyl)-N-(1-(4-
(hydroxymethyl)phenylamino)-1-oxo-5-ureidopentan-2-yl)cyclobutane-1,1-dicarboxamide 10 in
20 anhydrous DMF was added diisopropylethylamine (DIEA), followed by PNP carbonate (bis(4-
nitrophenyl) carbonate). The reaction solution was stirred at room temperature (r.t.) for 4 hours

and the mixture was purified by prep-HPLC to afford 12. LCMS (ESI): M+H" = 736.29.
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Example 12  Preparation of MC-(CBDK-cit)-PAB-(dimethyl, fluoropipBOR) - PLA-1

Following the procedure for PLA-2, (S)-N-(1-(4-(chloromethyl)phenylamino)-1-oxo-5-
ureidopentan-2-yl)-N-(5-(2,5-diox0-2,5-dihydro-1H-pyrrol-1-yl)pentyl)cyclobutane-1,1-
dicarboxamide 11 and the fluorinated rifamycin-derivative, dimethylfluoropipBOR 13 (LCMS
(ESI): M+H" = 945 43) were reacted to form MC-(CBDK -cit)-PAB-(dimethyl, fluoropipBOR) -
PLA-1, Table 2. LCMS (ESI): M+H" = 1499.7

Example 13  Preparation of MC-(CBDK-~cit)-PAB-(dimethylpipBOR) - PLA-2
(S)-N-(1-(4-(chloromethyl)phenylamino)-1-oxo-5-ureidopentan-2-yl)-N-(5-(2,5-dioxo-
2,5-dihydro-1H-pyrrol-1-yl)pentyl)cyclobutane-1,1-dicarboxamide 11 (0.035 mmol) in DMF
was cooled to 0 °C and dimethylpipBOR 6, (10 mg, 0.011 mmol) was added. The mixture was
diluted with another 0.5 mL of DMF. Stirred open to air for 30 minutes. N,N-
dusopropylethylamine (DIEA, 10 ul., 0.05 mmol) was added and the reaction stirred overnight
open to air. By LC/MS, 50% of desired product was observed. An additional 0.2 eq N\N-
ditsopropylethylamine base was added while the reaction stirred open to air for another 6 hours
until the reaction appeared to stop progressing. The reaction mixture was diluted with DMF and
purified on HPLC (20-60% ACN/HCOOH n'H:0) to give MC-(CBDK ~cit)-PAB-
(dimethylpipBOR) - PLA-2, Table 2. LCMS (ESI): M+H" = 1481.8, yield 31%.

Example 14 Preparation of MC-((R)-thiophen-3-yl-CBDK-cit)-PAB-(dimethylpipBOR) (PLA-

3)
N

H,N o

NjQA

14

O
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Following the procedure for PLA-2, (N-((S)-1-(4-(chloromethyl)phenylamino)- 1-oxo-5-
ureidopentan-2-yl)-N-((R)-3-(5-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)pentylamino)-3-oxo-1-
(thiophen-3-yl)propyl)cyclobutane-1,1-dicarboxamide 14 (LCMS (ESI): M+H" = 742.3) and
dimethylpipBOR 6 were reacted to give MC-((R)-thiophen-3-yl-CBDK-cit)-PAB-
(dimethylpipBOR) (PLA-3, Table 2). LCMS (ESI): M+H" = 1633.9

Example 15 Preparation of MC-((S)-thiophen-3-yl-CBDK-cit)-PAB-(dimethylpipBOR) (PLA-

4

i i g O

HN
HN" O .

Following the procedure for PLA-2, (N-((R)-1-(4-(chloromethyl)phenylamino)-1-oxo-5-
ureidopentan-2-yl)-N-((R)-3-(5-(2,5-diox0-2,5-dihydro-1H-pyrrol-1-yl)pentylamino)-3-oxo-1-
(thiophen-3-yl)propyl)cyclobutane-1,1-dicarboxamide 15 (LCMS (ESI): M+H" = 742.3) and
dimethylpipBOR 6 were reacted to give MC-((R)-thiophen-3-yl-CBDK-cit)-PAB-
(dimethylpipBOR) (PLA-4, Table 2). LCMS (ESI): M+H" = 1633.9

15

Example 16 Preparation of MC-(CBDK-cit)-PABC-(pipBOR) (PLA-5)

Piperidyl benzoxazino rifamybin (pipBOR) 5 (15 mg, 0.0167 mmol), and then (S)-4-(2-
(1-(5-(2,5-diox0-2,5-dihydro-1H-pyrrol-1-yl)pentylcarbamoyl)cyclobutanecarboxamido)-5-
ureidopentanamido)benzyl 4-nitrophenyl carbonate 12 (12 mg, 0.0167 mmol) were weighed into
a vial. Dimethylformamide, DMF (0.3 mL) was added, followed By diisopropylethylamine,
DIEA (0.006 mL, 0.0334 mmol), and the reaction was allowed to sﬁr at room temperature for 2
h. The reaction solution was directly purified by HPLC (30 to 70% MeCN/water + 1% formic
acid) to give MC-(CBDK-cit)-PABC-(pipBOR) (PLA-5, Table 2). LCMS (ESI): M+H" =
1496.5
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Example 17 Preparation of MC-(CBDK-cit)-PABC-(piperazBTR) (PLA-6)

Following the procedures for PLA-5,the piperidine rifamycin derivative, piperazBOR 16
(LCMS (ESI): M+H" = 885.4) and (S)-4-(2-(1-(5-(2,5-diox0-2,5-dihydro-1H-pyrrol-1-
yl)pentylcarbamoyl)cyclobutanecarboxamido)-5-ureidopentanamido)benzyl 4-nitrophenyl
carbonate 12 were reacted to give MC-(CBDK-cit)-PABC-(piperazBTR) (PLA-6. Table 2).
LCMS (ESI): M+H" = 1482.5

Example 18 Preparation of rF1 Antibody-Antibiotic Conjugates

Antibody-antibiotic conjugates (AAC) Table 3 were prepared by conjugating an rF1
antibody to a PML Linker-Antibiotic intermediate, including those from Table 2. Prior to
conjugation, the rF1 antibodies were partially reduced with TCEP using standard methods in
accordance with the methodology described in WO 2004/010957, the teachings of which are
incorporated by reference for this purpose. The partially reduced antibodies were conjugated to
the linker-antibiotic intermediate using standard methods in accordance with the methodology
described, ¢.g., in Doronina et al. (2003) Nat. Biotechnol. 21:778-784 and US 2005/0238649 Al.
Briefly, the partially reduced antibodies were combined with the linker-antibiotic intermediate to
allow conjugation of the linker-antibiotic intermediate to reduced cysteine residues of the
antibody. The conjugation reactions were quenched, and the AAC were purified. The antibiotic
load (average number of anﬁbiotic moieties per antibody) for each AAC was determined and
was between about 1 to about 2 for the rF1 antibodies engineered with a single cysteine mutant
site.

Reduction/Oxidation of ThioMabs for Conjugation: Full length, cysteine engineered
monoclonal antibodies (ThioMabs - Junutula, et al., 2008b Nature Biotech., 26(8):925-932;
Dornan et al (2009) Blood 114(13):2721-2729; US 7521541; US 7723485, W02009/052249,
Shen et al (2012) Nature Biotech., 30(2):184-191; Junutula et al (2008) Jour of Immun. Methods
332:41-52) expressed in CHO cells were reduced with about a 20-40 fold excess of TCEP

96



10

15

20

25

30

WO 2016/090040 PCT/US2015/063515

(tris(2-carboxyethyl)phosphine hydrochloride or DTT (dithiothreitol) in 50 mM Tris pH 7.5 with
2 mM EDTA for 3 hrs at 37 °C or overnight at room temperature.(Getz et al (1999) 4ral.
Biochem. Vol 273:73-80; Soltec Ventures, Beverly, MA). The reduced ThioMab was diluted
and loaded onto a HiTrap S column in 10 mM sodium acetate, pH 5, and eluted with PBS
containing 0.3M sodium chloride. Alternatively, the antibody was acidified by addition of 1/20™
volume of 10 % acetic acid, diluted with 10 mM succinate pH 5, loaded onto the column and
then washed with 10 column volumes of succinate buffer. The column was eluted with 50 mM
Tris pH7.5, 2 mM EDTA.

The eluted reduced ThioMab was treated with 15 fold molar excess of DHAA
(dehydroascorbic acid) or 200 nM aqueous copper sulfate (CuSQ4). Oxidation of the interchain
disulfide bonds was complete in about three hours or more. Ambient air oxidation was also
effective. The re-oxidized antibody was dialyzed into 20 mM sodium succinate pH 5, 150 mM
NaCl, 2 mM EDTA and stored frozen at -20 °C.

Conjugation of ThioMabs with linker-antibiotic intermediates: The deblocked,
reoxidized, thio-antibodies (ThioMab) were reacted with 6-8 fold molar excess of the linker-
antibiotic intermediate of Table 2 (from a DMSO stock at a concentration of 20 mM) in 50 mM
Tris, pH 8, until the reaction was complete (16-24 hours) as determined by LC-MS analysis of
the reaction mixture.

The crude antibody-antibiotic conjugates (AAC) were then applied to a cation exchange
column after dilution with 20 mM sodium succinate, pH 5. The column was washed with at
least 10 column volumes of 20 mM sodium succinate, pH 5, and the antibody was eluted with
PBS. The AAC were formulated into 20 mM His/acetate, pH 5, with 240 mM sucrose using gel
filtration columns. AAC were characterized by UV spectroscopy to determine protein
concentration, analytical SEC (size-exclusion chromatography) for aggregation analysis and LC-
MS before and after treatment with Lysine C endopeptidase.

Size exclusion chromatography was performed using a Shodex KW802.5 column in
0.2M potassium phosphate pH 6.2 with 0.25 mM potassium chloride and 15% IPA at a flow rate
of 0.75 ml/min. Aggregation state of AAC was determined by integration of eluted peak area
absorbance at 280 nm.

LC-MS analysis was performed using an Agilent QTOF 6520 ESI instrument. As an
example, an AAC generated using this chemistry was treated with 1:500 w/w Endoproteinase
Lys C (Promega) in Tris, pH 7.5, for 30 min at 37 °C. The resulting cleavage fragments were
loaded onto a 1000A, 8 um PLRP-S column heated to 80°C and eluted with a gradient of 30% B
to 40% B in 5 minutes. Mobile phase A: H,O with 0.05% TFA. Mobile phase B: acetonitrile
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with 0.04% TFA. Flow rate: 0.5ml/min. Protein elution was monitored by UV absorbance
detection at 280 nm prior to electrospray ionization and MS analysis. Chromatographic
resolution of the unconjugated Fc fragment, residual unconjugated Fab and antibiotic-Fab was
usually achieved. The obtained m/z spectra were deconvoluted using Mass Hunter™ software
(Agilent Technologies) to calculate the mass of the antibody fragments.

The AAC, 103 (AAR = 1.9) thio-rF1-HC-121C, LC-V205C-MC-(CBDK-cit)-PAB-
(dimethylpipBOR) was made using the rF1 L chain of SEQ ID NO. 9 containing the engineered
Cys 205, and the rF1 H chain comprising SEQ ID NO. 10. The AAC 102 (AAR = 3.9) thio-rF1-
HC-121C, LC-V205C-MC~(CBDK-cit)-PAB-(dimethylpipBOR) was made using the rF1 L
chain of SEQ ID NO. 9 in the preceding containing the engineered Cys 205, and the rF1 H chain
comprising SEQ ID NO. 12 which contains the engineered Cys 114 (114 Kabat numbering is the
same as 118 Eu numbering and 121 sequential numbering). The Cys enginéered L and/or H

chain was conjugated to the PML linker and rifamycin-type antibiotic as shown in Table 2.

Example 19 In vitro efficacy of rF1-AACs

S. aureus (USA300 NRS384 strain) was incubated with various doses (100 ug/mL, 10
ug/mL, 1 ug/mL or 0.1 ug/mL) of an anti-S. aureus unconjugated antibody, 103 AAC loaded
with 1.9 average antibiotic molecules per antibody (AAR2) or with 102 AAC loaded with 3.9
average antibiotic molecules per antibody (AAR4) for 1 hour to permit binding of the antibody
to the bacteria. The resulting opsonized bacteria were fed to murine macrophages and incubated
at 37°C to permit phagocytosis (in vitro macrophage assay). After 2 hours, the infection mix
was removed and replaced with normal growth media supplemented with 50 ug/mL of
gentamycin to kill any remaining extracellular bacteria. The total number of surviving
intracellular bacteria was determined 2 days later by plating serial dilutions of the macrophage
lysates on Tryptic Soy Agar plates.

The results are shown in Figure 10. Both of the AACs tested (AAR2 vs. AAR4) showed
a similar dose response and yielded maximal killing at a dose of 10 ug/mL or above with partial
to no killing at 1 ug/mL and below, suggesting that the dose response for the AAC is limited by
the number of antibody binding sites on the bacterium. By loading 4 antibiotic molecules per
antibody, bacterial killing by AACs and overall killing of bacteria was superior with the AAR4
AAC at all doses tested. At the highest dose tested, the 2DAR AAC reduced bacterial loads by
350-fold, whereas the 4AAR AAC reduced bacterial loads by more than 4,000-fold. (dashed line

indicates the limit of detection for the assays shown).
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This example demonstrates that rF1-AAC, 102 (AAR = 3.9) and 103 (AAR = 1.9) thio-
rF1-HC-121C, LC-V205C-MC-(CBDK-cit)-PAB-(dimethylpipBOR) from Table 3 killed

intracellular MRSA in a macrophage assay in vitro. The results are shown in Figure 10.

Example 20 In vivo efficacy of rF1-AACs
This example demonstrates that the rF1-AACs were effective in greatly reducing or

eradicating intracellular S. aureus infections, in a murine intravenous infection model.

Peritonitis Model. 7 week old female A/J mice (Jackson Laboratories) are infected by
peritoneal injection with 5x107 CFU of USA300. Mice are sacrificed 2 days post infection and
the peritoneum is flushed with 5 mL of cold phosphate buffered saline solution (PBS). Kidneys
are homogenized in 5 mL of PBS as described below for the intravenous infection model.
Peritoneal washes are centrifuged for 5 minutes at 1,000 rpm at 4°C in a table top centrifuge.
The supernatant is collected as the extracellular bacteria and the cell pellet containing peritoneal
cells is collected as the intracellular fraction. The cells are treated with 50 ug/mL of lysostaphin
for 20 minutes at 37°C to kill contaminating extracellular bacteria. Peritoneal cells are washed
3x in ice cold PBS to remove the lysostaphin prior to analysis. To count the number of
intracellular CFUs, peritoneal cells are lysed in HB (Hanks Balanced Salt Solution supplemented
with 10 mM HEPES and .1% Bovine Serum Albumin) with 0.1% Triton-X, and serial dilutions
of the lysate are made in PBS with 0.05% tween-20.

Murine intravenous infection model. For studies involving competing human IgG (SCID
IVIG model), CB17.SCID mice (Charles River Laboratories, Hollister, CA) were reconstituted
with GammaGard S/D IGIV Immune Globulin (ASD Healthcare, Brooks KY) using a dosing
regimen optimized to achieve constant serum levels of at least 10 mg/mL of human IgG in
serum. IGIV was administered with an initial intravenous dose of 30 mg per mouse followed by
a second dose of 15 mg/mouse by intraperitoneal injection after 6 hours, and subsequent daily
dosing of 15 mg per mouse by intraperitoneal injection for 3 consecutive days.

Mice (n=8 for each of antibody or AAC) were infected 4 hours after the first dose of
IGIV with 1x10” CFU of MRSA (USA300 NRS384 strain) diluted in phosphate buffered saline
by intravenous injection. Infected mice were treated with 50 mg/kg of rF1 naked antibody, 103
AAC DAR2 or 102 AAC DAR4. Mice were given a single dose of AAC 26h post infection by
intravenous injection, sacrificed on day 4 post infection, and kidneys and hearts were harvested
in 5 mL of phosphate buffered saline. The tissue samples were homogenized using a
GentleMACS Dissociator™ (Miltenyi Biotec, Auburn, CA). The total number of bacteria
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recovered per organ was determined by plating serial dilutions of the tissue homogenate in PBS
.05% Tween on Tryptic Soy Agar with 5% defibrinated sheep blood.

Figure 11A shows the results of in vivo treatment with AACs on the bacterial load in the
kidneys of the infected mice. Treatment with AAC containing 2 antibiotic molecules per
antibody (DAR2) reduced bacterial load by approximately 30-fold and treatment with the AAC
containing 4 antibiotic molecules per antibody (AAR4) reduced bacterial burdens by more than
30,000-fold.

Figure 11B shows the results of in vivo treatment with AACs on the bacterial count in
the heart. Treatment with AAC AAR2 reduced bacterial burdens by approximately 70-fold with
6 out of 8 mice having undetectable level of bacteria in hearts; treatment with the AAC DAR4
completely eradicated infection in hearts resulting in 8 out of 8 mice having undetectable levels

of bacteria.

Although the foregoing invention has been described in some detail by way of
illustration and example, for purposes of clarity of understanding, the descriptions and examples
should not be construed as limiting the scope of the invention. All patents, patent applications,

and references cited throughout the specification are expressly incorporated by reference.
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CLAIMS
We claim:
1. An antibody-antibiotic conjugate compound comprising an anti-serine-aspartate

repeat (SDR) antibody, covalently attached by a protease-cleavable, non-peptide linker to a

5 rifamycin-type antibiotic.

2. The antibody-antibiotic conjugate compound of claim 1 having the formula:
Ab—(PML-abx),

wherein:
Ab is the rF1 antibody;
10 PML is the protease-cleavable, non-peptide linker having the formula:

—Str-PM-Y-

where Str is a stretcher unit; PM is a peptidomimetic unit, and Y is a spacer unit;
abx is the rifamycin-type antibiotic; and

p 1s an integer from 1 to 8.

15 3. The antibody-antibiotic conjugate compound of claim 2 wherein the rifamycin-

type antibiotic is a rifalazil-type antibiotic.

4, The antibody-antibiotic conjugate compound of claim 2 wherein the rifamycin-
type antibiotic comprises a quaternary amine attached to the protease-cleavable, non-peptide
linker. |

20 5. The antibody-antibiotic conjugate compound of claim 2 having Formula I:

wherein:
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the dashed lines indicate an optional bond;

R is H, C,—C;; alkyl, or C(O)CHj3;

R'is OH;

R? is CH=N—(heterocyclyl), wherein the heterocyclyl is optionally substituted with one

5  ormore groups independently selected from C(O)CH3, C,—C;, alkyl, C;—C;; heteroaryl, C,—Cyq

heterocyclyl, C¢—Cy aryl, and C3—C;; 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 carbocyclyl
ring, wherein the spiro or fused six-membered heteroaryl, heterocyclyl, aryl, or carbocyclyl ring

10  is optionally substituted H, F, Cl, Br, I, C;—Cy alkyl, or OH;

PML is the protease-cleavable, non-peptide linker attached to R? or the fused heteroaryl
or heterocyclyl formed by R and R%; and

Ab is the rF1 antibody.

6. The antibody-antibiotic conjugate compound of claim 5 having the formula:

Ab——PML—(R®,N

15

wherein

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

nislor?2; |

R* is selected from H, F, Cl, Br, I, C,-C,; alkyl, and OH; and
20 Z 1s selected from NH, N(C;—C;; alkyl), O and S.

7. The antibody-antibiotic conjugate compound of claim 2 having the formula:
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wherein

R’ is selected from H and C;-Cy» alkyl; and

nis0orl.

8. The antibody-antibiotic conjugate compound of claim 2 having the formula:

wherein
R’ is selected from H and C1—Cyz alkyl; and

nisOorl.

9. The antibody-antibiotic conjugate compound of claim 2 having the formula:
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OR
‘\\OH
(R%, N (\ N “
N
Ab PML/

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

nisQorl.

10.  The antibody-antibiotic conjugate compound of claim 2 having the formula:

O
Ab—+—PML—(R3,N

wherein

R’ is independently selected from H and C;~Cj, alkyl; and
nis 1or?2.

11.  The antibody-antibiotic conjugate compound of claim 10 having the formula:
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N
®
Ab—+—PML——(CH,),N

p
12.  The antibody-antibiotic conjugate compound of claim 2 wherein Str has the
formula:
0]
N—RS—
0]
5 wherein R is selected from the group consisting of C;-C;, alkylene, C;-C;; alkylene-

C(=0), C1-Cy2 alkylene-NH, (CH,CH,0);, (CH,CH»0),-C(=0), (CH,CH,0),-CH», and C;-Cy»
alkylene-NHC(=0)CH,CH(thiophen-3-yl), where r is an integer ranging from 1 to 10.

13.  The antibody-antibiotic conjugate compound of claim 12 wherein R® is (CHy)s .

14.  The antibody-antibiotic conjugate compound of claim 2 wherein PM has the

10 formula:

HR7 R8H O
AN

O O AA

where R” and R® together form a C3-C; cycloalkyl ring, and
AA 1s an amino acid side chain selected from H, —CHj, —CH»(Cg¢Hs),
~CH,CH,CH,CH,NH,, -CH,CH,CH,NHC(NH)NH,, ~-CHCH(CH3)CHj3, and
15 -CH,CH,CH,;NHC(O)NH,.

15.  The antibody-antibiotic conjugate compound of claim 2 wherein Y comprises

para-aminobenzyl or para-aminobenzyloxycarbonyl.
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16.  The antibody-antibiotic conjugate compound of claim 2 having the formula:

(0]
H H - abx
-~ Y
Ab Str
O O AA p

17.  The antibody-antibiotic conjugate compound of claim 16 having the formula:

- Y/

Ab Str z
o) 0O 2

J "

HN
O)\NHZ
5 18.  The antibody-antibiotic conjugate compound of claim 15 having the formula:
0]
O
H H
N\/\/\/NWIS ;(N% /abX
Y
Ab 0 o O AA

p

19.  The antibody-antibiotic conjugate compound of claim 18 having the formula:

0
H H T abx
N\/\/\/N\HSZH/N\)J\Y/
Ab W 0 OJ/E

HN P

0% “NH,

20.  The antibody-antibiotic conjugate compound of claim 15 selected from the

10  formulas:
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0O
o abx
H H
AN PP N ﬁ)j\
N
Ab (0] 0] AA H
(0]
p
and
O
° N
abx
9y g0 /@/\
N\/\/\/N N
\H‘\”
Ab 0 O O AA
P

21.  The antibody-antibiotic conjugate compound of claim 16 selected from the

5  formulas:

i
%0
<

Ab
o f

0% “NH,

Ab
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Ab

and

O
H H
Ab N\/\/\/NW‘SZ(N:/U\H
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22. The antibody-antibiotic conjugate compound of claim 1, wherein the anti-SDR

antibody is a rF1 antibody.

23. The antibody-antibiotic conjugate of claim 22, wherein the rF1 antibody
comprises a light (L) chain and a heavy (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 F1, rF1, rFl.vl and rF1.v6 (SEQ ID NO.1-8), respectively, as
shown in Table 4A and Table 4B .

24. The antibody-antibiotic conjugate of claim 22 wherein the rF1 antibody
comprises a heavy chain variable region (VH), wherein the VH comprises at least 95% sequence
identity over the length of the VH region of SEQ ID NO.13.

25. The antibody-antibiotic conjugate compound of claim 24, wherein the VL
comprises at least 95% sequence identity over the length of the VL region of SEQ ID NO. 14 or
SEQ ID NO.15.

26. The antibody-antibiotic conjugate compound of any one of claim 1 or claim 22
wherein the anti-SDR antibody binds to Staphylococcus aureus and/or Staphylococcus

epidermidis in vivo.

27.  The antibody-antibiotic conjugate compound of any of the preceding claims,

wherein the antibody is a F(ab) or a F(ab’),.

28. A pharmaceutical composition comprising the antibody-antibiotic conjugate

compound of claim 1, and a pharmaceutically acceptable carrier, glidant, diluent, or excipient.
29. A method of treating a Staphyloccocal bacterial infection in a patient comprising
administering to the patient a therapeutically-effective amount of the antibody-antibiotic

conjugate compound of claim 1.

30.  The method of claim 29 wherein the patient is infected with Staphylococcus

aurcus.
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31.  The method of claim 30 wherein the patient is infected with Staphylococcus

epidermidis.

32.  The method of claim 29 wherein the antibody-antibiotic conjugate compound is

administered to the patient at a dose in the range of about 50mg/kg to 100mg/kg.

33.  The method of claim 29 wherein the patient is administered the antibody-

antibiotic conjugate compound in conjunction with treatment with a second antibiotic.

34. A method of killing intracellular Staph aureus in the cells of a staph aureus
infected patient without killing the host cells by administering an antibody-antibiotic conjugate

compound of claim 1.

35. A process for making the antibody-antibiotic conjugate compound of claim 1

comprising conjugating a rifamycin-type antibiotic to an rF1 antibody.

36.  Akit for treating a bacterial infection, comprising:
a) the pharmaceutical composition of claim 23; and
b) instructions for use.

37.  An antibiotic-linker intermediate having Formula II:

X~—PML—R? "y

I
wherein:

the dashed lines indicate an optional bond,;

R is H, C,—Cy; alkyl, or C(O)CHj;

R!is OH;
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R? is CH=N—(heterocyclyl), wherein the heterocyclyl is optionally substituted with one
or more groups independently selected from C(O)CH3, C,—C;; alkyl, C1—Cj; heteroaryl, C,—Cy
heterocyclyl, Cs—Cyg aryl, and C3—C;; 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 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;

PML is a protease-cleavable, non-peptide linker attached to R” or the fused heteroaryl or
heterocyclyl formed by R' and R?, and having the formula:

—Str—PM-Y-

where Str is a stretcher unit; PM is a peptidomimetic unit, and Y is a spacer unit; and
X is a reactive functional group selected from maleimide, thiol, amino, bromide,
bromoacetamido, iodoacetamido, p-toluenesulfonate, iodide, hydroxyl, carboxyl, pyridyl

disulfide, and N-hydroxysuccinimide.

38. The antibiotic-linker intermediate of claim 37 wherein X is

or 0

39.  The antibiotic-linker intermediate of claim 37 having the formula:

X—PML—(R3),N

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

nis 1 or2;

R*is selected from H, F, Cl, Br, 1, C,—Cp, alkyl, and OH; and
Z is selected from NH, N(C,—C;; alkyl), O and S.

5
40.  The antibiotic-linker intermediate of claim 37 having the formula:
N
®
X—PML'—(CH3)2NH2
41. The antibiotic-linker intermediate of claim 37 selected from the formulas:
1 0 o NH; ;
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ESRIMPUIE-TERE AL EY,

30 . BURZER290) 75 ik, R BB R T &R A& RE .

31 ANHIE K300 75 vk, Horp B R T RL B & BRE

32 MR ER 290 7%, b k- R B S &L 250mg /kg £ 100mg / kg HI 57 2
FEF T EE .

33 WRE R 290 vk, R BE R 58 e RGBT SN TE-ERE AW,

3. —MiE I AR ER I TE-ERBRE NS ES E O & ERE BRI B
) 4 P R B A P P 4 3 R BT KB L TS R BETE 4N V.

35. — M &R ER IV IE-MERBZELEMH L HEEEFEERINE
FNSIIUER Sz EN

36. —FMATRTHAERANGE, HEE:

a) A E R 23M WA &) Fn

b) {57 1 EA

3. —MEFXRIIMER- L P E1E:
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Hep.

RE &R ATIRTIEE 5

RAEH.C1—Cioke 3L 8 C (0) CHs;

RLEZOH;

R¥ZECH=N- (I H) , H o ik PR F ATk Hb 4% — AN B AN AL #hi%k H C (0) CHaC1-Ciz
JedE \C1—Ci24% 75 F . Co—Coo B I IE . Co—Ca0 75 2 FNC3—CroBik 4 F 19 B BUAR ;

BERUAIRIE A L TC BN TO R & 4555 ZE Bk 0 3R 5, 3F BAT IR MUY BB sk B & 0 /S e 2 5
B VRIEE SRR, K TR RS & FI /N Tu R 5 5 R 5 B E M E
W HEHF.C1Br.1.Ci—Ci2fe 5 BOHENAX ;

PMLAE B2 BIR? SR AR FIRA T AR O A & 24 75 B B IR 10 B8 A B T VD B0 FE AR 28 B2 3k
FHEFTHR:

-Str-PM-Y-

HAStr i E o ; PMRIAKE T, FIY 2 RIkg T ; 3 A

XA i%E B DoRBL AR BB &5 IR IR R 2 Tl 2 B 3 R B R B T
¥y 323 ER B e B AL FIN- SR R R TR W AR R SR B RE

38 B RIERITI LA R -k aE, XA

(o) H
§/\f A
N N
N Br _555
e 0T
39 BMERIT P E BB kP afk, K AEA T

X—PML—(R3),N
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H,

R¥Jh 7 #1356 B HAIC~Crobim 55 5

ny18k2;

RYE B H.F.C1.Br.I.Ci—Ci2f7 5 FI0H; F0

ZiE ENH.N (C1—Ciake &) JOF1S,

40 AUF B RITH P R -k P (4, HEB T

N f
®

2

AL BRIZSRITRIPIAE R -k A, Hak B T

11
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MERBFEHRENTFIEERBSYEERE

(0001]  AHGHRIERIZZ X 5IH

[0002] AmRIEER2014412 A3H XK EE M 15 562/087, 2130905, 2 &
BT 5 AR, ATER BRI

[0003] JFH|FR

[0004] AHFEEEDZEUASCIIERE FRAAWFIIR, HaiBH il 5| HFAE.
FFRASCIIE) A, F20154E12 H1 H A&, L FRHP32350W0 PCTSequencelisting.txt, B K
INF26, TATFETT

ARG

[0005] AKHEREFEERENEZRANTHERETE, U RFABEIE-HER
A IRTT S B R B & .

[0006] 4R BEATY =

[0007] & HEFERBEMRZBERELRIIPIANLIL A, KFEEETEILMK
k. & E A EEKE (S.aureus;SA) HATREZFALR, SEE KA MR ERESIRT
BBl N S 4P SRR L i B R R Bl HH B A & B 667 6 B A A R S s S I ) 1 AN AE HoAth A2
B ARSI ERROR N EXEZLTHEF B THFEAEREHCETHEKE
(MRSA) 9 H B AN HIE AL 45 , £ 35 608 5 BRI 1 IR YL AR 15 SR Bk LA VR T, IX i 24 78 X P
2 Hr8-m ki AE E BB Boucher , H.W.Z A, (2009) Clin Infect Dis 48,1-
12) . B B, fif B E P Ak & 55 2 B & BR B (MRSA) A9 8% 3% 18 A1 5% B Ay B I PR B Ak 2 USA300,
BAEPHE KESHETIH S EREANAIET-HIEE S (Chambers ,HFfliDeleo FR(2009) B %A
W45k (Nature Reviews Microbiology) 7:629-641) B/ B RGO ER F
B8 7%  PRBE M it 4 B I 5 7 20 B 4% 3% B L 2 5 K A& (Lowy ,F.D. (1998) N ENGL J MED
339,520-532) . 5 & HEAFHRBEE VXN REEEREE T S5E RS ERGH
K, I HARER W EEST ISR T A RGR.

[0008] s FHRIZIRE KM AR e B AN S, EENRMMEEE B XK, KT
T T 7E 8 & BRI b 77 AE ORGP MR A- G AR IR O K E 2 | R - R A 28R — Ak (SDR) EE FP
%] (Foster TJ,Hook M(1998) #4423t k& (Trends Microbiol) 6:484-488) X} #hff EE
HIX L6 [ FRAFE R FE F (C1f) ARIC1EB (Foster TJ, W_E30 B& TCIFAMICIfBZ 4h, &
B 08 B BRI R 18 = FhSDRE [ SdrC. SdrDFISArE, B A 17E F (K 41 A BB R HE Y . 1IX S B 1
BRGNS 5HEEE, F AR PT—MRHERER T AEREFM (Cheng AGEA
(2009) FASEB Journal 23:3393-3404) .3X /™K HEHI 534k =N B A SrdF . SdrGMSdrHAF7E T
KL R EZEEIREFEKD McCrea KWZE A (2000) The serine-aspartate repeat (Sdr)
protein family in Staphylococcus epidermidis.Microbiology 146 (Pt 7) :1535-
1546) . 51X LR A RIS — NP, &6 25-275/SD- — ik E £ £ 7 I SDRIX 15 (SEQ ID NO:
24) i FN-F ot BC A4 45 & A- 25 K93 FNC- R MR LPXTGIE /7 (SEQ 1D NO:25) Z i), H N Sl it #%
Jik g , RN 4) e g A% 2 240 EE | . SDR-ZE /I ThEE AR & R &1 (EE 218, KRR B¢

14
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XEE A RN IHRAL S0 8 BB EL MK Hartford 0,5 A (1997) Mol
Microbiol 25:1065-1076) »

[0009] A& Bl 4 3% 5,79 % BR 18 FI3R S 78] & BR B 14 B A SDREE [ () SDR 45 A 3345 75 1> B 4
HEH B RESdgAMSdeBR AR AL , H LA A P R4 ST ME 2R 1L (Hazenbos A (2013) PLOS
Pathogens 9(10) :1-18) . iX Bt B AV FAFFH 1L 78 F | A BER# R X Lo B H R, N AR
EEHRAMENEH Hazenbos¥ A (2013) B3R, SdgBA F HIME AN b =4 = LA
BHRNIUVIER G B RAL X LA & 2P BT BRE 1gC R B AR KE

[0010]  {RZRMEMRSAIRGLIELLVRYT ST L N20% , 2 E AR RMIL T EE R EH.
R, FEBER HEWENEEEERALHATHITRBEMRSABR R R AER
(Boucher,H. ,Miller,L.G.&Razonable,R.R. (2010)Clin Infect Dis 51Suppl 2,S183-
197) SRT , ZEMRSAIG R B Bk , A RIE T X3 77 1 55 R PR AR Bzt Ax ) 2 ik e ALK 6
ERXPZ XM 2™ Nannini,E. ,Murray,B.E.&Arias,C.A. (2010) Curr Opin Pharmacol
10,516-521) FEER B FHERS , WIRMIME AT RN A H BERZNEC L EAZREEFHMK
T Rk, REF IXEH AR, REEMRSAR LKL R K RRRIBE.

[0011] HERR, &HOHEREREEWMANMARNERIEE, BEATHETE
BREI AR (Thwaites,G.E.&Gant,V. (2011) Nat Rev Microbiol 9,215-222) ;
Rogers.D.E.,Tompsett,R. (1952) J.Exp.Med 95,209-230) ;Gresham,H.D., 2 A (2000) J
Immunol 164,3713-3722) ;Kapral,F.A.&Shayegani,M.G. (1959) J Exp Med 110,123-138;
Anwar,S., % A (2009) Clin Exp Immunol 157,216-224) ;Fraunholz,M.&Sinha,B. (2012)
Front Cell Infect Microbiol 2,43) ;Garzoni,C.&Kelley,W.L. (2011) EMBO Mol Med 3,
115-117) FEFRMK ARG L8N, & GE EREWHE BN (3 B VE k4l
AN E W 4 AR) $REL (Rogers,D.E. (1956) JEM 103,713) o /28 K 2 H 4l B 45X e 40 iR 5 3%
AR FE (B IR B A PN B 6 38 0T B BRI AN S8 A TR B, AT DA I e 4 JRR e 1) 40 g
TE “FRE RS FIT MWL R G B AL AL FE A B - T2 Pm b, 1E % 0 rh Mok 4 i - 408
ARG LL AR L g D g R R A T B R R E R B A5 #E R % (Thwaites,G.E.&Gant, V.
(201D W ED . —BEAABFHN, EHAHERE T VRBSMIERBMBEAER, H HA
LA N & m O E RE 5B SRS R R AEC . b, IR B R R TR
PUAERRE T RESIREPUE R 25 PR A0 L, AT I PR (3] B BE N5 .« b5 i e W 3R 45
R, A ERBEIEERIGIT R B MHEMRSABR L) B Wil ME SO W IR 5%, 581t
50% B e MR 4% (Kullar,R. ,Davis,S.L.,Levine,D.P.&Rybak,M.J.,Impact of
vancomycin exposure on outcomes in patients with methicillin-resistant

Staphylococcus aureus bacteremia:support for consensus guidelines suggested
targets.Clinical infectious diseases:an official publication of the
Infectious Diseases Society of America 52,975-981 (2011) ;Fowler,VG,Jr. %A,
Daptomycin versus standard therapy for bacteremia and endocarditis caused by
Staphylococcus aureus.The New England journal of medicine 355,653-665(2006) ;
Yoon,YK,Kim,J.Y.,Park,D.W.,Sohn,J.W.flKim,M.J.,Predictors of persistent
methicillin-resistant Staphylococcus aureus bacteraemia in patients treated
with vancomycin.The Journal of antimicrobial chemotherapy 65:1015-1018

15
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(2010)) o Rtk , B8 R DA 08 &5 BR BR V8 97 R ELFE TS B 40 P (R 40 A

[0012] ZBBER—KNLEZX . BFEINEEZRX . FEF (rifampin) . FEF
(rifampicin) FIREAAIT FIAEBEVT  FIAE RIS ABI-1657 R H KUY, B A 1M HI 40 EERNAR
g, 3F HEA X 5 2 K PE M B AR R B 2 IR A B MR R 2 Rothstein,D.M. &5
A (2003) Expert Opin.Invest.Drugsl2(2) :255-271;US 7342011;US 7271165) .

(0013] CARHRETHATHMHMETEEOHERE (EIEMRSA) BRI 2B IT .
US2011/0262477% 2 4R #5512 F Eap Emp AIAd SATE 988 B T8+ Xt MRSALK) B 13 N 25 () L
F.W02000071585% 1A T 54 Rt & EAH G RE AR BYR N5 B B E ik,
US20110059085A14& th T F| FX¢ — FhaX £ Fh SASE B BT [ 45 5 M ) LML AR i B T HU ik i 38
B , B IR il LR Hiisk.

[0014]  HUiE-ZIME &4 (ADC) IR N AR R A, REMKAEET 4T, HiBdHE
R EEE ZG R I T RIAPUR I MR A, &6 7 JiiE M &4 2y B AR
(Teicher,B.A. (2009) Curr.Cancer Drug Targets9:982-1004) , A\ 1@ it 8%k 15 KL F0
{30 S AN BT B /MU SR ISR VG IT 88 (Carter,P. J. fSenter P.D. (2008) The Cancer
J.14(3) :154-169;Chari,R.V. (2008) Acc.Chem.Res.41:98-107) LADCH AT LBt 5
MM B YR o S R B R P . MR R AR AN & B A T fe 51X IE % 405
AR B E R 0 B 4R B R AT B R B KPR, R R R SRR A R SR E
i FEH PR MM AN EFR (Polakis P. (2005) Curr.Opin.Pharmacol.5:382-387) .

[0015]  #ik T A FURT MIEM A RE S ERAER ISR AR REA -
PUERZEEY (US 5545721;US 6660267) 3k THARRANTE, KA HAEIR
(BIANSAKIEZHE) R R ELE &80 ERZ SHAEFE SR APUNEEREEHA
N H1EE X5, (US 7569677) .

[0016] 2 TMRSAXTHEMITAE RN A NBIROITAR, U KB FEHMRSAR LS AT TR
MERE, RTFEERT S HCHERERBREM I IEITAY AR P BT R TR SRE
TH SR SR H S WA T E L R AR BEN T IR B 5 IR FAME ST e TiX—
[0017] ﬁlﬂ}ﬁ%{m

[0018] Ak BHIRAHL T 0.9 Vi Bk 40 MO P 40 B B9 AR VE T 7 A R BHAIESE , M MM AE R W
F B R CET , X PG IT IR 2B R

[0019] AR BA$RMEFRA DB PTAEREEW B ANC A, Ra @t tmEREs
—MEEZMRBEREAE R REHPUE, '

[0020] ARHAKI—MNHHLETB-MERBREDLEY, HEErFIPUE, FridrFIF KB
i E BB VIEIMIEREEL M ERFIRE R EMAR.

[0021] A KRBANIREIESLET R ER FRUTIE-RERREY:

[0022]  Ab- (PML-abx) ,

[0023] Hrh,

[0024]  AbRrF1Hifk;

[0025])  PMLR AR FAMEL A YIEIF Mk

[0026]  -Str-PM-Y-

16
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[0027] A StrR Lt i 5T ; PMA LK B 7T , FIY £ 4] B% 85T ;

[0028] abxRFIEERHEMER ;A

[0029]  pi& A 1ZISHIEH,

[0030]  fEfIATIALIET ROIAE-HAERR SN AW LLEE A TR K HLSDRIUR AN
R R e F1PLA R BT — Fh X F IR S & & R OB G BRE PR cF LR,
FiikREER L) SME H) 518 5B ik, L4 4CDR L1.CDR L2FICDR L3, HEE &
CDR H1.CDR H2FACDR H3,#:7CDR H1.CDR H2FICDR H35CDR L1.CDR L2FICDR L3,%3 %6
AR (SEQ ID NO.1-6) .rF1 (SEQ ID NO.1-5,7) .rF1.v1 (SEQ ID NO.1,18,3,4-6)
HICDRII E E R 751 , IR 4AAF4BFI 7R 6

[0031] FE—UbStjE 7 B, rF1PiiR A& B AX (VH) , - VHEIE B SEQ 1D NO. 13/
VHFF ZIRVHX K L, B & 2095 % FFFIE — M. priaE T LE-SLEE T A X (VL) , H
VLTEE B 43 BB FLAIrF1 . v6HISEQ ID NO.14FISEQ ID NO.15(IVLFF B VLXK B &
b, mEE 5% M FEHIE — 1,

[0032]  7EBL{&SEiir A, rF1PUARE & 0 T BILFIHEEXS : 4 SEQ ID NO.9FFFIMILEE 5
A SEQ ID NO. 10/FFIRIHEERC X ; B34 SEQ ID NO.11FFIAILEE 56,4 SEQ ID NO.10/% 5
RIHEEEC XY ; B8 SEQ ID NO. 11575 HILEE 54 SEQ ID NO. 12FF 5 HEERC XS

[0033]  PEARA[ATRSEIET BH, P AT UL R Z Fc X MIFLIRSE & B 7E — B850 &
B, LR REF (ab) BLF (ab’) 2. TE— LS R, FiAA R B & EéHE e X M/ SR EEEX ,
Hop HEEEEX /BB E e XA 5K LR ERERERARN — R ENRER 5
LT SR, EARE T XA A SRR EULAL18CHN/ELS400C, fi/SK B E E X 6 &R £
HUARV205C, H b Tk 5 REARBEVR S .

[0034]  7& BRARAATHUIAH — L SL i T R, PLiR A R IgME Fh Y . 78 _EIR{E AT Sk pl — L8
ST R, Juik R Ie6 (B, 1g6l . 1g62.1g63.1gG4) \IgE.IgDaKIgA ({5t , IgA1EE 1gA2)
&) Fh 2

[0035] AKBAKI—PNRBIESETREQESTE-MAERE SN ESWRZEY: LT #E2ZH
bk BhR A FERASIRE A MAE Y.

[0036]  AKHEAH) 75— ARG HERER Ak, RAER RN EEEHABTAENE
IR TR IR SE 77 R IE-AERE AN - ARAN 55— FHRIRIT BE P &R E K
LR JTvE, IR B EEART A BN AR\ - MERREN . E VLR
O EERANA NI RF, BEBRE TS HOHEREN/ R LB ERE R
—ESEHE R, BER IS B & R O G ERE R Y TE— LS T R, VR T 4 R
B PR B 7 eT BRTH A

(0037]  AKEAMY 75— 5 M2 RS B PR T B A R B 5 v, B R B R
FTRMER R RPE—THNRE-REREEVW E—DEEFT R, BERA.
E— KT R, WEBERSHEHERE R E— s R, BEWLHBE
S EE E R R E— LSBT R, V8T A B R B A E A E T S

[0038)  FEAEARIRTIARIGST 5 VAR —/NSEHE 7 Rorp , (R AL 45 4 35 6678 %) BR B 75 P9 A 400 7 SRk
FEE MAER) B AR T R, ZAE A TRIT RS ERE MO AN B R BT
R AE—NLHEHRF . FE-TEREES L EYLLL50mg/kg ZE 100mg/ kg 17 & 76 F T =%

17
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R HBE

[0039] IR TESHWAMERERLM BENR T RILARAEHCHEGRE A
A FLIE E MR 7 v, Foil I e PR LR S RErFIIRAE R R A &Y @il 2
¥k (persister) A 5T 50 iR St 77 RATAACTEfilt , 31 7 B —Fh T 7E/A R X F0 T 25 8k
HE KA ME AN (B ane B EEERE) 1%,

[0040] FEA—ANLHHRF, IRGIT HEEEEERE BRI ER— DL R
LB IR RIRAER, KA RE W £ 5 68 8 BRI 5 RMRSAR A &K .

(0041] FHE—ANLEHRP, EEARAMAE-REZRENEVASHERANE AR
W H LSRR (1) EEEE R (1) B-HBEREE; (i1) RIFRBE/FAIR; Gv) UHFE
K (v) BARPEMR /B A IS s (vi) FNERE ke

[0042] FE—ANELHEHFRP, EARPURE-REZRESUEMAESHANE AR
EEHRMBR FEER A (retapamulin) LA & .GSK-2140944 .C6-400549. 78
b B B 7. =84 2 EH (napthyridone) . EBMER (radezolid) 2R E HFE
PR A HER GG . 2R . 5 EAIE JAEE 77 & (dalbavancin) FFHEX.
[0043]  FEASCH)—LesLifiy R, B B P A S EVR T JE © SRR AR I A AT S
HIKF AL RF, 5I6I7 ATHIBE 4 MBS 5- AR L , B3 0 M 3 SR W AE VR TT JE = 1
YRR A SO — BE ST T S, AN R B 40 i 25 4 R AN AT RG34 BRAR A o 7E A ST — e
LR, BENFAERK A HBEENBITERN.

[0044] AR EARRGIESLIE T RIS ME-MEZR AV L, SEBANEERT
iR SFIPBES.

[0045]) A REAM— NI REBTHTHEREN A&, 05

[0046] &) YA S, BETHE-TIERE AW AW oI 82 084K BRF W
BRI BB A5 s F0

[0047]  b) f# FHRH .

[0048]  AKRBAM—AN T HE A RARITNHIAE K-8k E k.

[0049]

II

[0050] H.A.
[0051] B RNTIEM)E,
[0052]  RAH.C1—Cizfed8]C (0) CHs;

18
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[0053] RYJOH;

[0054]  R*RCH=N- (XFF3) , H P B ik 24 PR B AT 3% i — N 3R %8 NI 37 bk B C (0) CHa.
Cr—Crat &5 \C1—Crade 75 5 . Co—Coo 4 R FE L Co—CooT5 7 FNCa~Crobi ¥4 3 Y 22 B BUAX 5

[0055]  ERR'FIR*FE AR FLTCER /S O MR & 4455 BB PR 2 , 7F HLAT & Hh 2 BB B HE & 1 75 76
Feom B IR S BB IR I, AP TR RS S IS U A 5 B IR 5 BR R R A A
HAEERHHEHF.C1Br.I.Ci—Croke HE BLOHEAX ;

[0056]  PML 3% 3 BIRZER B R FORFH A M A & 2% 55 B Bk 24 PR 3 1) %R (3 B AT U B e Rk
Bk HRA T

[0057] -Str-PM-Y-

[0058]  FLHrStri2ZE{HE T ; PR T, MY RF £ T; H A

[0059] XAt H LREEWALZ HiEE R B R RO BEE B I BRE B 0 B R
e Ak SR (ER Ak (b RE B B FIN-R R R B W R () R NP B e .

[0060] | YERAE, A SCHER B & FhSLiE 7 R — A . — BB & S 1T LA A LA Rl A
RER ) HARSE R 7 5 o AR B B IX B RN H B 7 X T A4 E AR A B2 1RB R .

Mt =5 FR

[0061]  [E1A-1F: E4& N AR5 MRSART AL N i Z AR P e T /T H B R AR IE B IAR
TR AR (R0 S408E A AHE N SL iR R B B B BRI E S R A AR
1) ¥ B ViFF 25 40 TR B4 B P9 4E R R R DU 4 /N R, F B B AR R R E LB A E R A
B, REERK—IK (SN2 . E1BFE1CH 5 5G4 5 4K 1 B GL /N B BB % A0 i
A BE T 77 o BB 2 R AR I8 BIA MR o B 1D /R 24 76 1 B SRR L 40 g b 355 7= T , MRSAR (R 37 4
FHEERAI. ND=RAZMZ)) . FIEME 1FE/RS7EPZ RGN - 55750, MRSARE
HEAHBERFETEKIGVRSA F S E) MR RE BRE T HER SR EA
HERIFEMERENCe3 5 E M (B 1E) B RN E P9 B2 40 8 (HBMEC, I 1F) = . 4 g 4F
ME FSHE) ENEEFRENARKBRIF BT EERRILESH L ERAIN DR
RN+ AEER) BT, — o HE R BR8N /N IR R T A H BER AR,
FEEFE24/ N A EAEA M X EWY KARELRR — R =M FLEIREIRE .

[0062] K28R THHEIERZEY AAC) PIBEE AE—/ LB, AACHE X & AR &
A RE R RMPI PR, HiBd BRSBTS ELEEAF AN REERE
AR (BlinRifalog) ko

[0063]  E3E/RFUE-HLAE R EY (AAC) I ZWIEA R BT BE ML  AACIE I BRI BT SR 45
A S5, (Fab) SRSB4 &, HBId Fe ) 5 195 W8 1E AR 12 8 28 10 40 o O PR B . 3 3k
WinEAEO O AR ECEBYIE EVIEIE L G, Bk WK iR, (E B A B AR 0 B
B TIA R ISP TR T R AL 401 R4 5 Ve i 40 8 , UL R AT LA RT FAE T
—XEFH LRI L .

[0064]  E4AFN4BE /R 2 R R - R L& B (SDR) & H B 7 H . B 4A B /R IB I Sk B & 7 B8 %
BREE AR 7 B S ERE 0 P vE B 2~ FISDRE B EL XTSRRI A AR e Roon . FES B
BEEKE A ZMSIRER, B8N EE A 2 1RA, FTUrFIRALULFFRIE . F4A
N FF T SEQ ID NO: 278 “SDSDSDSD” . B 4B & &/ if it SdgAFNSdg BHISDRER H 1% 15 ¥E AL )
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MR B 5%, SdgBIFGleNACER 4B N EISDRE A £ B SDIX 38, Bt J5 i@ i Sdg At 4T B 4 Y
GlcNActE M. X T mAb rF1HIRALEIESdgBIKIMECLcNACER 43 « B HER BArF145 A GlcNac Al
SDEZRM) — 43 . 4B FF T SEQ ID NO: 28 “SDSDSD”

[0065]  [E|5A.5BFI5CE mmAb rFIRIH W & HEHHREN R ELESMRGER. (B
A-C) FihulgGlmAbs rF1 (IEJ5 ) (46755i-C1EA (= f7%) B i FeD (R B) X 405 i
TR . (B5A) GBI A M A T mAb SWT (USA300- A spa) 4B &4, R AT
B 65 B (MFI) o (B5B) : WG CFSEARIC I FUAERAIWT (USA300- A spa) 4 5 A PMN— 2 5%
BB MMM ARTTIECDL bR JE , A B SR EVE R 7~ ICFSERH 4 PMNEI & 43 EL % .
(B50) : 1 T A EE FIWT (USA300- A spa) B S5PUN— &7 & LAIFAE 40 515 - Fm 1 B CFU
M ERZEDL=ALRHRE.

[0066] ME6ERTHRESMBELALANIFIELECHERESE SHRAARA .13
FALBIH 2R FmAb rF1 (X)) AL FEmAb 702X E Ju e, IS A SH B (Vi) (K
B ik BRi]) X4 JF, R AE U =42 B EEE (5 0, Hazenbos® A (2013)
PLOS Pathogens 9(10) :1-18,E1D)

(0067] &7 B Rilid A AR K rF1 55 & i) ) R T8 A1 361 7 2R 1A 19 35 =2 B BE 1 B
g4 (53 )., Hazenbos%¥ A (2013) PLOS Pathogens 9(10) :1-18, & 1E) «

[0068] HEBE/RTEFREBMIFIBEREMNER (rifalog) —FHpipBOR, K AR RIEIE
52 I EMRSARY R

(00691 P9 A= K 3N /2 IE B S B TAC (— R RITAAC) AL RICIF WM HE , bR AkET
RBLE B BEBAL B T BB A R I TACTEAN R il (LA E) i s s AL E AR
Bab ¥ (2R ) EBMTACTES R E EARERT L4141 . FI4H 415 H BEB AL B TAC
BT RSP RIS, BT (L4 /E6ug/mL TACH A K, HFIH&H0.006ug/mLEIH
[0070] {1087~ T rF1-AACTEAR SN E W 41 Bl 52 B ThAK, ansERa B 19 iR .

[0071]  E11AFALIBE R T WISE G FI20 AT ) rF1-AACTE AR A FI THAR . SR FUIEHILL ,
rF1-AACYE YT & 3 B M &) BRIF VR G /N R, R KPR B T R 2R B P A i 3. B
1A R HEH SN PERANIIAE R 9 FHIAAC (AAR2) YAIT . 'S5 Ik b (1 0 T 47 1 PR AR 4301,
H HHEFSNIRANE RS TFHIAAC (AARY) VAT , 4R 7 FT B RRE 30, 00045 . & 11B
B 75 FAAC AAR2YG YT 136 A BY 4B ER £7 fef PR AR 207045, P8 R/ANR P B6 R LAt B
Rl A B A B 7K s FIAAC AARGVETTHIRAR IR 7 OB, S BB R/MR P &8s H AR A
BB B4 E K

[0072] AR BARISEHETT RIER

[0073]  INAERTEMSHE AR RKHM LT R, LB MAS FRPRE.
BRI EE TN BRI SE T X, B35 H SR FISL Bk E A & B , B 2 X R B 3R £ 35 IR
HIER, I EAKAEEBESMEER BENERY, TR ElR—REMH, BLHEAN
A AR —ANEE AN TN SR EFIFRUM R SR FEARR KT E, BB ERR T
FE X HIARE AREFEH TR ARSE, ABIENERIERE E X, A XERATEH
RIFERERR 5ARBABIEAEER AN RBEEMBAHR S AT AR A
SRR BN E] LA T 4% < B 4 S B A 19 5 AR SRR S8 SR R R 14 22 5 R A A 7 % B
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FEAET B T ZBAER T Bk i 75 = A4 £

[0074]  ACHR RHIFTAE B EFHE L RIAE 5% @ 51 ARG HNAE .
[0075] I.—M&E A

[0076]  ACHIRTSH B ARG IE, BEFEARTIBE AN RAR G2 AEE B F R
RS, B0, FEERE S Z R 7% SambrookE N, A FRE LR EFME=
hR (2001) VA RIESLI6 = KRR AL, ¥ R, 414 (Molecular Cloning:A Laboratory Manual
3d edition (2001) Cold Spring Harbor Laboratory Press,Cold Spring Harbor,N.Y.);
SFHEWFEIMA 1% (Current Protocols in Molecular Biology) (F.M.Ausubel® A%
], (2003)) ;B8 R %I (the series Methods in Enzymology) (Academic Press,
Inc.) ;PCR 2:32F /7% (PCR 2:A Practical Approach) (M.J.MacPherson,B.D.HamesHl
G.R.Taylor#%i%5 (1995)) ,HarlowFLane 4% (1988) Hifhk . 560 = F Mt  FIsh ) 40 fg 5% 7
(Antibodies,A Laboratory Manual,and Animal Cell Culture) (R.I.FreshneyZmis
(1987)) s B HER AR (Oligonucleotide Synthesis) (M.J.GaitZm%,1984) ; 0 F AW
7712 Methods in Molecular Biology) ,Humana Press;ZHMi44% . L6 = F M (Cell
Biology:A Laboratory Notebook) (J.E.Cellis#i%E,1998) Academic Press;zZh¥)4HfEi%
7% (Animal Cell Culture) (R.I.Freshney) %%%8,1987) ; M FIH RE N4
(Introduction to Cell and Tissue Culture) (J.P.Mather#1P.E.Roberts,1998) Plenum
Press; AR A RZFF LB E vk (Cell and Tissue Culture:Laboratory
Procedures) (A.Doyle,J.B.Griffiths, F1D.G.NewellZm#%&,1993-8) J.Wiley#FASons; 3L
H 22 F M (Handbook of Experimental Immunology) (D.M.Weir#iC.C.BlackwellZm4®) ;
AWM ZEE HE 1K (Gene Transfer Vectors for Mammalian Cells)
(J.M.Miller#IM.P.Calos%m#E,1987) ;PCR: R-& B85 K S . (PCR:The Polymerase Chain
Reaction) , Mullis A% ,1994) ; L% ZE % ¥ (Current Protocols in
Immunology) (J.E.Coligan¥E A%m#E,1991) ; 0 FAYI F 8 E 7% (Short Protocols in
Molecular Biology) (Wiley#liSons,1999) ; % /&2 (Immunobiology) (C.A. Janeway#ll
P.Travers,1997) ; itk (Antibodies) (P.Finch,1997) ;314 K : SE 7%= (Antibodies:A
Practical Approach) (D.Catty.Zm%&,IRL Press,1988-1989) ; B [f& ik : St G
(Monoclonal Antibodies:A Practical Approach) (P.ShepherdfIC.Deanéi%s , 413 K2
AR AL (Oxford University Press),2000) s Fi& R FH: S8 E F M (Using Antibodies:A
Laboratory Manual) (E.Harlow#ID.Lane, % R #3£5 = B A4t (Cold Spring Harbor
Laboratory Press),1999) ;#i{f (The Antibodies) (M.Zanetti#1J.D.Capragmis ,Harwood
Academic Publishers,1995) ; FUUEJE - fhy 5 R ¥R 552k (Cancer:Principles and
Practice of Oncology) (V.T.DeVita® A%4w%8,]J.B.Lippincott Company,1993) .

[0077] AR FHFEHKXARIERE FIVPACRS M &1L, BRIEFEHH LR EEN, &
CHT I EARFR ZARERF 54K AT B AR F @ H AN U8 & B AR S X, HF
Bff& :Singleton A (1994) AWM FEY# a4, 8 i Microbiology and
Molecular Biology Dictionary,2nd Ed.),J.Wiley&Sons,New York,NY;FlJaneway,C.,
Travers,P.,Walport,M.,Shlomchik (2001) %% 5, 8 F i (Immunobiology,5th Ed.),
Garland Publishing,New York.
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[0078] II.®EX

[0079] B & IKHE (Staphylococcus aureus) FEA X E R HStaph ABLS.aureus.
R #E, REZH & EKE (Staphylococcus epidermidis) A X HFK AStaph Edk
S.epidermidis,

[0080] “PiEMAERZR Y HAACRHBEELSHAERMLFERNNEHRNILE
Y& MERE ERPUESRA, FlinME MM A 7. A KB A, LR EH
BT U B AR R EL , R IR A E R Y8, B AR 50 8B, KR RZHH A3
Y4B MR B R I FE BS 44 2R 5 B (Dubowchik® A (2002) Bioconj.Chem.13:855-869) . &
A3 I AACE HE1R F B2 . “THIOMAB™Hi A B4 A1 3 “TAC” RAACK) —FiE =, H
FEL PN ERERSEL-ERE RS TR R ERE R RESS
RO B AL S AR A RIER U I ER , LA TFIMBUR S & ThRE.

[0081] IR /RERAENE B, KRB “—AWEAN R8N —NIURE B & = 7] sE B S
EREE, B, BEdBRAEBRR - NMEREIERAFEAE BRE R-ER ST L
HWEETFH— PN EFER—AREF. RiE BN FrEENERAREFT - IMEHZNBARE.
SAEAT 2 B W] BT 2 EUAE: LR M & T AT g6 0 BRI, BUARER S0 ST #4329 BLA &
R ARE “REAH)” 3518 € W ER A& BUCE ARE YR &R R e € B - R
ERAR ) B4 — N B 25 N B ER B, e Sz th ik B AT RE A EUAR B 4 o S H8 m BUR E 1 3
B, RE“—AHEZAD BEN—DIRER S SR EAREE, NS L BARES R —
NMEHEIBRITAES.

[0082]  ARiE“PIAER" (abxEiAbx) BIETELS 25 B FNLA 28] b8 T R R M SIHAED £ K
EARFEMEY BN EE B RN E ERIFBILHENAEM 47 F ARG H, ERELAIK
JERNLS 25 R8T 318 £ B T A A PUE R T BA T 2 14y K R 6 (B) B3R 5E)
BN (BIRF LIBT3 HIHE AR H — P o RN SEIERERMER, T
PAERXN T ZHHE R AR, B L KM 2 KA SENE, A g AE RN T
BTG BT B 4 B KRR S UAE R BB A ) EERET I, Bl RRE KK
BERX THRERXRHER SEAE MEBER INERX.BCREER, (1) KPEBREL,
REBERBRFEER, (1) BRIBIFE, BIanER:kf, Gv) IREERE, flnimiErE . £
MRS WS/ TR T EF R, (v) RMEERE E R Hln kR Sk m
Wbk Sk EY KRS, (viI) SKERR G L Bk Sk LT T 3k
R GRARRE, (vi) kAR ERR E=ZR) , Bk s fs . ki e kit kR
Wil Sk AR AT Sk VRS R FARAE | Sk AA I L Sk rame s kA i, (vid) kAEEI EN
), BIankfanEAS, (viii) kAEERR CERAN) , ikt & (ceftobiprole) , (ix) HEk
K, PINEENT IEER, 0O KENEE PSSR AN ER MABR AEXK.
PABR BTHER RANEZ HEMAER, i) AL, flngathrE, i) FEEXL,
(ST N =i SR 7 NN R it NN - Sie 7 N2 7 NN Wi 7 N Wi 7 NN S i 7 NN
AT ERFM KT E B IR TR B BT, xii1) AT LI, HIIFF
BIK KR EZHE R, xiv) BiEREE, fINA AL E KEDE BV E L8
EWBEXVE.EAVE RV E SRV E MW E, v) BEEERSE, flani# e KE R
BRENE B RE  ie Bo fric BR M TAG  D ZECTR L g T i SR | R R PR AR e - T
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HEFRIEME (TMP-SMX) , (xvi) DU R, B ER R SRR KEA R LERX IR EK,
A Gvii) KEMBAKH EEX ANEBEXE N ER . KT E . BIE R RIEHER KT
PR S Lk R e i | B R BETG B (KR E TR AR B R IR R B T /A AR
T FIHEF (rifampin) /FIFEF (rifampicin) BB AHME

[0083] RiE ‘TP AL EEOEEERE" MRSA) RN L 25T 25 1 & 35 607 & BR B B¢
Ty 2 M 7 AR & 35 5 B &7 BR B8 (ORSA) , BRI B- W B AR F RN & HOHEREHE
R, EPFEOEEER T AT AR SRR TS LEEHRR “BE
PR R & B A EERE" MSSA) & 185t 8- A Bl A& KUK & 3= A E A ERE M
B Pk o

[0084]  ARif “B/NPEWKRE” MIC) RIEBELHIHEE &, MEI A4S T A K THAE
YT B AR IR - T EMICHO RS 2 B AN . — Fh 5 i 40 F T B SERE B 28 20 B ik .

[0085] RiE“DME&FHGHERATM M S5LHBAHERFLEEHTB" ZIEHBELLE
BHIEMNEELECHERE (“S.aureus”) EHHFEMTUE , FETUET HELER T4
HEHEREMSE R/ BUETT A —/ N LT R, B a0d i B e RID) NE,
MEeRAHERENESEMAXRNIESRAHEEREEANS SR E AT I 4 S5MRSA
HEBEENA10% ARELHET R, EE&HAHERENIUERESR <1uM.<100nM.
<10nM. <<5Nm. <<4nM.<3nM.<<2nM.<$InM.<<0.1nM.<<0.01nMBR<X0.001nM (ff) 210 MER B
/N, BN 10" SMZE 10713, Bl I 10™°MZE 1071°M) f AR BS 8 % (Kd)  AEREeSE il Rb , i & H G
HEREPRELE S RE FRDMEEEERE P RTHEHOFEERE R AL F R
HERETARIBS AR ERAHEREIZ D —FEEERE DI HUiE.

[0086]  “SDR” RIBLAMR-KRAHXMREE 77| ; SORF/AE TR E L FIRF , HIFIEET
B & BRBA P A EERR B EA- IS RELER-RLAEB _KEE 7% (Foster
TJ,Hook M(1998) Trends Microbiol6:484-488) . & 5¥5M B E B R A EER F (C1f) A
FICIEfB. B T CLEAMCLEBZ 4h, & B & BRE L KL 7 =FFSDRE H , SdrC. SdrDFISdrE,
ZKIEH) FHP=A B FSrdF SdrGRISdrHFE T R 2 HR LB G FRE B F McCrea KWEE
A (2000) ZEBRRAZREER Sdr) EHRXEERFEEEREFHIRIEMEY ¥ (The
Serine-aspartate repeat (Sdr) protein family in Staphylococcus
epidermidis.Microbiology) 146 (Pt 7) :1535-1546) fEIXEE A RAITE— I, 5FH25-
275/SD-— K E B FF 5 HISDRIX 18, (SEQ ID NO:24) {7 FN-K it Frfd 45 & A%s #9388 FC- K it
LPXTG-#: 5 (SEQ ID NO:25) Z Ja].,

[0087]  FRA“FI”HIFLIE B A fOUS 8,617,556 M1 nEM MRS T EX F5), H4
N R B 5 A FHAAS B, i SRF1B PR 4 & 1 R EIFLFICORF A EE 1 EIR .
PBFIZEE2R AN, B RHEAEERERY NS H A ERE MK L FEERE.
BEEMNR, PUAFLRETEIR P FIR S & AN . M Ah , PLIAFL R 45 & B A E B sh ¥
AR R A K « AP RN “CF17 . rF1 (FIFL) Hi48 2 HTISDREA 75 B 471
1K X7 FmAb rF1HIZ A EIESdgBR G LNACER 4 « $UHE F BHrF145 &Gl cNac FISD B 22 /Y
—E o AT R PR BFEF LUK o FLHLAR UL R ABST FrRIR & B R EBR S ER
rF1FTA 24 . v 1A HLAR B R AR P 5B T

[0088]  ASCHEIAE ‘DI L & ER, R FRRSEETEA .2 mER
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& ZRE . ZRE SRR ETUE (Bl RETUE) RERESSMPUE B Miller
% A (2003) J. Immunology 170:4854-4861) -HUf Al LA R - A AJRAL Bk & B ATAE B HAth
VM RHEBRINEARFFENENEZERZE~EMEA R (Janeway,C.,
Travers,P.,Walport,M.,Shlomchik (2001) Immuno Biology, # Fihi,Garland
Publishing,New York) .$Efi[RIBH BF BN ESAL A, MR NRAL, A Z M Pidk _LHICDR
HA s LS AR R EME RGN ER S EH I, —FPURE v 8 2 T —Fo R
HPBIRMNMNES B AEAKAERES S FREKEERRED 2 FHREE R
5 EEPURG SRR o+, ARG R RS S R ERE SN PRSI , X FER
LRAUFEEARTEARSES B 54 EEFERNE & R ET AR 405 . 2502
M BRI E N B A S FFRI S ZERE 8 (Tg) 7T AR FR TgMUA S AT 47T R F 24 (51 40
IgG.IgE.IgDFAIgA) AL (5] a01gG1l.1gG2.1gG3 . I1gG4 I1gA1 FIgA2) . S BR AR 19 7T LA Sk
BT AE— T, Ig RN R B ARRIFEN AE— DN BRELH TR, Igf ARED
(00891  HifAM)“KIB HEM AW EEEWEREBEEXHRE FEANEERRIN
Pk : 1gA 1gD  IgE  TgGHNIgM, F HiX Lo 5 oh g JLFP AT LAt — 25 R BRI 26 (R Fp AY) , 51
WIgGl.1g62.1gG3 1G4 IgA1 FNIgA2 . X N F AN [H) 5l o AL BR B8 1 ) 22 8% 1B 5 45 /048 0 )
FRiEa 8. e, vy Flu,

[0090] “RAHMA" RIEERF ARG RATFENGBERE QDT 20K, KRG
LR RZ150, 0001E /RETA RV RAMER G, b MR SHIH N EEREMR /R E
AR . BNRRZECK Y, S EHERFAIAEX (VH) , BT AR B4 MR el EaEn 41
B, b J& 8 =AME E 45 /4918, (CH1 .CH2 K CH3) . KU, BENFK i ECK 4, R REEB ALK
(VL) , R 7T A2 4% 45 M I B AR B P AR 45 K38, B J5 1B SE 52 (CL) S5 M3k - SR Y AR B T
BT HAE 2 S5 10 E 2B 7 A T 18 2 8 x (0 FIL ) Rl Z —.

[0091]  RiE“KIE” . “FEFME M EIAE"EAXF B TEREE SRR
B A AR Pk, SR G 6 & A SCE NP X H B8R BLik .

[0092] HifARI“BIRE A R ZIBERBIAN S F, LB S EBRAN —H 45, e s
a5 TENAEENPUR. biik A BRI SL BB RIR FFv.Fab.Fab’ \Fab’~SH.F (ab’) 2;
WU ;s e VEPUAE s BLBEDUAR 2 F (B 8nscFv) ; UL R B Pk i B B 2 45 S B .

[0093]  dnA ST BT A RE “BIaE DA 28 M EA LR R s B a8 ik,
B, 20 R BE AR G B A R AR R A AN/ 8RS & FER B3R AL, bR 7 AT Re M R ki dk 2 4h, B an .
BHERARRER R B ETURH SR B (G, R RARER) ,1X
FRATAB T LA B AETE . [gCLEUR I — N IXFE B 7T R A8 14 2 B 4518 2 X I CR IR
B2 (K) B9 Y08 5% BIEE X AN E R E K GRAD MARPUAR £ S S H & WA , #
SRR HUAR B VIR B B DO BE UK ET X PR LI B — RSB AR BRI, 1SR 1S “ R SRR T
NZPUERIFRHE DA R R U, 3 EAB R A E KB AR 2 ik
FEAEZ G A, BT DLE I 2 P EOR P AR B AR B AE A B T R HL A, BT B AR B HE (R
ANBR T 2R3 71 EHDNATT v R B AR B AR T VE AR A& B 288G 2 M N R BRE A
= R 1) B B R S 7 7% FE A SO IR T T = A B T BE AR 13X 28 v A At 7 )
PV BR T eI R Rt 2 4, B TR RE LR A R, BN EA TR ATEA e Pk s 4
BT A R ‘
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[0094]  ARiE“BRAPLIA” RIGH b — 30 B/ BB BENTA B 5 B R IE S Fh T E 4
AN/ BB AR AT B AR SRIBS R R Pk .

[0095]  “A$fitR” X FE—Fhiiid , KA XN F AR A4S AT4E 8 FI A ATUE
JE B A m B A FLAR B 7 5 JE A SRIB B AR R B R B PR 51 o A PR B Fh 2 SURE B HERR
B EIEADURLE S RER NFELTE.

[0096]  “AJFALPLIL” $5 &3k B IE AHVREI R EBR R AR A AFRMEREBRREN RS
PR AFLEI S EF, NEUREBEESED 1IN HABE 2N BRSSP EA L
S8R, FHVR (54, CDR) R B &3k A b &3 53 Afi ik # AR e xd B2, 7 BFRF 4
AEE A 25 Apiiid B AL ST R o AR BUAR (T AT DAL & M TURRT A B9 ik
18 X B 20 —FB 43 Pk (B, JEAFUE) 19 ANFEAER” 5B ST AR Sk,
[0097]  RiE “ATARX” B “AI B4 2 fa ik BRSBTS SRR S M. R
SRPUIR ) B 5 AR BE T AR S (4 5 AVHAIVL) — R B A B &K, RS MR a S 4R
SFHIHEZRIX (FR) FI3NE X (HVR) o (B I, H140,Kindt%% AKuby Immunology, sB56AR,
W.H.FreemanfliCo., 3911 (2007) ) . = ANVHEL VLI AT B LLIR F IR 45 & 45 2t 14, AT LA
7 AE AR B 458 PR B BuAA ) VHER VLI A 7 68 B ANVLEK VIS ST , AT 70 B8 45 & 5 2
PLRFIPUE .S W, B iPortolanoZE A J. Immunol . 150:880-887 (1993) ;ClarksonZE A,
Nature 352:624-628(1991) .

(00981 FEAIHAE “FEKX”, “HVR” B “HV’ ZIEFIA T B X H X1, HEFF LR EA
#) (“E AR € X7 8L “CDR”) /S B &5 44 b 2 AR/ 805 6 PR B R 3 (“Hu R 2
fil”) B, PR E SANHVR; =/NEVH (H1.H2.H3) H, =ANFEVL (L1.L2.1L3) H . FE R SR $i1
PR HIFIL3 7R T 78 MNHVRH B B K 2 HE 0, 45 A RHSHOA N ER T AR SR A E A
FEMREER SN, B0, XuB A, Inmuni ty 13:37-45 (2000) ; JohnsonflWu, 2> T4 #p5
777% (Methods in Molecular Biology)248:1-25 (Lo%##%,Human Press,Totowa,NJ,
2003) o SEFF b, (X H EEEH B R AT ER B IR R BRI T R IhAg % 9 A
2B W] (Hamers—CastermanZE A\, (1993) Nature 363:446-448;SheriffZ A, (1996) Nature
Struct.Biol.3:733-736) .

[0099]  VFZHVRHL: IETE M AP H M BFEFEARSCH Kabat E MR EIX (CDRs) 3 F 751138
T B R & A KabatZ A ,Sequences of Proteins of Immunological Interest,
5th Ed.Public Health Service,National Institutes of Health) ,Bethesda,MD.
(1991)) .Chothiaff gL HIFFHI AL E (ChothiaFiLesk, (1987) J.Mol.Biol.196:901-
917) Xt FHE B fid , 152 [YMacCallum®E A J . Mol.Biol.262:732-745 (1996) .AbM HVRsft
#FKabat HVRsFIChothiab¥¥F 2 [BIAIHT 2, H B10xford Molecularft] AbMEF {2 8 A8 4K 44
F o “Hed” HVRAZ 5 T-X 7T FI I B 24 S0 A 45 ¥ 10 707 o 1K SEHVR AP 5 — NI FR B 0 F AT
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[0100]

3 Kabat AbM Chothia Ak

L1  L24-L34 L24-L34 L.26-L32 L30-L36

L2  L50-L56 L50-L56 L50-L52 L46-L55

L3  L89-L97 L.89-L97 L91-L96 L89-L96

H1  H31-H35B H26-H35B H26-H32 H30-H35B (Kabat £%)
H1  H31-H35 H26-H35 H26-H32 H30-H35 (Chothia %)
H2  H50-H65 H50-H58 H53-H55 H47-H58

H3  H95-H102 H95-H102 H96-H101 H93-H101
[0101]  HVRA]LLALE LA T A “IE(HHVR” : ZEVLH [#)24-3685424-34 (L1) .46-56E(50-56 (L2)
F189-97589-96 (L3) , LA X AEVHA A726-35 (H1) .50-65549-65 (H2) F193-102.94-1028K95-
102 H3) BRrIEAF U, £ A X H IR #EKabat S AFILL 1L E K 4 SHVRFE Z . CORFREE A A]
AR LEFIR AP R K TIRE (BIUFRIRE) .

[0102] R “iKHKabatH) P AL LM IR E RS B K BKabat I EERMNE RS LIH
Ak T R $8Kaba t 8 A K LA b SCE o i F Hu ik s il 1) 22 5% o] 28 45 IR B 42 5 1T A8 45 M 3
WEHNRS RAMAHNER T RR, LHRMNEHEERTHI]EEBOE AN EER, X
T 7] AR 25 K 3B FR B HVR A 48 K2 548 N o 51 G , B2 ) AR 45 M 3 T A S H2 ) B 252 e ) B —
FERIEN (K BBKabat 5% HE52a) K& EHEFRIZES2/E HIFNIRE: (Bl Wk B Kabat A ik E
82a.82bH182c%%) . Xt T 44 T Piik I FEKabat 455 & i Hi4A 51 5 “brUERY” Kabat 47
5 7 55 b R YR X SR e

[0103]  “HEZL” & “FR” ZFERR T AE X (HVR) FREE A O] AR 45 My Ik R 2 . — M th , AT AR 45 145
HIFR B 4NFREE #3820 i : FR1 . FR2 . FR3FIFR4 . [K it , HVRFIFR 7 51 ZEVH (B VL) A — & LLan R
Ji A H B FR1-H1 (L1) -FR2-H2 (L2) ~FR3-H3 (L3) -FR4.

[0104] BT A BN, “ZiR NELL” RE & B\ AR sk E AELR M T 3CE LA
AHELRATA B R B AT AR (VL) AEZR B E 5 ] 253 (VH) iEZR M R BB T P AE 2R . e N o
REEMERRRASLFER T M2 AERETUEE SEMHRNEERF S, BEEA
UEARERFINRE—ELHER RS, RERKZMEE Z1055 98 F /> .85,
B/ TECRE /> 68 b SEEE /> 4B E D SEE D V2B b AR — S i S R, VLR
B ANEZR VLA G Z Bk E A HESE F HI S AN LB HEZE 7 F 7 751 LA

[0105] “AFLHFHELR” BRI GZERE D VLEVHIER F Y EEF B EF AN RERE
EREZR GBE, NREREAVLEWVHFFEE R B /A FHI WA 8, 750 A2
tnKabat%$ N ,Sequences of Proteins of Immunological Interest,Fifth Edition,NIH
Publication 91-3242,Bethesda MD(1991) ,81-3%H M WH . fE—PNLHEH EH , XFF
VL, W4 2 KabatFE A LR EF T AT AE—NLHEAF RSP, 3T FVH, WH 2 i
Kabat& AM LR XEHRTAIIL,

[0106]  ASCHHIARTE “FeX” T & L ABERE L BN CRIGX 2R BEERAT
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FIFc X FARRFc X  RE RAERE Q BEHRIFCX FIIL A AR (B AIgCEFEFX B E
XM Cys22680 APro2301L B f) 2 3 BR ik 22k 2E 1 B AR B K iy . Fe X B CR Im i U AR (1R 978
EUgm S REL R 5k F447T- W NEUIE B, tn#EKabat% N\ ,Sequences of Proteins of
Immunological Interest,5th Ed.Public Health Service,National Institutes of
Health,Bethesda,MD, 19917 Firik) BI LARR 2 , B2, ZE A4 B ) &% BRAE AL SA1] , B S B 40
TREABE MR BRI L, ERFENA ST LS &R 2T EK44TRER
TUBTHE ORER ZKA4THE R PR B L X B A B HK44THREN LSRR &Y i
P ARE “FeZ AR 8 “FeR” B BIEHT A LT AEFcRn, B A FTE A TgCHERE E R )L GuyerF
AN,J.Immunol.117:587 (1976) FKim%E A ,J. Immunol .24 :249 (1994) . Ji|l & 5FcRn& &8 7
ZEREHE) (S H,H0,GhetiefWard, Immunol . Today 18: (12) :592-8 (1997) ;Ghetie%s
N BAREYHA (Nature Biotechnology) 15(7) :637-40(1997) ;Hinton%¥ A,
J.Biol.Chem.279 (8) :6213-6 (2004) ;WO 2004/92219Hinton%E A) o AT LAl € FcRn7E R 4 1)
gh& MAFcRnE S /1456 2 BRI M35 32 8, il an , 72 5% 208 /N IR B3R 15 A FcRnff 3% 4
KN R, AR D AR A REFCX K2 IR RKESNY W0 2004/42072
(Presta) iR 7 AR, R BB D EFcRES & . B, flmShieldsFE A,
J.Biol.Chem.9 (2) :6591-6604 (2001) .

[0107]  “SEAMARAK PLERBE—NHEBNELZX HR) FEF—DEEARZHH
&, 5B EATEMEL , XN ST TUEER IR E.

[0108]  RiE“Fh” RIEHURE S F L EPIAS GRFFEA A

(0109]  “Z-EHRIRLKTUE” 1EAS BHUE, RIBFER S € F I 2 Btk 5 PR
Z5&50% LA _LRIPUAR, M M, FE ST S DU E o 2 IR HUA R W iZ b ik 5 B R & &850 % LA L
AR T R BIER TS NE .

[0110]  “PRYUIA” RIER 5 R UFHB 5 () G 48 e 3 14 36 43) BUBUH AR iC WA HI Pdds 4R
JUARTATFE T 259155

[0111]  “RRIFIhee” B 48 VAE T HUBFc X # AR L A M7 14 , HEEPU AR MR A4k 41
TR RURE T Tl e ) SE 1) 6095 : CLa &6 & FAMA IR A 14 4B M B 1% (CDC) s Fe 24 & P kgt
A TR AR EEME (ADCC) ; FWK ; 400 3R [0 %44 (51| anB4H D 52 44) 1) R 8 s FIBAH FIBIE -
[0112]  “BrfRKiit A/ S 040 8 4” BRADCCR fe 4l LAY, R 2 i) g4
R FLmp A (), KRR AH (NK 405 g P R4 R B W 400 L AFTERFc
Ak (FeR) b, (451X e g g 5t R N 4 e e 1 45 S 1 LR B0 BE 4 0E B /5 AR B R
FICECA  Hrdh PO AR F A, B2 @ X FhL I R e R 4 P A 8 T A
SADCC NKZH ML B W1 R SRR AN K iEFc v (gamma) RIII, T EAR% M #1AFc v (gamma) RI.Fc y
(gamma) RITIFIFc v (gamma) RIII.fFRavetch#1Kinet,Annu.Rev.Immunol.9:457-92 (1991)
RISE464TIR 3P S 45 TIE MMM EHIFcRIE A T VG RER 73 FHIADCCIE 4 , BT LA 4T
PR SFADCCI 52 , 7 BT EABRATFEUS 5,500,3628KUS 5,821, 3379 ik g ARL . AF i Fhifll
SE W76 I R0 40 B B0 45 4 ) IfL SR A% 40 B (PBMC) R SR %45 (NK) 4l g . B35 8% 23 41, 7T LA
FER VAN 23 B 40 F BIADCCIE M , B AN 7ECLlynes®5 A, PNAS USA 95:652-656 (1998) H1 /A
FFRIBHERH

[0113]  “FrmEE " R 96 IR 144 76 35 40 Mg (%] 4n 5 Wk 400 B B w1 R 40 ) 3 s Bk P 1k
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PR FREARET =MERNSHFEIEM: () ERABRRE A (B, RER BE
HEMEERZE) , (1) FMEEE—F B *MEZ 4k (B HECRI.C3b.CRIFICRAH % 14) £5-& An
FEECAMA T ER A5 A, R0 (111) Pk 358~ FAFc % 44 (B 35Fc v gammaR1,Fc v gammaRIIA
MFc vy gammaRIIIA) &6 P AR IR F , 2R fa K Ak 3+ 5E B R R A BN BV IR B4
FEARKBEF,IARIERE (i) FEKETIMRSA AACTE YT 773532 BB GL i (9 20 A (151t o 4 7 4
MME R4 PREEER (MAEMHFERER T3 E 2% (Phagocytosis of
Microbes:complexity in Action)D.Underhill#0A Ozinsky. (2002) Annual Review of
Immunology,Vol120:825) .

[0114]  “(MAMKE MM E 1 5L “CDC” RIBTEAMETEAE T R R LM . 2 HAMEB /Y
BEBMERGME—Hy Clg 5E&ATHRBENRENIE EXTR) EE55IK. 8T
PR AMETE AL, 7T DL{# FHCDCI %2 ¥ , fGazzano-Santoro® A, J. Immunol .Methods 202:
163 (1996) H frik .

[0115)  ATLASGAR S5FcX 8B K AL &9 - B8 LB 04l i 7= A 1 R AR PLARE o B8 32
BERI XU B R , OB W @ i N-1E 3 5Fc X AICH2 25 I8 R Asn297T7E . 2 L, Bl dnWright
S\ (1997) TIBTECH 15:26-32. ZEHER LAEIE S FRKL &Y, BlinE B N-Z Br & 24
%I (GLcNAc) - FLWE FIRE R ER , LA R 3% 382 31 043 o BE A 45 0 “257 th A9 GLeNACHY S5 T 8
FE— L8 SEiE 7 P, AT DA & AE LgGHR (1 FEREAS 1 , LUE 248 B 328 B At R M 9 TG
Bitn, SRAL B F KIS PURE, R Z 5FcX (B8 B A 3. X
FERI BT B B BB RIADCCIIEE . & I, B 4nUS 2003/0157108 (Presta,L.) ;US 2004/
0093621 (Kyowa Hakko KogyoHFRA F]) 5 “HKAEEEMEIL” B & BB TR B 1R A E
1t RR ) B SEF .35 : US 2003/0157108;W0 2000/61739;W0 2001/29246;US 2003/
0115614;US 2002/0164328;US 2004/0093621;US 2004/0132140;US 2004/0110704;US
2004/0110282;US 2004/0109865;W0 2003/085119;W0 2003/084570;W0 2005/035586; WO
2005/035778;W02005/053742;W02002/031140;OkazakiZE A, J. Mol .Biol.336:1239-1249
(2004) ;Yamane—Ohnuki%¥ ABiotech.Bioeng.87:614 (2004) . REMS =4 £ B ML HLA R
MBPRMWEHOFERZEARBSEMEE NP Lee 13 CHOH M (RipkaZs A,
Arch.Biochem.Biophys.249:533-545 (1986) ; £ H & F| &5 A FF 52003/0157108A1,
Presta,L; WO 2004/056312A1, Adams® A\, 555 2 L 611) MEEFR L R, fa-1,6-%
HEEEBEERE FUTS. AR MCHOAE (B W H WYamane-0OhnukiZ A,
Biotech.Bioeng.87:614(2004) ;Kanda,Y.% A ,Biotechnol.Bioeng.,94 (4) :680-688
(2006) ; F1W02003,/085107) .

[0116]  “FBEHHE” RCAE SHRAFEMN —F R0 FHITUE 6 — Bt £,
W HuiB a4l 2 483395 % 399 %6 44 B, i i 5 e 9k (9113 , SDS—-PAGE 5 68 B 48 (IEF) .6
Y07 H k) B (1N, B8 58 #e Bk SFMBHPLC) BTl 5E B9 « 3 T4k B ik 4 B 1 J7 VR 423
Z L, fFlinFlatman® A, J.Chromatogr.B 848:79-87 (2007) »

[017]  “5HEMZER RIECE5HRAARH —FERS 2 FHIEERY F. 0 B0Z%%BE
FBIEHBER T EZRERS FHART S ENEZRS T, BEREMMRSY THAET Rk
HAEE R KRR G ERNE R EATE.

[0118]  “/rBEHIHRIDrFIPERIZIR R 18— Mk £ Fh S Hiik B 5 R B AL ER 4 7,
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BIEER — R A TR EF TR S T, U A FETEEARY MRS NMLE
RO R BR 43 F o

[0119]  tASCAT A, RiE“RRMEEE" SR REETNEMTEENMEEIEM, 5
M FA TR Z M E S, REAEAY S THRRS FRAFETHEL SHFE.H
o, R R SR AT LR RM) MR E R EM A EE N ERHM/BER
EEH B R A A A B RR AR (B Sk 45 & i B0 S M PR T — AN SR DT R, B dnad i iU
Ty M EVE RIA) W E, ik SFrFL BRSNS ERERTRBEEESGEEEENY
10% AFELHEH R FRESESFIFHARES <1uM.<100nM. <10nM, S 1nMEL<
0. InMAIFARES B4 (Kd) ER LS B, iR S S RE ARAYMHIRM . E R —
MEHFEP FEFEE ST AR, BAE L FHh TS S .

[0120] “HEEM7BERIES T @, filk) R —S a8 5HE SRAE @,
PrR) Z A AESEN A B R S A58 E R IE A B U, AR, “G AR 77 &4
RREE AR R (I, AR Z AM L UEEERNEE & &350 .0 FXx R
BPRY B 3% A0 /738 % 1T DL B A 55 8 410 (Kd) 3RoR o 35 0 77 0] DL A 4038k 2 0 i 8 A 7 v
B, BFEA IR ARFEM AP B S 2B S HEFS THRE, EEMNAHTE
BEERMEESHREF B THREESELNNE . MELESEN N TEREASED
Sy, AR —Me LA FARBEA B UL T #HEATES S M0 Bk
FRBIPESE T R .

[0121]  FE—ASEii5 R, HIEA KB “Kd” 88 KdE” , #id A B bR eI Fab By & 2T
JR AT B B AR IE TR 456 € RIA) K&, bl FEFTR B EFERGIEIURE
(3% 2 RAVM BT P B /NIRRT (B°T) ~ARiEHU R T T #5Fab, 4R 5 FA TR abPi Ak 645 A AR
FRHIBEEEHNERNMEFabM R ENBRESEM A (S NBIWChenE A,
J.Mol.Biol.293:865-881(1999)) .~ T B L I & LY %44, £ E MR (DYNEX
Technologies,Inc.) F5ug/ml 3R EFFabfifk (Cappel Labs) FE50mMBREREM (pHO.6) AL
YOL R, B fETEPBSH A2 % (w/v) 417 B & T =R (2923°C) 31 25/ o FEIEIR P AR
(Nunc#269620) ', % 100pMB%26pM [1#°T]-$i 7 5E S F B 1) B #rFabiB & (a0 5Presta’s
N,Cancer Res.57:4593-4599 (1997) HHLVEGFHi{AFab-128 145 —20) . SR 5% B FRFablg
B AR, 5 B AT SR 4L B K IE) (60, 2965/Ne) LARAR IS B F 45 S R S i
EWPMN BT EERE W, VM) ARG EB R, FPBSH 0. 1% it B -20™ R H &
PEFIBEAR 8K o AR T 155 » TN 150n1/FLH N 457K MICROSCINT-20™; Packard) , SR f& £
TOPCOUNT™ v 11428 (Packard) L3J AR+ H1040 % . i B 45 /N F S TR AL 5 1120%
& FabiRE, BT RE S ENEE,

[0122] MRYEH—DLiEH R, RARTSE FRIRNEE, & HBIACORE®-20005%
BIACORE®-30001X 28 (BIAcore, Inc. ,Piscataway,NJ) F25°C FHE & HIHLECMS B L
2910w B B4 RU) S EKd . 16 5 2 AREF B S5, AN-L2-N - G-“RERE
PIEE) ~Tk — % L B8 25 (EDC) FON-32 B IR HAME A% (NHS) 1L 3% FR ZE AL I 4 Be vE BT LE 1%
JRES T Fr (CM5,BIAcore /A &) oG H R F 10mM 2, R 49pH4 . 8F4 B & 5ug/ml (~0.2uM) , Z J5 LA
5ul/minf IR IE E S LASEILR 2910/ B2 B2 (RU) B RBR R A R EST R Z J& ST IMZ
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B UL 3 P R R R 5 T3 2 &, F25°C LA K Z925u] /minf IR 8 iE ST £ £0.05%
IR 20™MR HEVE M FIRIPBS (PBST) Hh 15 SR B2 8 Fab (0. 78nMZE500nM) . 5 F 145 8 i — %o
*Langmuir%%*ﬁﬂ(BIAcore®Evaluation Software version 3.2) @SB I&4
SRR LB BRI G TE R (kon) FUEEER (korr) o PAkors/ Kokl 1T 5 T # #R B % #1
(Kd) - & I, Bl fiChen®5 A, J . Mol .Biol .293:865-881 (1999) . i ilid A RH L 5 Fit
PRIEVE, & EERABIT10M ™, B4 AT {3 B 78 Fe e R BRI E 45 &, Frid AR
ST BIanH AW AR B e i (Aviv Instruments) 218000 & FISLM-AMINCO™43 3
J6E 1t (ThermoSpectronic) H At AR M E R IR B ET K HUREET , M ELEPBS
pH7 .29 20nMHFT-HL IR B P4k (Fabfe ) F25 CHIR N KSR E (A =295nm; K5 =
340nm, 16nm*7i8) §H =B FE K.

[0123] IREAKAK “G5EHE" B “kon” A LU FIBIACORE® 20005, BIACORE®
-3000% 4% (BIAcore, Inc. ,Piscataway,NJ) &40 E BRI 52 .

[0124]  ARIE“TE XM “TBFAMAR" M5 MRy TERGEH, FBIEC LS
NSNEAZER I 4R, B FEFTIR 4R ) S5 AR - 78 4RI EHE “B ik M S gm” , e
R 2R AL 40 A K i HoATAE M R T A% AR S B REER A A4 L AT LA
5RAMBATEME, MR EH R AP EIE A SAEVIIE L 40 i & ik ek
R AR ThRE BAE Wi R RABA B AR

[0125]  fnARSCAE FIRIARE “Bifk” RIGRE S 5 E N 5 — MBI IR F. %R
EREENE BERRZRENR A RBEBIHE SRS 00 R ARk,
REBAGEIE S 5 HTRIEERNZRIRIE TR B A SRR RIS .
[0126] RTZSBEZKFFIN “BEBRFFIR T (%) EFXNEEFFIP 558
Z K5 P B R E A E R R E R R EN T ot T FEFIE SN AR 2 G, i3
FHE, LA KA ST A E — 1, 3F B BAE A F HIR — M A — 34 B AR (] (R <7
WA AT #E K ERT 5 E — M H 4 b 5 b x0T DS i A AT T AR Y8 B 7 69 % Fh oy =R s
L, 480, 48 B % nBLAST .BLAST-2 . ALIGNEMegalign (DNASTAR) ¥k {4 A A BT B+ & HL
P ARG ARN AFTUUHE A TS FIINE LSS H, A AEFLBRFTIN 4K E
SEHL B K EE X BT 5 B AT A ik SR T, 9 T A SCHI B /Y L 48 B R BB B i S MR P ALIGN-2
FEAE % BER 75 R — 1 1E .Genentech A T4 5 T ALIGN-2/F 5 L B AR, I HIE
RIGE L AELETRFX 205595 EERBUFIRE T 30k, UL E FRBUEM S TXU510087
VE M - ALIGN-278 F7 AT A I FU4E J& Y2 M #E 1H £ 1l B Genentech A Bl A FF3R1E , Bk EH T LA B
A % 1% - ALIGN-2F2 7 N 9 2 9 FEUNIXBRE RS0 L AF I, B H £ UNIX V4.0D. Frf 551
LS HHALION-2F2 PR & , 3F HAAT .

[0127]  7EfEAALICN-2HFEERF I EHIER T, AN EERFHIAS SN T4
EREERFIIBHEERETIIFR—M% (HETHRAEERAS 58N TEEEE
FR P 5 BHYF — B E R 75 E — 1 % 14 @ R E L F5A) B E 0T - 1003k A4 51X /Y,
H X RAEZAZF HIAFIBRI L X o , 3BT 5 71 B %4 A2 FRALTON-23-4r 9 4 R T R ) S8 B R
A B APYRBR R B EN S N LR, R EERF AN KERETEE
R FFHIBAICE , ASBI R BT FIFR — M % B AE TBESANE R IR FHIFE —H % BRI 5
AN, B A SO R AT A &R 7 SR — M % E W k3R .
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[0128] AREFIEERHENERRIGEEFNEEREMBUL M TERKEA.
[0129]  AE“FIAERFERMAER" RIERE FEHFEMBERUS M TiE R I
[0130] IR REVAREMEE BT, RiE“— AN R I M —MEURE: 2 5 = 7T e BUAEL
HTEE LB, R — DN ERE TR ES RAA S AE RRE RREH S 7 EHE
FEFR—NEFH AR F RE RN R eWERAREE M EMIRE. H1E
fo B [ W] LA 95 7 25 PR FLIR it % Fh ol e A B R B, ik 57 s ol £ B B 9F B AS 4 AH
[ o RiE RERH” B 1848 2 B E R A S BURE AE MR BVREY” 2 1848 & 2 2 R
AV EAE — N2 AN B EE B, Hophar i ik B v RO BRI 4H . B R BUREM K E
B, RE“—ANEREAN BREN—NERER &S A st IR E, BlE g BREE R —1
[EIBBAEE.

(0131]  AXATHKIARIE ‘" RIEEFIEI2NRIETF (C1—Ci2) MBI E 88 82
Ak, Horp e B AT DU IR s — N AN TR BB S L  EUR  7E 7 — ST R, bt
ERNIEBNMKIRF (C1—Cs) 1 EO6NRIEF (C1—Co) o RN LHIBIEBEAIR FHFE Me, -
CHs) Z % (Et,—CH2CH3) \1-A %L (n-Pr, IEA 2, -CH2CH2CH3) \2-T 2 (i-Pr, A, -CH
(CH3) 2) \1-T % (n-Bu, IE T %, -CH2CH2CH2CHs) 2-FF R:-1-7A % (i-Bu, 7 T %, -CH2CH
(CH3) 2) \2—T % (s=Bu, f# T %, -CH (CHs) CH2CHs) 2-FF F-2-RA 2 (t-Bu, §{ T 3, -C (CH3) 3) -
1-13% 3 (AF J%, % , ~CH2CH2CH2CH2CHs) 22— 3 (-CH (CH3) CH2CH2CHs) 3—J¥,3& (—~CH (CH2CH3) 2) < 2-
B 2£-2-"T & (-C (CH3) 2CH2CH3) +3-F 2£-2-"T % (~CH (CH3) CH (CH3) 2) <3-FR Z&-1-T 2 (-
CH2CH2CH (CH3) 2) +2—FF #£~1-T & (~CH2CH (CH3) CH2CH3) « 1% % (~CH2CH2CH2CH2CH2CH3) 22
3 (-CH (CH3) CH2CH2CH2CH3) «3—- 3 (-CH (CH2CH3) (CH2CH2CHs) ) «2-FF #-2-1% 2 (-C (CHs)
2CH2CH2CH3) +3—FF F-2- %k (-CH (CHs) CH (CH3) CH2CH3) 4— R -2~ % (-CH (CH3) CH2CH
(CHs) 2) 3B 3£-3-% 3 (-C (CH3) (CH2CHs3) 2) «2—-H3 3—3-/% 3t (—CH (CH2CH3) CH (CH3) 2) 2,3~
T FRF-2-T 2 (-C (CH3) 2CH (CH3) 2) 3, 3- —F #&-2-T % (-CH(CH3) C (CH3) 3) < 1-BF2: 1-F
BE,

[0132] A CATHARIARE ‘W RIBIZI12DBIRE T (C1-Ci2) KB E SR 5 M2
£, Krp W B a DR IE A — NS AN N IR B EMS IR A A — ML B+, T
P Fe R -8R IR F (C1—Ce) B 1-6MRIE T (C1—Ce) o YU e 2 A SE ) L FHAE AR F IF FF 2% (-
CHz—) .2 B (—CH2CHz-) V.7 % (~CH2CH2CH2-) %5

[0133]  RiE“HE" RIEEA E D —PREAAL S BN ER-BRsp” W AT 2-8 MR R F (C2—Co)
W E B S B — U R B, L e i 2 AT DU 3%k b 4 AR SR 19 — N B % AN BUAR 28 0 37 Hh Y
R, I BEFEEE N F =B, B0E B2 BRI R F L SE R B REERR FIE L
E Mm% (-CH=CHo) J&TAZE (-CH:CH=CH2) %5

[0134]  RiE“THE" RIGEFED—ANPBALL S BE-FRsp” N EEHI 2-8 NIRRT (Co-
Ce) W EBEER T B M I 2k , B vp W 2R 7T LT Mk A SCRT IR B — AN a2 N AR B S
HEUR, F B AR B R AR 7 B, 80E B A 7 BUR g 2R A S E R EARR T
T2 )% (-CH=CH-) \#& A £ (-CH:CH=CH-) &,

[0135]  RiE“WrEE” RIBEF ED— NN S B BR-FR sp B 2-84M i R F (C2—Co)
) B BN S BE — M e, A b B AT DUAT 3% th A SCAT IR 9 — /N B 2 AN BUAR 2 0 57 b B
R SEFIEFEEAIR T Z Rk E (-C=CH) .THtRE: (P E,-CH.C=CH) £&.
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[0136]  ARiE“WHE” RIBEF EZ D —NAMAAL S BB -F sp R MI 2-8 NIRRT (Com
Cs) FI ELBEEN X 8 R 28 , L rp Y JR 55 T DUAT: a4 4 AR SC R iR B9 — A 30 % A BUAR ko
HEAR SE BB IEERR T2 rE (-C=C-) . WA E (EHFEE, -CHC=C-) %,

[0137]  R¥E “BrIA” . “BRIAE" 1 “FR I B R IE RN IEF F M4 AEFRK, S
3-12MBRIEF (C3—Cr2) FIME R, BLEABTE 12N RIE FIEAINK . BB TE12NEFHI
IORIRPT CAHEZI AR, B anSFE [4,5) . (5,5] . (5,618 (6,6] &4, 7 B EHIHK 0N FETHY
SRIFER R 0] LAHEF 5 R (5,618 [6,6] RGE, BURRBFE RS MNP [2.2. 1] FE k. TER
[2.2. 2] F A [3.2. 2] B MBIAE > B EFEEAR T LK TEE W . IR IR HI L F18
FEERRFAAEE AT E FRE R - R-2-FE 1-FR-3-FH S
HN-FO-1-GE -HE-2-FE . 1-FO-3-FE O B R E R TREE,
B A — e I B R B R AR — A S A AR B A
HLEXAR o

[0138] “FHE”RiBETNBHFHRA RGN BANBRE TR E—ANEREFMATER6-20
ANBRIR T (Co—Cao) HIBM FF R IG T . — 635 BRI S MR RR N Ar” . 5 R A WA
B, H & SHFIR, 55 AR S S RS 5 & . R S R AFERRE T
TEBR GRE) AURAIZE 2 B BRE EE R 1,2-282.1,2,3 - TIEEES
B ] 55 BT e th 4 — N B AN A ST B BRAR I ST 3 BUAR

[0139] “VE5E” ZI8ETNBFEFT R REHNHENMRRE TR EFNDIEEFmATER6-
20 BRIRF (Co—Cao) I N B IHRIEEE . — B W BRI EM TR RN A T HREAIE
WIRER, K& 5MAE, 55 AP RS 5 R TS 55 &5 . LR W55 a4
EARRTATAEE R (AR ERR B BRI Wi 1,2- —5%.1,2,3,
4-TY R E S B 07 BT A — AN B AN A AT IR O BRAR ZEEAR .

[0140]  RAE “FeIF” R0 “Ze IR EL” FEA SO B B 3 A, AR RIS 3040 B AN (BD, ZE3R A
BH—NEEZANIRM/HER FI3EL20M R R FRIBRAE, HhES—PHRETFRE
H AR T, MRNAEFRC, Hp — ARSI E TRkl — B
a0 R AR B AR B SL B AT DA R B A 3R TR 2 QE6MNE R T F11 B4 ik
BN,0,PHISHI R F) BRI EBTEL0ON AR GEINMRIE F AL E6/NEEN,0,PHIS
2% R ) BIRGR, 540 : XA (4,51 (5,51 (5,618 (6,6] R4t . 7 FF ik TPaquette,Leo
A, “BIM 2R (Principles of Modern Heterocyclic Chemistry)”
(W.A.Benjamin,New York,1968) ,4F 5 51.3.4.6.7TH9&E ; “ZIF bW, — RIE
# (The Chemistry of Heterocyclic Compounds,A series of Monographs)” (John
Wiley&Sons,New York,1950Z %) , 4532 513.14.16.19F128% ; 1] . Am.Chem. Soc.
(1960) 82:5566. “ZRIE" IO H i IR E: 5HMEY , 34 A AR5 1 BR824 31 74
EHER R B LB EIEEAR TG mh—4-5 URIE-1-5 RS £ (IR R -4- -2 -FF LIk
W —4—F -3~ ML WS e~ 1 -2 AR D bR —4-3E . S- BB D mh—4- 5 R R e - 1B R 4
AT he-1-F \EMIEFF (1, 2-a]MbiE-2-25 . [1,4]) Z R R BE-1-55 L ng e 55 L D0 &5 Ik I
e TSR U SOy DY SR R L M e R L D SO R R P AR L B AR
MEARAR (RIS e i IR TR R IR AR VR T i B R AR T B BRI T fR B ER g
BRI AT B R R . A B B2 A oM RS | 3
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MR IR AE . —EN5IMR AL | 2H- I 3 L AH-IE I B L TR (1, 3- R IR e B (ML R L
MERTEE . BRARIA R A A Ay B L R L MR e K PR R | K
ek 3-EAXIA[3.1.0] O EE - EATH (4. 1. 0] & B AW [2.2. 2] et
3H-H| Ak | IR NN 0 B R o B IR ST th BB R A B I TE R 9 o He P 23R SR AR
A (=0) 53 BRI Z 2R 25 B () S ) 2 s ne R 2 AN 1, 1- = AR -BRAG Ibk 222 o A SCHY e A ]
ik b3 — B2 AN AR SCRTIR B B B M S i ER A

[0141]  RiE “FeI5 B B 85— 6-T7- UM R AN 5 A A, 7 B BHE5-200 7T H3E
HREHPEDL—NEFHER) , IS F — ANk E B BN R R T 0555
() SE A5 2 P e B (IS G40, 2-FR R e 25) (IR Pk B DK Pk bt e B | e L (R FE AN, 4-
FRE RN L) (nHhra BE | =g bk res L | DU Rk L | IR MR L | IR gy L | SRR Ak R | ngE e B IR T
e NCHLLE - NS LS NGB N B N e Uy e NS e B N IS Sl e s
PR g 25 PG b ke | G| At B M| W B | BTG L (AR Rk | TR L | G| L MR E SRR VNG Rk (TE
PR L | AR ME TR RL R R TR MG R L 2R R iy B DR RN MR R TR R e L
AR 5 | g M B S5 G R RT1IRG bk g e o 2% 0% AT A 4 — AN BB AN A STk B AR B M S
HERAR

[0142]  ZERTREMIIEIL T , ZR A B J5 L v LU Bk (BRI ) BUA (BUEHER) a1 1E
REBITTAEIR #, IS5 B IR a2 55 5 A TEME e 0 582,34 580601 , BAME A 58 3.4 . 5ER
6L, B NEH] 2.4 5EX6AL, MEBE T2, 3 5ER64L, Bk . U Rk Wy (thiofuran) (MEWY
(thiophene) P& B PUSUMERE (1923 ABLEAL , B | K P B TR W 4 2 L 4B 57, TR PAL | nbt
B MR Y 3 48RO AL, TR NE Y2307, ARIA T St 2 3ERAAL, FEMKAT2.3.4.5.6.78L8
L, BRI 1.3.4.5.6. 7881 -

[0143] 25510 5 M AEFR %], BB G R AP B2 05 B85 TR NS VAR T ke ibg (it
P52« 2~ MHE P IR | 3— Dbk P bR IR A | IDK PR R | 2 IDK PR I | 3—IDK A bk Rk e | bk PR bk | 2 PR g L 3—
L P IBK | R B R M8k M5 Mk - — 0051 Wk . TH-P| e 1) 1AL, S M| R B S M| R K P10 252, PG Wbk 3 4451
DA B e B B B IBR AR O 137

[0144]  “{RUH” R 45 et &9 E I Ehod i 1A P AR 7= A2 0 =4 B DA F A 48 22 0 )
BB ARLE B NE DR, 3 BAFE B AR ST 59308k 7 5 o0 1 IX R F= 4 m]
P51 an el BT i FH AL &0 AL VB TR KA B R AL IR BRAZ AL Be AL IR BB AL (B AR S5 =
ACE, ARABFEAKANEDHRED, B ET BT EARA KPR IMLEY S5H
Bl R DA = A A = i B B B 7 VA P AE A &

[0145]  ARE“BGUHIF” 2L T TR, FRE TS B IEER S A F0E
PERA B, BB X 8 52 B30 A M B A T2 B B0 FA A 4 1 150
[0146] “LHE HIFIRLEHIRAEBEENHED LEABTF.

[0147]  “faze” HF R H P E L FREMFR B4 bR 3 fiib 2253 8 4 e 2 1)
w7 . AT MEES RiaE %R & o BRERTISA T REN, FF BEERNES R
Ypi#i% (Peptide and Protein Drug Delivery) ,247-301,Vincent Lee Ed.,Marcel
Dekker,Inc.,New York,New York,Pubs. (1991) flJones,A.Adv.Drug Delivery Rev.10:
29-90(1993) H 34T T 47k A2 e M AT LAFE IS R IR E T I EFTEFE M [ B 8 T &
e , HIFI R LATEA0CRIF2E Z 1A B, I U e 72 %8 1 M 515717E2-8°C T 12T , 1B
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FIRAE30CH40C TRaEZE DI B, M/HE2-8CTREZRD2E . HJHIFEICT T
B, 8 # IR AE30°C T Fa g B A024F , Fl/ B E40° CRaE B /06 Bl &7 BAR B SR 4
FEERTLLAEE B s E R e B i, “FaE” 58] L2 H /T 2910 % Ffiik /M T
ASU I EARESFPURESRFE AR ESRTES, TUHAEEFTEEIEFER
SR TE AT 3G 0.

[0148] “EB”#HIFEEF 5 A MK E A 555 K8 §157 S 55758 % B 2250
Z 350m0smi ¥ I% Ik . R IE MRS R B E R T A MR %157 A8 R, RIE “HE” BT
IRV E R & T A MR ) %057 B an, o LUE AR EBK GRS ER T NEFEE AR
O ERFN/BREGE MR  45 5%, 45 K B B 1l 5 2 = B 1 o

[0149] AR AR “Sii” BIEAF L B2 N84, ME R E R, K A E
VR X 25 T H A B AR SE I3 2 T RN A 3 AT 452 19 80408 % 2 & 7K pHE i
B AR LTEZHRANLHEFEEMRNBRE ITFEREMEETENR L8k
), BFEHHMER KD FE (D TFHL0MRE) 28GEA R, mhEA RS A REGRZEEK
BH EKEREYINER G0 bl S BRI H R A S B R BIR R 2R SR
B B . MoK &Y, BIEE SN B RSN -5 WEDTA; FERZ 0 H
TR o L BUNE RS ; Eh M AT B T N R/ AE B TR TS M ek 38 ® 58 2 — B (PEG)
FAPLURONICS™,

[0150]  “Z4%: L[4 MEiE” R8BI G HE R4 LLAMI ST ME T TR L4y - 2%
LR EZ B ETEERR T EZrF L B TR RIS B ‘4% LN A
FERFIREMAF N T EENEHBRMEIR. 610, A ENEVRCTE LR .. E R . AR
BR W EUER AR (IR ER (TR ER WA ER N S A R RR B R IR A E M BV R B H
ST ST AL TR VIR VIR IR 5 B AR R FA R AR AN B L A =00 ER B AR B0
RO 2-BEOR . ZHOBR FELR ZFELR T EIR AR ERFR R
-RENR.2-ENRHR AR AR - FEAR TR T R EFR.3- -1
ERPEE) RFR.2-CHEE-FF R DA NER AR B EETRER BB 5L R IR
FAPRER BRI R ZER B SRR IERER . SRR BED KR N R AR TER B
B EERR A VIR VEIMEER AR . LR . 1R . F IR (IR AR K R 4R R —
R MR AR REER (palmeic acid) IRERR . FHERR . ZWARR V1, 2- 28 ZTHER \2-F2 FE T
BR ORI ER 4~ SRR R 25 -2-TA R X 9 I R IR A R 4~ R XA [2. 2. 2] -2 #-
1-F BRI BERE 4,4 - WHREXN-3- FEE-2-1H-1-FR) BEEFR.

[0151]  “Z§% ERIHe2 OB L 3E LARC W F R E A7 X EBZE R EH B Y. B, A&
FIBEHE AR R & B N EE B B0 VB A5 B VR VB R VR VBB N FE SRR AL L R
WK B 72 R B SR ML TG B0 B 45 A i L AP R RN B S BAR B i L B R Al 1t 38 F S e it i
(e, NR”) «" (EHPR’ RIS HIHENCi-o R 55, Bl ne% Tris) ], Bl R WAk = R . ~ 4 B
=R EAMR OB - R EOE R O RVRE R R H R
Rl &R E B B B SRR 2 = f% 1 RE L BRI A B R AT L ME RS LR R LR
NE N-Z ZE0RVE R IR AR S5 R AR IE R B I EARA R AR Z K. OB =R Bk
— I RRRE AN E R

[0152] W HTAKRHIH B E 2 BB EIERTE B RER AL, Flind R
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B, HER, ARER, RLER, A 8RR, BERI R LB,

[0153]  “Z42& BRI 20y B I AFENT A B R B ABRE) BB N Ak h A9 AR L Ry
E RGN/ B AFEA SRR SR M R .

[0154]  “Z42% L aTH2 i’ & 1 5RIEME A L &, B 3F 7 LSR5 fF N & E
FRET AN/ BB AT R 5 F IR T, R MR, “B% B R AR i
A] AFRN “URF R R IR HE R AR B RE B 45 . 2R, A AR WA EIR
H R G B ST s VB A AR IR B £ JURE, il = u B E | 4 T B ROMEER, Bl anH K
BERBERERE CH UM PTHERE ABR . LAEMEER . R & X2 &,
PLURONICS®; B 2404 . 55 R B ) BT (R AP AL FE H o A BA S, LA R 35 200
=8 AR T 08 H B = WK I50E I8 SR B R SE ) B4R I BT HE L 22 2008 LN R P INE L R
2 ERE A FLARNE AR R AR LB O E L B B ML CHEL TR LR E NS
FEIE SR EREE A A BE R A BANE T e ) BB IR IR, Bl nFUNE L 22 S HE VAL R ME AN
ZFHAE R S HEE M TT LR BT B SUME 17 R 34N SE ) R A &0
B PR FLIERE AN 57 22 2R WM . OB RO 25 22 L T OB R AR IE R M e TR ME S AENE .
R 2o TR AR UL “RIPE” (FIINTRT) I SIS, X B0k & BT 4 7 39 1H
(Bilan, £ E R AR 2 J5) B B ORER HA 3R Ak 228 M A Se B 1

[0155]  ASCRrRIEN) Bl £25% L2/ AT AR Z21H) , FETAT
il 2% VR A2 161 571, 451 9 4 S SBT3 TE B K L TR S FR A B K
(BWFI) pHZZ ¥ (B InBEBR 25 52w #h7K) < TC B Eh K VB VR AR VB VR BB & VA W FE B
ARSEHETT SR, BB BT LA B4 2R 0/ B iR 1 7K VR o

[0156]  “Biy JE 77" A2 AT LA AR B4 3 ) 770 e LA Uk 2 400 0 V1 B A 00 o 460 0, 28 ) G 71
AT LM A 2 i (ZE) HIF7]  TEERT FE R SE Bl B4R+ /e — R R RS A
FMANBEFR FILEE (REFTE -FESMAEIREY, K kiR KL EY) fIF
KA HABR T BB TG ) C 4 75 W QR By . T B A0S, 0 SR oK B R e B M v 2
7 R P B BN PR TR R R T AR 2R W L AP Iy ER O BF 3R R R B o A SRR AR
R BT TR AR R

[0157]  “AMA” B " B B E” R A3 ML BREEARR T ISR sh ) (5
w4 E L), RS (Blin, ASEMIE N RACESMIET) , ST 05 5
s (Blan, INRARRR) «AERELESERETT R, MEBZIAE A .

[0158]  guA TR A, “Va 7" (RELTEZRZRMSI I V6 y7”) ARG KT, B 72 Ik R i
R R RHR T A, HR SR B R RE T R 2 R B R EARR T B IOR A
HRHE L, B B MRS , LA R B IR BB TG , P X Lo R At A U ER A
SLUNER JTAS I o £ — AN SERETT SRR V6T T DA RRR B R AR, VR 5 s B A £ B e )
PRI i SR 5 P (R e P R 8 3 R DS ., P R A 0 80 B R LA T % MR BB S 3 (1 T
Ja o FE—LESHE T SR o, AR BRI AACTITAC F T S8 22 55 17 1) IR P B U £ o8 e P R i 11 3 e
BB LR AN/ BRI G 0 H SR 2R B P X A B8 £ 77

[0159]  nASCHT A, “BRE" BIEER T 5 — Mgy 7 N SME B —FiG 7 7 R H ik,
“BRET RISERA AR EARIE ST 7 2T, JAR B S i A — Fha ST 97 .

[0160]  ARiE “BF ML AE" A 98 ML P A7 FE 4R B » Ho A BT My 7 B 8 A I 2100  FEF R
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8] (5751 B L3 R B g ) , 80l T S8 FH Al J 9038\ 3 ik 5k i Bk e, 408 7T LA
BN ML AE g g (il ¢ B R 4) B 7™ B RRE - B IIURE TR LN & 3R - X 40 B8 ) e T
%A 3 B A YAE R I M PR T, B T ZR AR B o 40 B AT DA O R A% 1 B B A ) HoAh
ERAL, P BURGYT & R IR R GHRAL LB BB O IR AR BB BES .

[(0161]  “WBITHMNE" REIMFFE MR T N EXCE TS/ NMNRE A XHBITARE
A LAAR#E 18 0 B3 RIS VR R AR SR R, UL RPUATE M Bl KB
HIBE TN T A B RAMEIT AR R B M EERE EERANE. E—
ML R IRTARERB AR EEA RO EMERN &, BT ERE”
R ZE DA B B F RS (Bl i) 478 B AT F A 2R 20— AN SR A E 7
TR T BB AL (CFU) ME SEE BN T, RO E D RA G ER—HH, RS E
Z /D34S ERTIE 53— 7, 8 AR JE e, SIS A AT BRI lE
BRI FUL T S — AN R, 5EG B 17T AU S8 77 TR 4R /Y BH 4 1ML
BEFRMARLL IR T A B RIEER T HIRA FH— NS EAFIEF HAACK &, KT
MEEF=Y) BD, A= EAEHAACEE S H) .

[0162]  “TiRTHME" RIEAEEI BN T & REMTEHFEMN FBRAKERE. B
HEA—ELHTEERPEHN R, EZEE2E TRRRNEF &N &8, £ Mb G
5 P &R, T A R ET VN TR AR E.E— LT R, T A RERED
B TR RN — N R E AN R R E ST B E.

(0163]  “ISE” 252G RIBLAES T AR SRR B Y, MEER AT (7] 9 4ER: W1 4B78
JTRUR GEME) o “TRIBRYE” 45 25 2 FF JE 7 (8] T b Se st AT ¥R IT , T R4S 5B 2 A EATERY .
[0164]  ARiIE“BRBAY” HTHREEBBERTZRIOELEEPHEASL, HE8%
TE X APEIT = E R IS N E R H ST BREM/BREEHER.
[0165]  RiE“FH” BRIEEFHEBRRMEAESHRN S T, MAE EFH RIEELS
BEBELLEENSF.

[0166]  RiE “SLfk F 4" 2 ¥ BB MR b 2244 s B 25 18] AR -7 B3 B9 HE 5 S ) B Ak
=X/

[0167]  “JEXTERiR” R B BB KE ZANFHF O LAE T, L9 F AR 8
18 o AEXT B A BTG A [R] B 2 14 S5, 15 s s, ¥ o, Dl U T TR RN S 1 o AR X Bk R AR D VR
BRI LU ® 4 R A iR e ik A g 5.

[0168]  “XfBRF A" RISU AW BT LA FAE, EIRFEAEESNER.
[0169]  ASCAE HIRY LA AL 2 € SRR 451388 % 38 1ES . P. Parker %@ %8 , McGraw—-Hi 1 144 217
# McGraw-Hill Dictionary of Chemical Terms) (1984)McGraw-Hill Book Company,
New York;MEliel ,E.fWilen,S., BHALEWIHI LB (Stereochemistry of Organic
Compounds) (1994) John Wiley&Sons,Inc.,New York.FZHHALEMLL N ETFERERF
£, B EA R A I iR 6 F R EE /7 . EE#R N 0E L & YR, BTZDAIL , SRRFIS T
RargFRTEFHEHORLEXTE AFFHRTZRARLEE () F1 (-) REFRUE 5T RER T
R RS, K () BURRU AR LR LA () Bid AR S Y2 A e f . 2t T
25 E ML 5N IX LSS R F M —AHFI, B T SR A 1% . AR S IE Bt
AT LARR g% B S A 4, 3 6 S5 A {2 PR VR 4 40388 5 R R 5o AR VR 5 40 o 5 S B SR AR 169 50 : 50
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REIR ARSI E ), F AT RE R A& 2 R B BT 78 NAE AR AL Bt
BRAZARTE R TR 1B 1 . RAE “SMEHEIR & 907 A0 “Sh I Hedn” R 381578 6 28 M B PR A 4
VIR S B RIB A

[0170]  ARiF“RIFEF RIG XM ERE, B A TSR EERA, AT
BEREAELEY LR Fl, “BEARY R REEIEE FERE  ZEE B 3R
FUEYDFHEEERE. A ENEERPECEERR T LBE. . ZHROBE T &8k
% (BOC) 4 F I (CBZ) FHO-Z B W FR B R EE: (Fmoc) o K TR E K H M — ik,
Z T .W.Greene, BHLE K F BRI £ (Protective Groups in Organic Synthesis),
John Wiley&Sons,New York,1991, 8% 5 Hrhk 4.

(01711 ASCETFABIARIE “4)” B8 A ARG B H AR AN R HEPAER BT R ZEE
il 5“2 [EE S A GRRIFR) HXZERSHA S LT &,

[0172)  fnASCAERMACFIZE SRR B E A, BB R “—F  — AN R BEEHS%,
BRAE BT XX R F A HTE N Gl 32 3] “Puis” B2 M — DN EIZ AN UR, Bl BERE, 5
HAFBEAEFTEEARN RCHAELENDE.

[0173] II1.4A&WFFTiE

[0174]  HiAEZR-HiEE S (AAC)

[0175] AN HISEIeLE REA /IR, B EHEBR AN AE T EEREIRRRIIER .
N EIRX— BB, AR\RMEE T — R iE T 7, BRI 2R NG X0
RN X ERESEOHEERE A RKHIERZERETAEERIRERN AT ERRK
RN R R .

[0176]  AKEARME T —FhHuesvaIT , 2 B 7R 8 $E ) F b B 5 M BT AE R IR T I A B BT
B7 b P4 Rkl A R B VR T RIBEE LA AE RE AW (AAC) L), KX ELH G
HAERE (BHEMRSA) BRI A A SR R UK P 5 RN AEERIUNIAER
FIRREBERTEY LFEE AEERUNAERBITRIT I HEOBYIENEL T Y)
B\ RSB BITUE L TR E AR EEENE QB , & KL HH A sh 4
R e R LI 7 B 14 1B (Dubowchik® A (2002) Biocon j.Chem.13:855-869) . B2 &R
T EA3INHSBIAACHT B o A SZATAT — FREE 1 H BR H] , AACHI — Fh 5 FAHL 1 20 I 3BT 7 « AAC
YEREIZ, HPFmERUAERZLESER (B THARN KRS BRIk EINIE.

2 4 R WA 5 2 R e R A i R 5 P, 7 S Y P R () o R SR A T kR T
ERFUENEEN 2 ARARAMCHEIR IS S B EREME  JF AR5 E MR
BUSHERWSAN SRR AER BT XAILE], AACRE B RS I AE R T E AR E M
TUERRT €W OE & RE ANERHIT . BRI B A5 % 1F FIL 40 69 FR ) 28R 2 , 18
AACE T = FhiB FE AL SCE ST AE R VE 14« (1) AACTE SR HX 41 B A VR LB W0 40 B PR s ik B A
2 AT SN XE LA 7 ik N 40 B8 o ) 7 MR VA B A ch O BT AE R0« (2) AACTRIER A RS , A
17 48 190 M 40 L o955 15 200 BT AL » A JR) B RR BT A R LA 4 0 T A VA B A o i
I R SEAAER o R T BT L T RIAACHT LA 55 BN , (] B 1% & FE K S 40 i P 119 /N FR 3R o
B R R PLAE R NERF SRR LR A 105 70 - A, Bl 25 B0 R 4 22 O S B8 A T 17 7E 1Y
21 PN il o R SR IR BT AR BRI 7 VA B PR 45 B R (R LB 4 B S B A AR
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187, SR 5 A R b 1 21 AH 4B BT U 1) 40 B , TR B 3 — 2B 18R (3) S A& i
EREPUAE R MCET B IA R SHAEERNEANRERN LT GEENER
HAF) ACHIREN AR ERBEL RO ERFEZTENR BPBEEEBHRE
7, FIR R GIFE2 55 AN A RN A ERE. ZBHE S FAACK BIEIT LA T 1
gek gy, AP REIER& .

[0177]  ARBEFE-TIERB AU EYE T HSORTE, il EA SR F R B E T
REEAVIH R EE LN EEIFEERERER.

[0178]  FE—ANRBIESLHETT R, FISDRILIE (Bl inrF1iiE) R E& EH IR LR ER
RER R ERBUEN P

[0179]  FE—AREIMESCHE T RBF & G BT P18 R 282 k3t BrifrF1 (BUSDR#L
&) EEHASIAFEREBREMEEFEERERAER,

(0180]  REIMELH T REEA TR E-MEREEW:

[0181]  Ab- (PML-abx)

[0182] Hrn.

[0183]  AbRrFl3iik;

[0184] PMLREF FTHMELQEB T UIRIMIER AR L.

(01851 -Str-PM-Y-

[0186] A StrALZE{H B ST ; PMR HUAK B 7T , ANY 2 1] [ 82 7T

[0187] abxRFIEERIMAR A

[0188]  pJ2M1FSHIEES,

[0189] FIIEBRAMARATURFENFEMAER.

[0190] FIEEBRAHARAUAE5EOM BN IR LEBENEIE,

[0191]  FiiE-ERBEWHIRPIESLET RAGRI:

[0192]

[0193]  Hr.

[0194]  B&FRIEIEAIEE;

[0195]  REH.Ci~Ci2e EELC (0) CHs;

[0196]  R'JZO0H;

[0197)  R*RCH=N-(ZLIFE) , H b Frik 2430 HAT e o 4 — AN B £ AN M 32 3% 5 C (0) CHas
Ci—Crofie ik C1—Cradf 75 22 . Co—Coo B I 3 L Co—Coo 5 2 FNC3—Crobik 31 FE A A HUAX ;

[0198]  BRR'FIR*MZ MK AL TCER /S TO A 44 05 BBk 44303, O FLAT I s T ARIB B AR A i S 7T
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RITH VIR R BRIAEIR, HP BT IE S A R T A S B AR IR L 05 B R IA
AL HIHEH R C1Br T .Ci-Crofe BEBUOHELAR | '-

[0199] ML/ ik 45 BUR? S, e R FIRETE: A 8 4 4855 25 0 A8 97 2 1 B 10 B T )1 6 A Bk 2
#k;H#A

[02001  AbRrFlHifk. o

[0201] #4364 A LUEIT R R B Sk 384 S HLA 4 TR &, Kb HiaE B #0940 E 77
DA I A% SCRT IR B4 77 15 BN B T B B B B T B 1) S B SR PR TR B MEAACEL & B 1.2.3
B4/ TRBUE ¥ Bt E B E LB Hifk (Lyon,R. % A (2012) Methods in Enzym.502:
123-138) . S

[0202] 27 A R HEMRSA, RALULIE R & B 8 10 AR B GUARRE RIE K I BER R
I PRMRSATE Bk o 720 B (R =P B o R LA T I R X M B SR, AN SR MR E LS .
[0203]  $iSDRAIrF1FiiAk

[0204] 4R iR 7= AR HUSDRIUAR LA AE ARF LA « A8 SCIR At T HUSDRITAE B JLAN L, .45
rF1.SD2.SD3FISD4

[0205] 3% B PE AR TR HA% . | ,

[0206]  rF1HUAR—Fh5e A AN, RS R AEEE S M T ERE YR, N4 3 01 &5 BR 11 A1
REBEHRE . EENE, rF1A S E 1R ) TS & A . BhAN, LR FLEE B A A T
ZAEBI B R G R b AR KR AR A SCR BT F LR R T RE S R R B 4 6 4
HEH B RE R MEEECIFALCIfB.SdrC.SdrDAISrE,

[0207]  FRAAFIFABE RFEAFEFL .rF1H A K H AR (A R HEE FILBECDRF 7 19 b X . F 10
rF1ZEFW1AILC CDR3A BT AN [E] (QHYXRFPYT, Hep X a] LR IEM (SEQ ID NO:26)) ;F1&I
(SEQ ID NO:6) FIrF12&M(SEQ ID NO: 7))o '

[0208]  34A. EHECDRFF)

g
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| DHPSSGWPTEDS

(SEQ ID NO:1) | (SEQ ID NO: 2) (SEQ ID NO: 3)
rF1 REAMS SINNGNNPYYARSVQY | DHPSSGWPTFDS

0209] (SEQ IDNO:1) | (SEQ ID NO: 2) (SEQ ID NO: 3)
F1.v] RFAMS SINSGNNPYYARSVQY | DHPSSGWPTEDS

(SEQ ID NO:1) | (SEQ ID NO: 8) (SEQ ID NO: 3)

[0210]  #4B:#R%5CDR/F 7
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Fl RASENVGDWLA | KTSILES QHYIRFPYT

(SEQIDNO:4) | (SEQIDNO:5) | (SEQ IDNO:6)

rF1 RASENVGDWLA | KTSILES QHYMRFPYT

[0211] (SEQ ID NO: 4) (SEQ ID NO:5) | (SEQID NO:7)

rtF1.v6 RASENVGDWLA | KTSILES QHYIRFPYT

(SEQIDNO:4) | (SEQID NO:5) | (SEQ ID NO:6)

[0212]  FE—ANSEitiTs e+ HFILBEHEZE (FR) P8 T

[0213]  HC FW1 EVQLVESGGGLVQPGGSLRLSCAASGFTLS (SEQ ID NO.16)

[0214]  HC FW2 WVRQAPGRGLEWVA (SEQ ID NO.17)

[0215]  HC FW3 RFTVSRDVSQNTVSLQMNNLRAEDSATYFCAK (SEQ ID NO.18)

[0216]  HC FW4 WGPGTLVTVSS (SEQ ID NO.19)

[0217]  LC FW1 DIQLTQSPSALPASVGDRVSITC (SEQ ID NO.20)

[0218]  LC FW2 WYRQKPGKAPNLLIY (SEQ ID NO.21)

[0219]  LC FW3 GVPSRFSGSGSGTEFTLTISSLQPDDFATYYC (SEQ ID NO.22)

[0220]  LC FW4 FGQGTKVEIKRTV (SEQ ID NO.23)

[0221]  XPrF1HAT & FEER B BRI IIEE  /EHC CDR2H , T 45 SR 45 EN
A5 RS THBRNG £ BE LA AL 5, TSR R PRI A8 58 T . ST LCE ZE T TVIE &, DLVHBR rF1
FAEMETARE.

[0222) AT HE A K BIIEIT HEAAC, AT LU ATHAIL S5 LL R Bo X BATE A & T 5
R  HEFRS SR B ZCDR1.CDR2.CDR3F 1 o FI A FI PR EBR (C) LA T RIZHR12H 4 5%
HRABX T BRI R BB FELEEF AR “RTV 2 B RIARE B X A 85 — Mk & H
HiKabatfi B 114408 T RILHCHIGIEE X

[0223]  7E1AFA2AH,SEQ ID NO.9#94 K (FL) L4 BB 7#EC kappass BMfitaa 2054k TF2
EGERICys, 5SEQ ID NO.10 (JCys) BIFL 1gGl HEEHECXT . iZ i B A 24 Cy st &, &
MEE L/ ML, AT 5EL-PAER BTG U AAAC.
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[0224]  1A.rF1-V205C FLiZ%E
[0225]

DIQLTQSPSALPASVGDRVSITCRASENVGDWLAWYRQKPGKAPNLLIYKTSILESGVPSRFSG
SGSGTEFTLTISSLQPDDFATYYCPHYMRFPY TFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSG
TASVVCLLNNFY PREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY
ACEVTHQGLSSPCTKSFNRGEC  (SEQ ID NO.9)

[0226]  2A.rF1.v1 FLE% (FCys) , BLXT 7 Cys205/rF1-V205CH2 5%

[0227]

EVQLVESGGGLVQPGGSLRLSCAASGFTLSRFAMSIWVRQAPGRGLEWVA[SINSGNNPY YARSV()
[YRFTVSRDVSONTVSLOMNNLRAEDSATYFCAKDEPSSGWPTFDSWGPGTLVTVSSASTKGPSV
FPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVP
SSSLGTQTY ICNVNHKPSNTKVDKKVE PKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMI
SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQODWLNGK
EYKCKVSNKALPAPIEKTISKAKGQOPREPQVYTLPPSREEMTKNQVSLTCLVKGEYPSDIAVEW
ESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSP
G (SEQIDNO: 10)

[0228] 7E1B52AH, A LIESERICys 205/ISEQ ID NO.11/IrF1.v6LEE5SEQ 1D

NO.10 (JGCys) WIFL IgGIHEEECXY . ZbUiER BB 2N CyshL &, AL LA — M, AT

HEL-IAERETHNEE.

[0229]  1B.rF1.v6-V205CE 5%

[0230]
DIQLTQOSPSALPASVGDRVSITCRASENVGDWLAWYROKPGKAPNLLIYKTSILESIGVPSRFSG
SGSGTEFTLTISSLOPDDFATYYCQHY IRFPYTFGOGTKVEIKRTVAAPSVFIFPPSDEQLKSG
TASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVY

ACEVTHQGLSSP{TKSFNRGEC (FLSEQIDNO. 11)
[0231]  7E1B52BH , LFIHEE & B ARA TIEMSUERCys, Bt RyEPUATRT LA E ®iE
4HJAAR (B F gL ) .
[0232]  2B.HHCys114 (114 KabatZw55118-Eu4m5) FIrFl.v1 FLE &
[0233]
EVQLVESGGGLVQPGGSLRLSCAASGFTLSRFAMSWVRQAPGRGLEWVASINSGNNPYYARSVQYRETVSRDVSQNT
VSLQMNNLRAEDSATYFCAKDHPSSGWPTFDSWGPGTLVTVSSCSTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFP
EPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTY ICNVNHKPSNTKVDKKVEPKSCDKTHTCPP
CPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSV
LTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWE
SNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG (SEQ 1D
NO.12)
[0234] rF1.vl HEER] X
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[0235]

EVQLVESGGGLVQPGGSLRLSCAASGFTLSREAMSWVRQAPGRGLEWVAS INSGNNPYY
ARSVQYRFTVSRDVSQNTVSLOMNNLRAEDSATY FCAKDHPS SGWPTFDSWGPGTLVTVSS

(SEQ ID NO. 13)
[0236] rF1 LEEWAFX
[0237]
DIQLTQSPSALPASVGDRVS ITCRASENVGDWLAWYRQKPGKAPNLLIYKTSILESGVP

SRFSGSGSGTEFTLTISSLOPDDFATYYCQHYMREFPYTJFGOGTKVEIKRTV (SEQ ID NO.
14)
[0238] rF1.v6 LEEAJAEIX
[0239]
DIQLTQSPSALPASVGDRVSITCRASENVGDWLAWYRQKPGKAPNLLIYKTSILES[GVP

SRFSGSGSGTEFTLTISSLOPDDFATYYCQEYIRFPYTIFGQGTKVEIKRTV  (SEQ ID NO.

15)
[0240] G FErF1HIPISDRYUA AT LA FIEL L ERM 2 /D — N EERE L AR E
—HSEE A R EERERNE L —NEERERHA B 2050 AHER , A/ AR5
MBI NHER, M/ RAEEHMEIAEARER, HFEERSHS R EKabat
(1991) , H S5REEum S AL B 1184HFH .

[0241] FIEERUMAER

[0242]  ARERBHBITAE-FIEREEY QA0 MHAE RIS (abx) 2 BH 41 F E s 40
BIEAMNAEEZMNERNERN FEEELRHAEMFPEERKHE (Nocardia
mediterranei) MG LB E (Amycolatopsis mediterranei) Bi AN TIRBAI— AT
R ENZRMHBIMERNAR GBI BE RN R EBERFXHEM X (Fujiiss A (1995)
Antimicrob.Agents Chemother.39:1489-1492;FeklistovE A (2008) Proc Natl Acad
Sci USA,105(39) :14820-5) , 3 B Xt Z K BRME B A FE 4 £ 2 IRAEE BB 277 P18
B2 BT R RE R BLFE AT RTS8 BRI F1 S 5 AT B & & K (MAC) /&%
R ABERBBRATE "CHRN FEERAYURFEEZATEYPEF (rifampicin)
(F#&F (rifampin) ,CAZiC 513292-46-1) FI4EA T (CABIE 572559-06-9,;US 2011/
0178001) , F)#&m5yT FFFEH: 55 (CABIE 5 129791-92-0,Rothstein®k A (2003) Expert
Opin.Investig.Drugs 12 (2) :255-271;Fujii® A (1994) Antimicrob.Agents Chemother
38:1118-1122) A ZFIEERMHIAE R A A K EHA F M (WichelhausFE A (2001)
J.Antimicrob.Chemother.47:153-156) FE1957F H o M 54 B (Streptomyces
mediterranei) ) KB FYF N BEHFEER . KMALMHFBEER , MAFIEERAB.
C.D.E.SHISV(US 3150046) . FltEE ZBZH L E R SIAR, BE -+ ML +FERTH
TR AN E R RERC R TR H SRR, R EENRHIVEX M4 %N . H
FREW AU AGTEY, FRERE EATHERDETENE AEREG N
M EUREE - 1 a0, FUAE S LA E G 200 B AD TR i 25 14 1 66 7770 181 42 o B I % SE AR I3 4 3L
FF T B8 pk DA K% “Tit 29 0K 4B, B 38 40 B < B (8] PR A 4 TE 3 T R A8 b iBE B AR VA M
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Sb, FABAR VT AFIREW T 9 C 4 A THIVER 4 58 3 B3R L0
[0243]  KIMFAE-HAERREEVHIRERETE S @bx) REFUTHEMNABRERIR
4%

[0244]

[0245] Hrb.
[0246] AT TERER;
[0247] REH.Ci—CiahtZE(C (0) CHs;
[0248] RLREOH;
[0249]  REECH=N- (ZIFE) , H o ik 22 3R 2 AT % s 4 — 5k S5 A7 3% | C (0) CHs
Ci—Crake . C1—C12 2% 75 2 . Co—CooZe A 5 . Co—Ca0 75 ZE MCa—CroBix PR 2 1 2 B BUAX 5
[0250]  BRR'FNR*FE AL FLTCER N TG 4255 BB 2430 3, 3F AR W BRIE SR AR 4 I /S 7T
FeT5 B ZRIAEE 5 B EURIAEL IR, P BT IR B AR & B /S Jn 2 05 B L R FR 2 L O R BRI AR
AL HAEHF.C1.Br.1.Ci—Ciofe Z: BROHERAX ; 3 B
[0251]  HrhdERRSE L PMLIE B ERIRY |
[0252] Rt RELETHISCHT L

: 0

[0254]  H AR P ST b3k B HANC-Crofedt ;RME HHLF.C1.Br.I.C1-Cioke 2L FIOH; HZiE B
NH.N (C1—Ciofe ) JOFNS; 3F H H A 3R A4 L PMLIL I . BIN RY) W BB F L.
[0255]  FAEFRIE 0 HISERE T R A2 -
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[0256]

[0257]
[0258]
[0259]

[0260]

[0261]
[0262]

[0263]

[0264]
[0265]

RS”
He,

R°35E E HANC,—Crofie 2 ; 7+ B H b AR k2SS PMLIL M E B BINR I BUR 7 &
FIREMIT R WL T REL

H AR B HAC-Crofie 3 ; 7 B A e 4 LML B BINR R BUR F |
FIFEE IR EE RO E TR

Fe PR B HANC1-Cuake s ; 77 HLH AR AR AR BE Sk PULIE & B BINR I BB T b
A SCHR i pBORH K H W J FIFR 8 R TR/ U SERE T R 2
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[0266]

[0267]  H AR IR ik B HFIC,—Crokt 5 ; H B H b IE ARSI L PMLIE M EREZIN RY) 29K
-
[0268]  ZACHFRA—F ZpipBORKI K H B HFIEE R R

[0269]

[0270] B AR RSB LPMLIL M E B BN (CHy) . BB T L

[0271]  FEMATEDFBERS, WG R B FAEERZSVAI LU LN S B AR
RERFRBAER , KPP RAHIAC, R STl i% H HAICI-Crafi 3 ; R1E B HLF.C1BrI.Ci—Cio)
FFI0H; F B.Zi%& ENH.N (C1—Cizfe %) JOFNS (S W, B 4IW0 2014/194247 (234518, UL &
B 25AHB) o A | & R HWEEEH (Z=0) RIHEBEH (Z=S) FKH —B2H (Z=NH.N (C:—C12) %%
) NIBE R (US 7271165) . A BB K IEE FFIEE R BOR) EFEEHFES
# (BTR) A H — 2 I FIFRE & (BDR) RUUMARIBUS 727116558 284 AT IRMLHI S 5 H R
T, Fld 5 FHIEANA L “25-0- B R B ERIEFEER XL, L2501
LR C R 2 B 2L B — P AT AU TR A “25-0- i Z. Bk 3 -25- (BUARE) FI48
HER HVHPETENEM AT ATEERAN G285 RE.

[0272] FEEBREUEPIA RIS LLEDTEUS 4610919;US 4983602;US 5786349;
US5981522;US 4859661;US 7271165;US 2011/0178001;SeligsonZk A , (2001) $LIE 254
(Anti-Cancer Drugs)12:305-13;Chem.Pharm.Bull., (1993)41:148% FIZEW0 2014/
194247 A FFHI R EE B, BA1S B 51 FH NS 8l 3 AR ERIMICHR 4h
i€, L E H &/ EWRE MIC) it FEE R IAE RO NP ENTE M (Tomi oka
N, (1993) Antimicrob.Agents Chemother.37:67) .
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fiaEx-s FHBRAAREE

[0274] FEQBFATV)EIRERREE K

(0275] “EEABERI UIEIRIIERR 8L (PML) R XUE REER 2 B REHR 4, I iEREE— A4
HRENMAER S @@bx) APk st (Ab) LR P TE-TAE R K54 (AAC) LAACHH)
FABT ISR IEMREELE A THARAN EGBTIFINEY, B EREEZSHT EE
B EFE & PR E L B AL PR A . 0B N AACHY ERR R B kDI BT LR I A B L E
EARFEERIIIAER.

[0276] TATLUMFERBRH SHAR (abx) FMHiil (Ab) 456 H1 R FLE B8 14 B 32 S 3 5F B k-
PUAER P AME, 77 LG & PR RE AW AAC) E— N BIESiE T B, AR
TREABUERPUE (Ab) BT B EBRBIEE ] LL 58K, frER T o aiiE R -k E
RE) B RERTE B

[0277]1  AACHIPMLER 73 B A BL & — R R R .

[0278]  AACHIPMLIB 4> €& HUABK 5 IT .

[0279]  —J5T, BekiAM B L- PR A RE RS, REENFET & L
FIRZEREREA R AR R FER . PURR LR RREE 58K s kA &R
LR SRE FEB R, ERSE A AR FEEEEEARR T BkB TRk
[~z

[0280] R¥FEK1ussmanZ A (2004) ,Bioconjugate Chemistry 15 (4) :765-77355766 T H]
Kk, HARMESEMEF 180 7%, B & B it ) bk 5 88 Sk il R B k- Z hE
i, 53R8 T fe 0 5 R BE 0 A 8 a— g AFREE R B .

[0281] FEF—ASLhidy Brp, 8kl adE k- e R R AN R ERASE N 550
A (D I S o B RO BR Tk B T R BRR ) BR B S L 1 B R A - BB AR R B e D P SE 5] L FE (B ANER T
SR Bk % «a—p AR L B 2L, vE AL ER A B FA L D AL S 4-TH EE R B R LR RIS U EUR 5
e BR BT BE S BRI & 7 SUBR B A0 S AR BUBR B

[0282] FEFH—ANELHF Y, ELAFBMER-BLPEBEERNEERE, LES
MAEET I LR RS FEAES RN EZED A L F RN EL FERASHEER
BR T-rtb o B —BR A B ATER Pk R o B Skl R BT AR R -8 Sk R R R B SR AZ B L ) 20 R F AT
LA 53k i sEE F R B R, H S o st s . 8 35 AR s A E -k h Ak
EHERAEZEDGEERNR FBM. G RE B AR E TR R BR B A 55 Bk
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Bt Hiik LSRR FREFRM T AT B8 A RIS R -k P AR B 7 (4L A5
[0283] PMLERA AT AE & —ANELEMNEKA D RIS A D B BN EER, 6l
JRER (“cit”) ,6-BREETAZE OB (“NC”) , BoRBLEEE RBEE (‘MP7) Fit EE 4
E3kE (“PAB”) ,N-ZRIOME W AL HL4- (2-nt e Z AR L) RERES (“SPP”) F14- (N- 5 R BE T i 3
) ROkt 1-REEA ("MCC”) « & FhiE kLl o R AR &1, Hbh— S E Tk,
[0284]  7£ 575 —/SRhETs SR, 23K T LUK 1A 35 8 A P ok S 7 4 ) 255 B BRAR .« B, 4% Bl 7
A B R ER AR (-S03-) Bk v 38 kSR B0k s v, R 3H LR SHE s A &5
Fr BRI L, BUAR #FAb-L (B -3k F [A]4&) SabxZabx-L G4 &4k A1) 5AbH)
RER R B, X B T AT 1 & AACHI & FRIE 12
[0285] 7% B A AACHA #f tth =% FE (B PR F A AR 2 3k 3 57 1 4% A BB &% : BMPEO . BMPS .
EMCS .GMBS \HBVS . L.C-SMCC MBS \MPBH.SBAP.STA.SIAB.SMCCSMPB. SMPH. F# £ —EMPS . Fgf 3£ -
GMBS B -KMOS ¥ 3-MBS . i 35 -STAB. B B~ SMCC B 35 ~SMPB . SVSB (5% HIk 17 i - (4~ 2,
5 LN A B ERTER) AX S SR Bk TV iR 77 tnDTME . BMB BMDB . BMH . BMOE . BM (PEG) 2 F1BM (PEG) 3.
TG SR B V. friz 577 o V4 ok SR T R Ak B8 A 04 1 A B 5 T AW e BV & i 7 i
FEMEERN IR FRiC i kP a k. 5 DoRBE T fE 2 40, 5B & B T2k
PR IR BEL- AR T RMEMFRE RN EE BB a2 Bk ] 2 B
& 20 ZEMERE L ZERAL A ke 2 R4 R EUBR R A R AR UL B

o) © \ ©O o)

&/\/OV\O/\/D &/\/0\/\0/\/0\/\%
[0286] N o \ /

O (o] 0]
BM(PEG), BM(PEG)3

[0287]  &m] L@ T HAL NV SR YR, flfnMolecular Biosciences Inc. (Boulder,CO) 378
B AR IRAF, AR METoki% A (2002) J.0rg.Chem.67:1866-1872;DubowchikZE A
(1997) Tetrahedron Letters,38:5257-60;Walker ,M.A. (1995) J.Org.Chem.60:5352~
5355;Frisch® A (1996) Bioconjugate Chem.7:180~186;US 6214345;W0 02/088172;US
2003130189;US2003096743 ;W0 03/026577;W0 03/043583; FIWO 04/032828 ik 1 77 13
A
[0288] £S5 —ANSEiti T R, AACHIPMLER 0 B b ok Bk, T B — UL ERIHAER
H I SO B R SRR A M E R E iR L (Sun®E A (2002) A A HLAZE AL 3B T
(Bioorganic&Medicinal Chemistry Letters) 12:2215;Sun® A (2003) &= HL&Z544k
2* (Bioorganic&Medicinal Chemistry) 11:1761-1768) 24k #EsL AT UL indi A £ 541
PR BEREL , BR S8k, H S5 AACHI A 11 5% . (Rl , 244 B R BR U I HL A LA — AN R R
EMRBRRBER N, 2 PUE RS T LB AR k&
(0289]  7EXT AACHIFELESTiE 7 b, B A AT IEIRY A RIS LPMLEA TR
[0290]  -Str-PM-Y-
[0291]  HHAStrZ 2 H A TT ; PMA TR 8 7T, F1Y 2 8] B 22 7T ;
[0292] abxRFAEERUMER A
[0293]  pR1ZISHIEEHL.
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[0294]  #E—ANSEifidyRrh, AT “Str” BB TR
o

[0295] N—RS—

(o)
[0296]  H AR H C1-Cr2 W fE 2 . C1-Cr2 ke 2 -C (=0) .C1-Cr2 T HEH-NH. (CH2CH20) r+
(CH2CH20) r~C (=0) + (CH2CH20) r—CHa FAC1~C12 YV 4% FE-NHC (=0) CH2CH (BEMy-3-3%) , HAr &1
Z 10/ 84
[0297]  JRIMER)ZE(R R TL AN T Fis R IR R R SHURIN E AL &) -

MC
g N/\)Ky‘ﬁ
Cc>) MP
[0298] g—EiN /\/IOJ\'}’/\/O\/\O /Y‘l"z,
% NN O/Ygsl

;\)LN,W\!)(E |

[0299] FE—ANsChtifF R, PMAAR T

H R7 RB H 0
[0300] ~ N m N \H‘\
o] 0 AA

[0301]  FHrARR'FIRS—HET R Cs—CrER B EE IR , AT

[0302]  AAJR 3% EHH.-CHs\—CHz (CeHs) ~CHaCH2CH2CH2NHz . —CH2CH2CH2NHC (NH) NH2 —CHCH (CHs)
CHs . F1-CHoCH2CH2NHC (0) NH2 ) 20 FE B2 1 5

[0303] FE—ANsEi s &, B FRETYR S X & FE (PAB) B & H T A L)
(PABC) »
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[0304] [AIFREESCARVFRIITAE R I MERF EMAVKET R BIRETA LR “8 R i
1) (self-immolative) "B “JE B K YER)” FEFE LK 77 P, 2k B A1 fR B2 o 0 & X | 2
FHEEBITT (PAB) E—PNIXHFER LR B, M EEFEE I @A T EEA M E RS
Z IR BERase, EERREE, PEEEPRESKRIEEEIEER BT Hamann®E A
(2005) Expert Opin.Ther.Patents (2005) 15:1087-1103) fE— L 7 &t , AR 8 TR
XS A IREE (PAB) o

[0305] FE—A Ly R, B 5 JER A HE L FIPABIEIBG & B # R, A R B & F, i
o — R AR AR B AL A X PP B k- P A R b A4 (PLA) HISEHI) 2ok B R20IPLA-1E
4. ZREEFT AT RERS SO EAACAACH T EER AR — AN LT RF, AR
5 ek L PABCIA] R S o i e , TEAACHF B EF REE el . XN EEF R E
Re 1t 7T CLAR AL AACHT $U B8 1 A . PABCE 2 AR BR B 2 Sk - R P |44 (PLA) ML R B
Z2HIPLA-5FIPLA-6.

[0306] B &4 IA) k@R H e LW A FEE AR T SPABEH i F AU 35 iR &4 , %1
wn2-= ALK -5- R BERT A (UST375078 ; Hay%E A (1999) Bioorg.Med.Chem.Lett.9:2237)
FIAR-BX - SR BE TR YRS . 0T LA R R B e /K A 5 BEAT ML B 181 B@ 4 » 51 an BR AR 0 K B
REV4-E I T BRELIZ Rodrigues® A (1995) Chemistry Biology 2:223) ,3& 4 EUALHTRUER
[2.2. 1] FIXWIR[2.2. 2] 31 R4 (Storm®&E A (1972) J. Amer.Chem.Soc.94:5815) F2-& 4
E RN FREERE (AmsberryZE A (1990) J.0rg.Chem.55:5867) 7F H & B AL 3 BV 1 & R 259 1)
& (KingsburyZs A (1984) J.Med.Chem.27:1447) W £ ZEAACTH FHH B R EEEY R~
1

[0307)  MAACUIZIREIBIE MEPUAE R E AT LUE T 3 b R L BRI 36 R & .

[0308]  XFAACH RISk R+ Al {E

[0309]  SEREHI7T-17@ T ¥ FIAEE R EIAE R B2 SE X FEBH & R T TRFR2H PUL
Besk-HAERPEME (PLA) L@ W0 2012/113847,;US 7659241;US 7498298;US
20090111756;US 2009/0018086;US 6214345;DubowchikZ A (2002) Bioconjugate
Chem. 13 (4) :855-869 fliik 1) 77 i Hl & .

[0310] 32 PMLEEL-HTAEFR T a4
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[0311]
LA
%%
PLA-1
PLA-2
HoN (o]
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[0312]

PLA-3

PLA4

PLA-S

PLA-6

[0313]  FUA-FIAERR SWIRIEIETT 2
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[0314] 4Bt R BRBUE M rFIPLAREIT I B L L BB B A 5 BB R WATAED GR
HpipBOR%E) £ F M BT VI BIR FERR K B SLER:, R R3F W E-ERKSUNLED
(AAC) #E3k & M B IR E RN E A BB DS EE A R BB U1 SEREBI T- 1740 HR 1
FH P4 3R FOPMUEE Sk S5 40 AR B2 3k - P 3 R 1A I P4k o 18T 4 3k, (19 FEPAB R 43 Ak (Y B
R TENS I SEERESHIER S .

[0315]  #x42A“—F FpipBOR” KIAACE “pipBOR” AACHAE] , i T A LR —HF EMLHIE
F sk BRI EHRE .

[0316]  E3B/RILIAE-TIAERR A AAC) TR K AT RENLE TE LA R (Ab) {UAE
AACTERE FLBN I 4H B A A 6 S5 R T8 AACHR BRI Fab B 0 45 & & B & 3K , TAACHIFe
A BEFcZ AN FHEATRME (BEE R R RAE 4 EaE R AN
W FIE A B R G , Bk T DUB I R MR R SR B AR, B U VR T B A A SR AT T P AR
.

[0317]  ARBEFIE-FERREY AAC) LEDHI— LT REFER:

[0318]

(03191 Hrh.

[0320] & RINTILRIEE;

[0321]  RAZH.Ci—Ci2)E £ ELC (0) CHs;

[0322] RLEOH;

[0323]  R*RCH=N- (Z¥¥F3) , H P ik F< 3R BTk M — A3 2 AN Sz ik 1 C (0) CHa
C1—Croke it «C1—C122 75 3 . Co—Coo e PR 35 . Co—Co0F5 FE FNC3—Crolik A FE ) EE A EUAR

[0324]  BRR'FR*FEEX T CER N TEHE & 2295 B 2 A 5, BL(F ikt i B s H A B 7S 7T
Vb IS F T 3 A7 7 NN Y R e O DA w7 B N B - 1 87 S
HAT 1% #i 3 H F . C1 .Br . 1.Ci—Ci2kE LB OHEL AL ;

[0325]  PMLA: %3 BIR?ER R AR BB B & 2 55 BB 2 R 2 19 R (3 B vT D0 B JE RS
Bk

[0326] AbRrF1FiiE; 3 H

[0327] pRM1FISHIEEH .,

[0328] AKBHHIPUIE-EREEY AAC) LEWIH A— LM H REFE T R



CN 107249642 A 41/69 T

[0329] /@:

Ab—+—PML— (RN

[0330] K,

[0331]  R3JhS7 % B HFIC—Crok B

[0332] nM1EK2;

[0333] R*%&EH.F.C1.Br.I.Ci—Cizfe 3 FI0H; F

[0334]  Zi%& ENH.N (Ci—CizkeZ) OFIS,

[0335] ARAKTE-TIAEREEY QAC) ILEDR F— L REHE T

[0336]

(03371 H+H,

[0338] Rk E HFNCI—CiokidE ; A

[0339] nkOBK1,

[0340] AKHMTIAE-IMEREEY AAC) LEWIH H— L F REFE TR

R5)n

PML/

[0341]
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[0342]
[0343]
[0344]
[0345]

[0346]

[0347]
[0348]
[0349]
[0350]

[0351]

[0352]
[0353]
[0354]
[0355]

He,

RO3E BN HANCI—Croki 35 ; F0

nN0BL1.

RRBABTA-PUAERZ S QA0 L&Y 55— L7 KEHE T

N

Ab PML/

Heh,

R°3% E HANCI—Crofe % ; AN

n 081 .

AEPPFIE-FUEREEY QA0 L EWR A —A L REHE T

G (}“

Horp,

R S7 #b3% B HANC,-Crofie 3t 5 A0

1882, |

AR PTE-TAERREY M0 LEWH B— LT ReETR:
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oH ©
JCEN
[0356]
N 0
®
Ab—+—PML——(CH3),N
p o
[0357] A% B HL4- f‘ﬁi%éﬂ”&“% (AAC) LB B— LR RBFE TR
46 wgz'r abx )
[0358]
p [}
[0359] AKBARIHE-TIERZEEY AAC) AW B— /LT ZEHE TR
H Ho 3
N N abx
Ab‘%Str/ \E)I\Y/ >
o o ~
[0360] )/ p
HN
O)\NHZ .
[0361]  AKBARIHA-TIAE RS ESY AAC) LS A— N LT EEE TR
o)
: N\/\/\/H ' N X o
[0362] M \HI\Y
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[0370]

H
Ab N\/\/\/N\"an -

[0371]  AACHIPIAE R T %

[0372] FAERFBEHpESR, B, EXISFHREMUEHTAER @bx) 85 0F5H%.
MERFBETLUABMPUELIZ20M AR TS 0) A IKAACERE 51 Z 20N ERH
FREMPBE SR — AP R B R E R MAIAACHIFIF BN E R 5 1°FH
AT LLIE I H H T AR AE , 4 40 R i L ELTSAMI 58 FIHPLC . 1 W] LB 28 AACTE p 75 THI Y )€ B 47
A0 AE—EE IR, 40 5 A IR A3 FRRIAAC (i pR Sk B BB HEHAE R ARAIAACKH
F—{8) v LI i 0 2 AHHPLCER B, K Y 77 ¥ SR S 301

[0373] Xt F—sehifk-HiE RS, prl e Pk BB AL A8 E BIBR §i . il n, o bR
ANEIVESERE T R, A SRR B EE , U T UL R A — DU R B E B B
B[, BE T MR — NS B 08 R R A BB 2L L @i H ] e sk 7R R e s
TRF, BEPPUER A, Flaip>s, TR FHELRE-NAERE SV RE ABEE.F
Ve BB T 3 K R L T B, AR MAACHI AR MR E NI ELA8; 492F
296, 2122 44, BRA3E L5, 294, 5L 452,

(0374] fERLLSEE A R, AR ERNHE D FHRAERBIPNERE N ESHEZE.
LR BT LA & F Bl an A 530 A -3 Sk () AR 3l 8 Sk il 5 (e R I R BRI 2L, i T ATk o 38
W B E T2 5H4E R ERN U B R B E BRI EE ; SLBR b, ik K
L E BRI R B E N R R B, T E R e WE R FH T,
FAXE R 57 5 o — BR A HERE (DTT) BY = # %k & £ % (TCEP) 18 JR 44k , LAF= A ) B 1 Bt S BR
B B B R R ST 7 R, A PUAR AT A SR DA B R I R M SR AR [, 151) i S BR B
F R

[0375]  ATRALAANR) A9 75 sUEE HIAACHT S 3R (BiAE R /BRG], “AAR”) , fildm : (1) PR i34
Rk R R s B SR ARXS T oA gy BE RIS &, (11) BRI & = BB [8) B5 B, A1
(111) FB4> BPR ) e ok ZBR AR B A8 11 R S 2% 44« N SR AR ST B B R 38 K “DAR” , & 5
“AAR” ¥ .

[0376] RIM¥BfE, {2 T —NEREDSHER-FLPEE R MES L E 5T b G2
AR AN, BAFE e BB ERI A L — B2 MERHS oA
HIAACAL B YIHIR &40 . T A LA B P 39 4 R AT LU XU EELISAHLK Il 2 IR &)+
THEH R, ZMEN THRARFRENF AN A ZRSFFEN  ATLUES FIEEREY
th S FBANAACH F, HBITHPLCH B, FlanBi /K A ELVE BT (B, Bl inMcDonaghZE A
(2006) Prot.Engr.Pesign&Selection 19 (7) :299-307;Hamblett% A (2004) Clin.Cancer
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Res.10:7063-7070;Hamblett ,K.J. 5N, “BG¥) S f7 X4 HCD30HUB- L4 & I 23 %
RN SIFMBHEMIE W (Effect of drug loading on the pharmacology,
pharmacokinetics,and toxicity of a anti-CD30antibody-drug conjugate)”,
Abstract No.624,EEIEREM AL, 2004FF £ (American Association for Cancer
Research,2004Annual Meeting) ,March 27-31,2004,AACRZEIR, 55454 ,2004F3 A
(Proceedings of the AACR,Volume 45,March 2004) ;Alley,S.C.ZE N, “E&I|Z5¥iE 1
M- EREYH RN E (Controlling the location of drug attachment in
antibody-drug conjugates)”,Abstract No.627,EEEEHFRIH<S,2004FEEF LN
(American Association for Cancer Research,2004Annual Meeting) ,March 27-31,
2004 ,AACR22#R , 45%:,200453 A (Proceedings of the AACR,Volume 45,March
2004)) AEF LR ES, A LLBEBHKSEIENREEREYT LB EE L —HHEN
FIHAAAC . A5 7= B 1 3 ot S BR SUE O BLAR RE B SR B B 38 R 1 1 4%, R N BA i I R A s £
EIR TSR E R . £ — N LT R, 8N MENRERT 2N P E FEL1
EZ20097GE N A LT R, G FE NS HZTEE N1 E4.

[0377] &P PIERB YN TTIE

[0378]  IAJAACTH] L@ fE A ARSI AR A & B MEE AR R S 4 AR5 1
BRI, BIE: () PUERISRZER 5 8 kR =R, 85T I RAb-L. B e 5
PLAERE S (abx) REL; F1 (2) PLAE RO FIEZER 5 MR F RN, 8 3t
FL-abx, b J5 5P I EAZ I R BL.US 7498298k T 81 jG— g 2 4 & I AACH
AT, FoE i 5] AR kb A A,

[0379]  Hifk FRIEZEFABIBERIRTF : (1) N-Kimhedk, (i) MRS, 6l s iR,
(i11) MEEAREE L, Bl B EER, A1 (Lv) PUABEE LR A I AR R A
FAZEEM] O BRe s 58 L4 A kR b i e el T B R R R SE A L SR TR I
WG (1) EVEBS WINHSEE (HOBt B o A AR BR B ANBE 2 0 5 (i ) b AN 250, TN g X 2 Bk
s (111) B HR AREEFN L SREE W iR 2L ] Lo Hi ik B A W0 SR RO B W) — A, B L B & R
Mt o 38 FHAE JR R AnDTT (AR 75 M BS) B = B 5 2. ZE 1B (TCEP) HEAT AL FE , {3178 Hi 44 55 4 B BB
IR, FUAE T A 58 L RFNER A AL ik, Nt EBRFEE L _ BB RFA R 1%
B B SR AR o T3 1 04 S A% 255 I T LA 3 St PR B 2 K A A B N A, 451 2368 s A e
Y Fk 5 2- R WY (Traut’ sIAF) R B, SEREE W ANREE . AT L@ I~ AN =
MM E SN EREAREE BINELHEEE - PRE DN ERREREBREERR
R RETUE) 5 RS ERREEE ] 5\ FUiE '

[0380]  AKHAKIBUAE-TIAERE EW AT LU Bk ERsEE F 3B, 6 s s iR,
SELAFEHER ERSRRER Z M E R4 8RR B AR ERERaFER
BR T BEME A5 =B B A B BN R AR BR B A0 55 BB o E — AN ST T R, 1B 4 44 A
FINBENS 5 ESLAA NS P A | LA E AR E R SR S5 T84 E B — DL R,
WEEAL TR R RE FT B, B0, 5 TR B AR TR R AT 5 3 B ) B A B 40 1 e
2 I S B P B o BT A9 B A0 S R A SR B AT DA AR 8 O B, BROAT DA IR 451t el A
W BRe 58 B R  7E— AN SE M T b, BE AL TR R BRK L B 88 2> 5L BB R
B B AR = R B SR, AT AZE AR R = AR AT 534 R B 3E MR R BRI B (RS FR) %
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@] (Hermanson,Bioconjugate Techniques) .fE B — LM EH , & B N- Kk 22 BRI
RREREN BT SmEmMEBRARE, S8 EBMAEE -1 EER (Geoghegank
Stroh, (1992) Biocon jugate Chem.3:138-146;US 5362852) . JX #EfEE AT LA 5Hi A R &4
BB RAZR TR

[0381] AR LHEREACEEARR T IE GREE R E B 5 B B2
R R BRBE A0 05 BEBE L ] , LRG58 Sk 3R 4 AN 3K LA sE e T BT st i,
B4 (1) WG ES AINHSES JHOBt /8 o /X P BRBE FIBE 2 s (11) b AIF £, e X & B
B (111) B VB R BN LSk BE AL E A .

[0382]  #RESCHEGILI8H BRI ik, R3IFP I PLiE- T AE R R &Y (AAC) @i FrikrF1 5T
5RO - DA R P AR A & RIS B RE BRI B (S 19) AR D ERE R
BY (S2Ef520) JiRAACHI ThAL -

[0383] K3 rFIFLE-PML-FiAE RS Y (AAC)

[0384]
AAC AAC #Z X Fk-abx | AAR*
%5 PLA %%
101 BHAR-rF1-LC-V205C-MC-(CBDK-cit)-PAB-(= ¥ PLA-1 2.0
£, #A pipBOR)
102 BAR-rF1-HC-121C, PLA-2 39
LC-V205C-MC-(CBDK-cit)-PAB-(=¥ & pipBOR)
103 BA-rF1-LC-V205C-MC-(CBDK-cit)-PAB-(—F & PLA-2 1.9
pipBOR)
104 BHAR-rF1-HC-A121C, PLA-2 3.7
[0385]
LC-V205C-MC-(CBDK-cit)-PAB-(— % & pipBOR)

[0386]  *AAR=HTAE E/Huikll ] F1oME

(03871  EFARY (WT”) EMtEBRSUE M R Fuik (BRA”) ViR 8E (“LC”) JEHE (“HC) \6-
O RBE T A O BE 2 ("MC”) W DR BE W AR B A BE 2 (“MP”) JER T E:ZER 4L (“CBDK”) /R R
(“cit”) EHEERR (“cys”) ST EEFE (“PAB”) FIxT R AR E KA (“PABC)

(0388]  FHHUM-PUAERE SR T FOTAR, BOL 1) 77 v

(0389] AR BARIrFI-AACHT F{EXT A B EMFEERE, Flins RO ERE JEEEH
BEIBRE (S.saprophyticus) FIIA M A ZERE (S. simulans) M I TR E B AR
75, A KB BIAACH] Fi Fi897T & R BB B B B

[0390] FHAMESE, & HAFEHIRE ] LLEJLFAR(TESE ol EFEB R 4k kg
REFEBTHEIA=022— IR P Fowler® A, (2003) Arch.Intern.Med.163:2066—
2072) , L E=EIBIT IS B 10% ) B b (Khatib% A\ (2006) Scand.J.Infect.Dis.,38:
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7-14) JRBHIFRER RN EM RS E AL FMER R T REHSHRENE
FHERYIND) R EMEFEBT =R, A0X N EHEESREHKIE.

[0391] EX (EBIFEME-MERRESYT) CER TR HIAACK 1 ANLH . 42K B
RITFIT - LA R (AAC) X TIRT AR AR IR R R B ERIET IR AACE L@
ZETHEREHBEEME, BEEERAER. BT REOZEIFEN &S0 RHNIER
WRE (BAHEL N0 , 4R TRABARE M AR ERRFE . B NAACE
A ERTIFEERIRTE, LA RIEIT FREAT LUEXN TS GEEE) AT R JuiEiRE R
JR A5 A L ) , T AT D) 048 Sk 78 08 JB 4 Y 40 e P 7 B 4 8 1 2 A4 T VD1 IX P 4R BT LA
B xR BN 098 JFE A8 LA R 3t e A 7 B W VA B A P B AR R AR I AE R 2 1 2 3K
IR B RIS AE R PT A ARG EE /7, 3F NS L5 2 A 25 1R R
(Lewis K(2007) . “Mif Z5 PR 4 g \ ARER AR Je M9 ” - B RTMAEM #4538 ("Persister
cells,dormancy and infectious disease”.Nature Reviews Microbiology)5 (1) :48-
56.doi:10.1038/nrmicrol557) A , X Fiiiiit 52 B 2 202 B R A 2RI — /NI 23 Tl AE 40
M5 ARRY (Bigger JW(19444E10 14 1)) “@id R B K E FAEE R G778 & BRE K
g M- J) (“"Treatment of staphylococcal infections with penicillin by
intermittent sterilization”.Lancet) 244 (6320) :497-500) . ;X Ee40ffEZ & X R
& LA 2R, TR M 52504 B IBITRIRIR 0 M , 14 R 0T DA R I Hast 4% AR A 0 28
GHIK XM PLAE R Z R RIS R IER R B oA TRS RN . S ERIT Lk
THRRIX Lo 2GR A ARET , BN E RS R E . AR\ E-AERR AW A
A AR FEIX LU 24 1k 240 P P S e R 5 L H k) £ 245 25 A B AR 0 R

(03921 EH—ADEMEHRP, ARFMFI-AACH AT R, AERBEBREHET
AKX ES.

[0393] FER— LS Ed, AR PErFI-AACH T BT T LR B AE W B A4 Y i %
HE &R - AR BRIPUE-TUAE R A Y (AAC) 87T I A0 B RS B8 15 9T 40 B8 14 Fr 51
YL, BIINS R B IREM R BHER ERMEAER MO PR A R SRR
VD ER AIEE B 28 0o B ENRE Bk IR, B B R, — MR B R AT RS \ B R S R A
¥ 5 4R &1k (IBS) 5L % BR FIIBD (R 14 fim) , 40 B M R R ¢ . LA AT AA1 2% B LA L B
P FE B3 0 e P o A B R e T LA FE B A LA ER AL , G FR B L LI S 455 O Bk B B SR B AL A
REABIAACT] AT RS E NP8 22 X () Jn-B B 8 B IA SR L) , L R & Fe T
FR IG5 a0 = e $RA5 14 it ¢ FOER IMLRE 7 XE V6 I B0 B Gk o T LAYR I LA TR 4 35 6038 & BR Bl /K
e BB E A O MR ENT EE RSB EEEVRENEBEMELFERES.
R H, ARPRME T RIEIEITBTR £ 509, Y& Fsh , ik A B E
YIRS 77 7%, EA IR 18 BTk sh A i FIrFLAACER A /2 BA T AACZG #6177 o A4 2k B 1 — B 45 4F
FET 187 BUTIR 51X Tk 48 4 /% G A DR B EH AT £ 14 tth 51 RS B 07 » 1K BV 97 SR 9
FEOEFEAKPHSYOR. B EA A SE TAZ ., FFARRIEAIVE:
B AT EICUF I (B HEIR % T BUBREA T 5, S E BB B B RS B 3E s+,
AT LAt F 2 = B Y AAC LA TR JRR e & VEBRAE 3% .

[0394]  ZME G n] LA B A WA IEE A A E 5142, 7 HAACLLVE 77 4 B R L1
TEMEAEHEE BT R E AR B A0 RS 18] 56 A, 5 & R i 1) K T 75 B VR T A0 B R

62



CN 107249642 A w BB H 50/69 B

FITEMEE .

[0395] 7k BA () — A7 T R B I i VR T B X B A R BRI rF1-AACKRIB T R e 3 B
& BREA /SR i S A RIS B BB VR ARG E R T — Ml A E e 3
BEI I RFE AR e ts B F2s B B P i IS T A R E M A K B rF1-AAC, SR TP & 3
O ) BR A  BRR B A BR B B A M R A R L B I R A BRI TV

[0396]  HAAGUIHA L I0H B T #2075 BVR T N R B E W REC AR BT
22 At/ dth RS R AR B 2R B2 T . F T RS TR R G Y R BT AR SR TR B B R] P BB U
B, FTCATE LA /B L BE N B A9 2858 BT DAZE F A R BA B rF1-AACKA B — FhER 2 PP B4R
AR, WATBERNA RV E. DisWs RA/ A At B REREPFEG SR
R B ERE R, B3 7T A4k 82 FrF1AACHEAT YR TT - [RI UL, 7EVR Y7 40 B8 B QL B 73l B & 3 B
BIIRE BRI FIEN—NERT R AT BERITAERERrF1IAAC AR K BBV TT
AT 5vES , Ak B B AACTET LUE A ME — VG ST RIB S e 70 T iR AL R & 45 24  fE Il
PRATER G, A% B FIAAC B R T 75 15 B R XIMRSARI VA TT - AAC 5 SOCHY Eb ¢ AT LA 5t i i
P B T SRR o A5 P4k B 28 815 I % b o] U & IR 2R VA ST AACTE 7 1) RO o If PR S A2
A B8 PSRV 28 OO 1 AR A FURER 1 B F .38 . 2 W A R i A 4TS IE 4k 2
Fr R W R E R IE AL MRS 72 PR iE B 45 O 5 a] W SGE B S 4 Bk 2D Fn ik
BHITR IR AR AL E SR ISR B EFER DA RBRBRESE, R BEECHET @
R M 5E S NIREIR AL B S, 0 SR AR IS WTET 7 B L 254, N AR DAY R ZHF R 2 1)
MFE, I RAEZWIRT B8, BB ARRL KRB B ThRe B ) tn 7 =5 i ULET BT Th a8 I i 52
BEFFHRIEEA, MRS AR () a0 bl a7 28 3O & 2R 2 HFR M EXR) ks . &
ICUR B, X R REE DR RIMNE— IR F V) I R B, 64 4854 /g o PR 41 i v
O AT & AR (GRRI RT3 3h G (1) 38 i 68 o MR 0 I R AR IR R B
) BRER T SRR .

(03971  TEARKRBBHIVGIT VAR EF 30, i R AR B RN 5 W EIFiE4 7E 2 D HE AN
B2 ANLLRTHI R R 59697 80 SR IT FHERET 52 W7 i (9 (8 AR BORER AR LG A7 R B 2 (1 7T
MER S E, WA R E R BERIGTT A — LA RP . 7E3.4.5. 6B FE 2N
FREREZEFFEITNENSGE E— LT R, 51T EMRL, MEE RN EN
ZE/150% .60% .70% .80%.90% . 95% B 100% I8 % , R BEH TN EN K EAIELULT
P, AT LU BB E R (Bne R emERERL e DERTAS
A K H B TR A B A0 B B I VR ER A B R GRE RLAD s 11) REEIEH ;111) WBCIE®
s Fliv) 3FF B EH LI EENHRE, RALRIZ T ZE (OIE V5 L 56) BAIE
WO AR FTEETI AR .

[0398] 5% fEARfl LR, FEVRIT B0 B, AACHI I BB HE HL0.001 2
1000mg/kg/ R AE—EHEH R, MHEE B GL 8 HE UL D 1ng/kg 2 £9150mg / kg T8 [l A BIAAC
FIEIRIT , 8 NZ5mg/ kg &£ £9150mg/ kg, BB B/ Hh A25mg /kg & 125mg /kg, 50mg/ kg &
125mg/kg, E 2 T B4R A Z150mg/ kg £ 100mg/ kg AACE] AR 45 F (40, B E NS E
50mg/kg/K) B AN HRE (il hn, 758 595.10.258%50mg /keg/ &) - — MNFIETF LLSFF2K,
il — K 25mg/kg , 8 =K 25mg/kg. B AT L3RR A—IKFIE @3D) , BRA—RESGHE—
JA—1R (qOW) , Fr&L1-8 A FE— ML R, BF @S EF R (SO0 KIIVEE—IR.
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FELE2-6 AT AR BMAAC, AT HAE B L NS O HHRE R L BT KEEHR HE
FRIHR 150 BB G A FE B R 58 , 91 4, 1 B % ) A L B0 98 7 FF 62 1] 2 &, BCRE IfRE £ 00 Y
5 6 .

[0399] FE—ANSEHES K ,AACLA2.5F 100mg/ kg IVIMEFI B A ZEL TR, RGEH1-7
R—R0.005Z 10mg/ kg I 4EFFHNE , FEE— D H.

[0400] 4525342 N T VAT B BB , A R BHEIAACTT LAREBK A (1. v.) BUR T R AT IR
FIBARY FE—NEHT R, BN AZFI-AAC E— DN BT R, BT kNS
ZyrF1-AAC, A rF1H144 2 1% B SDRFIrF1 548 FIR4AFN4BH A FF K B A EHER 7 IR filk
4.

[0401]  BR-A&JTIEAACTILABITE 5 —FhE 2 Fh 55400 BN 3 — VR Fr B TBA 77— R
HBWHIT BENEINAE .,

[0402] HE—NEHFTRY, EARANNB-NEZZEUEDHEAESHANE - RER
WEE U TR : () FEMEERE: (1) B-WBEARE; (1)) RFEANBE/FK; (v) IFE;
(v) FEEME /BB RS ; (vi) FIREME 4% 2K . & W : Shaw,K . fMBarbachyn,M. (2011)
Ann.N.Y.Acad.Sci.1241:48-70;Sutcliffe,J. (2011) Ann.N.Y.Acad.Sci.1241:122-152,
[0403] HE—NELHHRF, EARANTB-MAERR SN EVASHANE_NER
BEHRBNER HAEBR FHRMIEM (retapamulin) <iIAFEE & .GSK-2140944 .06-400549. 78
b B BEEZER T =84 ZEEE (napthyridone) EEBMR . ZFRILE BEFXEKR A EE
R VIER . SRR S AR EE T EA S ER.

[0404] XU 53 S ¥R IT BB 716 e L) = BT AR 7 (5 an3E S 4T K 25 (NSAID, il 4
detoprofen. W& SR« — & JEMI AKFCEER  IETE S35 LI 35 A1 25 15k 36 3 VRV
35 HEUKBREL PR35 A0ES L £ V8 B wnabumeone (25 AR 4 BLYD I 2R i B B L AT KBS
FERITVERE M T HEE A P A T AR K AGER AR  salsal te /K BR AN FI/K B BREE) AN
FSIE B (140, m] B9 HEZEKAA VB BT B9 FA R ZESREOAA B IR JEFA 0 BRA AL 2 R FA) )
PHYA (P HER RNER AERXR MBVE  LERYE FIEGHK. R EK . FE
E O & AN Wiy 7 NS ity 7 N T 7 N E il 7 N =ity 7 N = I i 7 N ST 7
R EEAR SRV PO AR IR BL PG AR Bl FO AR L & P AR L STy (SR UT AR, SkFl b e | Sk
WE  SkFamemth | Sk Feme LAk CRETE R HE S LT AR LI T 3k
FZRME LR | LM A kst b L SR FIORER | Sk fhne LSRR SR RS L Sk vaES L kA
7 ki B LSk HIUT B | Sk Atk A5 \BAL5788 . BAL9141 . T &% /e . B4t 3% Fe . € B3 g V& i
M RRNAER AFEHEMMREE HER IER. FIBRE . CEEABEE KKERX . ZMAE
EBKRE BEXKE ENER . WEKE dibekalin . BFIKE VIR K. &£BE ME
REKEAR TBEXE FHRIBR ZERE FANERABT-TRBMNRTEEXE . THREER.
AHEBRBNAE KEHE BFRNT EBOCE T MEESTT R TR ER PR
A E BB i S R I B i PRI | BRI RSk B (ZE0E R VRS IR VISR B B E Y
EREVEEFVENAVE . BESVEBEVE GV E BEYE . FME . dh
T E. TR E RV E FAVE ARYE AREER NMEVE . SENT AP
P ZRIE R BN R (AZD2563 R A F R M) (HUA B Tuik , B+ K B AACEE M) Ag ) AR IR
B[R 47T SR B FUAA 1 /N AR SR B 4 )57 (451 4 By 35 R L BT ) DA G V% At mde SR A% 5 W XL
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AR KB E L ERIT E B B HuB M (B0, BT R GEBF R KER R AT
R RBARERAN) GBRRZ (B0, X ZBE R EE) SRR (0, E RIS B R E
THVHEER 3R DLSF G B A AR K LB A VT R 2 B AR AT EREF AR AT (VAR
YT AT I ARYT B SLARAR T FHEARAIT) E—ANEHET RS, AKARACS &
T & R (B HE T AR 48 TG AR D B E PR BIURR B AR 19 37 BRARAE (SOC) — 2 FH - MSSAE
I E R TEAREIRR T ARG ST, MRSAE & 75 o B R B L Pk y5 97 o

[0405]  ix ¥ FH AR AT LAZELS TAACKI 14K (TR V1R (12N B 1/ P B35 H R B e
F . HAMIIETT 7R UL 5AACAH B S AR M A YE B M E . S E T AR AMA M+
B, v LAAE AN B ) 45 2538 4% B an , AACTT A ERBK N B B2 T 45 24, T 28 — A7 AT A O AR %a
2,

(04061  Z54%157

[0407] AKHBRUEEFrFI-AACHIZBEWA S, UL RAE & HAACHI WA & 16 57 4
BRI T v X R A AR LA — P B &A@ HBRIE R, 5 a0 24 % b AT 852 R 771
(EE) , BFEZE P BRI HE R R BRI B PR RS, X AR A S 2 A A I BLAE A
SRR AR BR B AN -S4 0] DL RS R ER S B R U iE RN/ BE T B G R R
IRFH A A — sk 7 B, AWHINEE 1) AR HBIrF1-AAC, F12) #j% bl
ZHIERE ST R AR E S D AR HBIAAC, FYEIER2) Z/0—Fh A4MY
BITH.

(0408] E W EFAATAEPAACSEER AT L7852 0 £ 44 R 71 842 € 7
(Remington’s Pharmaceutical Sciences,16th edition,0sol,A.Ed. (1980)) LA7KIE K EL
SR BB A T B R R G &S AR BB RTAACKI 254 70 A T i - AT 2 /)
B MR 77 B AR B R AR BT A FH A 77 2 00K B XY 5238 0 8, H BB R rh R i B 2L A7
IR EL H R R B A VIER : PLEAT, TR BRI BRE R : b7 B 7)) (n+ /\ ke 2 —
R REE M A WA N RS R RER R BT BB R MR E R R
ft B R A 0 2 2 2K R R R R BN I8 5 AT K s (R 2K % s B L BE s 3R EE s FlE) B ) K4y
T2 UMTFH10MERE) 2 EAR. MNEREA AR ARRERD ; FKEREY W
ROFEME IR RER R A EBE  REAB K HER R RBURER 2.
FEA A BOK L&Y, IR E & H R MBI ; B S ANEDTA MR N EHE . H R 67 g
PRSI BRI R T F U £ B E A BlamZn-ER B &Y s M/BEEE 7R
T % P 77 k& ™ PLURONICS Bk 5% 2 —®% (PEG) o FA T4 19 i FI I 25 4 I 7@ 3 R C T
19, 8 T B IR A S Hh SE R

(04091 V&% A 43t AT LA AR 6035 7 4] o ok V% 3R i R Bl o 7 T 3R & ) S B IR B, 461
o TR AR ZGWiEiE R4t (B, B8 B B 8 B KRR LR 9K BURL AT gh K i 38) B
ERIAFFPRFEALEZARBBRENR (FERGRFE MRE . XMEAE
Remington’s Pharmaceutical Sciences#16k%,0so0l,A.Ed. (1980) FAFF.

[0410] AT LA ) & 28 B il 57 o 22 5 11500 () & 38 SL 9 B0 46 & AR K B B AR BRAACHY [ 44 B
ISR BRI BB BT, 12 5 R A2 A 1 9 an v AR SRR BT 30 2 R 2 R SE 5
FEERER KB (a0, | Q-2 2 E-RERIEIRER) 3K (L)% ) RAH U.S. EF53,
773,919) \L-BEERM y LE-L-BRREK L RY A TFEME R L M- LB 20388 « 7] F% fig
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ABR-Z BER AL R LUPRON DEPOT™ (Pl FLBR - 2. BEER 35 IR Y FNE BR 5 TR B AR AL BB 7 ¥
SHPEER) ME-D- () -3-RET K. AARAR SV LG~ LB 2 1& B MILER - B BR AL 95 A
I3 F I 100K , (B 3 L0 7K 5% A 78 50 AT 1Y) A (6] BRI B T« A 3 3R B P A BAACHE B[] £
HAERAR, HTE37TCHEET/KSF, ENITRESTHRRE, FBEMEERNERAG
R SR VE R AT RE AR Ak AR BB BT AL, o] LA R e 1 A R SRBE . B, IR R LR &£
PLH R BT B R - B R B A 2 FBIS-S%E , AT LB B i s B ik i - FRR M R
HF B HIEKE M HEEHIR MR RS ENRAEMERAAYREDIREN.
[0411]  AACT] DA LMEAT A 3E 1) 7 S EC i) LA 16 22 S0 A /20 4R 451 e, AAC AT A RC i) i IR
4, & PRI B AE IR B P AN / B3R THTE 14 S 4 s B /N B9, LT T 1 o L sh ik 2
Y - i A B 20 43 38 5 HE U BUSUZ T B, R ABA T A W RE I RS RHEF « & B P R BB i@
AU FN Y 5 V%4 &, Bl infEEpstein®% A (1985) Proc.Natl.Acad.Sci.USA 82:3688;
Hwang%§ A, (1980) Proc.Natl Acad.Sci.USA 77:4030;US 4485045;US 4544545;W0 97/
38731;US 5013556 F4iR K . '

[0412) %5538 FEI RS B4R mT CLIE S & A B s B AE A B [5] B FPEGHT 4 (Y B AR B 2 B ik
(PEG-PE) I iE FRAH &0 RAHZR R4 . B k@ T (R e FLAR B pe 2 Hr LU= B R
P BARH R i

[0413]  AHRLFATT %

[0414] BB FEEFE:

[0415]  FT A S 46 #R & {3 FI MNARSA (http://www.narsa.net/control/member/
repositories) K15 HIMRSA-USA300NRS 3843 4T 1, I IE B B HH

[0416]  AHESTEAP TR TG 5% 40 =F (LAY BEER AR K S 3 AR AR (TSAMR) E7E37°C TFAEK 18/,
X TR TR, 445K B TSARR B 520 B V& B Fh 2 B BE R K S N 5 7= & (TSB) + , R 7E37
CTHEE , BB LL200rpm$E B18 /N 5 4G IX Lo 12 FR Y TE HT B TSBH I 10015 FBe i it — B 4%
RIBFRZIR.

[0417]  4HAR S0 FIMICHI &

[0418] @It 7ESREGAE K B A3 77 5 OB S22 5 6 B ) & B9 AR 2R WIS 40 M A 4l B 1)
MIC. HUA R B AR BRI AE 96 FL 35 7 L A — 2 U9 44 il i o A FE B0 AR K 35 FR MR SA (USA300F)
NRS384H M) H A FEE 1 X 10"CFU/mL . B FE P AE R AFAE T3S 55 18-24/Nid HE37°C TR
% » I3 LA 630nMAY) J6 % FE (OD) I 5 40 B A < MICHE 58 K 40 B A A M 1> 90 % I Hi e
RiTE,

[0419]  ZHAE A 4H A FIMICH B

[0420] 5o B M A I Wik 400 L PR o B P 40 B S8 4E R PIMIC (LR 3L, B e RO IR E v 4
) G E MR LA X 10>/ N AL /mL I 25 FE B P E 24 9L 3R AR, LA B 4R A 10-20
A GH B [ HG BB GMRSA o 45 B W 4l e 355 = IR RETE 4 72 B 50ug /mL R KB & (U 4 4140
HAEERIAR) MAERKEFRES, DUINHIMRAAEERE K, FEREE LRGN
PUAERMASEREFER EMARAE RG24/ IHEARANENFE. B RH
0. 1% FMFEAEEFMO. 1% Triton-XHIHanksZ WM KIARUME WM, HESH
0.05% itif - 20K B IR GZ 1 SR /KB VR R AT AR E MR BT E S A% EA 4 EA
[ 3 10 %) R B AR K S 35 MR ST AR b B P S 1 s A7 Vi 1) 401 D P A R 5
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[0421]  ZH A 4HAEE HI57) (CWP) . %o & ENEFELISA

[0422] BTGB ZEFAMFTEHIO%HEFFE.100ug/nlEHERBE & (Cell Sciences,
Canton,MA) BJ10mM Tris—HC1 (pH 7.4) f40mg AR & H B HERBXR L HFEHREES L
EDTAR) & H BE & 7)VE &%) (Roche, Pleasanton, CA) 7£37°C T i & 309 £h Sk 7= A CWP 1 3
FEYILAIL, 600 X g B 055059, I EE & B AR EE AR A 1 IR . X T S B UTiE , I CWPTE & B 1
pg/mLIg7R —HLAINP-4022 1% (120mM NaCl.50mM Tris-HC1 pH8.0.1%NP-40.5E2 4 & A
MHIFIRE YD Roche) M2M ZBR A FERE) P REAMRS, FEE4ACIRE 2/, M fE 5E B A/GE
fE¥E (Thermo,Waltham,MA) 5 & 1/NA o #iE AE37°C FAE20mM Tris-HC1 (pH 7.4) .150mM
NaCl.100ug/ml AR & ERE & 1% Triton-X100 (Thermo) F1FCEDTAKI Z& (1 Bg 3 )R &0
T E 30780 AR 2 AN B R AR (WCL) o X F B BN 4T, 7E4-12% Tris—H &R EEER b
SEEAR, HEBIMRA 4 EME (Invitrogen,Carlsbad,CA) L, 4R 5 FHFERI—4Hi (v
g/mL) EDIE AE B PR F TR 19 i FAM R 0. ImM CaCl2A10.01mM MnClof 4k JJ B ER
A (ConA) B sWGA-ER AERERR (Vector Labs,Burlingame,CA) f93E5 4t FiEW st
38 (0. 200K) SRR IFATEE R A

[0423] {3 FAR 1 77 RBFATELISASESS . T8I 5 2 I TR CWPHIAR 5 N TGl &4, B, itk
HI AN1gG (Sigma) Ef Bk N % BRE A #/7Y (Gammagard Liquid) (Baxter,Westlake
Village,CA)) R E 2 R AL AR BMRSA B 38 Y SLIe = 7= 4) M EFME R8T FEHD
KNI R PT- AR FEImAD28 . 9. 97= A R AR v Bl 28 , 1+ B M V& BR 4L TgGrR A R RO PR & 2R
B TeGHIT . |
[0424] Pk 8 AR Hb P b 40 i 035 5% 40 B 09 AR R e e 40 i 2R 1 g BV B MR SR B A Ab
4 B

[0425] i RV G 44 & SR A7 & (Thermo) M A ME R H440 41 A . THP— 1 40 g FIRAWZH B vF 43 25
H IS BRI EL Y . S E5 X 10" A T 1R BE A P K18 300 B 500 e I B B H EFTE
AR AR T 8 B B )77 UL 4R R B R R I B B BEVE 1 . A A AL B 512K 28 (Wheaton,
Millville,NJ) ¥4 M6 BB BRI 30IR 4 I HILA500 X g B 055 #h LASR B A% & LBV
e H BB ST VO EERI8 % . 20% \23% 2T % F130% (M EZEF) MBS R T A . 7£4°C R LA
145,000 X gt B .02/ J5 , BRAIZR1E 7 758 % M120 % HI B 5w W BE 2 18] 73 R B VA B4k 4
G RAE 5 BB EIPBSH, JFFE4°CLA18,000 X g 85 0r 304> Bhfd H U IE - FIPBS Ui IS B 14
TUUE, FFE A TrisE /K 192 % CHAPS R 247 , 18 B 1A B A IR BN .

[0426]  RT 4r#r7E EEBBEXISORE QI VIE], ¥ £ 3 AR 2 BK 5 F50mME 416 A rg
PRI 22 F R B A BFEL0 . Img/m1 W& v MR 40 i VA BR AR SR BV, 75 150mM NaClA12mM
CaCl2f750mM Tris (pH 8.0) H4bFR ; BLFH0 . Img/ml (RAWER THP- 1 A B AR SR B , 7E-5100mM
NaC1#12mM DTT (pH 5.5) KJ50mMATHRER 8 4L 38 . LA 100ug/m1 M0 26 2R 25 1 B G 40 1) 57)
(Calbiochem,Billerica,MA) . H{f AL & OB , B IX R EMAEITC T E 305
B, D S B AR BV S LT, FE 8O LTI 4N - 8T S B BN 4 A LB R ARG
MBFETF=H) o FE— L B0H , ATRIR I TE T 3RS AR BE 1l 54, 7@ I S 5 BN kAT
KT

St 51
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[0427]  SJtf5) 140 M PIMRSASE BN 518 A R RIR

[0428) D TESEW LBV AR E DA RIRIT A2 T A& H A & BB R AR /R
RGN % B AT RE RN MEMRSAR B P B ARAE (SOC) (=M T BERA R (FHE R
FE5& FFOFIZR M %) S 40 B S Ui A B -5 /0N B W 0 A P B B A B O R AT B A (R D)
[0429] X T 4HAE ST , WEMRSATE JREG i K B N %35 R 2P 3 Rt 1%, FF B eMICAZRS 1k
ERERNMERTE ST THRAAE, NRIERE AR AMRSARRIFERRKERF
FE TR, LRFEAE M AN TS o R JE — R IR T BB 52 5, 24/t JE 2 77
ERARAEE S EREXHERN TN BEREETEZAY (Antinicrobial

55/69 T1

Agents) ,Andre Bryskier.ASM Press,Washington DC (2005) F##kiE.

- [0430] K1 JURHUA R XS FE MRS Fr 4 b AR B 4 AR AN A0 B 55 /0 BRI W 40 A 8 5 110

20 0 PO 400 BT 9 B /NI B IR BE (MIC)

[0431]
#4 % (Abx) oo ) A M #F Cmax
MRSA MRSA (ng/mL)
MIC (ng/mL) MIC (ng/mL)
HERE 1 >100 50
RieEE 4 >100 60
F| Z5-vi B 0.3 >20 20
F4&-F 0.004 50 20

[0432] B &% 71004 X 3R15 MEMRSA T #RUSA300/T 23 47 7R , BSR40 g SPMRSASH IR A4 1%
FHRRER T EHER GEFEER MR RM R NA KNG & R HTE =FE RS
ANBERIE 2R FE T PR T 38 B B P A 22 R B2 11 7 5 0 240 A 1 50 B 5 (MRS A ) B Ak « B (36 2
AUAEF, BN 9 AR XS A5 24 3V Ak 40 2 P4 996 JR & (Vandenbroek, P.V. (1989) HUB 540 1M £
Y EWE B AE G R 4R IR (Antimicrobial Drugs,Microorganisms,Phagocytes.Reviews
of Infectious Diseases)11,213-245) , SN IiF 40 R 4 &K MIC) BT MBI, 57
26,0001 B m B E R IERR M AMRSA (R D) , X S5 HAWRF A — 8, R\ R SHIM B AL
RAERSM A A A% FE A0 B A & 35 00 %0 &) BR B 35 2 TR (Sandberg,A. ,Hessler,J.H.,
Skov,R.L.,Blom,J.&Frimodt-Moller,N. (2009) “R AR KA R A KX & H OH &K
ERI A TETE (Intracellular activity of antibiotics against Staphylococcus
aureus in a mouse peritonitis model) ”Antimicrob Agents Chemother53,1874-
1883) .

(04331 St 4524 Al U MRSA/RR 4L 1 4E #

[0434]  XLESLIGLLIR T AR A A E 55 E MBI E KN S5, -0 e 40N A &2
BRBEANEN HERFEE TELRLE BTN EN KBS EN & R K
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BRI (2.9 X 10%) BRATUA /INR , FA0 B B Pz 3% 579 S7E BB A A /) BB ARk
G 7= A 1A 1 = 5 40 B R e b T R PR 58 5 B 4B P A (1.8 X 10°) L (B1A) L 9F
HEFRNHARBRRELNATHERLE, RAEEFR—IKEBREEIREE DR, HEE
FETEE M, KRR P — Bt & B M S RE e BB AR ERH , W
2R BRGL A0 A A A0 TR /N R A P 5 AR e T (R A Y U 4 T A B B AR R B R Y
s f1far (B1B) « & N2 , RILA0AE A 4 1) /B e S BUN B B8 — B B B , IX R AE 1%
R R LR RAEERE A NCEENRE (®10) J4h, 7B ZEE T, A A 4 A 2
FIFMERBE N B EREITIER TEES (F1B.E10)

[0435]  { A — B TR B B AR T AR FiE (RS AE KRS EE N, &
A TERFET MO B 40 B #E IF UFMRSA SR 41 S I MRSAR % .

[0436] ¥ 4N BRHBMEC/ER 4t - MATCCIRTEMGO3 4 il 58 (CRL-1427) , FARFFFEFM 78 10mM
Hepesf110% a4 MiEHIRPMI 164020 2355 72 % (RPMI-10) A . MScienc Cell Research
Labs (Carlsbad,CA) 3Kf3HBMECZH /i (B 3% 5 #1000) AECMEE 525 (H X S5#1001) W4 A
FHE24FLH R FIR P H B FURBILEE ALK XK, WM AERPMI (TEAh ) ek
~— IR MRS ABR K J 1) i 4 B 7E 52 A RPMI-10 7R F8 58 , 3 70 R e B 2 BN AN N Sug/mL 7 1 B
R LAL X 10 AR AN AR /mL NN B BB A - B0 . 1% tri ton—x MR 40 M AE
s A B T K R B Vi B 400 P P 4 R P SEBR I B T S TR S PR B AR S5 % R 4R
I 19 2 1 P PR AR K 5 B B b T R R A 4 T B b SR 5E

[0437]  HSMRSA (RS AN HH) A ERR R IR B+ B RS FE+ T BRI EMAE
B EMGE3 BB 40 A (B 1E) BN i3 i B P9 5 4 g (HBMEC, B1F) bR B O IR i 5
B E b TE B 8] A, WOER RS FR ) b 3 VR DA [0 AT 4T i 4/ 400 T B S A R R 4 B LA TR T 4
AR P R

[0438] BETMNAEMAHERNFUMEE A BRI EREF—KIG, F15 4058 R IK
B (F1D) o 24 A5 B 1 V5 it 4 B 422 FhZEMC 6 3 AR 4 B b i, IR 7 i85 N2 R B 4
MIPL T EHERIRGRE— R EMCE34N B D B TR AIE (£90.06% HIN)

[0439] [EESTEREIEANPEN FIMRSATE H G B R FE T BR B A R R G E I B E 1
MR EERRNFHMAEHEFRDPIAERZM T, AP £415% B4 AMRSATEIE . 76
AEEBRFET, K5 58 5 1 R EMGE3 s B A 2 2, S RE T At
BEE—REBIME S IN—6Z (B1D) . tt4h, ZEMG6340 A8 (B 1E)  JFEAR A i P Bz 41 A (B
1F) FAS49 S & LR CRER) F, A ERETARKESEHEN A TERIRET,
N & H CEHEREE24/NT N RSB IGINIE 1065 . BAR R R MER R, (BEKY
A 7 1 Tk 2 R A R MR QBB B 3 SR P R R AR AR AR K CREIR) o IX B9 — e
B8 22 240 B - MRSAR 40 B P4 i FE AT LA(R it R AR B BT B . , EEEE M A RBITHEE
FEA T, I EERERENAERBITIIRMG T, RN £ K0T LUTE R B R B R 40 i
RHE.

[0440]  sLjifi (347U SDRANE A HUAR O 7= 4

(04411 /7 4mAb rF1,{# FIFACSAria4ifd43i%{X (BD,San Jose,CA) MMRSABR L H it
A &b B I A 43 BECD19*CD3™CD27  TgD TgA i 1Z.B4H MY . 7E FB4H AU itk 2983 (Be1) —xLFIBc1-63E
K 5% 5 2 /0, inLL AT fEKwakkenbos MJ, %A (2010) Nat Med 16:123-1287F Ffik, %
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MEN Z-21FEBER T, 1S G 7E R IXCDA0L AT /N B LER A 4E 40 i _E 43805 - 55 S 1B
IR IFEAHR I 575 RGP AE IR 6 R A ZE RS @ ITELTSAT & SMSSA
B PkNewman 1) R AF Y00 R R , NIBFRY) LiB IR + %&E R T Pk (mAb) rFL;FHEFLR T
FeRE FFE IS ELISAE HrilliA i Ik . @1t {# FApcDNA3 . 1 (Invitrogen) & B A AlgGlxfEE X
HEGNBREETARX, FHELFN293T40H (ATCC) FR=HEEArFL.F HE A AMBE
SEPHAROSE® (Invitrogen) M3% 34 b5 W3R B ALK 1gG. ZEUS 8,617,556
(Beaumont®% \) flHazenbos%E A (2103) PLOS Pathogens9 (10) : 1-184##i& TmAb rF1 i
BRER A AR A @ 5| A AA,

[0442]  {gF FiSymplex ™ AR M & 55 5% £ BR 5 A 4k 2B 3 (10 41 FABYI i+ 72 % A 1gG1lmAbs
SD2.SD3FNSD4 (4= &4+ 5t ¥E H AL SDRE 7) A14675 (NIgGC1HICLEA) , Z AR I F 4K B EER
BREERRVRERCX [34] MR AHCIZBA M AR FIEE A & K 1gCER R ERIE (FREETF) .
BT Jenl FLEh W AN Rk AN PR TERE [35] TR B & B &K 1eCLHiik i B, A
T IB T ELISALE & H HL R - Ji4K 4675 .SD2 . SDIFNSDART 45 & 3K 5 USA3008 Newnan £ 5 4,
) %) BR TR BA PR 10 400 PSR 1550 A2 P P B0 o BE S5 E200m] BRI 35 e b PR A Ak, R B AGE
(MabSelect SuRe,GE Life Sciences,Piscataway,NJ]) itk , T3 — MR X L Hiik i
FEAERZXBRETEER RS E P13k,

[0443] W HEENEHAEL RZE/PRFZEEXCLIEA(9E10) LC1fB. (10D2) .SdrD
(17H4) \IsdA (2D3) FIREIHFISDRE B (964) (117N R mAb, Frik S 40 55 B f# AR T REK
WA B RIK JE ik s B I B EASE R E T 40 223098 BT . 3BT PR R #E (PGN) fT 419
BRCKKGGG— (L-Ala) - (D- v —G1lu) — (L-Lys) — (D-Ala) -D-Ala) S AR5 R IgGR =4 R
B FEH428.9.9,

[0444] L 514 MAMRS ARSI A4 43 BS ) v VR FE B8 TR 4 (eF1) B RAE

[0445] 40 BRTIR, 73 B K EMRSABRGL (4 19 41 A L i AZBAIRE I LAt & B B &R E Kk
L1 5 SL R HiE (mA) o M RALIX LLHTARRT , 2552 —Fh1gG1 mAb (LA FFRATFL) , Hxd—4
CHOHEGRFEAFREE T TR, BT AL % E 0 PUN) 5 SR8 F
B A A% (OPK) S

[0446] R H I FRMRSABE FRUSA3008ImAb rF1 5S4 E K K& L R F B ITE K HiC1EA
mAbiE; 271065 (B54) . 518 INBY 45 & — 20, rF1H A /E F S 808 i3 PMNAY USA3 00/ 385 in i 43
EX (B15B) FuZ445 (BI50) ABEL 2 T, AKHICLEAR T A EE XF 408 & 19 B2 (B50) . 7E vk
APUNEITELL T  rFIHUE A RN USA300 ) A A7 56 77 (Rt , vF1 2 B 45 A MRSARI B8 /7 8ImAb
Ff H.38 i3 PUNE SMRSARI A 2% 545

[0447]  sCHEBIS rFISEEEREREKNE S

[0448] 53k 55 Ek R Y2 R ) 2 B M TR 45 & BO T FLROFACS 0 7

(04491 MTSATARERTSBIES Y WORSE B AN RN , A S MBI A FHO0. 1% LgGiE B
BSA (Sigma) #110mM Hepes.pH 7.4 (HBZE¥iK) AFIHBSSHEAT ek . 405 (20 X 10°%CFU/mL) 5
300ug/mLATgG (Sigma) FEHBZR IR H £ Ei& RT) T 0% & 1/NEF LARE B 3E4% 3 1 TeG4 & . 41
B A 2ug/mLE — LT G, BFErF1EE P AT B IgGImAb gD:5237 (Nakamura GRZE A
(1993) J Virol 67:6179-6191) , %% TRk A A PTLA LG = #HT (Jackson Immunoresearch,

West Grove,PA) Jefh Yk 40 Hi8iL FACSCalibur® BD) 247
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[0450]  xf T3k B RS /MR ALK E K PLIE A, K 6-8 F B MEMECSTB1/6/M R
(Charles River,Wilmington,MA) &k P 15 7EPBSH £ 108CFURY X B A K I USA300 . /3%
FEARBRPNR IR E . INTattevin PEE A (2010) SRE WAL EIRIT (Antimicrobial
Agents and chemotherapy) 54:610-613F7i& , #3L T S BRG0P IE 4 (1E) o S ik VE
535x10"CFURY R 2 HA 4 K AOMRSA B #RCOL , FH7E 18/ R WOk L AR5 A= 490 o 7E FA T X 107CRUHY
Fe 7€ HACOLIR Y J5 18N, ## Ak P 45 T 30mg /kg T H B R IBYT , A PIIX.

0451 9 T B4MR/NEL 3% 400, £ FA gentleMA CS® M4 B 58 (Wi ltenyi) , ZEME

(Miltenyi,Auburn,CA) FGHA K, BEFEEH0.1%Triton-X100 (Thermo) «10ug/mL
DNAseI (Roche) fComplete MiniZ& H EEHNHIFVE S Roche) KIPBSHEZER TEEL10
B4 BIRMBUE T 40K I FE 2% (BD) , 4HEE A a0 L AT iR MmAb B2 68, . 3@ 1 FH20mg/mLER mAb
702414 B OB E R E KB B (abcam, Cambridge , MA) FI5E 6 R FRIC M LR Ig6 =1
(Jackson Immunoresearch) AT WELE, BHAFH S/ MRBEBR X 7 A£RAXHMBAR S
PritfE e, MRUCR FE B ik 3% FmAb 7024 BRI A0S - AT B 3052 58 3 i Genentech Al
M EZ RN K & 1L B

[0452] A AR (FCM) 47 BR T rFL SRR BrF 15F & B & BRE E AR B R
gamEte (B XEEKRT ZAMESECHEREMAREF (8] A THEHMERE
LR B RIE KRS FE N A K Z B AT REAR R, BAVE TR T rFL7E S B RRGL IR AIM
B Fh/NR A LR 4 B SR A USA3008 BE /7. rF1mAb 5 B Z (19 /0N BB JF « FFF R R0 i 6 £
USA30038 Z145 & (F6) « SR B /MR B BERIUSA3004 A rFIIF L BRI E E /8K (RER) , R
B R G BA R rF 1R AL SR ZU K BAZRIE o A 4h , TR O I IR R ALY R, o F1 55k B L IE%E
A YIHIMRSA COLMER SRS & . R BERIGIT N MrF1 SMRSAR) e B 14 (E6) . K itk
rFLRAMPURE S P E R 2R TR, I B ESFERKABREZ G TRERE.

[0453]  Y£TFrFIXT BT A 4 3 €8] %) Bk B B R 00 R 14 14 35 o 14 5, AT S0 56 LA B2 3K Fi
T REAE A 75 A e 28 O Ath 35 22 IS PHME QU TR B R E B 2, R B B E B A N KR R AR
FREERE A RN BIrF145 4 (B7) .rFlnAb A SR A HAAFT MR B 2 R E DTS S,
BREBAEMEREEERE BB A ERE (S. lugdunensis) ¥ I 14 %8 &) BR 8 AV A & 21 3R EE
(S.carnosus) , B A #E 2 (G FH M PP INER AR BEER T8 (Streptococcus pyogenes) (A E 3
A5 (Bacillus subtilis) 3ERZERE (Enterococcus faecalis) . FNELKZ 4 fifd 185 A= |
155 (Listeria monocytogenes) (7). [Ftk, rF12 APiik, Has & A& N K & ERE 7 R
P B R REHRIEPUR , FOR @I A PMNEI A0 R A5

[0454]  siEf6 rRIPUIRRIERELER 1B

[0455] @z, &8 rFIADHIVHIX BT fE SR H B AHEE v 1EEX , VLERE BB E
X , ARIEVE N TgGLIIAb . BF A2 Y B 75 B b fop B 4 AR AR R Bk o e e v, 1B (R P 40
TERMPLRS & R 5 E R R B BUE I H4E (ThioMabs, tHFRATHIOMAB™) .

[0456] 1. F=AEFa5E AR

[0457] T REAbcfidErF1ifA Ll B F bt 5T GBF e BBk i R A EBR R b AL ERN-1%
BREAEN) N EERER GRS S RE S5 e & BB muUss, 617,
5567 FTid

[0458]  iii.4EAkCys THECRIEHIRAR /& (ThioMabs)
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(0459] 4Nl ik 78 T Ao B K 3 B &R 51 \HEE (CH1) BEL%% (Cx) o, 724 £ K ThioMabs,
il an FELEE R k18 58 X P BIV205F0N v IHEERI AL BAL18 (IRIBEUMU M EE RN ERS) , UL
RFTIE SEL-PUE R TR EE RS BHFILEE 58 B R B Bk, 4 4R HAILEY
JRORL I e BN 29340 f P, AR A I R IE A 25 R S B R AR  HANLAE th 7T UL 52 B2 B AR R
fIRIE TR . 1g61 R 24 TR BUERICys, B HEEH A — 4 82N TIEBUERICys,
FILEFE A RES LR ) TRASUENCysA S, SBEANE N RIEE4
AN TREWBUERICy s, X Lo R 8 I RiEcys FRA A 4E BT A RV BT T & T o 4.
(04601 S jita 5] 7K Wi 22k 2 - MR 3 R 48 B & (pipBOR) 5

OTBS
OH OH NH,
NO, H2 Pd/C NH; HCI 1BS-CI, TEA
————— i >
OH EtOH OH DCM, THF OH
1 2 3

[0461]

OH oH ©
X
o
MnO, H,oN
5

[0462]  Hg2-THFR-1,3-ZREIESST B/ BREMTEZBERFF SN, BE2-83
H-1,3-ZFE2, 5 BN RR E AT B - R E R A S = 2 A & b/ V0 Sk
BRI, FRI2-FE-3- (T H -HFHEHERERE) FH3. F#EE RS (ChemShuttle Inc.,
Fremont,CA,US 7342011;US 7271165;US 7547692) 53i&@it M EBHE S EREFE L
55, FEE IR T RIS BITBSIR 47 B 2K H &R 3+ R 8B R 4. LCMS (BST) :M+H'=915.41.45
WK € —4— g A4E AL 4 I 248 B IR g 22 28 - IRERE J F 48 B & (pipBOR) 5.LCMS (EST) :M+H =
899.40

[0463]  sEHif8 —FR &pipBOR 6
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NH
[0464] N

4 _ N

[0465]  N,N-— I ZORIE -4~ STBS- 1R I HI FR - RERE H AR T B4R NS 3| — B ZIRIE
FHARHIEE FFIERE R (ZF&pipBOR) 6
[0466]

NH oH © |

\N N

‘ ~
—— O o
HN
SN
|
6

[0467)  E#E, (5-F-2-FHE-1, 3-TL2RER) W (EE) X (L E) R TEES T B/ ki
3R 7E V0 Sk R / BRSPS DA RR 7R B, 19 BI2- B -5-% -1, 3- ZEE8. LCMS
(ESI) :M+H'=144.04 . BT EM R EERSH A EE ZSVHIE (ChemShuttle Inc.,
Fremont,CA) 52-F£-5-F -1, 3- Z B8 /£ 4 IR £ B 78 = [ s Bk F AL H h & L 4
BMAE60C T RN, 15 B F IR FF SR FH FIRE R AN, N-ZH EIRIE-4- L B H BN
F| —H FpipBOR 6.LCMS (ESI) :M+H" =927 .43

[0468]  SEHEHI9 (S) -N- (5- (2,5- & /-2, 5- Z& - 1H-RERg—1-55) [REL) -N- (1- 4- (F2H
5) REEE) -1-EHAR-5-IRE R -2-2) T -1, - FELZ10

[0469]  HIE1.1- (G-EFEEKI) -1H-MEIR -2, 5~ — FR£h BR £h 10a k) 1%
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OH
o  HNTYT o
& ° N/\/\/\H/OH DPPA,TEA
\ HOAc, A\ 0 t-BuOH

o) o)
[0470]
0 o}
NN .
@ NHBoc HCI-EtOAc N""""NH, HCI
DCM \
(0] o) 10a

[0471] ¥4 T SRESETF BkIR-2,5- —FR (150g,1.53mol) HIA FFEHOAC (1000mL) H 3 $E /)6~
KEDR (201g,1.53mol) B JEEWEER T HH2/NE 5, BRSNS AERE T
B Z A AL, 3F B AEtOAC (500mL X 3) ZEBURARY) » FH209E5% o 45 & FF B9 A HLJZ AiNa2S04
FIRHWRYE , BER =Y A B e, B3 A el siRie- 2, 5-Z8M/R-2,5- Z&-1H-
g -1-%5) OB (250g,77.4%) - #4DPPA (130g,473mmol) FATEA (47.9g,473mmol) AN FITE
t-BuOH (200mL) H {16~ (2,5- —&AX-2,5- “ & - 1H-ntg-1-2) 2K (100g,473mmol) I
H R IR A TEN T IR B RS /NET G VR B R 4 , il B BCAE Z 4T (PE:Et0Ac=3:1) 4iifk
B4, 1B 35- (2,5- —8-2,5- & - 1H-MEAg-1-3%) RIS ZE B T B8 (132,10%) «
[[5-(2,5- & AR-2,5- &~ 1H-ML - 1-3%) SR & & PR AT B8 (28g,992mmol) I FE7K
EtOAc (30mL) YA H1 & MMAHCL/EtOAc (50mL) JR-SWITE S IR T ks et 5, I8, B
IR, BR1- (5-EEKE) -1H- M -2,5- —BAhAE£510a(16g,73.7%) -'H NMR
(400MHz , DMSO—-de) :68.02 (s, 2H) ,6.99 (s,2H) ,3.37-3.34 (m,2H) ,2.71-2.64 (m,2H) ,1.56~
1.43 (m,4H) ,1.23-1.20 (m,2H) .

[0472]  BIR2:H4& (S)~1-(1- (4- (B E) XEEE) - 1-ER-5-REK-2-FH T HEF B
)T HRFBRL0b
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[0473]

o)
HZN\./U\OH FmocHN\)J\OH /©/\ FmocHN\)L O/\
f Fmoc-Cl, K,CO3 J/ J/
EEDQ, DCM,
8%, K HN

H)N\ HN MeOH, rt.
(o) NH, O NH, (o} NH,
10g 10f 106
0
H N\)OL /©/\OH 0 O
20N N O O
> O
BX J/ -
DMF HN NaHCO,, DME, H,0, r.t
07 “NH,
10d
: \)j\/@/\ Q OH
__LiOH(2eq)
MeOH, THF, H,0, rt.
HN HN
o)‘NH2 O)\NHz
10c 10b

[0474]  ja] ZWE e FIH20 (50mL/75mL) VB & W Y (S) -2- & FE-5-IRZ K BR 10g (17.50g,
0.10mol) JB& ¥ I AK2CO3 (34.55g,0.25mol) . #E0°C T 2218 M AFmoc-C1 (30.96g,
0.12mol) & R RVR &Y F A2/ N IB M E E IR JE FERZHHLIEF], FoM HCLE K K
F Ak ZEpH=3, FEt0Ac (100mL X 3) Z£HX . H HL/Z FiNa2S0aTF 1 , it I8 H 98 FE 45 , 1931 (S) -
2- ((((OH-Z5-9-%) FEH) PhE) FF5) -5-IRELER10T (38.0g,95.6%) . 10T A P I
[0475]  [m) DCMAIMeOH (100mL/50mL) & &4 #9101 (4g, 10mmol) W H AN (A-FEFE)
FREZ (1.6g,13mmol,1.348) fi2-2Z & 3-1-2 8 & -1, 2- — S Mk, BIEEDQ.Sigma-
Aldrich CASEiE516357-59-8 (32g,13mmol,1.34E) JBR S WAEN FTAEEIR 16/
Ja » B EIRGE 1S BIAR G B 44 . IO AMTBE (200mL) , 7E15°C T4t #E2/Na o 8 i iy SE [ 44, FH
MTBE (50mL X 2) #e#%, 153 (1- ((4- R ) KH) |2) -1-8R-5-RE K -2-8) EEFR
(S) - (9H-Z5-9-%E) R A5 10e, N FE 44 (4.2g,84%) LCMS (ESI) :m/z 503.0[M+1],
[0476]  7E = I8 F 1A TL/KDMF (20ml) FF A 10e (4.2g,8.3mmol) # $F V& VK = 3% I Wk B
(1.65mL,17mmol , 2 &) B EWEEE THH300 8, T A E R VTIEY) - I\ TE/KDCM
(50mL) , SZRMFIR ARG ER AR EVEZB THEE B 4305 5, LCMS B 7R 10e 4 H #E
K HERE TR E T (B RAFEIRE) , FRIG R Y FEEL0AC FIH20 (50mL/20mL) 2 8] 43
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Fic . 7K A FEt0Ac (50mL X 2) Y IR 48 , 1R BIHPIR R &4 (2. 28,94 %) (B /AEDMF) ) (S) -
2-FHE-N- (4- B ) K H) -5-RERELAZ10d,

[0477]  HEWEML, 1I-FT B, 1,1- = ZEEs (CASEIL 53779-29-1) it Bk & i
AIBR # RAC AL BR /BB, 1- 38 T W — R, 1- 2L B5 (CASE T B5450-84-9) , I FBEAR
FIGNTBTU (0- CGRH =Me—-1-2E) -N,N,N’ N’ -JU BB AR U BRI ER 21 , thFR AN, N, N N - PO B
F-0- CRH = me—1-3) BRIY S AR 5 (CAS No.125700-67-6,Sigma—Aldrich B-2903) FIN-
F2 B R HAME P fGVE 1L ONHSES , BI1- 2, 5- —E Mg fe-1-3) -2 8T T -1, 1-—F i
il :

[0478]  [EDME (50mL) F#1- (2, 5- & RMEME e -1-35) 1-Z B T k-1, 1- ~HFERHEE Bg,
29.Tmmol) BYIE M H INATE/K (30mL) HH#910d (6.0g,21.4mmol) FANaHCO; (7 .48g,89.0mmol)
B REMEZE T HBEINNT G, RERSEZE T, A8 R 8% (DCM:MeOH=
10:1) 254k, 15 B H A FE 14 (6.42,68.7%) B (S) -Z.31- ((1- 4- B FE) F£) -2-818-6-
R O e —-3-2) S B I T hE R ERER 10 LOMS (EST) :m/z 435.0[M+1]

[0479]  7E£ =& T M THF fMeOH (20mL/10mL) Y& &40 I H:010c (6.4g,14. Tmmol) AW
H AN ATEH20 (20mL) HHILi0H « Ho0 (1.2g,28. 6mmol) AWK « )R MIR A WITE I8 T #HE 16/t
J& B R 2V 57, B8 5% &R il il ) & BUHPLCAE1L , 1B 3] (S) -1- (1- (4- (R &) HEE
) -1-FHAR-5-PREE N -2- B EFBEE) T S FER10b (3.5g, 7% :58.5%) .LCMS (ESI) :
m/z 406.9[M+1].'"H NMR (400MHz , B9 E¥—d4) 88.86 (d, J=8.4Hz,2H) ,8.51 (d, J=8.4Hz, 2H) ,
5.88-5.85(m,1H) ,5.78 (s,2H) ,4.54-4.49 (m,3H) ,4.38-4.32 (m, 1H) ,3.86-3.75 (m, 1H) ,
3.84-3.80 (m,2H) ,3.28-3.21 (m,1H) ,3.30-3.24 (m,1H) ,3.00-2.80 (m, 1H) ,2.37-2.28 (m,
2H) .

[0480]  ZBIE3:S)-N-(5-(2,5- =& A-2,5- Z &~ 1H-Mt & - 1-%5) K E) -N- (1- (4- (B H
B RETE -1-8R-5-RER-2-8) R T IE-1, - —FELRZ 1089 5%

[0481]

WQ(NJ\ o - Q NJ\ O/\
r B

'j\ HN
0”7 'NH, 0% "NH,
10b 10

[0482] 7EOCHf 7% Z % .DIPEA (1.59g,12.3mmol) FIXL (2-EAX~3-MEEme he ) Ve Jgk
Bt & .BOP-C1 (CASE 12 568641-49-6,Sigma—-Aldrich, 692mg, 2.7 1mmol) N\ ZIDMF (10mL)
(S -1-(1- G- R E) RERE) - 1-8R-5-RER-2-HEEFHBRE) KT EH R
10b (1g,2.46mmol) M F , A EIIAN1- (5-FFE L E) -1H-EE -2, 5- —E b BR £:10a
(592mg, 2. 71mmol) IR AMFEOC T 0. 5/NEF 4 % RLVR A 40 AT BR 7 R (10mL) 38
K, FIDCM/MeOH (10: 1) ZEHY A B AL E TR HH IS , R R W@ id e A 32 (DCM:MeOH=10:
D) 2tk , 5 5S) -N- 6- (2,5- =& A-2,5- “E - 1H-MIg-1-2) [RE) N-(1- 4- BHRE) %
BRI -1-FAR-5-IREL-2-5) AT k-1, 1- B EEIZ10 (1.0g,71%) , th#R AMC-CBDK-
cit—-PAB-OH.LCMS (ESI) :M+H+=571.28.'H NMR (400MHz,DMS0O-d6) :810.00 (s, 1H) ,7.82-
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7.77(m,2H) ,7.53(d,J=8.4Hz,2H) ,7.19(d,J=8.4Hz,2H) ,6.96 (s,2H) ,5.95(t,J=
6.4Hz,1H) ,5.39 (s,2H) ,5.08 (t,J=5.6Hz, 1H) ,4.40-4.35 (m,3H) ,4.09 (d,J=4.8Hz,1H) ,
3.01(d,J=3.2Hz,2H) ,3.05-2.72 (m,4H) ,2.68-2.58 (m,3H) ,2.40-2.36 (m,4H) ,1.72-1.70
(m,3H) ,1.44-1.42(m,1H) ,1.40-1.23 (m,6H) ;1.21-1.16 (m,4H) .

[0483]  SEREM10 (S) -N-(1- (4~ (FH &) FEEE) -1-EMR-5-RE K -2-F) -N-(56- (2,
5- & AR-2,5- & -IH-MEMe-1-25) [RE) ST k-1, 1- B B

o)
H H (o) Ci
| N~ ~N N\/U\N
: H
[0484] o) o O
HN 1
O)\NHg

(04851 [ 7EN, N—— 5 FR ki . DMF BN~ R ZE it i 2 BRINMP (50mL) H#9 (S) -N- (65— (2,5-=
EAR-2,5-ZE-IH-MERE - 1-25) [638) -N- (1- (4- BB ) REFR) -1-8R-5-REK-2-
)T -1,1-—HEFL10(2.0g,3.5mmol) ¥ &, 7E0°C B 7 7 N AR BE & SO0C1,
(1.25g,10.5mmol) o 52 7 AR FF 5 €2 . dBITLC/MS A S B , BIR>90% #54L o 5 I L VR & W 7
20°C FHHE30Z B BLEUINET f5 , 7K (50mL) #%5 %8 , FIEtOAc (50mL X 3) ZEER A H HLZE T 1%,
W47 FF BT PEAE (DCM:MeOH=20:1) 4lifk, FE AR 11, B FR AMC-CBDK-cit-PAB-C1, Ay /K fa[#]
& LCMS: (5-95,AB,1.5min) ,0.696min,m/z=>589.0[M+1]%,

[0486]  sEjfill (S) -4-(2- (1- (5- (2,5~ AM-2,5- & - 1H-ML g -1-5) KA P B
)T e BB -5-IRERBLE ) FEA-HERERERE12

o NO,
& OJI\O
/ H H Q
;N\/\/\/N%N\)LN/Q/\
O O l H

[0487] O

HN

HN"S0 12

[0488]  [a] TL/KDMEH | (S) -N- (6- (2, 5- & X-2,5- Z & - 1H-Mt g -1-%) [k &) -N- (1-
(4- FERPE) FEFR) -1-8R-5-REXK-2-F) F T k-1, - B BZ 108 P N
“RWE K& (DIEA) , SR G INNPNPRXER e (B PR — (4-HHEEZRE) BR) M RBLETREZ R
(r.t.) FitsE4/ Nt IR &8 T 4% BIHPLCAE{L , 15 3]12.LCMS (EST) :M+H'=736.29.
[0489]  sEjfif5)12 MC— (CBDK—cit) —PAB- (= F %&, %fXpipBOR) -PLA- 11 #1)%&
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[0490]

2N
[0491]  $ZFBRPLA-2H) 775, f# (S) ~N- (1- (4- (EHF &) XEEE) -1-8R-5-RE L2~
) -N-(5-(2,5- =8 MR-2,5-ZE-1H-MERE-1-3) IR 2 R T he-1, 1I-—F B LLAE AR
BMEBRMTEY P EFApipBOR 13 (LCMS (ESI) :M+H'=945.43) & M2 BMC- (CBDK-cit) -
PAB- (ZFF 3, #fXpipBOR) -PLA-1,32.LCMS (ESI) :M+H"=1499.7

[0492]  sCj#f5l13 MC- (CBDK-cit) —~PAB- (— FF #£pipBOR) ~PLA-2 1l &

[0493]  H4DMF ) (S) -N- (1- 4~ (EF E) REEE) - 1-ER-5-FRFE L -2-H) -N- 65- 2,
5-—HAM-2,5- ZE-1H-MEAg - 1-2E) ) 3R T %e-1, 1-—F BEi%11 (0.035mmol) ¥ ¥4 #)
Z0T, IMAZH ZpipBOR 6 (10mg,0.011mmol) . 4B &4 F 55400 SmLEIDMFFARE . 7E S K
HR R FE3043 80, INAN N- = R AR 2. B% (DIEA, 1011,0.05mmol) , £ 22 S 4044 = B i vk it
A WITLC/MSIREZ 250 % HIFT T P29 I S 4MII0 . 2 4 BN N-— R R & Z W&, R Rt 7%
SRR YR 6N, B B R BT IR AT R RIVR A ) FIDMP#R B , 3 7EHPLC (20-60%
ACN/HCOOHTEH205) H 4lif, , 15 FIMC- (CBDK-cit) -PAB- (= Ff #pipBOR) -PLA-2, %2, LCMS
(ESI) :M+H"'=1481.8,/*%31%.

[0494]  sLjifs)14 MC- ((R) -1y —3-%-CBDK-cit) -PAB- (— B #pipBOR) (PLA-3) [ 1|4
O

? o cl
[0495] o o o -~
o ° AN
" 14
HZN/KO

(04961  #ZBRPLA-209 757, % (N- ((S) -1- (4- (A %) FHER) -1-ER-5-REL-2-
£) -N-(R) -5-(2,5- 8 -2, 5- =& - 1H-Mt g - 1-F5) [REEH) -3-8/8-1- (g -3-3)
) T fe-1, - FBERZ14 (LCMS (ESI) :M+H"'=742.3) f1 = F #pipBOR 6% 13 FIMC-
((R) ~MENy~3-F£-CBDK—cit) ~PAB- (. H #pipBOR) (PLA-3,%%2) .LCMS (ESI) :M+H'=1633.9

[0497]  SEJEI15 MC- ((S) -MEMy-3-F~CBDK—cit) -PAB- (= H #£pipBOR) (PLA-4)
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. q\/\/\/ @w%j/ut S

156

HoN o
[0499]  #&ERPLA-2(9 5%, % (N- (R) -1- (4- (L F &) ZHEER) -1-8ER-5-REL-2-
5) -N-((R) -5- (2, 5- 8 M-2, 5- ZE-1H-MEg -1 -5) AR H) -3-F-1- (B1-3-5)
) F T BE-1, 1- — F BEAZ15 (LOMS (EST) :M+H'=742.3) f1—H ZpipBOR 6% Fi5EIMC-
((R) —MEW3 -3-%E—-CBDK—cit) ~PAB- (= i ZEpipBOR) (PLA-4,%2) .LCMS (ESI) :M+H'=1633.9
[0500]  SEifEf16 MC- (CBDK-cit) -PABC-(pipBOR) (PLA-5) 4%
[0501] Wk HE = 2K FEERE JF F#E B & (pipBOR) 5 (15mg,0.0167mmol) AR (S) -4- (2- (1-
(5-(2,5-—8AM-2,5-“H-1H-MErg - 1) [REEEFERE) F T P HEE) -5-REL
BRE ) R4 EEEREAEE 12 (12mg, 0.0167mmol) FR & J5 I /IME F o I\ — FF 2 9 ik
JEzDMF (0. 3mL) , 2R G O\ — 5 A& Z BZDIEA (0.006ml,0.0334mmol) , ¥ RNMEZR T
PEEE2 /NI o SR BV R IE ITHPLC (30-70 % MeCN/ 7K +1% FF ER) EL 24tk , 15 FIMC- (CBDK—cit) -
PABC— (pipBOR) (PLA-5,%%2) .LCMS (EST) :M+H"'=1496.5
[0502]  SLjifafs17 MC- (CBDK-cit) -PABC- (WR®EBTR) (PLA-6) f il

[0503]

N
HN. A

[0504]  FZRBPLA-HHYZZ IR, ke FIAEE RATAEWENIREEBOR 16 (LCMS (EST) :M+H"=885.4)
F(S) —4- 2-(1-(6-2,5-Z & -1H-Mtig-1-F) AR ERF B BT T BEE) -5-RE
IR ) R4 - B R B R BRIE 1 2 )R L , 7§ BIMC— (CBDK-cit) ~PABC- (JRMEBTR) (PLA-63R
2) LCMS (ESI) :M+H'=1482.5

[0505]  sEREMI1S rFIPUIE-TuA BRER & W H &

[0506] @It HrF1HiAR SPMLEE k- P4 R A E (B R 20 L) H & B &PiE-PAER
ZAY) (AAC) R3IFEZREZ B, HRIEW0 2004/010957 1 #iR i 75 v , 1 F AR 75 1% FHTCEPER
DR RrF1IHE, RHAFEITS AHF AR L WREH WEDoronina®s A (2003)
Nat.Biotechnol.21:778-784F1US 2005/0238649 AT BT ) 77 V2 A8 FIARHE 7 V4G 30 4k
FERHiE5EL-MERPEABREEG M2 B s e Gk SEL-ERPREE
F, U EEL-FAERPREERENEREREBRZRERES BHRERPERK, F4l
AAC U TE FAAACHITUAE R S ff (BRI IA R I F3H50 , 3 BXF T S5
RR BTN SHOERITFIBETI S R A1 E22 8],
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[0507] H T4 A K ThioMabsih R/ E Ak : & KA M E B T2 1k s 19 8 7 [ Hifk
(ThioMabs—Junutula®s A ,2008b Nature Biotech.,26 (8) :925-932;DornanZE A (2009)
Blood 114(13):2721-2729;US 7521541;US 7723485;W02009/052249,ShenZE A (2012)
Nature Biotech.,30(2) :184-191; JunutulaZs A (2008) Jour of Immun.Methods 332:41-
52) fECHO4H i R 1&, 7 H FI7E-S A 2mM EDTARIS0mM Tris pH 7.59 H£920-4015 3 &8
TCEP (= (2-FREZ ) BB ) BIDTT (ZH A FERE) 37T C TR/ B ZE IR
(GetzZE A (1999) Anal .Biochem.Vol 273:73-80;Soltec Ventures,Beverly, MA) . J5%if &
(¥ ThioMab®% B INEL EI7E 10mMZ. B %pH 5P fHiTrap Sk L, 3 FE7E0. MEALENHIPBS
el - Be , @i A L/2046FR1710% Z BB PUARER 1L , FI1OmMBE FABR thpH 575, INER I
FErr, 285 A1/ AR AR SR EABR 82 1 VR e 35 - A3 FH50mM. Tris pH7.5 (2mM EDTA) #Eft .
[0508]  FH154% BE/Rid & ¥IDHAA (B S HLIR MM ER) BR200nMAR R4 7K 75 MR (CuS04) &b 38 ¥k it
H)3E JR ThioMab o 8 8] — 5 88 1 AL 7E 293 /NI B8 K I 18] SE A R B 28 R E ALt R 2K .
¥ B E B HURTE20mMEE FAEZ 4/pHS , 150mM NaCl,2mM EDTARENT, H7E-20 C 1HRAIRF .
[0509] ThioMabs 5#¥k-HARFTEEMERE KM AN .. BE LB R AT &
(ThioMab) 56-81% B /Rit B KR 2H BBk -HiAE R P[4k (R B 20mM& FE i DMSOf% &)
FE50mM Tris, pH8H R BZ, B 238 I B VE A PRI LC-MS -4 I 5E S 2 58 A (16-24/N8) o
[0510]  SRJERHTLE—PLE R S (AAC) 72 F20mMEEFARR SMpH SRS )G , MEINZIPH B F
At b FZEDT0OMEAR T 20mMBE FHER $ApH  5¥RIR 2 , 3F HL FIPBSYE i i 44k o 1 P vk
3T AR K AACTE 1) B & 5 240mMBERE A9 20mM His/ Z. B8 £ pH5 0 o 3B ik 48 41 6 3 v 5 5 AAC
R E B H FUREE, £ R BRCA BAEE AL T2 2 B AN J5 383 20 7 B SEC (R~ HERR f,3) i3
ITRES W RILC-MS/3 47 .

[0511]  f# FiShodex KW802.5%, 7E-50. 25mME AL B0 F115% TPAO . 2MBEER 4pH 6.2 L)
0.75ml/minf i AT R~T HEFE 3 vk  AACH) TR B IR 2538 i 28 0nmAh A 355 it e T AR '
AIFR 7 R E o

[0512]  {§ FHAgilent QTOF 6520ESI{X 2% 4TLC-MSHHT . 40 , 45 FH %4k 3 72 A= I AACTE
Tris pH7.5% F1:500w/whE N & EELys C (Promega) &b, 7E37°C FALER30434d . 15 Fr 78
P18 7 BUMER B A 2= 80°C HI1000A.8um PLRP-SAE |, 37654344 4 LL30 % BEE 40 % BB
FEBE R BN AEA: 2 0.05% TFARIH20. BN AEB : 50. 04 % TFAR) Z.Ji5 . V3% : 0. 5ml /min. 7E
M7 25 F, T AIMS 3 AT 2 T, 38 3 280nmAth F 48 SR WO VSR M T 88 1 R it - B H SR R 5 &
HIFc B R B K AEE G Fab Mt AE R -Fabfy (2 40 ¥ K . {f FiMass Hunter ™#{f
(Agilent Technologies) 43RG HIm/z 6 i FH R AT Piik F BRI R & .

[0513] fEHE&F LEMERCys20509SEQ ID NO.9XIrFI1LEE , LA X4 ASEQ ID NO: 108
rFIHEE# & AAC 103 (AAR=1.9) BRAX-rF1-HC-121C,LC-V205C-MC- (CBDK~ci t) —~PAB- (= FF
FpipBOR) f# A7ERT IR & H TRESEAICys205/ISEQ ID NO.9fIrFILE, LI R EHEE T
FELUIERICys114 (Kabat4w 5114 5Eu4m 5 11817545121 48[E) BISEQ ID NO:12f9rF1H
i) & AAC 102 (AAR=3.9) #4X-rF1-HC-121C,LC-V205C-MC~ (CBDK-cit) ~PAB- (— FF &t
pipBOR) oK Cys TARA & FILAN /B HEE 5 IR 2 AR FIPMLES L MFAE B R A KBS
[0514]  SZHEHI19 rF1-AACEI A A Thak

(0515) {54 ¥ 5% & BR B (USA300NRS384Ei#%) 5 & F7& (100ug/mL10ug/mL 1ng/mL
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B0. lug/ml) ML FHMEH R S BRI IESR S TN E N 8NP M 81910 F
PR T (AAR2) HI103AAC, SRE B TR A EH 3. 9 FHPIE R 7 F (AAR4) H102AAC,
LMESUE SHE LS & BN AEAERR NRERAR, HETCTREURTER
(A E R RIE) 2/ & , 1 B GWR & Pk 2, FF A 7 B 50ug /LR KR E R K IEH A&
KIFFERE, LR AR KRR E 2K G, B 7R REE AR R S 3 e PR HISE
Wk 20 B AR R B SRR AT Be R, M B AR VE I 40 BB O 4 Tl S 3

[0516] 45 RUnE 10FT7R . MR ATAAC (AAR2 5 AAR4) 15 B /R ML FI B AL R , 7F LA 10ng/mL
BEESNFEmE R AR, fElvg/nL X ERKAE T H2 RIEERRIE, RAAMCHFIE
RS2 BB LR ss &40 A 3B BIRR H BT BN IEMEAN AE R 5 F AAR4 AACTE
B BT & T 0T AACHT 40 B8 AR SEFI 4 B 1) 2 I R PR B8 4 - ZE MR B = & T, 2DAR
AACHE 4B S far B A T 35013% , TM4AAR AACHE Al B £ 17 PR K T EIT 400045 - (BERRRFIR 7
FTHIAE TURR) o

[0517]  iZSCHEBIERR , R3HIrF1-AAC 102 (AAR=3.9) F1103 (AAR=1.9) , BIERAL-rF1-HC-
121C,LC-V205C-MC- (CBDK~cit) ~PAB- (— Ff % pi pBOR) 7E /& 4B Mk 40 A & 2R 58 T 41 AL
PMIMRSA. &5 R B 1077

[0518]  sEiafsl20 rF1-AACH &N Thak

[0519]  iZSEHEHIUERR , 76 R &R AR AR B oh , rF1-AACT] K KIB/DERTE R I N & B 63
B FRTE R

[0520] RERE A HEAL 7 AR AIMEMEA/ /MR (Jackson Laboratories) FI5 X 107CFUR
USA300:8 i R LV S Ik G o TR IR o S5 2R AR BB /INBR, , I FH SmL VA B R 55 2% v Eh /K I ¥R (PBS) 1
VeMERE 40 R SOk , ¥ & AEFESmL PBSH 51K A TRk N BB E AL A & B LA, BRIE
P AE4 CLAL, 000rpm B 0570 b U6 EIBWRE A4 IS N e , 3 BUWRE & A IR IE 40
() 20 B UTUE VE O A R 58 4 - 4B 7237 °C TR FI50ug /mLFK ¥4 3 & BR B & AL F 2043 50 LA R BE
15 G 40 B A S B o R RE R 0 B TE UK B PBS R SR IR 31k, L EE T BT B 2B B B R E R o N
TR A CFURI S B, B ISR AE -5 0.1% Triton-XAIHB (%7545 10mM HEPESH
0.1% 4 M5 5 & H W Hanks A7 2R R) HIE R, BRI SH0.05% kiR -2087PBSH
[0521]  BRE% Bk R YR S T8 Ko 354 1 A TG (SCID IVIGHETY) MIBFF,CB17.SCID/MER,
(Charles River Laboratories,Hollister,CA) FHGammaGard S/D IGIVAJEEKE B (ASD
Healthcare,Brooks KY) EZE,f# AL ZE 5 RULE I E 1A F) 2 /0 10mg/mL A TgGH)
1B % &K 45 T IGIV, LA4g R/INR 30mg AN 46 7% ik A FI 2 , AR B 7E6 /NI e @ i AR AR Y
ST 15mg /MR B —HNE, RGBT EENEN REHS T8 R /R 15mgRIE , EE83 K.
(0522)  7ESE—FEIGIV/E 4/, i@ i 3% Ak P9 VE 5T FABEER b 22 ph b /K S BR 9 L X 107CFU
MRSA (USA300 NRS384E #k) BG4y /N Cf TN UAREIAAC, n=28) - BAZ /NG FI50mg /kg i
rF1I#RPT4E 103 AAC DAR2B102 AAC DAR4AKEIR . 38 i ¥ ik vk 5 76 /B L 26h J5 45 /N B B VR 57
EAAC, TR L 5 B AR A0 FE , FF 75 SmLE R £h 22 i 2 7K+ SR EUE AR A0 0 B o 48 FGent1eMACS
Dissociator™(Miltenyi Biotec,Auburn,CA) Y20 £RKE S 515 38 44 40 4R 5137 Wi EPBS
0.05% Mt B HELEMBIRE S A% R4 45 B 10 2E A R AR K 2 3 A8 PR b B fhk
78 28 B BRI 40 B S 3L
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[0523]  E11ARRLE KA FAACIETF MG/ MRS A B A4 R A B8/ Mk
(DAR2) 24 R 70 FHIAACIE ST 4H TR T 7 P IR 203018, & B &Mk (AARY) 4N A
R FHRIAACIRTT W 4l B Sh far P& 1K 1730, 00045 LA | o

[0524]  E[11BRIRTEMR N FAAACTETT St oI P B 1B A 45 5 o FIAAC AAR2YA J7 {3 4 5
P FEAR T 97065, 8 R/NR A 6 RAE WA B AN AT A M 0 4H 8 7K F : FIAAC DAR4VE YT
HIRARER T Ok B, S BB R/NR & 58 R B A Ak il i 4 g 7k F .

[0525] BARATHEZEBEMNE K, L@ i AR B 7 A5 8T8 & B #E1T T 4R
T, 1B 3 4 5 0 SE e 451 AN B 3% AR R N IR il A R B 0TE B . AE BN B B S AR &
H| B R R iEFISE @ 5] F B faRbH A AL,
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[0001]

110> EEHARLHS

120> MK EMERFEHNEFBERERLSWEHAR

<130> P32350-¥0

140>
<141

<150, 62/087,213
7151> 2014-12-03

2160> 28

<170> PatentInf®43.5
210> 1

QD5

<2125 PRT

213> NLFF

<2205

L2

223> JHYES" AL FIHIRR

400> 1
Arg Phe Ala Met Ser
1 5

<2105 2
201> 16
<212> PRT
213> AIEF

220>

ceL

R X
7223> F =" NI EER

400> 2
Ser Ile Asn Asn Gly Asn Asn
{ 5

<2105 3

QI 2
<212> PRT
213> A%

<220
221> R
/

a3> B IE=" N TR A

<400> 3
Asp His Pro Ser Ser Gly Trp
1 5

210> 4

<211y 11

/212> PRT
Q13 AIF%)

Q20>
‘221> HE

<235 TR vE=" A TEFIHIR

<400> 4
Arg Ala Ser Glu Asn Val Gly
1 5

210> 5

Gl 7

<212> PRT
213> AIF3

<2205

Q2l, 3k

4
223> /& =" NS EHER

<4007 5
Lys Thr Ser 1le Leu Glu Ser
1 5

72105 6
<211, 9

37k

AL

EHARE”

Pro Tyr Tyr Ala Arg Ser Val Gla Tyr
10 15

Ak

Pro Thr Phe Asp Ser
10

&Rk

Asp Trp Leu Ala
10

A"
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[0002]

<212> PRT
13> ATS

<2205
221>

HIE
<0237 TEVE=" N TAFIHA

£400> 6

AR

Gln His Tyr Ile Arg Phe Pro Tyr Thr
1 5

<2100 7

2in g

<2125 PRT
213> ANIJF5F)

<220>
221> %

<223 ’@n‘I- AZFHIHRNE

<400> 7
?ln His Tyr Met .grg Phe Pro

<2105 §

211> 16
212> P

Q213> }\_u%l

220>
<221y R

2235 [ #vE=" N THRIHR

<400> §
Sez Tle Asn Ser Gly Asn Asn
5

210> 9
<2115 214
<212> PRT
213> ATFH

4220>
<2210 3R

QI THE AT FINTHA

<400> 9
Asp Ile Gln Leu Thr Gln Ser
1 5

Asp Arg Val Ser Ile Thr Cy
20

0

Leu Ala Trp Tyr Arg Gin Lys
35

Tyr Lys Thr Ser Ile Leu Glu
50 55

Asp Asp Phe Ala Thr Tyr Tyr

Thr Phe Gly Gln Gly Thr Lys
100

Pro Ser Val Phe I1le Phe Pro
115

Thr Ala Ser Val Val Cys Leu
130 135

Lys Val Gln Trp Lys Val Asp

Ser Gly Ser Gly Thr Glu Phe T
70

ARk

Tyr

Thr

Ll

Pro Tyr Tyr Ala Arg Ser Val Gln Tyr
10 15

EREly

Pro Ser Ala lLeu

Arg
Pro

40

Ser

Val

Pro

120

Leu

Asn

10

Ala Ser
25
Gly Lys

Gly Val

- Leu The

s Gln His

30

Glu lle

105

Ser Asp

Asn Asa

A

—

a Leu

Glu

Ala

Pro

lle

75

Lys

Glu

Phe

Gln

Pro

Asn

Pro

Ser

60

Ser

Het

Arg

Gln Lei

Tyr
140

Ser

Ala Ser Val Gly
15

Yal Gly Asp Trpn
30

Asn Leu Leu Ile
45

Arg Phe Ser Gly

Ser Leu Gln Pro
80

o
i

Arg Phe Pro
95

Thr Val Ala Als
110

Lys Ser Gly

o

Pro Arg Glu Ala

Gly Asn Ser Glin
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[0003]

145 150

Glu Ser Val Thr Glu Gln Asp Ser Lys Asp
165 170

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr
180 185

Ala Cys Glu Val Thr His Gln Gly Leu Ser
195 200
Phe Asn Arg Gly Glu Cys
210

<210> 10

<2117 449
/212> PRT
213> ALF3)

<2205
221> KA .
223> /&= AIFFIHA: BREHK”

2400> 10
gvlu Val Gln Leu Val Glu Ser Gly Gly G(l)y
5 1

L5

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly
20 25

Ala Met Ser Trp Val Arg Gln Ala Pro Gly
35 40

Ala Ser Tle Asa Ser Gly Asn Asn Pro Tyr
50 55

Tyr Arg Phe Thr Val Ser Arg Asp Val Ser
65 70

Gln Met Asn Asn Lgu Arg Ala Glu Asp Ser

Lys Asp His Pro Ser Ser Gly Trp Pro Thr
100 105

Gly Thr Leu Val Thr Vel Ser Ser Ala Ser
115 120

Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr
130 135

L.ea Gly Cys Leu Val Lys Asp Tyr Phe Pro
145 150

Trp Asn Ser Gly Ala Leu Thr Ser Gly Val
165 170

Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser S

180 185

Ser Ser Ser Leu Gly Thr Gln Thr Tyr
195 200

lle

Pro Ser Asn Thr Lys Val Asp Lys Lys Val
210 215

Lys Thr His Thr Cys Pro Pro Cys Pro Ala
225 230

Pro Ser Val FPhe Leu Phe Pro Pro Lys Pro

155

Ser Thr Tyr

Glu Lys His Lys

190

Ser Pro Cys Thr
205

Leu
Phe
Arg
Tyr
Gin
75

Ala

Phe

Ser
Glu

155

His

Cys

Glu

235

Lys

Thr

Gly

Ala

60

Thr

Asp

- Lys

Gly
140

Pro

Thr

- Val

Asn

Gln Pro

Leu Ser
30

Leu Glu
45

Arg Ser

Thr Val

Tyr Phe

Ser Trp
110

Gly Pro
125

Gly Thr

Val Thr

Phe Pro

Val Thr
190

Val Asn
205

Pro Lys

220

Glu

Asp

Leu Leu

Thr Leu

85

175

Val

Lys

Gly
15
Arg

Trp

Val

Cys
95

Gly
Ser
Ala
¥al
Ala
175
Val
His
Cys

Gly

Met

160

Ser Leu Ser

Gly

Phe

Val

Gla

- Leu

80

Ale

Pro

Val

Ala

Val

Pro

Asp

Gly
240

1le
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245 250 255

Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp ¥zl Ser

Ser His Glu
260 265 270

Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Vel Glu Val His
275 280 285

Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg
290 295 300

Va) Val Ser Val Leu Thr Yel Leu His Gla Asp Trp Leu Asn Gly Lys
305 310 315 o3

Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro lle Glu
325 330 335

Lys Thr Tle Ser Lys Ala Lys Gly Gla Pro Arg Glu Pro Gln Val Tyr
340 345 350

Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn Gln Val Ser Leu
355 360 365

Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp
370 375 380

Glu Ser Asa Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val
385 390 395 400

l.eu Asp Sexr Asp Gly Ser Phe Phe Leu Tyr Ser Lvs Leu Thr Val Asp
405 410 415

Lys Ser Arg Trp Gln Gln ‘Gly Asn Val Phe Ser Cvs Ser Val Met His
420 425 430
[0004]

Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Lea Ser Pro
435 440 445

Gly

€210 11
Z211> 214
<212% PRT
213 AZLIFF

<220>

221> KH| ) )

22 /HEANIFIINRE: BRER

400> 11

Asp Ile Gln Len Thr Gln Ser Pro Ser Ala Leu Pro Ala Ser val Gly
1 5 10 15

Gly Asp Trp

Asp Arg Val Ser lle Thr Cys Arg Ala Sexr Glu Asn Va
20 25 30

Leu Ala Trp Tyr Arg Gln Lys Pro Gly Lys Ala Pro Asn Leu Leu Ile
35 10 45

Tyr Lys Thr Ser 1le Leu Glu Ser Gly Val Pro Ser Arg Pae Ser Gly

50 55 60
Sexr Gly Ser Gly Thr Glu Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Asp Asp Phe Ala Thxr Tyr Tyr Cys Gln His Tyr 1le Arg Phe Pro Tvr
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu lle Lys Arg Thr Val Ale Ala
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[0005]

100

ro Ser Val Phe Ile Phe
115

Thr Ala Ser Val Val Cys
130

Lys Val Gla Trp Lys Val
145 150

Glu Ser Val Thr Glu Gln
165

Ser Thr Leu Thr Leu Ser
180
Ala Cys Glu Val Thr His
195

Phe Asg Arg Gly Glu Cys
21

<2105 12

Z211> 449
<212> PRY
213> AIFF3

<220>
@2l

R
223> /&vES" NP EHR:

400> 12
Glu Val Gln Leu Val Glu
1 5

Ser Leu Arg Leu Ser Cys

Ala Met Ser Trp Val Arg
35

Ala Ser Ile Asn Ser Gly
50

Tyr Arg Phe Thr Val Ser
65 70

Gln Met Asn Asn Leu Arg
85

Lys Asp His Pro Ser Ser
100

Gly Thr Leu Val Thr Val
115

Phe Pro Leu Ala Pro Ser
130

Leu Gly Cys Leu Val Lys
145 150

Trp Asn Ser Gly Ala leu
165

Leu Gin Ser

180

Ser Ser Leu Gly Thr

o
o
.
D
e
B

Ser Gly Leu T

Pro
L.eu
135

Asp

Asp

LY

73

Gla

Ser
Ala
Gln
Asn
55

Arg
Ala
Gly
Ser
Ser
135

Asp

Thr

Glin

105

Pro Ser
i20

Asp

Glu

l.eu Asn Asn Phe

Asn Ala Leu Gln

Ser Lys

Ala Asp
185

Gly Leu S
200

Asp
170

Tyr

GRS K"

Gly Gly
Ala Ser
Ala Pro
40

Asn Pro
Asp Vel

Glu Asp

Trp Pro
105

Ser Cys S

120

Lys Ser

Tyr Phe

Ser Gly

- Ser Len §

185

Thy Tyr

Gly
10

Gly
Gly
Tyr
Ser
Ser

90

Tar

Thr
Pro
Val

170

Ile

155

Ser

Glu

" Ser

Leu
Phe
Arg
Tyr
Gln
75

Ala

Phe

* Thr

Ser

Glu

155

His

Ser

Cys

Gln
Tyr
140
Ser
Thr

Lys

Pro

Val

Gly

Ala
60

Asn

Thr T

Asp

Pro

Thr

Asn

110

Leu Lys

125

Pro Arg

Gly Asn

Tyr Ser

His Lys

190

Cys Thr
205

Gln Pro

Leu Ser

Leu Glu

45

Arg Ser

Thr Yal

Ser Trp
110

s Gly Pro

Gly Thr

Val Thr

Phe Pro

| Yal Thr ¥

190

Val Asn

87

Ser

Glu

Ser

=
SR

Val

Lys

Gly

15

Trp

Val

Ser

e Cys

95

Ala

Val

His

Gly

Ala

Gin
160

Gly

Phe

Val

Gin

Leu

80

Ala

v Pro

r Val

Ala

Ser

160

Val

| Pro

Lys
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[0006]

Lys
225

Pro

Ser
210

Thr

Ser

195

Asa Thr Lys

His Thr Cys

Val Phe Leu
245

Ser Arg Thr Pro Giu

Asp

Asn

Val

305

Glu

Lys

Thr

Thr

Glu

385

Leu

Lys

Glu

Gly

Pro
Ala

290

Val

Thr

Cys

370

Ser

Asp

Ser

Ala

260

Glu Val Lys
275

Lys Thr Lys

Ser Val Leu

r Lys Cys Lys

325

1le Ser Lys
340

Pro Pro Ser
355

Leu Val Lys
Asn Gly Gin
Ser Asp Gly

405

Arg Trp Gln
420

Leu His Asn
435

<2107 13
211> 1

<212> PRT

213>

<2207

221> EH
FE=" N TFAIRAR:

223 /.

20

AT FH)

<400> 13
Glu Yal Gln Leu Val Glu Ser
1 5

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly |
20 25

Val

Asp
215

200

Lys

Pro Pro Cys

230

Phe

Vel

Phe

Pro

Thr

310

Val

Ala

Arg

Gly

Pro

390

Ser

Gln

His

Pro

Thr

Arg
295

Val L

Lys

Glu

Phe

375

Glu

Phe

Gly

Tyr

Ala Met Ser Trp Val Arg Gla
35

Ala Ser lle Asn Ser Gly Asn

Pro

n Trp

280

Glu

r Asn

Gly
Glo
360
Tyr
Asn

Phe

Asn

Lys

Pro

L¥s

Val

265

Glu

His

Lys

Gln

345

Met

Pro

Asn

Leu

Val
425

Val
Ala

Pro
250

Gln
Gln
Ala
330

Pro

Thr L

Ser

Tyr

Tyr

410

Phe

» Gln Lys

EHB I

Glu

Pro

235

Val

Asp

Tyr

Asp

315

Leu

Asp

Lys
395

Gly Gly Gly leu
10

Pro
220
Glu
Asp
Asp

Gly

Asn
300

Trp L

g Glu

Asn

1le
380

r Leu

Val

Thr

Ala Pro Gly Arg Gly
40

Astt Pro Tyr Tyr

205

Lys

Leu

Thr

Val !

val
286

Ala

Pro

Gln

365

Ala

" Thr

s Leu

5 Ser

Ser
445

Gln

Leu

Lew

45

Arg

Ser

l.eu

Leu

r Thr

Asn

Pro

Gln

350

Yal

Val

Pro

Thr

Val

430

Len

Pro

Gly
Met
255
Val
Tyr
Gly
1le
335
Val
Ser
Glu
Pro
Val
415

Met

Ser

Gly
15

Asp

Gly

240

lle

Glu

Arg

Lys

320

Tyr

Leu

Trp

val

400

Asp

His

Pro

Gly

Ser Arg Phe
30

Glu Trp val

Ser Val Gin

88
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[0007]

50 55

Tyr Arg Phe Thr Val Ser Arg Asp Val Ser Gln Asn
4 b 75

65 70

G

—

O

n Met Asn Asn Leu Arg Ala Glu Asp

Ser
90

Ala Thy

Lys Asp His Pro Ser Ser Gly Trp Pro Thr Phe Asp
100 105

Gly Thr Leu VYal Thr Val Ser Ser
115 120

<2L0> 14

<211> 110
<212> PRT
LI ANIFF

20>
Q221> KE

223 /EIE="ATHEFISER: SRER”

400> 14

Asp Ile Gln Leu Thr Gla Ser Pro Ser
1 5

Ala
10

Asp Arg Val Ser Ile Thr Cys Arg Ala Ser
20

25

Leu Ale Tzrp Tyr Arg Gla Lys Pro Gly

35 40

Tyr Lys Thr Ser Ile Leu Glu Ser Gly

50 55

65 0

Asp Asp Phe Alas Thr Tyr Tyr Cys Gln
85

Ser Gly Ser Gly Thr Glu Phe Thr Leu
i

Thr

His
99

Thr Phe Gly Gln Gly Thr Lys Vel Glu Iie

100 105

210> 15

2liz 110
212> PRT
213> NZIFH

220>
Cel>

R
Q23> /HHE"ATAPNEHRR: ARER”

{4005 1

5
Asp Ile Gln Leu Thr Gla Ser Pro Ser Ala
1 5 10

Asp Arg Val Ser Ile Thy Cys Arg A
20 2

a Ser

Leu Ala Trp Tyr Arg Gln Lvs Pro Gly Lys
40

35

Tyr Lys Thr Ser Ile Leu Glu Ser Gly Val

50 55

Ser Gly Ser Gly Thr Glu Phe Thr Leu Thr
70

Asp Asp Phe Ala Thr Tyr Tyr Cys Gln His
85

Leu Pro

Glu Asn

s Ala Pro

Pro Ser
Tie Ser
75

Tyr Met

Lys Arg

Leu Pro

Glu Asn

Ala Pro

Pro Ser

60

Ile Ser
75

Tyr Ile 4

Thr Val

=

s

- Phe

Ser Trp

110

1s Ser

Val Gly
30

A

sn Leu

45

Arg Phe

Ser Leu

A

T

A

rg Phe

hr Val

110

la Ser

Val Gly

A

A

S

I

30

sn Leu

rg Phe

or Leu

89

Ser
Cys
95

Gly

Val
15

Asp
Leu
Ser

Gln

Pro
95

Asp

Leu

Gln

a Pro

95

Len
80
Ala

Pro

Gly
Trp
Ile
Gly

Pro
80

Gly
Trp
Ile
Gly

Pro
80
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[oo08]

Thr Phe Gly Gln Gly Thr Lys
100

<210> 16
<211> 30
<212, PRT
Q13> AIFH)

<220,
L2 XKW

223> /g% vE=" NTFEIHER:

<400> 16
Glu Val Gln Leu Val Glu Ser
1 5

Ser Leu Arg Leu Ser Cys Ala
20

Q10> 17
211> 14
212>

PRT
213> AITFF|

<2207
<2215

K i
223> /R¥E=" NIIFFHHR

400> 17
Trp Val Arg Gln Ala Pro Gly
1 5

210> 18
<2117 32
<212> PRT
213> AT P

<2205
<221>

HIE )
223> SRE=" NLIFF A,

<400> 18
Arg Phe Thr Val Ser Arg Asp
1 5

Met Asn Asn Leu Arg Ala Glu
20

210> 19
<2115 11

<212> PRT
213> AR5

Q0>
221> RHE

223> /H&IEST NIRS B3R

400> 19
Trp Gly Pro Gly Thr Leu Val
1 5

2105 2
Q11> 2:
<212> PR
<2137

s3]

220>
Q21 RE

223> JRE="ANTIF IR

<400> 20
Asp 1le Gin Leu Thr Gln Ser
1 5

Asp Arg Val Ser Ile Thr Cys
20

Val Glu lle Lys Arg Thr Val
105 110

RS

Gly Gly Gly Leu Val Gln Pro Gly Gly
10 15

Alz Ser Gly Phe Thr Leu Ser
25 30

ERRE”

Arg Gly Leu Giu Trp Val Ale
10

BB

Val Ser Gln Asa Thr Val Ser Leu Gln
10 E

Asp Ser Alz Thr Tyr Phe Cys Ala Lys
25 30

&R

Thr Val Ser Ser
10

&K

Pro Ser Ala Leu Pro Ala Ser Val Gly
0

90

15

15
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[0009]

<210> 21

211> 15

<212> PRT
213> AIF3

<220>
<2210 REF

@23y /%m”)\ﬂ?’ilm@&zb &

<400> 21
Trp Tyr Arg Gln Lys Pro Gly Lys Ala Pro Asn Leu Leu 1le Tyr
1 5 10 15

<2105 22

Q211> 32

<212> PRT
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Abstract
The invention provides rF1 antibody antibiotic conjugates and methods of

using same.



