(12) STANDARD PATENT (11) Application No. AU 2012273123 C1
(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(21)
(87)
(30)
(31)
(43)
(44)
(44)

(71)

(72)

(74)

(56)

Title
Methods of treating and preventing Staphylococcus aureus infections and associ-
ated conditions

International Patent Classification(s)
A61K 39/085 (2006.01) A61K 39/395 (2006.01)

Application No: 2012273123 (22) Date of Filing:  2012.06.19
WIPO No:  WO012/177658

Priority Data

Number (32) Date (33) Country
61/498,596 2011.06.19 us
Publication Date: 2012.12.27

Accepted Journal Date: 2018.01.04
Amended Journal Date: 2018.08.09

Applicant(s)
New York University

Inventor(s)
Torres, Victor J.;Alonzo, Francis

Agent / Attorney
Phillips Ormonde Fitzpatrick, L 16 333 Collins St, Melbourne, VIC, 3000, AU

Related Art

GRAVET A. ET AL, "Characterization of a novel structural member, LUkE-LukD, of
the bi-component staphylococcal leucotoxins family”, FEBS LETTERS, 1998, vol.
436, no. 2, pages 202 - 208

WO 2002/059148 A2

E. L. BROWN ET AL, "The Panton-Valentine leukocidin vaccine protects mice
against lung and skin infections caused by Staphylococcus aureus USA300",
CLINICAL MICROBIOLOGY AND INFECTION, vol. 15, no. 2, 2009 pages 156 - 164.
US 2009/0053235 A1

WO 2010/119343 A2

US 7608276 B2




wo 2012/177658 A3 [N 000 00O 0

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

27 December 2012 (27.12.2012)

WIPOIPCT

(10) International Publication Number

WO 2012/177658 A3

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
(73)

74

31

International Patent Classification:
A61K 39/085 (2006.01) A61K 39/395 (2006.01)

International Application Number:
PCT/US2012/043179

International Filing Date:

19 June 2012 (19.06.2012)
Filing Language: English
Publication Language: English
Priority Data:
61/498,596 19 June 2011 (19.06.2011) Us

Applicant (for all designated States except US): NEW
YORK UNIVERISTY [US/US]; 70 Washington Square
South, New York, New York 10012-1091 (US).

Inventors; and

Inventors/Applicants (for US only): TORRES, Victor, J.
[US/US]; 564 1st Avenue, Apt. 23E, New York, NY 10016
(US). ALONZO, Francis [US/US]; 564 1st Avenue, Apt.
17t, New York, NY 10016 (US).

Agents: CHILDS, Carissa, R. et al.; Leclairryan, A Pro-
fessional Corporation, 70 Linden Oaks, Suite 210,
Rochester, NY 14625 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

(84)

CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

(88)

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

with sequence listing part of description (Rule 5.2(a))

Date of publication of the international search report:
21 February 2013

(54) Title: METHODS OF TREATING AND PREVENTING STAPHYLOCOCCUS AUREUS INFECTIONS AND ASSOCI-
ATED CONDITIONS

(57) Abstract: Methods and compositions for preventing and treating Staphylococcus aureus infection in a subject are disclosed.
Therapeutic compositions for the methods comprise leukocidin E and/or D proteins or polypeptides and anti-leukocidin E and/or D
antibodies. Methods of identifying inhibitors of LukE/D cytotoxicity and inhibitors of LukE/D-leukocyte binding are also disclosed.



WO 2012/177658 PCT/US2012/043179

METHODS OF TREATING AND PREVENTING STAPHYLOCOCCUS AUREUS
INFECTIONS AND ASSOCIATED CONDITIONS

[0001] This application claims the benefit of U.S. Provisional Patent Application
Serial No. 61/498,596, filed June 19, 2011, which is hereby incorporated by reference in its

entirety.

FIELD OF THE INVENTION

[0002] This invention relates to methods of screening for, treating, and preventing

Staphylococcus aureus infections and Staphviococcus aurens associated conditions,

BACKGROUND OF THE INVENTION

[0003] Staphylococcus aureus (“S. aureus™) is a bacterium that commensally
colonizes more than 25% of the human population. Importantly, this organism is capable of
breaching its initial site of colonization, resulting in bacterial dissemination and disecase. S.
aureus 1s the leading cause of nosocomial infections, is the most common etiological agent of
infectious endocarditis as well as skin and soft tissue infections, and is one of the four
leading causes of food-bomne illness. Altogether, S. aureus infects more than 1.2 million
patients per year in U.S. hospitals. The threat of S. aureus to human health is further
highlighted by the emergence of antibiotic-resistant strains (i.e., methicillin-resistant S.
aureus (MRSA) strains), including strains that are resistant to vancomycin, an antibiotic
considered the last line of defense against S. aureus infection. These facts highlight the
importance of developing novel therapeutics against this important pathogen.

[0004] S. aureus produces a diverse array of virulence factors and toxins that enable
this bacterium to neutralize and withstand attack by different kinds of immune cells,
specifically subpopulations of white blood cells that make up the body’s primary defense
system. The production of these virulence factors and toxins allow S. aureus to maintain an

infectious state (see Nizet, “Understanding How Leading Bacterial Pathogens Subvert Innate
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Immunity to Reveal Novel Therapeutic Targets,” J. Allergy Clin. Immunol. 120(1):13-22
(2007)). Among these virulence factors, S. aureus produces several bi-component
leukotoxins, which damage membranes of host defense cells and erythrocytes by the
synergistic action of two non-associated proteins or subunits (see Menestrina et al., “Mode of
Action of Beta-Barrel Pore-Forming Toxins of the Staphylococcal Alpha-Hemolysin
Family,” Toxicol. 39(11):1661-1672 (2001)). Among these bi-component leukotoxins,
gamma-hemolysin (HIgAB and HIgCB) and the Pantone-Valentine Leukocidin (PVL) are the
best characterized.

[0005] The toxicity of the lcukocidins towards mammalian cells involves the action
of two components or subunits. The first subunit is named class S-subunit (i.c., “slow-
cluted”), and the second subunit is named class F-subunit (i.c., “fast-cluted”). The S-and F-
subunits act synergistically to form pores on white blood cells including monocytes,
macrophages, dendritic cells, and neutrophils (collectively known as phagocytes) (see
Menestrina et al., “Mode of Action of Beta-Barrel Pore-Forming Toxins of the
Staphylococcal Alpha-Hemolysin Family,” Toxicol. 39(11):1661-1672 (2001)). The
mechanism by which the bi-component toxins form pores in target cell membranes is not
entirely understood. The proposed mechanism of action of these toxins involves binding of
the S-subunit to the target cell membrane, most likely through a receptor, followed by binding
of the F-subunit to the S-subunit, thereby forming an oligomer which in turn forms a pre-pore
that inserts into the target cell membrane (Jayasinghe et al., “The Leukocidin Pore: Evidence
for an Octamer With Four LukF Subunits and Four LukS Subunits Alternating Around a
Central Axis,” Protein. Sci. 14(10):2550-2561 (2005)). The pores formed by the bi-
component leukotoxins are typically cation-selective. Pore formation causes cell death via
lysis, which in the cases of the target white blood cells, has been reported to result from an
osmotic imbalance due to the influx of cations (Miles ¢t al., “The Staphylococcal Leukocidin
Bicomponent Toxin Forms Large lonic Channels,” Biochemistry 40(29):8514-8522 (2001)).
[0006] In addition to PVL (also known as leukocidin S/F-PV or LukSF-PV) and
gamma-hemolysin (HigAB and HlgCB), the repertoire of bi-component leukotoxins
produced by S. aureus is known to include leukocidin E/D (“LukE/D”), leukocidin
A/B (“LukAB”) and leukocidin M/F (“LukMF”). Thus, the S-class subunits of these
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bi-component leukocidins include HlgA, HlgC, LukE, LukS-PV, LukA, and LukM, and
the F-class subunits include HigB, LukD, LukF-PV, LukB, and LukF’-PV. The §. aureus
S- and F-subunits are not leukocidin-specific. That is, they are interchangeable such that
other bi-component combinations could make a functional pore in a white blood cell,
greatly increasing the repertoire of leukotoxins (Meyer et al., “Analysis of the Specificity of
Panton-Valentine Leucocidin and Gamma-Hemolysin F Compenent Binding,” Infect.
Immun. 77(1):266-273 (2009)).

[0007] Designing effective therapy to treat MRSA infection has been especially
challenging. In addition to the resistance to methicillin and related antibiotics, MRSA has
also been found to have significant levels of resistance to macrolides (e.g., erythromycin),
beta-lactamase inhibitor combinations (e.g., Unasyn, Augmentin), and fluoroquinolones (e.g.
ciprofloxacin), as well as to clindamycin, trimethoprim/sulfamethoxisol (Bactrim), and
rifampin. In the case of serious S. aureus infection, clinicians have resorted to intravenous
vancomycin. However, there have been reports of S. aureus resistance to vancomycin.
Thus, there is a need to develop new treatments that effectively combat S. aureus infection.
[0008] The present invention is directed to overcoming these and other limitations in

the art.

SUMMARY OF THE INVENTION

[0009] a first aspect of the present invention relates to a composition comprising a
therapeutically effective amount of an isolated a leukocidin e (luke) protein or polypeptide
thereof, an isolated leukocidin d (lukd) protein or polypeptide thereof, or a combination
thereof, and a pharmaceutically acceptable carrier.
[0010] Another aspect of the present invention relates to a method of immunizing
against a Staphylococcus aureus infection in a subject. This method involves administering
a composition of the present invention in an amount effective to immunize against S. aureus
infection in the subject.
[0010a] Another aspect of the present invention relates to a composition comprising

a therapeutically effective amount of (i) an isolated LukE polypeptide that is
300 amino acid residues or less in length and comprises the amino acid sequence of amino
acid residues 32-47 of SEQ ID NO:11, amino acid residues 57-75 of SEQ ID NO: 11, amino
acid residues 126-139 of SEQ ID NO:11, amino acid residues 151-156 of SEQ ID NO:11,
amino acid residues 162-198 of SEQ ID NO:11, amino acid residues 272-283
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of SEQ ID NO:11, or amino acid residues 230-273 of SEQ ID NO:11, (ii) an isolated LukD
polypeptide that is 300 amino acid residues or less in length and comprises the amino acid
sequence of amino acid residues 33-51 of SEQ ID NO:22, amino acid residues 59-75 of SEQ
ID NO:22, amino acid residues 94-113 of SEQ ID NO:22, amino acid residues 115-131 of
SEQ ID NO:22, amino acid residues 170-220 of SEQ ID NO:22, amino acid residues 253-
268 of SEQ ID NO:22, or amino acid residues 229-274 of SEQ ID NO:22, or (iii) a
combination thereof; and
a pharmaceutically acceptable carrier.
[0011] Another aspect of the present invention relates to a composition comprising a

therapeutically effective amount of an antibody selected from the group consisting of a LukE



WO 2012/177658 PCT/US2012/043179

antibody, a LukD antibody, or a combination thereof, and a pharmaceutically acceptable
carrier.

[0012] Another aspect of the present invention is directed to a method of preventing a
S. aureus infection and/or S. aureus-associated conditions in a subject. This method involves
administering a composition comprising an antibody selected from the group consisting of a
LukE antibody, a LukD antibody, or a combination thereof, in an amount effective to prevent
S. aureus infection and/or S. aureus associated condition in the subject.

[0013] A further aspect of the present invention is directed to a method of treating a
S. aureus infection and/or S. aureus-associated conditions in a subject. This method involves
administering a composition comprising one or more inhibitors of LukE/D mediated
cytotoxicity in an amount cffcctive to treat the S. aureus infection and/or the S. aureus
associated condition in the subject.

[0014] A further aspect of the present invention relates to a method of predicting
severity of an S. aureus infection. This method involves culturing S. aureus obtained from
an infected subject via a fluid or tissue sample from the subject and quantifying LukE and/or
LukD expression in the cultured S. aureus. The quantified amounts of LukE and/or LukD in
the sample from the subject are compared to the amount of LukE and/or LukD in a control
sample which produces little or undetectable amounts of LukE and/or LukD and the severity
of the S. aureus infection is predicted based on said comparing.

[0015] Another aspect of the present invention relates to a method of treating a
subject with a S. aureus infection. This method involves culturing S. aureus obtained from
an infected subject via a fluid or tissue sample from the subject and quantifying LukE and/or
LukD expression in the cultured S. aureus. The quantified amounts of LukE and/or LukD in
the sample from the subject are compared to the amount of LukE and/or LukD in a control
sample which produces littlc or undetectable amounts of LukE and/or LukD and a suitable
treatment for the subject is determined based on this comparison. The method further
involves administering the determined suitable treatment to the subject to treat the S. aureus
infection.

[0016] Another aspect of the present invention relates to a method of identifying

inhibitors of LukE/D cytotoxicity. This method involves providing a cell population, a



WO 2012/177658 PCT/US2012/043179

preparation containing LukE/D, and a candidate LukE/D inhibitor. The cell population is
exposed to the preparation containing LukE/D in the presence and absence of the candidate
inhibitor, and LukE/D mediated cytotoxicity is measured in the presence and in the absence
of the candidate inhibitor. The measured amount of cytotoxicity in the presence and in the
absence of the candidate inhibitor is compared and an inhibitor of LukE/D cytotoxicity is
identified based on that comparison.

[0017] Another aspect of the present invention relates to a method of identifying
inhibitors of LukE/D mediated pore formation. This method involves providing a population
of lcukocytes, a preparation containing LukE and LukD, and a candidatc inhibitor. The
lcukocyte population is exposed to the preparation containing LukE and LukD in the
presence and absence of the candidate inhibitor, and pore formation on the lcukocyte
population is measured in the presence and absence of the candidate inhibitor. The measured
amount of pore formation in the presence and in the absence of the candidate inhibitor is
compared, and an inhibitor of LukE/D mediated pore formation is identified based on that
comparison.

[0018] Another aspect of the present invention is directed to a method of identifying
inhibitors of LukE and/or LukD leukocyte binding. This method involves providing a
population of leukocytes, a preparation containing a detectably labeled LukE and LukD, and
a candidate inhibitor. The cell population is exposed to the preparation containing the
detectably labeled LukE and LukD in the presence and absence of the candidate inhibitor,
and labeled LukE and/or LukD binding to the leukocyte population is measured in the
presence and absence of the candidate inhibitor. The measured amount of LukE and/or
LukD leukocyte binding in the presence and in the absence of the candidate inhibitor is
compared and an inhibitor of LukE and/or LukD leukocyte binding is identified based on that
comparison.

[0019] The tremendous success of S. aureus as a pathogen is in part due to its ability
to express an arsenal of factors that harm the host. Among these factors are a number of
bacterial protein toxins that are secreted into the extracellular milieu where they act by killing
host cells. Leukocidin E/D (LukE/D) is a poorly characterized toxin produced by S. aureus.

As demonstrated herein, this toxin targets and kills host leukocytes, which are key immune
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cells involved in protecting the host from S. aureus infection. The finding that LukE/D is
critical to pathogenesis in vivo, highlights the importance of this toxin in the disease process.
As described herein, immunization with LukE and/or LukD generates neutralizing antibodies
against S. aureus. Therefore, active and/or passive vaccine strategies offer a novel
therapeutic strategy to prevent S. qureus infection. In addition, direct inhibition of LukE/D

meditated cytotoxicity offers a novel means of treating individuals with S. aureus infection.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Figures 1A—1B show that deletion of the rof gene in an S. aureus lacking the
agr locus (AagrArot) restores virulence in mice to wild type (“WT”) levels and leads to
overproduction of LukE/D. Figure 1A is a survival curve showing that an Aagr Arot double
mutant exhibits WT virulence characteristics in mice. Survival of mice was monitored after
intravenous injection with ~1X10” CFU of S. aureus WT, Aagr, or Aagr Arot double
mutants. Total number of mice per group were N=6. Statistical significance between curves
was determined using the Log-rank (Mantel-Cox) test. ***, p <0.0005. In Figure 1B, the
production of leukotoxins is restored in an Aagr Arot double mutant. Shown are
immunoblots of protein samples from TCA precipitated bacterial culture supernatants (grown
for 5 hours in RPMIHCAS) of the following strains: WT, Aagr, and Aagr Arot. Negative
control lanes contain TCA precipitated supernatant from respective leukotoxin deletion
mutants (AlukE/D, AlukA/B, Ahla, AhlgC). AlukE/D Ahlg4CB double mutant exoproteins
were also probed in all the LukE immunoblots as a control for LukE antibody cross-
reactivity.

[0021] Figures 2A-2C illustrate that deletion of ror alone results in hypervirulence in
animals, a phenotype caused by derepression and resultant overproduction of LukE/D. The
survival curve of Figure 2A shows the hypervirulence of a Arot mutant compared to the
parent WT strain. Survival of mice was monitored after intravenous injection with ~1X107
CFU of S. aureus WT and Arort strains. Total number of mice per group: WT, N=17; Arot,
N=12. The production of LukE/D is increased in the absence of the transcriptional repressor

Rot, while the production of other leukotoxins is largely unaffected. Shown in the
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immunoblots of Figure 2B are protein samples from TCA precipitated bacterial culture
supernatants (grown for 5 hours in RPMI+CAS) of the following strains: WT, and Arot.
Negative control lanes contain TCA precipitated supernatant from respective toxin-rot double
mutants (Arot AlukE/D, Arot AlukA/B, Arot Ahla, and Arot AhlgACRB). Arot AlukE/D
AhlgACB triple mutant exoproteins were also probed in all the LukE immunoblots as a
control for LukE antibody cross-reactivity. As indicated by the survival curve of Figure 2C,
the hypervirulence of a Arof mutant is due to increased production of LukE/D. Survival of
mice was monitored after intravenous injection with ~1X10” CFU of S. aureus WT, Arot,
and Arot AlukE/D. Statistical significance between survival curves was determined using the
Log-rank (Mantel-Cox) test. **, p < 0.005; ***, p <0.0005.

[0022] Figures 3A—3B show that Rot binds to the /ukE/D promoter and represses
gene expression. As shown in Figure 3A, optimal lukE/D gene expression is dependent on
derepression of Rot. Transcriptional fusions of the /ukE/D promoter region to GFP were
used to measure activation of the promoter in broth culture in the following strain
backgrounds (WT, Aagr, Arot, and Aagr Arot). GFP fluorescence was measured over time
and values expressed as relative fluorescent units (RFU) after normalization to bacterial
Optical Density at 600nm. Values shown are results of three experiments performed in
triplicate. In Figure 3B, Rot binds to the /ukE/D promoter. Figure 3B is an immunoblot of a
promoter pull-down of either biotinylated intragenic DNA (non-specific) or lukE/D promoter
DNA bound to M280 streptavidin magnetic beads and incubated with S. aureus whole cell
lysates. Rot was detected via immunoblot using an anti-Rot antibody.

[0023] Figures 4A—4F illustrate that a AlukE/D single mutant is significantly
attenuated for virulence in a mouse model of systemic infection. Figures 4A and 4B show
verification of the /lukE/D deletion in S. aureus Newman. In Figure 4A, PCR of S. aureus
genomic DNA with [ukE specific primers is shown. Shown in Figure 4B are immunoblots of
protein samples from TCA precipitated bacterial culture supernatants (grown for 5 hours in
RPMIHCAS) of the following strains: WT, AlukE/D, AlukE/D::plukE/D, AhlgACB, and
AhlgACB. AlukE/D mutant exoproteins were also probed as a control for LukE antibody

cross-reactivity. Figures 4C—4F show that AlukE/D mutant is severely compromised for
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virulence in mice. In Figures 4C and 4D, the survival of mice was monitored after
intravenous injection with ~1X10” CFU (Figure 4C) or ~1X10* CFU (Figure 4D) of S.
aureus WT, AlukE/D, and AlukE/D::plukE/D strains. Total number of mice per group were
N=6. Statistical significance between survival curves was determined using the Log-rank
(Mantel-Cox) test. **, p < 0.005; *** p <0.0005. Figures 4E and 4F depict enumeration of
bacterial CFU (Figure 4E) and gross pathology (Figure 4F) from kidneys 96 hours post-
infection with ~1X107 CFU of the same strains described for Figures 4C and 4D. Arrows
designate locations of kidney abscesses. Statistical significance was determined using 1-Way
ANOVA with Tukey’s multiple comparisons posttest. **, p <0.005; *** p <0.0005.

[0024] Figurcs 5A—5E show that LukE/D is toxic to and forms pores in human
immunc cells. Figure SA is a cell viability curve showing that purified recombinant LukE/D
is toxic to the human monocyte-like cell line THP-1. The THP-1 cell line was intoxicated
with recombinant LukE, LukD, or a mixture of LukE+LukD (LukE/D). Cell viability was
monitored 1 hour post-intoxication using CellTiter, where cells treated with medium were set
at 100% viable. Results represent the average of triplicate samples + S.D. Purified
recombinant LukE/D is not toxic to the human HL60 cell line, as shown in the cell viability
curve of Figure 5B. The HL60 cell line was intoxicated as above and cell viability was
monitored 1 hour post-intoxication using CellTiter, where cells treated with medium were set
at 100% viable. In contrast, the cell viability curves of Figure 5C show purified recombinant
LukE/D is toxic to both primary human (left graph) and primary murine (right graph)
neutrophils (also known as polymorphonuclear neutrophils or PMNs). The PMNs were
intoxicated as above and cell viability was monitored 1 hour post-intoxication using
CellTiter, where cells treated with medium were set at 100% viable. LukE/D mediates
cytotoxicity toward host cells THP-1 cells by forming pores in the cell membrane as shown
in Figurc 5D. THP-1 and HL60 cells were incubated with purified LukE/D, and pore
formation was measured with an ethidium bromide incorporation assay. Mean fluorescence
of triplicate experiments are shown for both THP-1 and HL60. Figure SE shows a
fluorescence microscopy image of ethidium bromide uptake of LukE/D treated (30 ng/ml)
and control (no toxin) THP-1 cells.
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[0025] Figures 6A—6B illustrate that LukE/D cytotoxicity is neutralized with an
affinity purified o-LukE polyclonal antibody. THP-1 cells were intoxicated with 1.5 pg of
rccombinant LukE/D following incubation with 0.1 ug a-LukE polyclonal antibody or pre-
immune serum. Cell viability (Figure 6A) and pore formation (Figure 6B) were monitored
using CellTiter and Ethidium bromide respectively. For CellTiter assays, cells treated with
medium were set at 100% viability. Results represent the average of duplicate samples +

standard deviation (S.D.).

DETAILED DESCRIPTION OF THE INVENTION

[0026] A first aspect of the present invention relates to a composition comprising a
therapeutically effective amount of an isolated LukE protein or polypeptide thereof, an
isolated LukD protein or polypeptide thereof, or a combination thereof, and a
pharmaceutically acceptable carrier.

[0027] In one embodiment of the invention, the composition comprises an isolated
LukE protein or polypeptide. In another embodiment of the invention, the composition
comprises an isolated LukD protein or polypeptide. In yet another embodiment of the
invention the composition comprises both LukE and LukD proteins or polypeptides.

[0028] In accordance with this aspect of the invention, suitable isolated LukE
proteins include those derived from any strain of S. aureus. The amino acid sequence of
LukE proteins from various strains of S. aureus that are suitable for the composition of the
present invention are shown in the Table 1 below (i.e., SEQ ID Nos:1-10). SEQ ID NO:11
of Table 1 is a LukE consensus sequence demonstrating the high level of sequence identity
across LukE proteins of various S. aureus strains. Accordingly, in one embodiment of the
present invention, the isolated LukE protein comprises an amino acid sequence of SEQ ID
NO:11. In another embodiment of the present invention, the isolated LukE protein comprises
an amino acid sequence having about 70-80% sequence similarity to SEQ ID NO:11, more
preferably, about 80-90% sequence similarity to SEQ ID NO:11, and more preferably 90—
95% sequence similarity to SEQ ID NO:11, and most preferably about 95-99% sequence
similarity to SEQ ID NO:11.
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[0029] In another embodiment of the present invention, the composition comprises an
isolated immunogenic polypeptide of LukE. Suitable LukE polypeptides are about 50 to
about 100 amino acids in length. More preferably LukE polypeptides are between about
100-200 amino acids in length, more preferably between about 200-250 amino acids in
length, and most preferably between 250-300 amino acids in length. The N-terminal amino
acid residues of the full-length LukE represent the native secretion/signal sequence. Thus,
the “mature” secreted form of LukE is represented by amino acid residues 29-311 in each of
SEQ ID NOs:1-10 and SEQ ID NO:11. Correspondingly, amino acid residues 1-311 in each
of SEQ ID NOs:1-10 and SEQ ID NO:11 are referred to as the “immature” form of LukE.
Accordingly, in onc cmbodiment of the present invention, the LukE polypeptide compriscs
amino acid residues 29-311 of SEQ ID NO:11. Alternatively, the LukE polypeptide of the
present invention comprises amino acid residues 48-291, amino acids 29-301, or amino acids
48-301 of SEQ ID NO:11. These LukE polypeptides lack LukE activity but maintain
antigenicity. In either case, suitable LukE polypeptides also include those polypeptides
comprising an amino acid sequence having about 70-80% sequence similarity, preferably
80-90% sequence similarity, more preferably 90-95% sequence similarity, and most
preferably 95-99% sequence similarity to amino acid residues 29-311 of SEQ ID NO:11,
amino acid residues 48-291 of SEQ ID NO:11, amino acid residues 29-301 of SEQ ID
NO:11, or amino acid residues 48-301 of SEQ ID NO:11.

[0030] In accordance with this aspect of the invention, suitable isolated LukD
proteins include those proteins derived from any strain of S. aureus. The amino acid
sequence of LukD proteins from various strains of S. aureus that are suitable for the
composition of the present invention are shown in the Table 2 below (i.e., SEQ ID Nos: 12—
21). SEQ ID NO:22 of Table 2 is a LukD consensus sequence demonstrating the high level
of scquence identity across LukD protcins of various S. aureus strains. Accordingly, in onc
embodiment of the present invention, the isolated LukD protein comprises an amino acid
sequence of SEQ ID NO:22. In another embodiment of the present invention, the isolated
LukD protein comprises an amino acid sequence having about 70-80% sequence similarity

to SEQ ID NO:22, preferably, about 80—90% sequence similarity to SEQ ID NO:22, and
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more preferably 90-95% sequence similarity to SEQ ID NO:22, and most preferably about
95-99% sequence similarity to SEQ ID NO:22.

[0031]

In another embodiment of the present invention, the composition comprises an

isolated immunogenic polypeptide of LukD. Suitable LukD polypeptides are about 50 to

about 100 amino acids in length. More preferably LukD polypeptides are between about

100-200 amino acids in length, more preferably between about 200-250 amino acids in

length, and most preferably between 250-300 amino acids in length. The N-terminal amino

acid residues of the full-length LukD represent the native secretion/signal sequence. Thus,

the mature secreted form of LukD is represented by amino acid residues 27-327 in each of
SEQ ID NOs:12-21 and SEQ ID NO:22. Correspondingly, amino acid residucs 1-327 of
SEQ ID NOs:12-21 and SEQ ID NO:22 are referred to as the “immature” form of LukD.

Accordingly, in one embodiment of the present invention, the LukE polypeptide comprises

amino acid residues 27-327 of SEQ ID NO:22. Alternatively, the LukE polypeptide of the

present invention comprises amino acid residues 46-307, 27-312, and 46-312 of SEQ 1D

NO:22. These LukD polypeptide lack LukD activity but maintain antigenicity. In either

case, suitable polypeptides also include those polypeptide comprising an amino acid
sequence having about 70-80% sequence similarity, preferably 80-90% sequence similarity,
more preferably 90-95% sequence similarity, and most preferably 95-99% sequence

similarity to amino acid residues 27-327 of SEQ ID NO:22, amino acid residues 46-307 of

SEQ ID NO:22, amino acid residues 27-312 of SEQ ID NO:22, or amino acid residues 46-
312 of SEQ ID NO:22.

Table 1 — S. Aureus LukE Sequence Alignment

5. Aureus Strain

—>
Newman MFKXEMLAATLSVGLIAPLASPIQESRANTNIENIGDGAEVIXKRTEDVSS 50 SEQ ID NO:1
MW2 MFKXEMLAATLSVGLIAPLASPIQESRANTNIENIGDGAEVIKRTEDVSS 50 SEQ ID NO:2
USA 300 FPR3757 MFKKKMLAATLSVGLIAPLASPIQESRANTNIENIGDGAEVIKRTEDVSS 50 SEQ ID NO:Z2
COoL MFKKKMLAATLSVGELIAPLASPIQESRANTNIENIGDGAEVIKRTEDVSSE 50 SEQ ID NO:4
USA 300 TCH1516 MFKXKKMLAATLSYVCLIAPLASPIQESRANTNIENIGDCAEVIKRTEDVSE 50 SEQ ID NO:5
N315 MFKXKMLAATLSVSLIAPLASPIQESRANTNIENIGDGAEVIKRTEDVSS 50 SEQ ID NO:€
L30 MFKXKMLAATLSVGLIAPLASPIQESRANTNIENIGDGAEVIKRTEDVSS 50 SEQ ID NO:7
Mubh0 MFKXEMLAATLSVELTAPTASPTOESRANTNIENIGDGAEVIKRTEDVSS 50 SEQ ID NO:8
TCH 70 MFKXKMLAATLSVGLIAPLASPIQESRANTNIENIGDGAEVIKRTEDVSS 50 SEQ ID NO: 8
MRSALZ1 MFKKEMLAATLSVGLIAPLASPIQESRANTNIENIGDGAEVIKRTEDVSS 50 SEQ ID NO:10

hxhkhkhkkhkhhkhkxhhkhkbxkhhkkhkhxhkhhkdbarkkhhkhdhhkhhkbxhkkhhkdhhkhkkdxkkk

LukE Consensus Sequence MERKKKMLAATLSYGLIAPLASPIOESRANTNIENIGDGAEVIKRTEDYVSSE 50 SEQ ID NO:11
Newman KEKWGVTQONVCEDFVKDKRYNKDALIVKMOGFINSRTSFSDVKGSGYELTK 100
MW2 KEWGVTONVGFDFVKDKRKYNKDALIVRMOGFINSRTSFSDVKGSGYRELTK 100
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USA 300 TCH1516
N315
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KKWGVTONVCFDFVKDKKYNKDALIVEMOGFINSRTSFSDVKGSCYELTK
KEKWGVTQONVQOFDEVKDKKYNEDALIVEMOCFINSRTSFSDVKGSCGYELTK
KEWGVTQNVCFDFVKDKKYNKDALIVEMOGFINSRTSFSDVKGSGYELTK
KKWGVTONVGFDFVKDKKYNKDALIVEKMOGEINSRTSFSDVKGSGYELTK
KKWEGVTQNVCEDEVKDKKYNKDALTIVEMOCE INSRTSESOVKGSGYELTK
KEKWGVTONVOFDEFVKDKKYNKDALIVEMOGFINSETSFSDVKGSGYELTK
KEWGVTQNVGFDEVKDKKYNKDALIVEMOGFINSRETS SDVKGSGYELTK
KKWGVTONVQFDFVKDKKYNKDALIVRKMOGEFINSRTSFSDVKGSGYELTK

KKK KKK R KKK KA R R KR AR R KRR A R KRR KA AR KKK AKRKR KA RKRKRARKKRKRAERKRAK

KEWGVTQNVCFDFVKDKKYNKDALIVEMOGFINSRTSFSDVKCGSGYELTK

1

I

EMINPFQYNIGLTTKDPNVSL INYLPRNKIETDVGQTLEYNTGCENFQSA
RMIWEFQYNIGLTTKDPNVSLINYLPEKNKIETTDVGQTLGYNIGGNFQSA
RMIWFFQYNIGLTTKDPNVSLINYLPENKIETTDVGQTLCGYNIGGNFQSA
RMIWEFQYNIGLTTKDPNVELINYLPKNKIETTDVGQTLGYNIGGNFQSA
EMIWPFQYNIGLTTKDPNVELINYLPRNKIETTDVGOTLGYNIGCNFQSA
EMIWPFQYNIGLTTKDPNVSLINYLPKNKIETTDVGQTLGYNIGGNFQSA
RMIWPFQYNIGLTTKDPNVELINYLPENKIETTDVGQTLCYNIGGNFQSA
RMIWPIQYNIGLTTKDPNVSLINYLPRNKIETTDVGQTLGYNIGCNTI'QSA
RMIWPFOQYNIGLTTKDPNVELINYLPRNKIETTDVGOTLGYNIGCNFQSA
EMINPFQYNIGLTTKDPNVSL INYLPRNKIETDVGQTLEYNTGCENFQSA
B e R R R

RMIWPFQYNIGLTTKDPNVSLINYLPKNKIETTDVGOTLGYNIGGNI'QSA

PSLGGNGSFNYSKT1SYTOKSYVSEVDKONSKSVRWGVKANE FVITPDGKK
PSIGGNGSFNYSKTISYTOKSYVSEVDKONSKSVEKWGVKANEEFVTIPDGKK
POSIGENGSFNYSKTISYTORSYVEEVDKONSKSVEWGVKANE EVIPDGKK
PSIGCENGSFNYSKTISYTORSYVSEVDKONSKSVKWGVKANEFVTIPDGKK
PSIGENGSFNYSKTISY TRKSYVSEVDRKONSKSVEKWGVKANE ZVTPDGKK
PSIGENGSFNYSKTISYTOKSYVSEVDKONSKSVEKWGVKANEFVTIPDGKK
PSIGCENGSFNYSKTISYTOKSYVSEVDKONSKSVEWGVKANE ZVTPDGKK
PSIGCNGSFNYSKTISYTORSYVSEVDRKONSKSVRKWGVKANEEVTIPDGKK
PSIGGNGSFNYSKTISYTOKSYVSEVDKONSKSVKWGVKANEZVIPDGKK
PSLGGNGSFNYSKT1SYTOKSYVSEVDKONSKSVRWGVKANE FVITPDGKK
KRR Kk kK KRRk R A KKk Kk hk kA kA Ak hhkhkkkkhkhhxhhkhkkkhkhkx kkk

PSIGGNGIFNYSKTISYTQRSYVSEVDRKONSKSVEKWGVKANEFVTPDGKK

SAHDRYLFVQOSPNGPTGSAREYFAPDNQLPPLVOSGFNPEFITTLEHEKG
SAHDRYLFVCSPNGPTGSAREY FAPDNQLPPLVOEGFNPSFITTLSHEKG
SAHDRYLFVCSPNGETGSAREYFAPDNQLPPLVOSGFNPSFITTLSHEKG
SAHDRYLEVCSPNGETGSAREYFAEDNQLPPLVOSGENPSFITTLSHEKG
SAHDRYLIEVCSPNGETGSAREYFAPDNQLPPLVOSGFNPSFITTLSHEKG
SAHDRYLFVCSPNGETGSAREY FAPDNQLEPLVOSGFNPSFITTLSHEKG
SAHDRYL:VCSPNGPTGSAREY FAPDNQLPPLVOSGINPESFITTLSHEKG
SAHDRY CSPNGETGSAREYFAPDNQLPPLVOSGFNPSFITTLSHEKG
SAHDRYLFVCSPNGETGSAREY FAPDNQLPPLYVOQSGEFNPSE I TTLSHEKG
SAHDRYLFVCSPNGPTGSAREYFAPDNQLPPLVOSGFNPSFITTLSHEKG

hhkhkhkhkkkhhkhkrkrhhkhhkhhkhkrrhhkhkhdohkhhkbrhkhkhkhkrhkkhkhkbrhkhkhkdxkkkx

SAHDRYLFVQSPNGPTGSAREYFAPDNQLPPLVOSGFNPSFITTLSHEKG

SEDTEEFEISYGRNLDITYATLFPRTGIYAERKHNAFVNENFVVRYEVNW
SSDTEEFEISYGRNLDITYATLFPRTGIYAERKIINAFVNRNEVVRYEVNW
SSDTSEFEISYGRNLDITYATLFPRTGIYAERKHNAFVNRNFVVRYEVNW
SSDTSEFEISYGRNLD I TYATLFPRTIGLYARRKHNAFVNRNFVVEYE VNN
SSDTSEFEISYGRNLDITYATLFPRTGIYAERKHNAFVNRNFVVRYEVNW
SSDTSEFEISYGRNLDITYATLFPRTGIYAERKHNAFVNRNFVVRYEVNW
SSDTSEFEISYGRNLDITYATLFPRTGIYAERKHNAFVNRNEFVVRYEVNW
SSDISEFEISYGRNLDITYATLFPRTGIYAERKHNAFVNRNFVVRYEVNW
SSDISEFELSYGRNLDITYATLFPRIGLIYARRKHANAFVNRNEFVVRYEVN®N
SEDTSEFEISYGRNLDITYATLFPRTGIYAERKHNAFVNENFVVEYEVNW

hrhkhkhkkxhhk kb rhhkhhrhhkhkrrhhhkhkohkhhkkrhkhkhkhkrwhkhkhkkhkwhkhkhdxkkk

SEDTSEFETISYGRNLDITYATT FPRTGTYAERKHNAFVNRNFVVRYEVNW

150
150

50
50
150
150
150
150
150

(R

200
200
200
200
200
200
200
200
200
200

250
250
250
250
250
250
250
250
250
250

300
300
300
300
300
300
300
300
300
300
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311
311
311
311
311
311
311
311
311
311

{THEIKVKGHN
KTHEIKVKGHN
KTHEIKVKGHN
KTHEIKVKGHN
KTHETKVKGHN
KTHEIKVKGHN
KTHEIKVKGHN
KTHEIKVKGHN
KTHE TRVKGHN
KTHEIKVKGHN
kR KKKk KKK KK

KTHEIKVXGEN

scart of the secreted LukE protein

Table 2 — LukD Amino Acid Sequence Alignment

Newman

MW2

USA_ 300 FPR3757
COL
USA_300_TCH1516
MRSATR1

TCH 70

D30

N315

Mu50

LukD Consensus Sequence

Newman

MW2

USA 300 FPR3757
COL

USA 300
MRSALZ1
TCH 70
C320

N315
Mub0

TCH1516

LukD Consensus Sequence

Newman

MW2

USA 300 FPR3757
COL
USA 300
MRSA131
TCH 70

TCH1516

LukD Consensus Sequence

Newman

MW2

USA 300 FPR3757
COL

USA 300
MRSALZ1
TCH 70

TCH1516

—>

MEMKKLVKSSVASSTALLLLSNTVLAAQHT TPVSERKRVDUKT TLYKTTAT
MKMKKLVKSSVASSIALLLLSNTVDAAQHITPVSEKKVDDKITLYKTTAT
MEMEKLVKSSVASSIALLLLSNTVEAAQHI TPVSEKKVDDKITLYKTTAT
MEMKKLVKSSVASSIALLLLSNTVDAAQHITPVEEKKVDDEITLYKTTAT
MKMKKLVKSSVASSIALLLLSNTVDAAQHITPVSEKKVDDKITLYKTTAT
MKMKKLVKSSVASS TALLLLSNTVRAAQHI T PVSEKRVDIKT TLYKTTAT
MKMKKLVKSSVASSIALLLLSNTVEAAQHITPVSEKKVDDKITLYKTTAT
MEMKKLVKSSVASSIALLLLSNTVDAAQHTI TPVSEKKVDDKITLYKTTAT
MRKMKKLVK3SVASSIALLLLSNTVDAAQHITPVSEKKVDDKITLYKTTAT
MEMKKLVKSSVASSIALLLLSNTVEAAQHITPVSEKKVDDKITLYKTTAT
B R R R R R

MEMEKLVKSSVASSIALLLLSNTVDAACHITPVEEKXVDDKITLYKTTATY

SDNDKLNISCILTEFNFIKDKSYDKDTLVLKAAGNINSGYKKPNPKDYNYS
SDNDKLNISCILTEFNFIKDKSYDKDTLVLEKAAGNINSGCYKEPNPKDYNYS
SDNDKLNISCILTENFIKDKSYDKDTLVLEKAAGNINSGYKKPNPKDYNYS
SDNDKLNISCILTENFIKDKSYDKDTLVLKAAGNINSGYKKPNPKDYNYS
SDNDKLNISQILTEFNFIKDKSYDKLDTLVLKAAGNINSGYRKPNPKDYNY S
SDNDKLNISCILTENFIKDKSYDKDTLVLKAAGNINSGYKKPNPKDYNYS
SDNDKLNISCILTEFNFZKDKSYDKDTLVLKAAGNINSGYKKPNPKDYNYS
SDNDKLNISCILTENFIKDKSYDKDTLVLKAAGNINSGYKKPNPKDYNYS
SDNDKLNISCILTENFIKDKSYDKDTLVLKAAGNINSGYKKPNPKDYNYS
SDNDKLNISCILTENFIKDKSYDKDTLVLKAAGNINSGYKKPNPKDYNYS
B R R R

SONDKLNISQILTFNFIKDKSYDKDTLVLKAAGNINSGYKKPNPKDYNYS

OFYWGGKYNVSVSSESNDAVNVYDYAPKNCNEEFQVOOTLGYSYGGDINI
OFYWCCGKYNVEVSSESNDAVNVVDYAPKNONEEFCVOOTLGYSYCGDINT
QFYWCGKYNVSVSSESNDAVNVVDYAPKNONEEFCVOOTLGYSYGGDINI
OFYACGKYNVSVSSESNDAVNVYVDYAPKNONEEFQVOOTLGY SYGGDINT
QFYWCGKYNVSVSSESNDAVNVVDYAPKNCUNEEFQVOQQOTLGYSYGGDINT
OFYWCGKYNVSVSSESNDAVNVVDYAPKNONEEFQVOOTLGYSYGGDINI
QFYWCGKYNVSVESESNDAVNVVDYAPKNCNEEFQVOOTLGY SYGGDINT
OFYWCGKYNVSVSSESNDAVNVVDYAPKNONEEFQVOOTLGYSYGGDINI
OF(WGGRYNVSVSSESNDAVNVVDYAPKNONEEFCVOOTLGYSYCGDINT
OFYWGGKYNVSVSSESNDAVNVYDYAPKNCNEEFQVOOTLGYSYGGDINI
hhkkkkkhhkhkh vk khkkhhkhkxkkkhkhhhhxhhkhkhhkhhnkkkkxkkk

QFYWGGKYNVSVSSESNEAVNVVDYAPKNONEEFQVOCTLGYSYGGDINT

SNCLEGCGLNCSKEFSETINYKQESYRTTIDRKTNEKS ICWCVEAEK TMNN
SNGLEGGLNGSKSFEETINYKQESYRTTIDRKTNEKS IGRGYEAHKIMNN
SNGLSGGLNGSKSFEETINYKQESYRTTIDRKTNEKS IGWGVEARK IMNN
SNGLEGGLNCSKSFSETINYKQESYRTTIDRKTNEK S IGWGVEAEKIMNN
SNGLSGGLNGSKSFSETINYKQESYRTTIDRKTNEKS IGRKGVEAHEK TMNN
SNGLEGGLNGSKSIEETINYKQESYRTTIDREKTNEKS IGKGVEAEK TMNN
SNGLEGGLNGSKSFSETINYKQESYRTTIDRKTNEKS IGWGVEAEK IMNN

50 SEQ ID

200
200
200
200
200
200
200

SFQ
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ
SEQ

D
1o
1D
1D
inS]
1n
1D
1D
1D
1D

NO:
NO:
NO:
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L30 SNGLSGGLNGSKSFSETINYKQESYRTTIDRKTNEKSIGWGVEAEKIMNN 200
N31 SNGLSGGLNGSKSFSETINYKQESYRTTIDRETNEKS IGWGVEARKIMNN 200
MuS0 SNGLSEGGLNGSKSFSETINYKQESYRTTIDRKTNEKS IGWGVEAEKIMNN 200

KARRKARKKRKARKRARKARRKARARKRKRAAKRRKAFARKAKRAKARNRKARAKRARKNKAR

LukD Consensus Sequence SNGLSGGLNGSKSFSETINYKQESYRTTIDRXTNHKS IGWGVEAHK TMNN

Newman GWGPYGRDSYDPTYGNELFLGGROSSSNAGONFLPTHOMPLLARGNEFNPE 250
MW2 GWGPYGRDSYDPTYGNELFLGGROSSSNAGQNFLETHOMPLLARGNFNPE 250
USA 300 FPR3757 GWGPYGRDSYDPTYCNELFLGGROSSSNACONFLPTHOMPLLARGNFNPE 250
COL CWGPYGRDSYDPTYGNELFLGCROSSSNAGONTLPTHOQMPLLARGNFNPE 250
USA 300 TCH1S516 GWGPYGRDSYDPTYGNELFLGGROSSSNAGONFLPTHOMPLLARGNEFNPE 250
MRSALZ1 GWGPYGRDSYDPTYGNELFLGGROSSSNAGONTLPTHOMPLLARGNFNPE 250
TCH 70 GWGPYGRDSYDPTYGNEL FLGGROSSSNAGONELPTHOMPLLARGNENPE 250
C30 GWGPYGRDSYDPTYGNELFLGGROSSSNAGONZLPTHOMPLLARGNFNPE 250
N315 GWGPYGRDSYDPTYGNELILGGROSSSNAGONFLE THOMPLLARGNEFNDPE 250
Mu50 GWGPYGRDSYDPTYGNELFLGGROSSSNAGONFLPTHOMPLLARGNEFNPE 250

ARKRKARERRRAKRRARKAAERAKKARRRRNARKRRKFARRAARKAKFRRKRKARKNAK

LukD Consensus Sequence CWGPYGRDSYDPTYGNELFLCCRQSSSNAGONFLPTACMPLLARCNENPE

NewInarn FISVLSHKONDTKKSKIKVTYQREMDRY TNQWNRLHWVGNNYKNQNTVTIE 300
MW2 FISVLSHKONDTKXSKIKVTYQREMDRY TNOQWNRILHWVENNYKNONTVTE 300
USA 300 ¥PR3757 FISVLSHKONDTKKSKIKVTYQREMDRY TNQWNRLHWVSNNYKNQNTVTE 300
COL FISVLSHKONDTKXSKIKVTYQREMDRY TNQWNRLHWVENNYKNQNTVTE 300
USA 300 TCH1516 FISVLSHKONDTKKSKIKVTYQREMDRY TNQWNRLHWVGNNYKNQNTVTE 300
MRSA131 FISVLSHKONDTKXKSKIKVTYQREMDRY TNQWNRLHWVSNNYKNQNTVTE 300
TCH 70 FLSVLSHRONDTKXSKIKVITYQREMDRY TNQWNRLHWVGNNY KNONTVTE 300
D30 FISVLSHKONDTKKSKIKVTYQREMDRY TNQWNRLHWVENNYKNQNTVIE 300
N315 FPISVLSHKONDTKKSKIKVIYQREMDRY TNQWNRLHWIGNNYKNQNTVTE 300
Mu50 FISVLSHKONDTRKKSKIKVTYQREMDRY TNOWNRLHWIGNNYKNQNTVTE 300

KRR KKK R KK R AR KK KA R KK R AR KR KK AKRKR KA AKRKR KA R s KKK RKKKKKKKK

LukD Consensus Sequence FISVLSHKQNDTKESKIRVTYOREMDRY TNOQWNRLHAXGNNYKNOQNTVTE

Newinar TSTYEVDWONHTVKLIGTDEKETNEGV 327
MW2 TSTYEVDWONHIVXLIGIDSKETNEGY 327
USA 300 ¥PR3757 TSTYEVDWONHTVKLIGTDSKETNEGV 327
coL B TSTYEVDWONHTVKLIGTDSKETNEGV 327
USA 300 TCH1516 TSTYEVDWONHTVXLIGTDSKETNEGV 327
MRSA131 TSTYEVDWONHTVKLIGTDSKETNEGV 327
TCH 70 TSTYEVDWONHTVXLIGTDSKETNEGV 327
C30 TSTYEVDWONHTVKLIGTDSKETNEGV 327
N315 TSTYEVDWONHTVXLIGTDSKETNEGY 327
Mu50 TSTYEVDWONHTVKLIGTDEKETNEGV 327

KARKKKKKRKKAR IR KRR ARKAKARAKRKRAKRA K

LukD Consensus Sequence TSTYEVDWQNHTVELIGTDSKSTNPGV

—> Cepicts the start of the secreted LukD protein

[0032] Thus, unless indicated to the contrary, both the immature and the mature
forms of native LukE and LukD, and the sequences having less than 100% similarity with
native LukE and LukD (i.c., native sequences and analogs alike, collectively referred to
herein as “LukE” and “LukD”’) may be used in the methods of the present invention.

[0033] LukE and LukD protcins and polypeptides of the invention may differ from
the native polypeptides designated as SEQ ID NOS:1-11 and 12-22 respectively, in terms of
one or more additional amino acid insertions, substitutions or deletions, e.g., one or more

amino acid residues within SEQ ID NOS:1-22 may be substituted by another amino acid of a
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similar polarity, which acts as a functional equivalent, resulting in a silent alteration. That is
to say, the change relative to the native sequence would not appreciably diminish the basic
properties of native LukE or LukD. Any such analog of LukE or LukD may be screened in
accordance with the protocols disclosed herein (e.g., the cell toxicity assay and the membrane
damage assay) to determine if it maintains native LukE or LukD activity. Substitutions
within these leukocidins may be selected from other members of the class to which the amino
acid belongs. For example, nonpolar (hydrophobic) amino acids include alanine, leucine,
isoleucine, valing, proline, phenylalanine, tryptophan and methionine. Polar neutral amino
acids include glycine, serine, threonine, cysteine, tyrosine, asparagine, and glutamine.
Positively charged (basic) amino acids include arginine, lysine and histidine. Negatively
charged (acidic) amino acids include aspartic acid and glutamic acid.

[0034] In other embodiments, non-conservative alterations (e.g., one or amino acid
substitutions, deletions and/or additions) can be made for purposes of detoxifying LukE
and/or LukD. The detoxified LukE and LukD may be used in the active vaccine
compositions. Molecular alterations can be accomplished by methods well known in the art,
including primer extension on a plasmid template using single stranded templates (Kunkel et
al., Proc. Acad. Sci., USA 82:488-492 (1985), which is hereby incorporated by reference in
its entirety), double stranded DNA templates (Papworth, ef al., Strategies 9(3):3-4 (1996),
which is hereby incorporated by reference in its entirety), and by PCR cloning (Braman, J.
(ed.), IN VITRO MUTAGENESIS PROTOCOLS, 2nd ed. Humana Press, Totowa, N.J.
(2002), which is hereby incorporated by reference in its entirety). Methods of determining
whether a given molecular alteration in LukE and LukD reduces LukE/D cytotoxicity are
described herein.

[0035] In a preferred embodiment of the present invention, a highly purified
LukE/LukD preparation is utilized. Examples include LukE and LukD proteins or
polypeptides purified from the various strains exemplified in Tables 1 and 2. Methods of
purifying LukE and LukD toxins are known in the art (Gravet et al., “Characterization of a
Novel Structural Member, LukE-LukD, of the Bi-Component Staphylococcal Leucotoxins
Family,” FEBS 436: 202-208 (1998), which is hereby incorporated by reference in its

entirety). As used herein, “isolated” protein or polypeptide refers to a protein or polypeptide
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that has been separated from other proteins, lipids, and nucleic acids with which it is
naturally associated with. Purity can be measured by any appropriate standard method, for
example, by column chromatography, polyacrylamide gel electrophoresis, of HPLC analysis.
An isolated protein or polypeptide of the invention can be purified from a natural source,
produced by recombinant DNA techniques, or by chemical methods.

[0036] In one embodiment of this aspect of the present invention, the isolated LukE
or LukD protein or polypeptide thereof of the composition is linked to an immunogenic
carrier molecule. In some cases, the immunogenic carrier molecule may be covalently or
non-covalently bound to the immunogenic protein or peptide. Exemplary immunogenic
carricr molecules include, but are not limited to, bovine serum albumin, chicken egg
ovalbumin, keyhole limpct hemocyanin, tetanus toxoid, diphtheria toxoid, thyro globulin, a
pneumococcal capsular polysaccharide, CRM 197, and a meningococcal outer membrane
protein.

[0037] In certain embodiments of the present invention, the composition may further
contain one or more additional S. aureus antigens. Suitable S. aureus antigens include,
without limitation, alpha hemolysin antigen, protein A, a serotype 336 polysaccharide
antigen, coagulase, clumping factor A, clumping factor B, a fibronectin binding protein, a
fibrinogen binding protein, a collagen binding protein, an elastin binding protein, a MHC
analogous protein, a polysaccharide intracellular adhesion, beta hemolysin, delta hemolysin,
gamma hemolysin, Panton-Valentine leukocidin, leukocidin A, leukocidin B, leukocidin M,
exfoliative toxin A, exfoliative toxin B, V8 protease, hyaluronate lyase, lipase,
staphylokinase, an enterotoxin, toxic shock syndrome toxin-1, poly-N-succinyl beta-1—6
glucosamine, catalase, beta-lactamase, teichoic acid, peptidoglycan, a penicillin binding
protein, chemotaxis inhibiting protein, complement inhibitor, Sbi, Type 5 antigen, Type 8
antigen, lipotcichoic acid, and microbial surfacc proteins that recognize host proteins (c.g.,
iron surface determinents, serine-aspartate repeat proteins).

[0038] In accordance with this aspect of the invention, the composition may further
comprise one or more adjuvants. Suitable adjuvants are known in the art and include,

without limitation, flagellin, Freund’s complete or incomplete adjuvant, aluminum
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hydroxide, lysolecithin, pluronic polyols, polyanions, peptides, oil emulsion, dinitrophenol,
iscomatrix, and liposome polycation DNA particles.

[0039] In embodiments wherein the therapeutic composition is intended for use as an
active vaccine, the LukE and/or LukD proteins or polypeptides may be altered so as to
exhibit reduced toxicity. Alterations for purposes of reducing toxicity of LukE and LukD
include chemical treatment (e.g., modification of specific amino acid residues as described
supra) or conjugation to another moiety (e.g., to another bacterial antigen, such as a bacterial
polysaccharide or a bacterial glycoprotein). Chemical alterations to other S. aureus toxins
for purposcs of dctoxification (or reducing toxicity) arc known. Methods of determining
whether a given alteration reduces LukE or LukD toxicity are known in the art and/or
described herein.

[0040] The therapeutic compositions of the present invention are prepared by
formulating LukE and LukD with a pharmaceutically acceptable carrier and optionally a
pharmaceutically acceptable excipient. As used herein, the terms "pharmaceutically
acceptable carrier” and “pharmaceutically acceptable excipient” (e.g., additives such as
diluents, immunostimulants, adjuvants, antioxidants, preservatives and solubilizing agents)
are nontoxic to the cell or mammal being exposed thereto at the dosages and concentrations
employed. Examples of pharmaceutically acceptable carriers include water, e.g., buffered
with phosphate, citrate and another organic acid. Representative examples of
pharmaceutically acceptable excipients that may be useful in the present invention include
antioxidants such as ascorbic acid; low molecular weight (less than about 10 residues)
polypeptides; proteins, such as serum albumin, gelatin, or immunoglobulins; adjuvants
(selected so as to avoid adjuvant-induced toxicity, such as a B-glucan as described in U.S.
Patent 6,355,625, which is hereby incorporated by reference in its entirety, or a granulocyte
colony stimulating factor (GCSF)); 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®.
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[0041] Therapeutic compositions of the present invention may be prepared for
storage by mixing the active ingredient(s) having the desired degree of purity with the
pharmaceutically acceptable carrier and optional excipient and/or additional active agent, in
the form of lyophilized formulations or aqueous solutions.

[0042] Another aspect of the present invention relates to a method of immunizing
against a Staphvlococcus aureus infection in a subject. This method involves administering a
composition of the present invention, in an amount effective to immunize against S. aureus
infection in the subject. A suitable subject for treatment in accordance with this aspect of the
present invention is a subject at risk of developing a S. aureus infection.

[0043] In accordance with this aspect of the invention, a therapeutically effective
amount of the composition for administration to a subjcct to immunize against S. aureus
infection is the amount necessary to generate a humoral (i.e., antibody mediated) immune
response. Preferably, administration of a therapeutically effective amount of the composition
of the present invention induces a neutralizing immune response against S. aureus in the
subject. To effectuate an effective immune response in a subject, the composition may
further contain one or more additional S. aureus antigens or an adjuvant as described supra.
In an alternative embodiment of this aspect of the invention, the adjuvant is administered
separately from the composition to the subject, either before, after, or concurrent with
administration of the composition of the present invention.

[0044] Modes of administration and therapeutically effective dosing related to this
aspect of the invention are described infra.

[0045] Another aspect of the present invention relates to a composition comprising a
therapeutically effective amount of an antibody selected from the group consisting of a
Leukocidin E (LukE) antibody, a Leukocidin D (LukD) antibody, or a combination thereof,
and a pharmaceutically acceptable carrier.

[0046] In one embodiment of this aspect of the present invention, the composition
comprises a LukE antibody or antigen-binding fragment thereof. Suitable LukE antibodies
include those antibodies recognizing one or more epitopes in the amino acid sequence of
SEQ ID NO:11. Likewise, in another embodiment, the composition comprises a LukD

antibody or antigen-binding fragment thereof. Suitable LukD antibodies recognize one or
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more epitopes in the amino acid sequence of SEQ ID NO:22. In another embodiment of the
invention, the composition comprises both LukE and LukD antibodies or antigen binding
fragments thereof. Preferably, the composition comprises one or more neutralizing LukE
and/or LukD antibodies. In yet another embodiment, the anti-LukE and/or anti-LukD
antibody composition is multivalent in that it also contains an antibody that specifically binds
another bacterial antigen (and that optionally neutralizes the other bacterial antigen). For
example, the composition may comprise one or more antibodies that recognize one or more
additional S. aureus antigens, including, without limitation, one or more of the S. aureus
antigens described supra.

[0047] For purposcs of the present invention, the term “antibody’ includes
monoclonal antibodics, polyclonal antibodics, antibody fragments, genctically engincered
forms of the antibodies, and combinations thereof. More specifically, the term “antibody,”
which is used interchangeably with the term “immunoglobulin,” includes full length (i.e.,
naturally occurring or formed by normal immunoglobulin gene fragment recombinatorial
processes) immunoglobulin molecules (e.g., an IgG antibody) and immunologically active
fragments thereof (i.e., including the specific binding portion of the full-length
immunoglobulin molecule), which again may be naturally occurring or synthetic in nature.
Accordingly, the term “antibody fragment” includes a portion of an antibody such as F(ab'),,
F(ab),, Fab', Fab, Fv, scFv and the like. Regardless of structure, an antibody fragment binds
with the same antigen that is recognized by the full-length antibody, and, in the context of the
present invention, specifically binds LukE, LukD, or a LukE/D complex. Methods of
making and screening antibody fragments are well-known in the art.

[0048] In the present invention, the anti-LukE antibodies may have some degree of
cross-reactivity with other Staphylococcus leukocidin S-subunits such as HigC, LukS-PVL,
HIgA, LukS-1, LukA, and LukM. Likewise, in somc cmbodiments, the anti-LukD antibodics
of the present invention may have some degree of cross-reactivity with other Staphylococcus
leukocidin F-subunits such as LukF’-PV, LukF-PV, LukB, LukF-I, and HigB. Anti-LukE
and/or anti-LukD antibodies may inhibit or reduce LukE activity and LukD activity,
respectively. In some embodiments, the anti-LukE and/or anti-LukD antibodies neutralize

(e.g., substantially eliminate) LukE and LukD activity, respectively.



WO 2012/177658 PCT/US2012/043179

-20 -

[0049] Naturally occurring antibodies typically have two identical heavy chains and
two identical light chains, with each light chain covalently linked to a heavy chain by an
inter-chain disulfide bond and multiple disulfide bonds further link the two heavy chains to
one another. Individual chains can fold into domains having similar sizes (110-125 amino
acids) and structures, but different functions. The light chain can comprise one variable
domain (VL) and/or one constant domain (CL). The heavy chain can also comprise one
variable domain (VH) and/or, depending on the class or isotype of antibody, three or four
constant domains (CHI, CH 2, CH3 and CH4). In humans, the isotypes are IgA, IgD, IgE,
IgG, and IgM, with IgA and IgG further subdivided into subclasses or subtypes (IgA1-2 and
1gG1-4).

[0050] Generally, the variable domains show considerable amino acid scquence
variability from one antibody to the next, particularly at the location of the antigen-binding
site. Three regions, called hyper-variable or complementarity-determining regions (CDRs),
are found in each of VL. and VH, which are supported by less variable regions called
framework variable regions. The inventive antibodies include IgG monoclonal antibodies as
well as antibody fragments or engineered forms. These are, for example, Fv fragments, or
proteins wherein the CDRs and/or variable domains of the exemplified antibodies are
engineered as single-chain antigen-binding proteins.

[0051] The portion of an antibody consisting of the VL and VH domains is
designated as an Fv (Fragment variable) and constitutes the antigen-binding site. A single
chain Fv (scFv or SCA) is an antibody fragment containing a VL domain and a VH domain
on one polypeptide chain, wherein the N terminus of one domain and the C terminus of the
other domain are joined by a flexible linker. The peptide linkers used to produce the single
chain antibodies are typically flexible peptides, selected to assure that the proper
three-dimensional folding of the VL. and VH domains occurs. The linker is gencrally 10 to
50 amino acid residues, and in some cases is shorter, ¢.g., about 10 to 30 amino acid residues,
or 12 to 30 amino acid residues, or even 15 to 25 amino acid residues. An example of such
linker peptides includes repeats of four glycine residues followed by a serine residue.

[0052] Single chain antibodies lack some or all of the constant domains of the whole

antibodies from which they are derived. Therefore, they can overcome some of the problems



WO 2012/177658 PCT/US2012/043179

221 -

associated with the use of whole antibodies. For example, single-chain antibodies tend to be
free of certain undesired interactions between heavy-chain constant regions and other
biological molecules. Additionally, single-chain antibodies are considerably smaller than
whole antibodies and can have greater permeability than whole antibodies, allowing
single-chain antibodies to localize and bind to target antigen-binding sites more efficiently.
Furthermore, the relatively small size of single-chain antibodies makes them less likely to
provoke an unwanted immune response in a recipient than whole antibodies.

[0053] Fab (Fragment, antigen binding) refers to the fragments of the antibody
consisting of the VL, CL, VH, and CH1 domains. Those gencrated following papain
digestion simply are referred to as Fab and do not retain the heavy chain hinge region.
Following pepsin digestion, various Fabs retaining the heavy chain hinge are generated.
Those fragments with the interchain disulfide bonds intact are referred to as F(ab')2, while a
single Fab' results when the disulfide bonds are not retained. F(ab'), fragments have higher
avidity for antigen that the monovalent Fab fragments.

[0054] Fc (Fragment crystallization) is the designation for the portion or fragment of
an antibody that comprises paired heavy chain constant domains. In an IgG antibody, for
example, the Fc comprises CH2 and CH3 domains. The Fc of an IgA or an IgM antibody
further comprises a CH4 domain. The Fc is associated with Fc receptor binding, activation
of complement mediated cytotoxicity and antibody-dependent cellular-cytotoxicity (ADCC).
For antibodies such as IgA and IgM, which are complexes of multiple IgG-like proteins,
complex formation requires Fc constant domains.

[0055] Finally, the hinge region separates the Fab and Fc portions of the antibody,
providing for mobility of Fabs relative to each other and relative to Fc, as well as including
multiple disulfide bonds for covalent linkage of the two heavy chains.

[0056] Antibody "specificity” refers to sclective recognition of the antibody for a
particular epitope of an antigen. The term "epitope" includes any protein determinant
capable of specific binding to an immunoglobulin or T-cell receptor or otherwise interacting
with a molecule. Epitopic determinants generally consist of chemically active surface
groupings of molecules such as amino acids or carbohydrate or sugar side chains and

generally have specific three dimensional structural characteristics, as well as specific charge
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characteristics. An epitope may be "linear" or "conformational”. In a linear epitope, all of
the points of interaction between the protein and the interacting molecule (such as an
antibody) occur linearly along the primary amino acid sequence of the protein. In a
conformational epitope, the points of interaction occur across amino acid residues on the
protein that are separated from one another, i.¢., noncontiguous amino acids juxtaposed by
tertiary folding of a protein. Epitopes formed from contiguous amino acids are typically
retained on exposure to denaturing solvents, whereas epitopes formed by tertiary folding are
typically lost on treatment with denaturing solvents. An epitope typically includes at least 3,
and more usually, at lcast 5 or 8-10 amino acids in a unique spatial conformation. Antibodics
that recognize the same epitope can be verified in a simple immunoassay showing the ability
of one antibody to block the binding of another antibody to a target antigen.

[0057] Monoclonal antibodics of the present invention may be murine, human,
humanized or chimeric. A humanized antibody is a recombinant protein in which the CDRs
of an antibody from one species; ¢.g., a rodent, rabbit, dog, goat, horse, or chicken antibody
(or any other suitable animal antibody), are transferred into human heavy and light variable
domains. The constant domains of the antibody molecule are derived from those of a human
antibody. Methods for making humanized antibodies are well known in the art. Chimeric
antibodies preferably have constant regions derived substantially or exclusively from human
antibody constant regions and variable regions derived substantially or exclusively from the
sequence of the variable region from a mammal other than a human. The chimerization
process can be made more effective by also replacing the variable regions—other than the
hyper-variable regions or the complementarity—determining regions (CDRs), of a murine
(or other non-human mammalian) antibody with the corresponding human sequences. The
variable regions other than the CDRs are also known as the variable framework regions
(FRs). Yet other monoclonal antibodies of the present invention are bi-specific, in that they
have specificity for both LukE and LukD. Bispecific antibodies are preferably human or
humanized.

[0058] The above-described antibodies can be obtained in accordance with standard
techniques. For example, LukE, LukD, or an immunologically active fragment of LukE or

LukD can be administered to a subject (e.g., a mammal such as a human or mouse). The
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leukocidins can be used by themselves as immunogens or they can be attached to a carrier
protein or other objects, such as sepharose beads. After the mammal has produced
antibodies, a mixture of antibody producing cells, such as splenocytes, are isolated, from
which polyclonal antibodies may be obtained. Monoclonal antibodies may be produced by
isolating individual antibody-producing cells from the mixture and immortalizing them by,
for example, fusing them with tumor cells, such as myeloma cells. The resulting hybridomas
are preserved in culture and the monoclonal antibodies are harvested from the culture
medium.

[0059] Another aspect of the present invention is directed to a method of preventing a
S. aureus infection and/or S. aureus-associated conditions in a subject. This method
compriscs administering a composition of the invention comprising an antibody selected
from the group consisting of a Leukocidin E (LukE) antibody, a Leukocidin D (LukD)
antibody, or a combination thereof, in an amount effective to prevent S. aureus infection
and/or S. aureus associated condition in the subject.

[0060] In accordance with this aspect of the invention, S. aureus-associated
conditions include, without limitation, skin wounds and infections, tissue abscesses,
folliculitis, osteomyelitis, pneumonia, scalded skin syndrome, septicemia, septic arthritis,
myocarditis, endocarditis, and toxic shock syndrome.

[0061] Modes of administration and therapeutically effective dosing related to this
aspect of the invention are described infra.

[0062] A further aspect of the present invention is directed to a method of treating a
S. aureus infection and/or S. aurcus-associated conditions in a subject. This method involves
administering a composition comprising one or more inhibitors of LukE/D mediated
cytotoxicity in an amount effective to treat the S. aureus infection and/or the S. aureus
associated condition in the subject.

[0063] In accordance with this aspect of the invention, suitable inhibitors of LukE/D
mediated cytotoxicity include protein or peptide inhibitors, nucleic acid inhibitors, or small
molecule inhibitors.

[0064] In one embodiment of the invention, the inhibitor of LukE/D mediated

cytotoxicity is a LukE inhibitor. Suitable LukE inhibitors include antibodies or antibody
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fragments recognizing an epitope in the amino acid sequence of SEQ ID NO:11. In another
embodiment of the invention, the inhibitor of LukE/D mediated cytotoxicity is a LukD
inhibitor. Suitable LukD inhibitors include antibodies or antibody fragments recognizing an
epitope in the amino acid sequence of SEQ ID NO:22.

[0065] In another embodiment of this aspect of the present invention, the inhibitor of
LukE/D mediated cytotoxicity inhibits LukE and LukD interaction. Suitable inhibitors in
accordance with this embodiment include anti-LukE and/or LukD antibodies that target the
interacting regions of LukE or LukD. Alternatively, suitable inhibitors include small
molecules that bind to the interacting regions of LukE and/or LukD. These interacting
rcgions may include amino acids 3-13 of SEQ ID NO:11, amino acids 32-47 of SEQ ID
NO:11, amino acids 126-139 of SEQ 1D NO:11, amino acids 151-156 of SEQ ID NO:11, and
amino acids 272-283 of SEQ 1D NO:11. The interacting regions may also include amino
acids: 3-17 of SEQ ID NO:22, amino acids 33-51 of SEQ ID NO:22, amino acids 94-113 of
SEQ ID NO:22, amino acids 115-131 of SEQ ID NO:22, and amino acids 229-2741 of SEQ
ID NO:22.

[0066] In another embodiment of this aspect of the present invention, the inhibitor of
LukE/D mediated cytotoxicity inhibits LukE/D from binding to the plasma membrane of
leukocytes. Suitable inhibitors include antibodies or small molecules recognizing the
epitopes of LukE and/or LukD that interact with the plasma membrane of leukocytes. The
regions of LukE and LukD that interact with the plasma membrane include the amino acids
encompassing the rim domain of LukE. These amino acid regions include LukE amino acids
57-75, of SEQ ID NO:11, amino acids 162-198 of SEQ ID NO:11, and amino acids 230-273
of SEQ ID NO:11 and LukD amino acids 59-75 of SEQ ID NO:22, amino acids 170-220 of
SEQ ID NO:22, and amino acids 253-268 of SEQ ID NO:22. Accordingly, antibodies
recognizing thesc cpitopes of LukE and/or LukD arc particularly suitable for this
embodiment of the invention.

[0067] In another embodiment of this aspect of the present invention, the inhibitor of
LukE/D mediated cytotoxicity is an agent that prevents LukE/D oligomer complex
formation, an agent that blocks LukE/LukD mediated pore formation, or an agent that blocks

the LukE/LukD pore. In accordance with this embodiment, suitable inhibitors of the
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LukE/LukD mediated pore include cyclodextrin and related compounds, and any other pore
inhibitor including protein or peptide inhibitors, nucleic acid inhibitors, or small molecule
inhibitors.

[0068] In yet another embodiment of this aspect of the present invention, the inhibitor
of LukE/D mediated cytotoxicity is an agent that modulates the expression and/or activity of
an endogenous repressor or activator of LukE/D expression. Accordingly, administering an
agent that induces or mimics the expression and or activity of Repressor of Toxins (“Rot”),
which is a repressor of lukE and lukD expression, inhibits LukE/D mediated cytotoxicity by
virtue of blocking toxin production. Suitable agents that mimic Rot expression and activity
and are suitablc for usc in thc methods of the present invention are disclosed in U.S. Patent
Application Publication No. 2003/0171563 to McNamara, which is hereby incorporated by
reference in its entirety. Likewise, administering an agent that inhibits the expression or
activity of SacRS, which is an activator of /ukE and lukD expression, inhibits LukE/D
mediated cytotoxicity by virtue of blocking toxin production.

[0069] For purposes of this and other aspects of the invention, the target “subject”
encompasses any animal, preferably a mammal, more preferably a human. In the context of
administering a composition of the invention for purposes of preventing a S. aureus infection
in a subject, the target subject encompasses any subject that is at risk of being infected by S.
aureus. Particularly susceptible subjects include infants and juveniles, as well as
immunocompromised juvenile, adults, and elderly adults. However, any infant, juvenile,
adult, or elderly adult or immunocompromised individual at risk for S. aureus infection can
be treated in accordance with the methods of the present invention. In the context of
administering a composition of the invention for purposes of treating a S. aureus infection in
a subject, the target subject population encompasses any subject infected with S. aureus.
Particularly suitable subjects include thosc at risk of infection or those infected with
methicillin-resistant S. aureus (MRSA) or methicillin sensitive S. aureus (MSSA).

[0070] In the context of using therapeutic compositions of the present invention to
prevent a S. aureus infection, either via active or passive vaccination, the concentration of
LukE and LukD proteins or polypeptides or anti-LukE and anti-LukD antibodies in the

composition are adequate to achieve the prevention of S. aureus infection, particularly the
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prevention of S. aureus in susceptible populations. In the context of using therapeutic
compositions to treat a S. aureus infection, the amounts of anti-LukE and anti-LukD
antibodies or agents that inhibit LukE/D mediated cytotoxicity are capable of achieving a
reduction in a number of symptoms, a decrease in the severity of at least one symptom, or a
delay in the further progression of at least one symptom, or even a total alleviation of the
infection.

[0071] Therapeutically effective amounts of LukE, LukD, anti-LukE and anti-LukD
antibodies, and agents that inhibit LukE/D mediated cytotoxicity can be determined in
accordance with standard procedures, which take numerous factors into account, including,
for example, the concentrations of these active agents in the composition, the mode and
frequency of administration, the severity of the S. aureus infection to be treated (or
prevented), and subject details, such as age, weight and overall health and immune condition.
General guidance can be found, for example, in the publications of the International
Conference on Harmonization and in REMINGTON'S PHARMACEUTICAL SCIENCES
(Mack Publishing Company 1990), which is hereby incorporated by reference in its entirety.
A clinician may administer LukE and LukD or anti-LukE and anti-LukD antibodies, until a
dosage is reached that provides the desired or required prophylactic or therapeutic effect.
The progress of this therapy can be easily monitored by conventional assays.

[0072] Therapeutically effective amounts of LukE and LukD for immunization will
depend on whether adjuvant is co-administered, with higher dosages being required in the
absence of adjuvant. The amount of LukE and LukD for administration sometimes varies
from 1ug-500ug per patient and more usually from 5-500ug per injection for human
administration. Occasionally, a higher dose of 1-2mg per injection is used. Typically about
10, 20, 50 or 100ug is used for each human injection. Preferably, the amounts of LukE and
LukD are substantially the same. The timing of injections can vary significantly from once a
day, to once a year, to once a decade. Generally an effective dosage can be monitored by
obtaining a fluid sample from the subject, generally a blood serum sample, and determining
the titer of antibody developed against the LukE and LukD protein or polypeptide, using
methods well known in the art and readily adaptable to the specific antigen to be measured.

Ideally, a sample is taken prior to initial dosing and subsequent samples are taken and titered
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after each immunization. Generally, a dose or dosing schedule which provides a detectable
titer at least four times greater than control or "background" levels at a serum dilution of
1:100 is desirable, where background is defined relative to a control serum or relative to a
plate background in ELISA assays.

[0073] Therapeutically effective amount of the LukE and LukD antibody
compositions typically are at least 50 mg composition per kilogram of body weight (mg/kg),
including at least 100 mg/kg, at least 150 mg/kg, at least 200 mg/kg, at least 250 mg/kg, at
least 500 mg/kg, at least 750 mg/kg and at least 1000 mg/kg, per dose or on a daily basis.
Dosages for monoclonal antibody compositions might tend to be lower, such as about one-
tenth of non-monoclonal antibody compositions, such as at lcast about 5 mg/kg, at [cast about
10 mg/kg, at lcast about 15 mg/kg, at lcast about 20 mg/kg, or at lcast about 25 mg/kg. In
some methods, two or more monoclonal antibodies with different binding specificities are
administered simultaneously, in which case the dosage of each antibody administered falls
within the ranges indicated. Antibody is usually administered on multiple occasions.
Intervals between single dosages can be weekly, monthly or yearly. Intervals can also be
irregular as indicated by measuring blood levels of antibody in the subject. Alternatively,
antibody can be administered as a sustained release formulation, in which case less frequent
administration is required. Dosage and frequency vary depending on the half-life of the
antibody in the subject. In general, human antibodies show the longest half life, followed by
humanized antibodics, chimeric antibodies, and nonhuman antibodies. The dosage and
frequency of administration can vary depending on whether the treatment is prophylactic or
therapeutic. In prophylactic applications, a relatively low dosage is administered at relatively
infrequent intervals over a long period of time. In therapeutic applications, a relatively high
dosage at relatively short intervals is sometimes required until progression of the disease 1s
reduced or terminated, and preferably until the subjcct shows partial or complcte
amelioration of symptoms of disease.

[0074] The therapeutic compositions of the present invention can be administered as
part of a combination therapy in conjunction with another active agent, depending upon the
nature of the S. aureus infection that is being treated. Such additional active agents include

anti-infective agents, antibiotic agents, and antimicrobial agents. Representative anti-
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infective agents that may be useful in the present invention include vancomycin and
lysostaphin. Representative antibiotic agents and antimicrobial agents that may be useful in
the present invention include penicillinase-resistant penicillins, cephalosporins and
carbapenems, including vancomycin, lysostaphin, penicillin G, ampicillin, oxacillin,
nafcillin, cloxacillin, dicloxacillin, cephalothin, cefazolin, cephalexin, cephradine,
cefamandole, cefoxitin, imipenem, meropenem, gentamycin, teicoplanin, lincomycin and
clindamycin. Dosages of these antibiotics are well known in the art. See, e.g.,, MERCK
MANUAL OF DIAGNOSIS AND THERAPY, Section 13, Ch. 157, 100™ Ed. (Beers &
Berkow, eds., 2004), which is hercby incorporated by reference in its entircty. The anti-
inflammatory, anti-infective, antibiotic and/or antimicrobial agents may be combined prior to
administration, or administered concurrently (as part of the same composition or by way of a
different composition) or sequentially with the inventive therapeutic compositions of the
present invention. In certain embodiments, the administering is repeated. The subject may
be an infant, juvenile, adult, or elderly adult. The subject may also be an immuno-
compromised juvenile, adult, or elderly adult.

[0075] Therapeutic compositions of the present invention may be administered in a
single dose, or in accordance with a multi-dosing protocol. For example, relatively few
doses of the therapeutic composition are administered, such as one or two doses. In
embodiments that include conventional antibiotic therapy, which generally involves multiple
doses over a period of days or weeks, the antibiotics can be taken one, two or three or more
times daily for a period of time, such as for at least 5 days, 10 days or even 14 or more days,
while the antibody composition is usually administered only once or twice. However, the
different dosages, timing of dosages and relative amounts of the therapeutic composition and
antibiotics can be selected and adjusted by one of ordinary skill in the art.

[0076] Compositions for of the present invention can be administered by parenteral,
topical, intravenous, oral, subcutancous, intraperitoneal, intranasal or intramuscular means
for prophylactic and/or therapeutic treatment. The most typical route of administration is
subcutaneous although others can be equally effective. The next most common is

intramuscular injection. This type of injection is most typically performed in the arm or leg
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muscles. Intravenous injections as well as intraperitoneal injections, intra-arterial,
intracranial, or intradermal injections are also effective in generating an immune response.
[0077] The pharmaceutical agents of the present invention may be formulated for
parenteral administration. Solutions or suspensions of the agent can be prepared in water
suitably mixed with a surfactant such as hydroxypropylcellulose. Dispersions can also be
prepared in glycerol, liquid polyethylene glycols, and mixtures thereof in oils. Illustrative
oils are those of petroleum, animal, vegetable, or synthetic origin, for example, peanut oil,
soybean oil, or mineral oil. In general, water, saline, aqueous dextrose and related sugar
solution, and glycols, such as propylene glycol or polyethylenc glycol, are preferred liquid
carricrs, particularly for injectable solutions. Under ordinary conditions of storage and use,
these preparations contain a preservative to prevent the growth of microorganisms.

[0078] Pharmaceutical formulations suitable for injectable use include sterile aqueous
solutions or dispersions and sterile powders for the extemporancous preparation of sterile
injectable solutions or dispersions. In all cases, the form must be sterile and must be fluid to
the extent that casy syringability exists. It must be stable under the conditions of
manufacture and storage and must be preserved against the contaminating action of
microorganisms, such as bacteria and fungi. The carrier can be a solvent or dispersion
medium containing, for example, water, ethanol, polyol (e.g., glycerol, propylene glycol, and
liquid polyethylene glycol), suitable mixtures thereof, and vegetable oils.

[0079] When it is desirable to deliver the pharmaceutical agents of the present
invention systemically, they may be formulated for parenteral administration by injection,
e.g., by bolus injection or continuous infusion. Formulations for injection may be presented
in unit dosage form, e.g., in ampoules or in multi-dose containers, with an added
preservative. The compositions may take such forms as suspensions, solutions or emulsions
in oily or aqucous vchicles, and may contain formulatory agents such as suspending,
stabilizing and/or dispersing agents.

[0080] Intraperitoneal or intrathecal administration of the agents of the present
invention can also be achieved using infusion pump devices such as those described by
Medtronic, Northridge, CA. Such devices allow continuous infusion of desired compounds

avoiding multiple injections and multiple manipulations.
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[0081] In addition to the formulations described previously, the agents may also be
formulated as a depot preparation. Such long acting formulations may be formulated with
suitable polymeric or hydrophobic materials (for example as an emulsion in an acceptable
oil) or ion exchange resins, or as sparingly soluble derivatives, for example, as a sparingly
soluble salt.

[0082] A further aspect of the present invention relates to a method of predicting
severity of an S. aureus infection. This method involves culturing S. aureus obtained from
an infected subject via a fluid or tissue sample from the subject and quantifying LukE and/or
LukD expression in the cultured S. aureus. The quantified amounts of LukE and/or LukD in
the sample from the subjcct are comparcd to the amount of LukE and/or LukD in a control
sample which produccs little or undetectable amounts of LukE and/or LukD and the severity
of the S. aureus infection is predicted based on said comparing.

[0083] Another aspect of the present invention relates to a method of treating a
subject with a S. aureus infection. This method involves culturing S. aureus obtained from
an infected subject via a fluid or tissue sample from the subject and quantifying LukE and/or
LukD expression in the cultured S. aureus. The quantified amounts of LukE and/or LukD in
the sample from the subject are compared to the amount of LukE and/or LukD in a control
sample which produces little or undetectable amounts of LukE and/or LukD, and a suitable
treatment for the subject is determined based on this comparison. The method further
involves administering the determined suitable treatment to the subject to treat the S. aureus
infection.

[0084] In accordance with these aspects of the invention, quantifying LukE and LukD
expression in the sample from the subject involves measuring the level of LukE and/or LukD
mRNA expression or protein production. Methods of quantifying mRNA and protein
cxpression levels in a sample are well known in the art. An incrcascd [evel of LukE and/or
LukD mRNA expression or protein production in the sample from the subject compared to
the control sample indicates or predicts the subject has or will have a more severe S. aureus
infection. Likewise, an increased level of LukE and/or LukD mRNA expression or protein

production in the sample from the subject indicates that a suitable treatment for the subject
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having the infection involves one or more agents that inhibit LukE/D mediated cytotoxicity.
Suitable agents for inhibiting LukE/D cytotoxicity are discloses supra.

[0085] Another aspect of the present invention relates to a method of identifying
inhibitors of LukE/D cytotoxicity. This method involves providing a cell population, a
preparation containing LukE and LukD, and a candidate LukE/D inhibitor. The cell
population is exposed to the preparation containing LukE and LukD in the presence and
absence of the candidate inhibitor, and LukE/D mediated cytotoxicity is measured in the
presence and in the absence of the candidate inhibitor. The measured amount of cytotoxicity
in the presence and in the absence of the candidate inhibitor is compared and an inhibitor of
LukE/D cytotoxicity is identified based on this comparison.

[0086] In accordance with this aspect of the invention, anti-LukE and anti-LukD
antibodies, and fragments thereof, as well as other potential therapeutic moieties (e.g., small
organic molecules) may be screened to evaluate their ability to inhibit LukE/D mediated
cytotoxicity. As described below, various methods have been designed to identify agents
that inhibit some aspect of the cascade of events that leads to LukE/D mediated cytotoxicity
and lysis of human leukocytes. The methods are also designed to identify altered forms of
LukE and LukD that possess reduced toxicity relative to their native counterparts. The
targeted events that are part of the cascade include for example, binding of LukE and/or
LukD to leukocyte plasma membranes, interaction between LukE and LukD (LukE/D
oligomerization), and blockage of the membrane pore formed by the LukE/D oligomer. The
agsay formats generally require human leukocytes (or LukE or LukD membrane-binding
portion thereof), suitable culture medium, and purified LukE and LukD.

[0087] A person of skill will appreciate that the following protocols are merely
illustrative and that various operating parameters such as reaction conditions, choice of
detectable label and apparati (e.g., instrumention for detection and quantification) may be
varied as deemed appropriate.

[0088] The following methods are generally directed to identifying agents that inhibit
LukE/D cytotoxicity, without necessarily revealing the exact event in the cascade that is

affected.
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[0089] To identify inhibitors of LukE/D cytotoxicity, human leukocytes (e.g., THP-
1) may be plated in 384-well clear-bottom black tissue culture treated plate (Corning) at 5 x
10° cells/well in a final volume of 50 ul of RPMI (Gibco) supplemented with 10% of heat
inactivated fetal bovine serum (FBS). Cells may then be contacted/mixed/reacted/treated
with the test compound/molecule (~5 pl/different concentrations) and then intoxicated with
LukE and LukD, which in preferred embodiments are substantially purified (5 ul of a ~0.01—
5 uM solution), preferably added together, under culture conditions to allow for intoxication
of the leukocytes by LukE and LukD, e.g., for 1 hr at 37°C, 5% CQO;. As controls, cells may
be treated with culture medium (100% viable) and with 0.1% v/v Triton X100 (100% death).
[0090] In these embodiments, cells treated as described above may then be incubated
with a dye to monitor cell viability such as CellTiter (Promega) (which enables determination
of cell viability via absorbance by measuring the number of viable cells in a culture by
quantification of the metabolic activity of the cells) and incubated for an additional time
period (e.g., about 2 hrs at 37°C, 5% CO,). Cell viability may then be determined such as by
measuring the colorimetric reaction at 492nm using a plate reader e.g., Envision 2103 Multi-
label Reader (Perkin-Elmer). Percent viable cells may be calculated such as by using the
following equation: % Viability = 100 x [(AbsszSample - Absgy TritonX) / (Absoa Tissue
culture media). An increase in the 100% viability suggests inhibition of LukE/D mediated
cytotoxicity.

[0091] A variation of this assay is referred to as a membrane damage assay. In these
embodiments, cells treated as described above (e.g., up to and including treating of the cells
with test compound/molecule and then intoxicating the cells with purified LukE and LukD),
may then be incubated with a cell-impermeable fluorescent dye such as SYTOX green (0.1
uM; Invitrogen) (in accordance with manufacturer’s instructions) and incubated e.g., for an
additional 15 minutes at room temperature in the dark. Fluorescence, as an indicator of
membrane damage, may then be measured using a plate reader such as Envision 2103
Multilabel Reader (Perkin-Elmer) at Excitation 485nm, Emission 535nm. A decrease in
fluorescence suggests inhibition of LukE/D cytotoxicity.

[0092] In another variation of this assay, cells treated as described above (e.g., up to

and including treating of the cells with test compound and then intoxicating the cells with
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purified LukE and LukD), may then be incubated with a marker of cell lysis and incubated
for an additional period of time at room temperature in the dark. The marker of cell lysis is
measured, and a decrease in the level of cell lysis in the presence of the compound indicates
inhibition of LukE/D cytotoxicity.

[0093] Together these assays will facilitate the identification of compounds that
inhibit or reduce LukE/D cytotoxic effects towards leukocyte cells.

[0094] Additional methods may be used, independently or in conjunction with the
methods described above, particularly if the above methods reveal inhibitory activity, that
will enable a person skilled in the field to determine more precisely what event in the
biochemical cascade is being affected or targeted by the agent. These events include binding
of LukE and/or LukD to leukocyte membranes, binding of LukE to LukD (LukE/D
oligomerization), and blockage of the membrane pore formed by the LukE/D oligomers.
[0095] Another aspect of the present invention is directed to a method of identifying
inhibitors of LukE, LukD, and/or LukE/D binding to target cells. This method involves
providing a population of leukocytes or other target cells, a preparation containing a
detectably labeled LukE, LukD, or LukE/D, and a candidate inhibitor. The cell population is
exposed to the preparation containing the detectably labeled LukE, LukD, or LukE/D in the
presence and absence of the candidate inhibitor, and labeled LukE, LukD, or LukE/D binding
to the leukocyte population is measured in the presence and absence of the candidate
inhibitor. The measured amount of LukE, LukD, or LukE/D binding in the presence and in
the absence of the candidate inhibitor is compared and an inhibitor of LukE, LukD, or
LukE/D-leukocyte binding is identified based on this comparison.

[0096] To screen for inhibitors that block or reduce LukE, LukD or LukE/D binding
to target cells, which is the first step in the intoxication process, human leukocytes (e.g.,
THP-1 cells) may be plated in 384-well flat-bottom tissuc culturc treated plates (Corning) at
2.5 x 10? cells/well in a final volume of 50 ul of RPMI (Gibco) supplemented with 10% of
heat inactivated fetal bovine serum (FBS). Cells may then be treated with the test
compound/molecule {~5 pl/different concentrations) and incubated with purified,
fluorescently labeled LukE, LukD and/or LukE/D (e.g., FITC, Cy3, Cy5, APC, PE) 5 ul of a
~0.01-5 uM solution for 1 hr at 4°C, 5% CO,. To evaluate the efficacy of the tested
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compounds/molecules, the cell-associated fluorescence may be measured as an indicator of
LukE, LukD, or LukE/D binding to cells e.g., using an automated fluorescence microscopic
imaging system designed for high content screening and high content analysis (e.g.,
Cellomics ArrayScan HCS Reader (Thermo Scientific) (Excitation 485nm, Emission
535nm)). In accordance with this aspect of the invention, a decrease in LukE, LukD, or
LukE/D-leukocyte binding in the presence of the candidate inhibitor compared to in its
absence identifies a binding inhibitor.

[0097] To screen for inhibitors that block or reduce LukE/LukD interaction, which is
the second step in the intoxication process, human Icukocytes (e.g., THP-1 cells) may be
plated in 384-well flat-bottom tissue culture treated plates (Corning) at 2.5 x 10° cells/well in
a final volume of 50 ul of RPMI (Gibco) supplemented with 10% of heat inactivated fetal
bovine serum (FBS). Cells may then be treated with the test compound/molecule and then
intoxicated with a mixture of purified LukE and purified LukD where LukD is fluorescently-
labeled with a fluorescence molecule such as FITC, Cy3, Cy5, APC, and PE, and allowed to
stand to complete the intoxication process (e.g., for 1 hr at 37°C, 5% CO,). To evaluate the
efficacy of the tested compounds/molecules, cell-associated LukD-FITC fluorescence may be
measured as an indicator of LukE/LukD-FITC interaction, using for example, an automated
fluorescence microscopic imaging system designed for high content screening and high
content analysis (e.g., a Cellomics ArrayScan HCS Reader (Thermo Scientific) (Excitation
485nm, Emission 535nm). Similar experiments could be performed using fluorescently-
labeled LukE instead of LukD.

[0098] Another aspect of the present invention relates to a method of identifying
inhibitors of LukE/D mediated pore formation. This method involves providing a population
of leukocytes, a preparation containing LukE and LukD, and a candidate inhibitor. The
leukocyte population is exposed to the preparation containing LukE and LukD in the
presence and absence of the candidate inhibitor, and pore formation on the leukocyte
population is measured in the presence and absence of the candidate inhibitor. The measured
amount of pore formation in the presence and in the absence of the candidate inhibitor is
compared, and an inhibitor of LukE/D mediated pore formation is identified based on that

comparison.
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[0099] To screen for inhibitors that block or inhibit formation of the LukE/D pore,
the effector molecule that leads to cell lysis, human leukocytes (e.g., THP-1 cells) may be
plated in 384-well clear-bottom black tissue culture treated plate (Corning) at 2.5 x 10°
cells/well in a final volume of 50 ul of RPMI (Gibco) supplemented with 10% of heat
inactivated fetal bovine serum (FBS). Cells may then be treated with the test
compound/molecule {~3 ul containing different concentrations) and then intoxicated with
purified LukE and LukD or LukE/D (~0.01-5 uM) for 15 minutes at 37°C, 5% CO,. As
controls, cells may be treated with culture medium (negative control) and with 0.1% v/v
TritonX 100 (positive control).

[0100] To directly evaluate LukE/D pores on the surface of host cells, an ethidium
bromide (EB) influx assay may be used. EB is a small-cationic dye that is impermeable to
healthy host cells. Upon formation of cationic pores by LukE/D, EB enters the cells and
binds to DNA, which results in fluorescence. Cell treated in this fashion may then be
incubated with EB (5 uM) for an additional 5 minutes at room temperature in the dark. To
evaluate the efficacy of the tested compounds/molecules in inhibiting LukE/D pore formation
the fluorescence may be measured as an indicator of pore formation, using a plate-reader
such as the Envision 2103 Multilabel Reader (Perkin-Elmer) at Excitation 530nm, Emission
590nm. This assay will facilitate the identification of molecules that can block or inhibit the
LukE/D pore, which will alleviate LukE/D mediated toxicity.

[0101] To directly evaluate LukE/D pores on the surface of host cclls, an cthidium
bromide (EB) influx assay may bc used. EB is a small-cationic dye that is impermeable into
healthy host cells. Upon formation of cationic pores by LukE/D, EB enters the cells and
binds to DNA, which results in fluorescence (see e.g., Figure 5E). Cells treated with an
agent causing LukE/D pore formation may then be incubated with EB (5 uM) for an
additional 5 minutes at room temperature in the dark. To evaluate the efficacy of the tested
compounds/molecules in inhibiting LukE/D pore formation the fluorescence may be
measured as an indicator of pore formation, using a plate-reader such as the Envision 2103
Multilabel Reader (Perkin-Elmer) at Excitation 530nm, Emission 590nm. This assay will
facilitate the identification of molecules that can block or inhibit the LukE/D pore, which will

alleviate LukE/D mediated toxicity.
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[0102] The candidate compounds utilized in the assays described herein may be
essentially any compound or composition suspected of being capable of affecting biological
functions or interactions. The compound or composition may be part of a library of
compounds or compositions. Alternatively, the compound or compositions may be designed
specifically to interact or interfere with the biological activity of LukE, LukD, or LukE/D of

the present invention.

EXAMPLES

[0103] The following examples are provided to illustrate embodiments of the

present invention but are by no means intended to limit its scope.

Example 1 — Inactivation of rot Enhances the Virulence of a S. aureus Strain Lacking
agr.
[0104] In recent studies it has been found that S. aureus mutant strains that lack both
the master regulator known as the accessory gene regulator (“Agr’) and the transcription
factor repressor of toxins (“Rot”) (i.e., Aag Arrot) exhibit enhanced virulence in a murine
model of systemic infection compared to the highly attenuated Aagr mutant. While a Aagr
single deletion mutant is highly attenuated for virulence as measured by survival over time
post-infection, an Aagr Arot double mutant displays virulence characteristics similar to that
of the parent strain (WT Newman) (Figure 1A). It was speculated that the increased
virulence observed in an Aagr Arot double mutant might be due to enhanced expression of S.
aureus leukotoxins as many of these toxins are believed to be regulated in an Agr-Rot
dependent manner. Indeed, immunoblot analysis of the toxins produced by S. aureus Wild
Type, dagr, and the dagr Arot mutant strains confirmed the hypothesis as a number of toxins
were restored to WT levels in an dagr Arot double mutant (Figure 1B). Strikingly, it was
observed that LukE/D is highly over-produced by the dagr Arot strain compared to the other
toxins (Figure 1B). This data demonstrates that repression of key virulence factors by Rot is
critical to optimal virulence potential in S. aureus and that the leukotoxin LukE/D is heavily

repressed in a Rot-dependent manner, more so than other leukotoxins.
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Example 2 - LukE/D Contributes to the Enhanced Virulence Exhibited by a S. aureus
Strain Lacking rof

[0105] The results described in Figures 1A-1B indicated that inactivation of rot in
an agr’ strain might also result in increased virulence, possibly in a LukE/D dependent
manner. As with the dagr Arot double mutant (Figure 1A), it was observed that a Arot single
deletion mutant also resulted in enhanced virulence in a murine model of systemic infection,
as evidenced by the decrease in percent survival of animals infected with Arot compared to
those infected with WT (Figure 2A). Earlier observations demonstrated that Rot is likely a
major repressor of the leukotoxin LukE/D. To confirm these findings in the context of the
single Arot deletion mutant, immunoblot were performed. These experiments revealed that
indeed LukE/D is highly produced in the absence of rot, contrary to LukAB, y-hemolysin
(HlgC), or a-toxin (Hla; Figure 2B). These findings further strengthened the supposition that
LukE/D is the major Rot-repressed factor responsible for the increase in virulence of a Arot
mutant and that LukE/D could play a significant role in the in vivo pathogenesis of S. aureus.
To determine whether LukE/D overproduction was responsible for the enhanced pathogenic
phenotype of 4drot, a Arot AlukE/D double mutant was constructed and its virulence in a
mouse model of infection was assessed. The Arot AlukE/D double mutant was significantly
compromised for virulence as evidenced by the striking reduction in mortality compared to
both WT as well as the 4rof mutant (Figure 2C). These results demonstrate that LukE/D is a
major Rot-repressed factor that is critical for the hypervirulence associated with a Arot
mutant and that LukE/D may be a major contributor to discase in general. These data further
indicate that drugs that enhance Rot mediated repression of target genes will reduce S. aureus

pathogenesis.

Example 3 - Rot Represses LukE/D Expression by Directly Binding to the LukE/D
Promoter

[0106] To further examine the influence of Rot on lukE/D gene expression,
transcriptional fusions of the /ukE/D promoter region to a gene that encodes for the green
fluorescent protein (GFP) were constructed and fluorescence was measured over time in
broth culture using WT, Aagr, Arot, and Aagr Arot strains. As suspected, gene expression of

lukE/D was increased over that of WT in strains lacking Rot, while strains expressing large
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amounts of Rot (Aagr mutants display increased Rot levels) were decreased in expression.
To assess whether repression of /ukE/D by Rot is direct, the ability of Rot to bind to the
lukE/D promoter was examined using a promoter pull-down strategy. Bacterial whole cell
lysates were incubated with /ukE/D promoter DNA or nonspecific intergenic DNA bound to
magnetic beads. Immunoblot of bound proteins demonstrated that Rot indeed binds to the
lukE/D promoter in a specific manner (Figure 3B). These results implicate Rot as a direct
repressor of lukE/D gene expression. Alterations in Rot levels could thus substantially
increase or decrease the production of LukE/D and by consequence modulate the virulence

potential of S. aureus.
Example 4 - LukE/D Significantly Contributes to S. aureus Pathogenesis

[0107] Not only does a Arot AlukE/D double deletion mutant eliminate the
hypervirulence associated with a rot deletion, it also substantially reduces virulence overall
(compare WT survival to Arot AlukE/D survival Figure 3B). To test whether LukE/D plays a
major role in the pathogenesis of S. aureus septicemic infection, a AlukE/D mutant in the
strain Newman was constructed (Figures 4A and 4B) and the impact of lukE/D deletion alone
on virulence was examined. Survival over time dramatically increased for mice infected with
cither 107 or 10° CFU of the AlukE/D mutant compared to the wild type. All wild type mice
succumbed to infection by 250 hours at the 107 dose (Figure 4C) and by 100 hours at the 10°
dose (Figure 4D). In both cases however, nearly 100% of mice infected with AlukE/D
mutant survived until at least 300 hours post infection, a phenotype that is fully
complemented with the AlukE/D::plukE/D strain (Figures 4B and 4C). In addition, bacterial
burden to the kidney is reduced by 10-fold compared to the wild type or complemented
strains (Figure 4E) and abscess formation is significantly reduced (Figure 4F). These results
show that LukE/D is indeed a critical virulence factor for S. aureus systemic infection. Thus
LukE/D is an attractive novel target for development of new therapeutics to counter S. aureus

infection.
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Example 5S- LukE/D Targets and Kills Leukocytes

[0108] To determine the potential mechanism of action of LukE/D, recombinant
LukE and LukD proteins from E. coli were expressed and purified. To test the potential
toxicity of these proteins, human monocyte-like cells (THP-1s) and human promyelocytic
leukemia cells (HL60s) were incubated with different concentrations of either individual
subunits (i.e., LukE or LukD) or a mixture of LukE+LukD (LukE/D). Cells were intoxicated
with a dose response of either LukE alone, LukD alone, or LukE/D and after 1 hour of
intoxication CellTiter was added to measure the percent viable cells post-intoxication. The
human monocyte-like cell line, THP-1, was uniquely sensitive to intoxication with both
subunits of the toxin together but not individual subunits. The potency of the toxin towards
the cells was dose dependent and strictly required the presence of both subunits (Figure SA).
In contrast, HL60s were not affected by cither subunit alone or incubated together (Figure
5B). In addition to cell lines, the activity of LukE/D towards primary human and murine
PMNss was also examined. Cells were intoxicated with a dose response of cither LukE alone,
LukD alone, or LukE/D and after 1 hour of intoxication CellTiter was added to measure the
percent viable cells post-intoxication. LukE/D but not LukE or LukD was markedly
cytotoxic towards PMNs from both human and mouse (Figure 5C).

[0109] To examine the mechanism by which LukE/D is toxic to THP-1s, cells were
intoxicated in the presence of ethidium bromide, a small cationic dye that is normally
impermeable to host cell membranes, but can gain access to the cell via the toxin pore. Upon
addition of both toxin subunits, ethidium bromide was rapidly taken up into cells as reflected
by an increase in relative fluorescence compared to unintoxicated controls and intoxicated
PMN-HL60s (Figures 5D and SE). These experiments demonstrate that when together, LukE
and LukD exhibit cytotoxicity toward specific human immune cell type, but not others,

highlighting the specificity of this toxin.
Example 6 - Antibodies Against LukE Potently Neutralized LukE/D Cytotoxicity

[0110] To determine if polyclonal antibodies raised against LukE are capable of
neutralizing LukE/D cytotoxicity, a ncutralization assay was performed. Incubation of

LukE/D with purified anti-LukE antibodies potently inhibited LukE/D mediated cytotoxicity
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towards THP-1 cells as measured by CellTiter (Figure 6A). As shown in Figures SA-5E,
LukE/D appears to exert its toxic activity by forming permeable pores in the plasma
membrane of target cells. To gain insight into the mechanism by which anti-LukE
neutralizes LukE/D cytotoxicity, the formation of LukE/D pores in cells intoxicated with
LukE/D in the presence of purified anti-LukE antibodies was monitored. It was observed
that LukE/D pore formation was potently inhibited by the anti-LukE antibody (Figure 6B).
These data demonstrate that immunization with LukE generates anti-LukE neutralizing
antibodies, suggesting LukE-specific antibodies could be a novel therapeutic to combat S.
aureus infection.

[0111] Although the invention has been described in detail for the purposes of
illustration, it is understood that such detail is solely for that purpose, and variations can be
made therein by those skilled in the art without departing from the spirit and scope of the
invention which is defined by the following claims.

[0112] A reference herein to a patent document or other matter which is given as
prior art is not to be taken as an admission that that document or matter was known or that
the information it contains was part of the common general knowledge as at the priority date
of any of the claims.

[0113] Throughout the description and claims of the specification, the word
"comprise" and variations of the word, such as "comprising" and "comprises", is not

intended to exclude other additives, components, integers or steps.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A composition comprising

a therapeutically effective amount of (i) an isolated LukE polypeptide that is
300 amino acid residues or less in length and comprises the amino acid sequence of amino
acid residues 32-47 of SEQ ID NO:11, amino acid residues 57-75 of SEQ ID NO: 11; amino
acid residues 126-139 of SEQ ID NO:11, amino acid residues 151-156 of SEQ ID NO:11,
amino acid residues 162-198 of SEQ ID NO:11, amino acid residues 272-283 of SEQ ID
NO:11, or amino acid residues 230-273 of SEQ ID NO:11, (ii) an isolated LukD polypeptide
that is 300 amino acid residues or less in length and comprises the amino acid sequence of
amino acid residues 33-51 of SEQ ID NO:22, amino acid residues 59-75 of SEQ ID NO:22,
amino acid residues 94-113 of SEQ ID NO:22, amino acid residues 115-131 of SEQ ID
NO:22, amino acid residues 170-220 of SEQ ID NO:22, amino acid residues 253-268 of
SEQ ID NO:22, or amino acid residues 229-274 of SEQ ID NO:22, or (iii) a combination
thereof, and

a pharmaceutically acceptable carrier.

2. The composition of claim 1, wherein the isolated LukE polypeptide
comprises amino acid residues 48-291 of SEQ ID NO:11.

3. The composition of claim 1, wherein the isolated LukD polypeptide
comprises amino acid residues 46-307 of SEQ ID NO:22.

4. The composition of claim 1, wherein the isolated polypeptide of the

composition is linked to an immunogenic carrier molecule.

5. The composition of claim 4, wherein the immunogenic carrier molecule is

covalently or non-covalently bound to the isolated polypeptide.

6. The composition of claim 4, wherein the immunogenic carrier molecule is
selected from the group consisting of bovine serum albumin, chicken egg ovalbumin,

keyhole limpet hemocyanin, tetanus toxoid, diphtheria toxoid, thyroglobulin, a
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pneumococcal capsular polysaccharide, CRM 197, and a meningococcal outer membrane

protein.

7. The composition of claim 1 further comprising one or more additional S.
aureus antigens selected from the group consisting of an alpha hemolysin antigen, protein A,
a serotype 336 polysaccharide antigen, coagulase, clumping factor A, clumping factor B, a
fibronectin binding protein, a fibrinogen binding protein, a collagen binding protein, an
elastin binding protein, a MHC analogous protein, a polysaccharide intracellular adhesion,
beta hemolysin, delta hemolysin, gamma hemolysin, Panton-Valentine leukocidin,
leukocidin A, leukocidin B, leukocidin M, exfoliative toxin A, exfoliative toxin B, V8
protease, hyaluronate lyase, lipase, staphylokinase, an enterotoxin, toxic shock syndrome
toxin-1, poly-N-succinyl beta-1 ->6 glucosamine, catalase, beta-lactamase, teichoic acid,
peptidoglycan, a penicillin binding protein, chemotaxis inhibiting protein, complement
inhibitor, Sbi, Type 5 antigen, Type 8 antigen, lipoteichoic acid, and microbial surface

components recognizing host molecules.

8. The composition of claim 1 further comprising an adjuvant.

9. The composition of claim 8, wherein the adjuvant is selected from the
group consisting of flagellin, Freund's complete or incomplete adjuvant, aluminum
hydroxide, lysolecithin, pluronic polyols, polyanions, peptides, oil emulsion, dinitrophenol,

iscomatrix, and liposome polycation DNA particles.

10. A method of immunizing against a Staphylococcus aureus infection in a
subject comprising:
administering a composition of claim 1 in an amount effective to immunize

against S. aureus infection in the subject.

11. The method of claim 10, wherein the composition further comprises one
or more additional S. aureus antigens selected from the group consisting of an alpha
hemolysin antigen, protein A, a serotype 336 polysaccharide antigen, coagulase, clumping
factor A, clumping factor B, a fibronectin binding protein, a fibrinogen binding protein, a

collagen binding protein, an elastin binding protein, a MHC analogous protein, a
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polysaccharide intracellular adhesion, beta hemolysin, delta hemolysin, gamma hemolysin,
Panton-Valentine leukocidin, leukocidin A, leukocidin B, leukocidin M, exfoliative toxin A,
exfoliative toxin B, V8 protease, hyaluronate lyase, lipase, staphylokinase, an enterotoxin,
toxic shock syndrome toxin-1, poly-N-succinyl beta-1—6 glucosamine, catalase,
betalactamase, teichoic acid, peptidoglycan, a penicillin binding protein, chemotaxis
inhibiting protein, complement inhibitor, Sbi, Type 5 antigen, Type 8 antigen, lipoteichoic

acid, and microbial surface components recognizing host molecules.

12. The method of claim 10, wherein the composition further comprises an

adjuvant.

13. The method of claim 10 further comprising:
administering to the subject the adjuvant before, after, or concurrent with

administration of the composition of claim 1.

14. The method of claim 10, wherein said administering induces a

neutralizing antibody response against S. aureus in the subject.

15. The method of claim 10, wherein the S. aureus infection is a methicillin-

resistant S. aureus (MRSA) infection or a methicillin sensitive S. aureus (MSSA) infection.

16. The method of claim 10, wherein said administering is carried out orally,
by inhalation, by intranasal instillation, topically, transdermally, parenterally,
subcutaneously, intravenous injection, intra-arterial injection, intramuscular injection,

intraplurally, intraperitoneally, or by application to a mucous membrane.

17. The method of claim 10, further comprising repeating said administering.

18. The method of claim 10, wherein the subject is an infant, juvenile, adult,

or elderly adult.

19. The method of claim 10, wherein the subject is an immune-compromised

juvenile, adult, or elderly adult.
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20. The composition of claim 1, wherein said isolated LukE polypeptide is
between 50-300 amino acid residues in length, and said isolated LukD polypeptide is

between 50-300 amino acid residues in length.

21. The composition of claim 1, wherein the isolated LukE polypeptide is

between 50-100 amino acid residues in length.

22. The composition of claim 1, wherein the isolated LukD polypeptide is

between 50-100 amino acid residues in length.

23. The composition of claim 1, wherein said isolated LukE polypeptide is
250-300 amino acid residues in length and comprises an amino acid sequence of amino acid
residues 29-301 of SEQ ID NO: 11, amino acid residues 29-311 of SEQ ID NO: 11, or
amino acid residues 48-301 of SEQ ID NO:11.

24. The composition of claim 1, wherein said isolated LukD polypeptide is
250-300 amino acid residues in length and comprises an amino acid sequence of amino acid
residues 27-312 of SEQ ID NO: 22, amino acid residues 27-327 of SEQ ID NO: 22, or
amino acid residues 46-312 of SEQ ID NO:22.
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SEQUENCE LISTING

INFECTIONS AND ASSOCIATED CONDITIONS

<110> New York University
TORRES, Victor J.
ALONZO, Francis

<120>

<130> 29527.1042

<140> PCT/US12/43179

<141> 2012-06-19

<150> 61/498,596

<151> 2011-06-19

<160> 22

<170> PatentIn version 3.5

<210> 1

<2k 311

<212> PRT

<213> Staphylococcus aureus

<400> 1

Met Phe Lys
1
Ala Pro Leu

Glu Asn Ile
35

Ser Ser Lys
50

Lys Asp Lys
Phe ITe Asn
Glu Leu Thr
Thr Thr Lys

115

Lys Ile Glu
130

Lys Lys Met
5

Ala

20

Gly

Lys

Lys

Ser

Lys

100

Asp

Thr

Ser

Asp

Trp

Tyr

Arg

85

Arg

Pro

Thr

Pro

Gly

Gly

Asn

70

Thr

Met

Asn

Asp

Leu Ala

Ile Gln

Ala Glu
40

val Thr
55

Lys Asp

Ser Phe

Ile Trp

val Ser

120

val Gly
135

Ala

Glu

25

val

Gln

Ala

Ser

Pro

105

Leu

Gln

Thr Leu
10

Ser Arg

Ile Lys

Asn val

Leu Ile

75

Asp val
90

Phe Gln

Ile Asn

Thr Leu

Page

Ser

Ala

Arg

Gln

60

val

Lys

Tyr

Tyr

Gly
140

1

val

Asn

Thr

45

Phe

Lys

Gly

Asn

Leu

125

Tyr

Gly

Thr

30

Glu

Asp

Met

Ser

Ile

110

Pro

Asn

Leu

15

Asn

Asp

Phe

Gln

Gly

95

Gly

Lys

Ile

METHODS OF TREATING AND PREVENTING STAPHYLOCOCCUS AUREUS

Ile

Ile

val

val

Gly

80

Tyr

Leu

Asn

Gly



Gly

Tyr

Asp

Phe

val

Pro

225

Phe

Phe

Phe

Asn

Ile
305

Asn
Ser
Lys
val
Gln
Asp
Ile
Glu
Pro
Ar

29

Lys

<210>
<211>
<212>
<213>

<400>

Phe
Lys
Gln
Thr
195
ser
Asn
Thr
Ile
278

Asn

val

2
311
PRT

Staphylococcus aureus

2

Gln

Thr

Asn

180

Pro

Pro

Gln

Thr

Ser

260

Thr

Phe

Lys

Ser

Ile

165

Ser

Asp

Asn

Leu

Leu

245

Tyr

Gly

val

Gly

Ala

150

Ser

Lys

Gly

Gly

Pro

230

Ser

Gly

Ile

val

His
310

Pro

Tyr

Ser

Lys

Pro

215

Pro

His

Arg

Tyr

Arg

Asn

Ser
Thr
val
Lys
2

Thr
Leu
Glu
Asn
Ala

280

Tyr

Met Phe Lys Lys Lys Met Leu Ala
1 5

Ala Pro Leu Ala Ser Pro Ile Gln

20

29527_1042_ST25.txt

Ile Gly Gly Asn Gly Ser Phe
155

Gln Lys Ser
170

Lys Trp Gly
Ser Ala His
Gly Ser Ala

val Gln Ser
235

Lys g]y Ser

Leu Asp Ile
265

Glu Arg Lys

Glu val Asn

Ala Thr Leu
10

Glu Ser Arg
25

Glu Asn ITe Gly Asp Gly Ala Glu val Ile Lys
35

40

Page

Tyr

val

Asp

Ar

22

Gly

Ser

Thr

His

Ser

Ala

Arg

2

val

Lys

Arg

Glu

Phe

Asp

Tyr

Asn

285

Lys

val

Asn

Ser Glu
175

Ala Asn
190

Tyr Leu

Tyr Phe

Asn Pro

Thr Ser
255

Ala Thr
270

Ala Phe

Thr His

Gly Leu
15

Thr Asn
30

Asn

160

val

Glu

Phe

Ala

Ser

240

Glu

Leu

val

Glu

Ile

Ile

Thr Glu Asp val

45
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Ser Ser Lys Lys Trp Gly val Thr GIn Asn val Gln Phe Asp Phe val
50 55 60

Lys Asp Lys Lys Tyr Asn Lys Asp Ala Leu ITe val Lys Met GIn Gly
65 70 75 80

Phe Ile Asn Ser Arg Thr Ser Phe Ser Asp val Lys Gly Ser Gly Tyr
85 90 95

Glu Leu Thr Lys Arg Met Ile Trp Pro Phe Gln Tyr Asn Ile Gly Leu
100 105 110

Thr Thr Lys Asp Pro Asn val Ser Leu Ile Asn Tyr Leu Pro Lys Asn
115 120 125

Lys ITe Glu Thr Thr Asp val Gly GIn Thr Leu Gly Tyr Asn Ile Gly
130 135 140

Gly Asn Phe Gln Ser Ala Pro Ser Ile Gly Gly Asn Gly Ser Phe Asn
145 150 155 160

Tyr Ser Lys Thr Ile Ser Tyr Thr Gln Lys Ser Tyr val Ser Glu val
165 170 175

Asp Lys GIn Asn Ser Lys Ser val Lys Trp Gly val Lys Ala Asn Glu
180 185 190

Phe val Thr Pro Asp Gly Lys Lys Ser Ala His Asp Arg Tyr Leu Phe
195 200 205

val Gln Ser Pro Asn Gly Pro Thr Gly Ser Ala Arg Glu Tyr Phe Ala
210 215 22

Pro Asp Ash Gln Leu Pro Pro Leu val GIn Ser Gly Phe Asn Pro Ser
225 230 235 240

Phe Ile Thr Thr Leu Ser His Glu Lys Gly Ser Ser Asp Thr Ser Glu
245 250 255

Phe Glu Ile Ser Tyr Gly Arg Asn Leu Asp Ile Thr Tyr Ala Thr Leu
260 265 270

Phe Pro Arg Thr Gly Ile Tyr Ala Glu Arg Lys His Asn Ala Phe val
275 280 285

Asn Arg Asn Phe val val Arg Tyr Glu val Asn Trp Lys Thr His Glu
29

Page
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Ile Lys val Lys Gly His Asn
310

305

<210> 3

<211> 311

<212> PRT

<213> Staphylococcus aureus
<400> 3

Met Phe Lys Lys Lys Met Leu Ala Ala Thr Leu Ser val Gly Leu Ile
1 5 10 15

Ala Pro Leu Ala Ser Pro Ile Gln Glu Ser Arg Ala Asn Thr Asn Ile
20 25 30

Glu Asn Ile Gly Asp Gly Ala Glu val Ile Lys Arg Thr Glu Asp val
35 40 45

Ser Ser Lys Lys Trp Gly val Thr Gln Asn val Gln Phe Asp Phe val
50 55 60

Lys Asp Lys Lys Tyr Asn Lys Asp Ala Leu Ile val Lys Met Gln Gly
65 70 75 80

Phe Ile Asn Ser Arg Thr Ser Phe Ser Asp val Lys Gly Ser Gly Tyr
85 90 95

Glu Leu Thr Lys Arg Met Ile Trp Pro Phe Gln Tyr Asn Ile Gly Leu
100 105 110

Thr Thr Lys Asp Pro Asn val Ser Leu Ile Asn Tyr Leu Pro Lys Asn
115 120 125

Lys Ile Glu Thr Thr Asp val Gly Gln Thr Leu Gly Tyr Asn Ile Gly
130 135 140

Gly Asn Phe GIn Ser Ala Pro Ser Ile Gly Gly Asn Gly Ser Phe Asn
145 150 155 160

Tyr Ser Lys Thr Ile Ser Tyr Thr GIn Lys Ser Tyr val Ser Glu val
165 170 175

Asp Lys GIn Asn Ser Lys Ser val Lys Trp Gly val Lys Ala Asn Glu
180 185 190

Phe val Thr Pro Asp Gly Lys Lys Ser Ala His Asp Arg Tyr Leu Phe
195 200 205
Page 4



val

Pro

225

Phe

Phe

Phe

Asn

Ile
305

Gln

210

Asp

Ile

Glu

Pro

Arg

290

Lys

<210>
<211>
<212>
<213>

<400>

4
3
P

Staphylococcus aureus

4

Ser

Asn

Thr

Ile

Arg

275

Asn

val

11
RT

Tet Phe Lys

Ala

Glu

Ser

Glu

Pro

Asn

Ser

50

Asp

Ile

Leu

Leu

Ile

35

Lys

Lys

Asn

Thr

Pro

Gln

Thr

Ser

260

Thr

Phe

Lys

Lys

Ala

20

Gly

Lys

Lys

Ser

Lys
100

Asn
Leu
Leu
245
Tyr
Gly

val

Gly

Lys
5

Ser
Asp
Trp
Tyr
Arg

85

Arg

Gly
Pro
230

Ser

Gly

val

His
310

Met

Pro

Gly

Gly

Asn

70

Thr

Met

Pro

215

Pro

His

Arg

Tyr

Arg

295

Asn

Leu

Ile

Ala

val

55

Lys

Ser

Ile

Thr

Leu

Glu

Asn

Ala

280

Tyr

Ala

Gln

Glu

40

Thr

Asp

Phe

Trp
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Gly Ser Ala Arg Glu Tyr
220

val

Lys

Leu

265

Glu

Glu

Ala

Glu

25

val

Gln

Ala

Ser

Pro
105

Gln

Asp

Arg

val

Thr

10

Ser

Ile

Asn

Leu

Asp

90

Phe

Ser

235

Ser

Ile

Lys

Asn

Leu

Arg

Lys

val

Ile

75

val

Gln

Page

Gly

Ser

Thr

His

300

Ser

Ala

Arg

Gln

60

val

Lys

Tyr

Phe

Asp

Tyr

Asn

285

Lys

val

Asn

Thr

45

Phe

Lys

Gly

Asn

Asn

Thr

Ala

270

Ala

Thr

Gly

Thr

30

Glu

Asp

Met

Ser

Ile
110

Phe

Pro

Ser

255

Thr

Phe

His

Leu

15

Asn

Asp

Phe

Gln

Gly

95

Gly

Ala

Ser

240

Glu

Leu

val

Glu

Ile

Ile

val

val

Gly

80

Tyr

Leu



29527_1042_ST25.txt

Thr Thr Lys Asp Pro Asn val Ser Leu Ile Asn Tyr Leu Pro Lys Asn
115 120 125

Lys Ile Glu Thr Thr Asp val Gly Gln Thr Leu Gly Tyr Asn Ile Gly
130 135 140

Gly Asn Phe Gln Ser Ala Pro Ser Ile Gly Gly Asn Gly Ser Phe Asn
145 150 155 160

Tyr Ser Lys Thr Ile Ser Tyr Thr Gln Lys Ser Tyr val Ser Glu val
165 170 175

Asp Lys Gln Asn Ser Lys Ser val Lys Trp Gly val Lys Ala Asn Glu
180 185 190

Phe val Thr Pro Asp Gly Lys Lys Ser Ala His Asp Arg Tyr Leu Phe
195 200 205

val Gln Ser Pro Asn Gly Pro Thr Gly Ser Ala Arg Glu Tyr Phe Ala
210 215 220

Pro Asp Asn Gln Leu Pro Pro Leu val Gln Ser Gly Phe Asn Pro Ser
225 230 235 240

Phe Ile Thr Thr Leu Ser His Glu Lys Gly Ser Ser Asp Thr Ser Glu
245 250 255

Phe Glu Ile Ser Tyr Gly Arg Asn Leu Asp Ile Thr Tyr Ala Thr Leu
260 265 270

Phe Pro Arg Thr Gly Ile Tyr Ala Glu Arg Lys His Asn Ala Phe val
275 280 285

Asn Arg Asn Phe val val Arg Tyr Glu val Asn Trp Lys Thr His Glu
290 295 300

Ile Lys val Lys Gly His Asn

305 310
<210> 5

<211> 311

<212> PRT

<213> Staphylococcus aureus
<400> 5

Met Phe Lys Lys Lys Met Leu Ala Ala Thr Leu Ser val Gly Leu Ile
1 5 10 15
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Ala Pro Leu Ala Ser Pro Ile Gln Glu Ser Arg Ala Asn Thr Asn Ile
20 25 3

Glu Asn Ile Gly Asp Gly Ala Glu val Ile Lys Arg Thr Glu Asp val
35 40 45

Ser Ser Lys Lys Trp Gly val Thr Gln Asn val Gln Phe Asp Phe val
50 55 60

Lys Asp Lys Lys Tyr Asn Lys Asp Ala Leu Ile val Lys Met Gln Gly
65 70 75 80

Phe Ile Asn Ser Arg Thr Ser Phe Ser Asp val Lys Gly Ser Gly Tyr
85 90 95

Glu Leu Thr Lys Arg Met Ile Trp Pro Phe Gln Tyr Asn Ile Gly Leu
100 105 110

Thr Thr Lys Asp Pro Asn Vval Ser Leu Ile Asn Tyr Leu Pro Lys Asn
115 120 125

Lys Ile Glu Thr Thr Asp val Gly Gln Thr Leu Gly Tyr Asn Ile Gly
130 135 140

Gly Asn Phe Gln Ser Ala Pro Ser Ile Gly Gly Asn Gly Ser Phe Asn
145 150 155 160

Tyr Ser Lys Thr Ile Ser Tyr Thr Gln Lys Ser Tyr val Ser Glu val
165 170 175

Asp Lys Gln Asn Ser Lys Ser val Lys Trp Gly val Lys Ala Asn Glu
180 185 190

Phe val Thr Pro Asp Gly Lys Lys Ser Ala His Asp Arg Tyr Leu Phe
195 200 205

val Gln Ser Pro Asn Gly Pro Thr Gly Ser Ala Arg Glu Tyr Phe Ala
210 215 220

Pro Asp Asn Gln Leu Pro Pro Leu val Gln Ser Gly Phe Asn Pro Ser
225 230 235 240

Phe Ile Thr Thr Leu Ser His Glu Lys Gly Ser Ser Asp Thr Ser Glu
245 250 255

Phe Glu Ile Ser Tyr Gly Arg Asn Leu Asp Ile Thr Tyr Ala Thr Leu
Page 7
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265

270

Phe Pro Arg Thr Gly Ile Tyr Ala Glu Arg Lys His Asn Ala Phe Vval
275 280 285

Asnh Arg Asn Phe val val

305

29

<210>
<211>
<212>
<213>

<400>

6
3
P

Staphylococcus aureus

6

4l
RT

Met Phe Lys
1

Ala

Glu

Ser

Glu

Thr

Lys

Gly

Tyr

Pro

Asn

Ser

50

Asp

Ile

Leu

Thr

Ile

130

Asn

Ser

Leu

Ile

43

Lys

Lys

Asn

Thr

Lys

115

Glu

Phe

Lys

Lys

Ala

20

Gly

Lys

Lys

Ser

Lys

100

Asp

Thr

Gln

Thr

Lys Met
5

Ser Pro

Asp Gly

Trp Gly

Tyr Asn

70

Arg Thr
85

Arg Met

Pro Asn

Thr Asp

Ser Ala

150

Ile Ser

Arg Tyr Glu val Asn Trp Lys Thr His Glu

295

Ile Lys val Lys Gly His Asn
310

Leu

Ile

Ala

val

55

Lys

Ser

Ile

val

val

135

Pro

Tyr

Ala

Gln

Glu

40

Thr

Asp

Phe

Trp

Ser

120

Gly

Ser

Thr

Ala

Glu

25

val

Gln

Ala

Ser

Pro

105

Leu

Gln

Ile

Gln

Thr Leu
10

Ser Arg
Ile Lys
Asn val
Leu Ile

75

Asp val
90

Phe Gln
Ile Asn
Thr Leu

Gly Gly
1

Lys Ser
Page

300

Ser

Ala

Arg

Gln

60

val

Lys

Tyr

Tyr

Gly

Asn

Tyr

val

Asn

Thr

45

Phe

Lys

Gly

Asn

Leu

125

Tyr

Gly

val

Gly

Thr

30

Glu

Asp

Met

Ser

Ile

110

Pro

Asn

Ser

Ser

Leu

15

Asn

Asp

Phe

Gln

Gly

95

Gly

Lys

Ile

Phe

Glu

Ile

Ile

val

val

Gly

80

Tyr

Leu

Asn

Gly

Asn

160

val
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165 170 175

Asp Lys Gln Asn Ser Lys Ser val Lys Trp Gly val Lys Ala Asn Glu
180 185 190

Phe val Thr Pro Asp Gly Lys Lys Ser Ala His Asp Arg Tyr Leu Phe
195 200 205

val Gln Ser Pro Asn Gly Pro Thr Gly Ser Ala Arg Glu Tyr Phe Ala
210 215 22

Pro Asp Asn Gln Leu Pro Pro Leu val Gln Ser Gly Phe Asn Pro Ser
225 230 235 240

Phe Ile Thr Thr Leu Ser His Glu Lys Gly Ser Ser Asp Thr Ser Glu
245 250 255

Phe Glu Ile Ser Tyr Gly Arg Asn Leu Asp Ile Thr Tyr Ala Thr Leu
260 265 270

Phe Pro Arg Thr Gly Ile Tyr Ala Glu Arg Lys His Asn Ala Phe val
275 280 285

Asn Arg Asn Phe val val Arg Tyr Glu val Asn Trp Lys Thr His Glu
29 295 300

Ile Lys val Lys Gly His Asn

305 310
<210> 7

<211> 311

<212> PRT

<213> Staphylococcus aureus
<400> 7

Met Phe Lys Lys Lys Met Leu Ala Ala Thr Leu Ser val Gly Leu Ile
1 5 10 15

Ala Pro Leu Ala Ser Pro Ile Gln Glu Ser Arg Ala Asn Thr Asn Ile
20 25 30

Glu Asn Ile Gly Asp Gly Ala Glu val Ile Lys Arg Thr Glu Asp val
35 40 45

Ser Ser Lys Lys Trp Gly val Thr Gln Asn val Gln Phe Asp Phe Vval
50 55 60

Lys Asp Lys Lys Tyr Asn Lys Asp Ala Leu Ile val Lys Met Gln Gly
Page 9



65

Phe

Glu

Thr

Lys

Gly

Tyr

Asp

Phe

val

Pro

225

Phe

Phe

Phe

Asn

Ile
305

Leu

Thr

Ile

130

Asn

Ser

Lys

val

Gln

210

Asp

Glu

Pro

Ar

29

Lys

Asn

Thr

Lys

Glu

Phe

Lys

Gln

Thr

195

Ser

Asn

Thr

Ile

Arg

275

Asn

val

Ser

Lys

100

Asp

Thr

Gln

Thr

Asn

180

Pro

Pro

Gln

Thr

Ser

260

Thr

Phe

Lys

Arg

85

Arg

Pro

Thr

Ser

Ile

165

Ser

Asp

Asn

Leu

Leu

245

Tyr

Gly

val

Gly

70

Thr

Met

Asn

Asp

Ala

150

Ser

Lys

Gly

Gly

Pro

230

Ser

Gly

Ile

val

His
310

Ser

Ile

val

val

135

Pro

Tyr

Ser

Lys

Pro

215

Pro

His

Arg

Tyr

Arg

295

Asn

Phe

Trp

Ser

120

Gly

Ser

Thr

val

Leu

Glu

Asn

Ala

280

Tyr
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Ser

Pro

105

Leu

Gln

Ile

Gln

Lys

Ser

Gly

val

Lys

Leu

265

Glu

Glu

Asp
90

Phe
Ile
Thr
Gly
Lys
Trp
Ala
Ser

Gln

Asp
Arg

val

val

Gln

Asn

Leu

Gly

Ser

Gly

His

Ala

Ser

235

Ser

Lys

Asn

Lys Gly Ser

Tyr

Tyr

Tyr

val

Asp

Ar

22

Gly

Ser

Thr

His

300

Page 10

Asn

Leu

125

Tyr

Gly

val

Lys

205

Glu

Phe

Asp

Tyr

Asn

285

Lys

Ile

110

Pro

Asn

Ser

Ser

Ala

190

Tyr

Tyr

Asn

Thr

Ala

270

Ala

Thr

Gly

95

Gly

Lys

Ile

Phe

Glu

175

Asn

Leu

Phe

Pro

Ser

255

Thr

Phe

His

80

Tyr

Leu

Asn

Gly

Asn

160

val

Glu

Phe

Ala

Ser

240

Glu

Leu

val

Glu
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<210> 8

<211> 311

<212> PRT

<213> Staphylococcus aureus
<400> 8

Met Phe Lys Lys Lys Met Leu Ala Ala Thr Leu Ser val Gly Leu Ile
1 5 10 15

Ala Pro Leu Ala Ser Pro Ile Gln Glu Ser Arg Ala Asn Thr Asn Ile
20 25 30

Glu Asn Ile Gly Asp Gly Ala Glu val Ile Lys Arg Thr Glu Asp val
35 40 45

Ser Ser Lys Lys Trp Gly val Thr Gln Asn val Gln Phe Asp Phe val
50 55 60

Lys Asp Lys Lys Tyr Asn Lys Asp Ala Leu Ile val Lys Met Gln Gly
65 70 75 80

Phe Ile Asn Ser Arg Thr Ser Phe Ser Asp val Lys Gly Ser Gly Tyr
85 90 95

Glu Leu Thr Lys Arg Met Ile Trp Pro Phe Gln Tyr Asn Ile Gly Leu
100 105 110

Thr Thr Lys Asp Pro Asn val Ser Leu Ile Asn Tyr Leu Pro Lys Asn
115 120 125

Lys Ile Glu Thr Thr Asp val Gly Gln Thr Leu Gly Tyr Asn Ile Gly
130 135 140

Gly Asn Phe Gln Ser Ala Pro Ser Ile Gly Gly Asn Gly Ser Phe Asn
145 150 155 160

Tyr Ser Lys Thr Ile Ser Tyr Thr Gln Lys Ser Tyr val Ser Glu val
165 170 175

Asp Lys GIln Asn Ser Lys Ser val Lys Trp Gly val Lys Ala Asn Glu
180 185 190

Phe val Thr Pro Asp Gly Lys Lys Ser Ala His Asp Arg Tyr Leu Phe
195 200 205

val Gln Ser Pro Asn Gly Pro Thr Gly Ser Ala Arg Glu Tyr Phe Ala
210 215 22
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Pro Asp Asnh Gln Leu Pro Pro Leu vVal Gln Ser Gly Phe Asn Pro Ser
225 230 235 240

Phe Ile Thr Thr Leu Ser His Glu Lys Gly Ser Ser Asp Thr Ser Glu
245 250 255

Phe Glu Ile Ser Tyr Gly Arg Asn Leu Asp Ile Thr Tyr Ala Thr Leu
260 265 270

Phe Pro Arg Thr Gly Ile Tyr Ala Glu Arg Lys His Asn Ala Phe val
275 280 285

Asn Arg Asn Phe val val Arg Tyr Glu val Asn Trp Lys Thr His Glu
290 295 300

ITe Lys val Lys Gly His Asn

305 310
<210> 9

<211> 311

<212> PRT

<213> Staphylococcus aureus
<400> 9

Met Phe Lys Lys Lys Met Leu Ala Ala Thr Leu Ser val Gly Leu Ile
1 5 10 15

Ala Pro Leu Ala Ser Pro Ile Gln Glu Ser Arg Ala Asn Thr Asn Ile
20 25 30

Glu Asn Ile Gly Asp Gly Ala Glu val Ile Lys Arg Thr Glu Asp val
35 40 45

Ser Ser Lys Lys Trp Gly val Thr Gln Asn val Gln Phe Asp Phe Vval
50 55 60

Lys Asp Lys Lys Tyr Asn Lys Asp Ala Leu Ile val Lys Met Gln Gly
65 70 75 80

Phe Ile Asn Ser Arg Thr Ser Phe Ser Asp val Lys Gly Ser Gly Tyr
85 90 95

Glu Leu Thr Lys Arg Met Ile Trp Pro Phe Gln Tyr Asn Ile Gly Leu
100 105 110

Thr Thr Lys Asp Pro Asn val Ser Leu Ile Asn Tyr Leu Pro Lys Asn
115 120 125
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Lys Ile Glu Thr Thr Asp val Gly GIn Thr Leu Gly Tyr Asn ITe Gly
130 135 140

Gly Asn Phe Gln Ser Ala Pro Ser Ile Gly Gly Asn Gly Ser Phe Asn
145 150 155 160

Tyr Ser Lys Thr Ile Ser Tyr Thr Gln Lys Ser Tyr val Ser Glu val
165 170 175

Asp Lys GIn Asn Ser Lys Ser val Lys Trp Gly val Lys Ala Asn Glu
180 185 190

Phe val Thr Pro Asp Gly Lys Lys Ser Ala His Asp Arg Tyr Leu Phe
195 200 205

val Gln Ser Pro Asn Gly Pro Thr Gly Ser Ala Arg Glu Tyr Phe Ala
210 215 220

Pro Asp Ash GIn Leu Pro Pro Leu val GIn Ser Gly Phe Asn Pro Ser
225 230 235 240

Phe Ile Thr Thr Leu Ser His Glu Lys Gly Ser Ser Asp Thr Ser Glu
245 250 255

Phe Glu Ile Ser Tyr Gly Arg Asn Leu Asp Ile Thr Tyr Ala Thr Leu
260 265 270

Phe Pro Arg Thr Gly Ile Tyr Ala Glu Arg Lys His Asn Ala Phe val
275 280 285

Asn Arg Asn Phe val val Arg Tyr Glu val Asn Trp Lys Thr His Glu
290 295 300

Ile Lys val Lys Gly His Asn

305 310
<210> 10

<211> 311

<212> PRT

<213> Staphylococcus aureus
<400> 10

Met Phe Lys Lys Lys Met Leu Ala Ala Thr Leu Ser val Gly Leu Ile
1 5 10 15

Ala Pro Leu Ala Ser Pro Ile Gln Glu Ser Arg Ala Asn Thr Asn Ile
25 3

Page 13



29527_1042_ST25.txt
Glu Asn Ile Gly Asp Gly Ala Glu val Ile Lys Arg Thr Glu Asp val
35 40 45

Ser Ser Lys Lys Trp Gly val Thr GIn Asn val Gln Phe Asp Phe val
50 55 60

Lys Asp Lys Lys Tyr Asn Lys Asp Ala Leu Ile val Lys Met Gln Gly
65 70 75 80

Phe Ile Asn Ser Arg Thr Ser Phe Ser Asp val Lys Gly Ser Gly Tyr
85 90 95

Glu Leu Thr Lys Arg Met Ile Trp Pro Phe Gln Tyr Asn Ile Gly Leu
100 105 110

Thr Thr Lys Asp Pro Asn val Ser Leu Ile Asn Tyr Leu Pro Lys Asn
115 120 125

Lys ITe Glu Thr Thr Asp val Gly Gln Thr Leu Gly Tyr Asn Ile Gly
130 135 140

Gly Asn Phe GIn Ser Ala Pro Ser Ile Gly Gly Asn Gly Ser Phe Asn
145 150 155 160

Tyr Ser Lys Thr Ile Ser Tyr Thr Gln Lys Ser Tyr val Ser Glu val
165 170 175

Asp Lys GIn Asn Ser Lys Ser val Lys Trp Gly val Lys Ala Asn Glu
180 185 190

Phe val Thr Pro Asp Gly Lys Lys Ser Ala His Asp Arg Tyr Leu Phe
195 200 205

val GIn Ser Pro Asn Gly Pro Thr Gly Ser Ala Arg Glu Tyr Phe Ala
210 215 220

Pro Asp Asnh Gln Leu Pro Pro Leu vVal GIn Ser Gly Phe Asn Pro Ser
225 230 235 240

Phe Ile Thr Thr Leu Ser His Glu Lys Gly Ser Ser Asp Thr Ser Glu
245 250 255

Phe Glu Ile Ser Tyr Gly Arg Asn Leu Asp Ile Thr Tyr Ala Thr Leu
260 265 270

Phe Pro Arg Thr Gly Ile Tyr Ala Glu Arg Lys His Asn Ala Phe val
275 280 285
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Asn Arg Asn Phe val val Arg Tyr Glu val Asn Trp Lys Thr His Glu
29 295 300

ITe Lys val Lys Gly His Asn

305

<210>
<211>
<212>
<213>

<400>
Met Phe
1
Ala Pro
Glu Asn
Ser Ser
50
Lys Asp
Phe Ile
Glu Leu
Thr Thr
Lys Ile
130
Gly Asn

Tyr Ser

Asp Lys

11
311
PRT

Staphylococcus aureus

11

Lys

Leu

Ile

35

Lys

Lys

Asn

Thr

Lys

115

Glu

Phe

Lys

Gln

310

Lys Lys Met
5

Ala

20

Gly

Lys

Lys

Ser

Lys

100

Asp

Thr

Gln

Thr

Asn
180

Ser

Asp

Trp

Tyr

Arg

85

Arg

Pro

Thr

Ser

Ile

165

Ser

Pro

Gly

Gly

Asn

70

Thr

Met

Asn

Asp

Ala

150

Ser

Lys

Leu

Ile

Ala

val

55

Lys

Ser

Ile

val

val

135

Pro

Tyr

Ser

Ala

Gln

Glu

40

Thr

Asp

Phe

Trp

Ser

120

Gly

Ser

Thr

val

Ala

Glu

25

val

Gln

Ala

Ser

Pro

105

Leu

Gln

Ile

Gln

Lys
185

Thr Leu
10

Ser Arg
Ile Lys
Asn val
Leu Ile

75
Asp val
90
Phe Gln
Ile Asn
Thr Leu
Gly Gly

1
Lys Ser
170

Trp Gly

Ser

Ala

Arg

Gln

60

val

Lys

Tyr

Tyr

Gly

140

Asn

Tyr

val
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val

Asn

Thr

45

Phe

Lys

Gly

Asn

Leu

125

Tyr

Gly

val

Lys

Gly

Thr

30

Glu

Asp

Met

Ser

Ile

110

Pro

Asn

Ser

Ser

Ala
190

Leu

15

Asn

Asp

Phe

Gln

Gly

95

Gly

Lys

Ile

Phe

Glu

175

Asn

Ile

Ile

val

val

Gly

80

Tyr

Leu

Asn

Gly

Asn

160

val
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Phe val Thr Pro Asp Gly Lys Lys Ser Ala His Asp Arg Tyr Leu Phe
195 200 205

val Gln Ser Pro Asn Gly Pro Thr Gly Ser Ala Arg Glu Tyr Phe Ala
210 215 22

Pro Asp Ash Gln Leu Pro Pro Leu vVal Gln Ser Gly Phe Asn Pro Ser
225 230 235 240

Phe Ile Thr Thr Leu Ser His Glu Lys Gly Ser Ser Asp Thr Ser Glu
245 250 255

Phe Glu Ile Ser Tyr Gly Arg Asn Leu Asp Ile Thr Tyr Ala Thr Leu
260 265 270

Phe Pro Arg Thr Gly ITe Tyr Ala Glu Arg Lys His Asn Ala Phe val
275 280 285

Asn Asn Phe val val Arg Tyr Glu val Asn Trp Lys Thr His Glu

Ar
29 295 300

ITe Lys val Lys Gly His Asn

305 310
<210> 12

<211> 327

<212> PRT

<213> Staphylococcus aureus
<400> 12

Met Lys Met Lys Lys Leu Val Lys Ser Ser val Ala Ser Ser Ile Ala
1 5 10 15

Leu Leu Leu Leu Ser Asn Thr val Asp Ala Ala Gln His Ile Thr Pro
20 25 30

val Ser Glu Lys Lys val Asp Asp Lys Ile Thr Leu Tyr Lys Thr Thr
35 40 45

Ala Thr Ser Asp Asn Asp Lys Leu Asn Ile Ser Gln Ile Leu Thr Phe
50 55 60

Asn Phe Ile Lys Asp Lys Ser Tyr Asp Lys Asp Thr Leu val Leu Lys
65 70 75 80

Ala Ala Gly Asn Ile Asn Ser Gly Tyr Lys Lys Pro Asn Pro Lys Asp
85 90 95
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Tyr Asn Tyr Ser Gln Phe Tyr Trp Gly Gly Lys Tyr Asn Vval Ser Vval
100 105 110

Ser Ser Glu Ser Asn Asp Ala val Asn val val Asp Tyr Ala Pro Lys
115 120 125

Asn Gln Asn Glu Glu Phe GIn val GIn Gln Thr Leu Gly Tyr Ser Tyr
130 135 140

Gly Gly Asp Ile Asn Ile Ser Asn Gly Leu Ser Gly Gly Leu Asn Gly
145 150 155 160

Ser Lys Ser Phe Ser Glu Thr Ile Asn Tyr Lys Gln Glu Ser Tyr Arg
165 170 175

Thr Thr ITe Asp Arg Lys Thr Asn His Lys Ser Ile Gly Trp Gly val
180 185 190

Glu Ala His Lys Ile Met Asn Asn Gly Trp Gly Pro Tyr Gly Arg Asp
195 200 205

Ser Tyr Asp Pro Thr Tyr Gly Asn Glu Leu Phe Leu Gly Gly Arg Gln
210 215 220

Gln Asn Phe Leu Pro Thr His Gln Met Pro

Ser Ser Ser Asn Ala Gly
30 235 240

225

ST

Leu Leu Ala Arg Gly Asn Phe Asn Pro Glu Phe Ile Ser val Leu Ser
245 250 255

His Lys Gln Asn Asp Thr Lys Lys Ser Lys Ile Lys val Thr Tyr Gln
260 265 270

Arg Glu Met Asp Arg Tyr Thr Asn Gln Trp Asn Arg Leu His Trp val
275 280 285

Gly Asn Asn Tyr Lys Asn Gln Asn Thr val Thr Phe Thr Ser Thr Tyr
290 295 300

Glu val Asp Trp GIn Asn His Thr val Lys Leu Ile Gly Thr Asp Ser
305 310 315 320

Lys Glu Thr Asn Pro Gly val
325

<210> 13
<211> 327
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<212> PRT
<213> Staphylococcus aureus
<400> 13

Met Lys Met Lys Lys Leu Val Lys Ser Ser val Ala Ser Ser Ile Ala
1 5 10 15

Leu Leu Leu Leu Ser Asn Thr val Asp Ala Ala Gln His Ile Thr Pro
20 25 30

val Ser Glu Lys Lys val Asp Asp Lys Ile Thr Leu Tyr Lys Thr Thr
35 40 45

Ala Thr Ser Asp Asnh Asp Lys Leu Ash Ile Ser Gln Ile Leu Thr Phe
50 55 60

Asn Phe Ile Lys Asp Lys Ser Tyr Asp Lys Asp Thr Leu val Leu Lys
65 70 75 80

Ala Ala Gly Asn Ile Asn Ser Gly Tyr Lys Lys Pro Asn Pro Lys Asp
85 90 95

Tyr Asn Tyr Ser Gln Phe Tyr Trp Gly Gly Lys Tyr Asn Vval Ser Vval
100 105 110

Ser Ser Glu Ser Asn Asp Ala val Asn val val Asp Tyr Ala Pro Lys
115 120 125

Asn Gln Asn Glu Glu Phe GIn val GIn Gln Thr Leu Gly Tyr Ser Tyr
130 135 140

Gly Gly Asp Ile Asn Ile Ser Asn Gly Leu Ser Gly Gly Leu Asn Gly
145 150 155 160

Ser Lys Ser Phe Ser Glu Thr Ile Asn Tyr Lys Gln Glu Ser Tyr Arg
165 170 175

Thr Thr Ile Asp Arg Lys Thr Asn His Lys Ser Ile Gly Trp Gly val
180 185 190

Glu Ala His Lys Ile Met Asn Asn Gly Trp Gly Pro Tyr Gly Arg Asp
195 200 205

Ser Tyr Asp Pro Thr Tyr Gly Asn Glu Leu Phe Leu Gly Gly Arg Gln
210 215 220

1y GIn Asn Phe Leu Pro Thr His GIln Met Pro
30 235 240
Page 18

Ser Ser Ser Asn Ala G
225 2



29527_1042_ST25.txt

Leu Leu Ala Arg Gly Asn Phe Asn Pro Glu Phe Ile Ser val Leu Ser
245 250 255

His Lys Gln Asn Asp Thr Lys Lys Ser Lys Ile Lys val Thr Tyr Gln
260 265 270

Arg Glu Met Asp Arg Tyr Thr Asn Gln Trp Asnh Arg Leu His Trp val
275 280 285

Gly Asn Asn Tyr Lys Asn Gln Asn Thr val Thr Phe Thr Ser Thr Tyr
290 295 300

Glu val Asp Trp Gln Asn His Thr val Lys Leu Ile Gly Thr Asp Ser
305 310 315 320

Lys Glu Thr Asn Pro Gly val

325
<210> 14
<211> 327
<212> PRT
<213> Staphylococcus aureus
<400> 14

Met Lys Met Lys Lys Leu Val Lys Ser Ser val Ala Ser Ser Ile Ala
it 5 10 15

Leu Leu Leu Leu Ser Asn Thr val Asp Ala Ala Gln His Ile Thr Pro
20 25 30

val Ser Glu Lys Lys val Asp Asp Lys Ile Thr Leu Tyr Lys Thr Thr
35 40 45

Ala Thr Ser Asp Asn Asp Lys Leu Asn Ile Ser Gln Ile Leu Thr Phe
50 55 60

Asn Phe Ile Lys Asp Lys Ser Tyr Asp Lys Asp Thr Leu val Leu Lys
65 70 75 80

Ala Ala Gly Asn Ile Asn Ser Gly Tyr Lys Lys Pro Asn Pro Lys Asp
85 90 95

Tyr Asn Tyr Ser Gln Phe Tyr Trp Gly Gly Lys Tyr Asn val Ser Vval
100 105 110

Ser Ser Glu Ser Asn Asp Ala val Asn val val Asp Tyr Ala Pro Lys
115 120 125
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Asn GIn Asn Glu Glu Phe Gln val Gln Gln Thr Leu Gly Tyr Ser Tyr
130 135 140

Gly Gly Asp Ile Asn Ile Ser Asn Gly Leu Ser Gly Gly Leu Asn Gly
145 150 155 160

Ser Lys Ser Phe Ser Glu Thr Ile Asn Tyr Lys Gln Glu Ser Tyr Arg
165 170 175

Thr Thr ITe Asp Arg Lys Thr Asn His Lys Ser Ile Gly Trp Gly val
180 185 190

Glu Ala His Lys Ile Met Asn Asn Gly Trp Gly Pro Tyr Gly Arg Asp
195 200 205

Ser Tyr Asp Pro Thr Tyr Gly Asn Glu Leu Phe Leu Gly Gly Arg Gln
210 215 220

Ser Ser Ser Asn Ala Gly Gln Asn Phe Leu Pro Thr His Gln Met Pro
225 230 235 240

Leu Leu Ala Arg Gly Asn Phe Asn Pro Glu Phe Ile Ser val Leu Ser
245 250 255

His Lys Gln Asn Asp Thr Lys Lys Ser Lys Ile Lys val Thr Tyr Gln
260 265 270

Arg Glu Met Asp Arg Tyr Thr Asn Gln Trp Asnh Arg Leu His Trp val
275 280 285

Gly Asn Asn Tyr Lys Asn Gln Asn Thr val Thr Phe Thr Ser Thr Tyr
290 295 300

Glu val Asp Trp Gln Asn His Thr val Lys Leu Ile Gly Thr Asp Ser
305 310 315 320

Lys Glu Thr Asn Pro Gly val
325

<210> 15

<211> 327

<212> PRT

<213> Staphylococcus aureus
<400> 15

Met Lys Met Lys Lys Leu Val Lys Ser Ser val Ala Ser Ser Ile Ala
1 5 10 15
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Leu Leu Leu Leu Ser Asn Thr val Asp Ala Ala Gln His Ile Thr Pro
20 25

val Ser Glu Lys Lys val Asp Asp Lys Ile Thr Leu Tyr Lys Thr Thr
35 40 45

Ala Thr Ser Asp Asn Asp Lys Leu Asn Ile Ser Gln Ile Leu Thr Phe
50 55 60

Asn Phe Ile Lys Asp Lys Ser Tyr Asp Lys Asp Thr Leu Vval Leu Lys
65 70 75 80

Ala Ala Gly Asn Ile Asn Ser Gly Tyr Lys Lys Pro Ash Pro Lys Asp
85 90 95

Tyr Asn Tyr Ser Gln Phe Tyr Trp Gly Gly Lys Tyr Asn Vval Ser val
100 105 110

Ser Ser Glu Ser Asn Asp Ala val Asn val val Asp Tyr Ala Pro Lys
115 120 125

Asn Gln Asn Glu Glu Phe Gln val GIn Gln Thr Leu Gly Tyr Ser Tyr
130 135 140

Gly Gly Asp Ile Asn Ile Ser Asn Gly Leu Ser Gly Gly Leu Asn Gly
145 150 155 160

Ser Lys Ser Phe Ser Glu Thr Ile Asn Tyr Lys Gln Glu Ser Tyr Arg
165 170 175

Thr Thr Ile Asp Arg Lys Thr Asn His Lys Ser Ile Gly Trp Gly val
180 185 190

Glu Ala His Lys Ile Met Asn Asn Gly Trp Gly Pro Tyr Gly Arg Asp
195 200 205

Ser Tyr Asp Pro Thr Tyr Gly Asn Glu Leu Phe Leu Gly Gly Arg Gln
210 215 220

Ser Ser Ser Asn Ala Gly Gln Asn Phe Leu Pro Thr His Gln Met Pro
225 230 235 240

Leu Leu Ala Arg Gly Asn Phe Asn Pro Glu Phe Ile Ser val Leu Ser
245 250 255

His Lys Gln Asn Asp Thr Lys Lys Ser Lys Ile Lys val Thr Tyr Gln
Page 21



260

Arg Glu Met Asp Arg Tyr Thr
275

Gly Asn Asn Tyr Lys Asn Gln

290

305

295

Glu val Asp Trp Gln Asn His
310

Lys Glu Thr Asn Pro Gly val
325

<210> 16
<211> 327
<212> PRT

<213> Staphylococcus aureus

<400> 16

Met Lys Met
1
Leu Leu Leu

val Ser Glu
35

Ala Thr Ser
50

Asn Phe Ile
65

Ala Ala Gly
Tyr Asn Tyr

Ser Ser Glu
115

Asn Gln Asn
130

Gly Gly Asp

Lys

Leu

20

Lys

Asp

Lys

Asn

Ser

100

Ser

Glu

Ile

Lys

5

Ser

Lys

Asn

Asp

Ile

85

Gln

Asn

Glu

Asn

Leu

Asn

val

Asp

Phe

Asp

Phe

Ile

val

Thr

Asp

Lys

Ser

Ser

Tyr

Ala

Gln

135

Ser

Asn
280

Asn

Thr

Lys

val

Asp

40

Leu

Tyr

Gly

Trp

val

120

val

Asn
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265

Gln Trp Asn

Thr val Thr

val Lys Leu
315

Ser Ser val
10

Asp Ala Ala
25

Lys Ile Thr

Asn Ile Ser

Asp Lys Asp

75

Tyr Lys Lys

90

Gly Gly Lys

Asn val val

Gln GIn Thr

Gly Leu Ser

Arg
Phe

300

Ile

Ala

Gln

Leu

Gln

60

Thr

Pro

Tyr

Asp

Leu

140

Gly
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270

Leu His
285

Thr Ser

Gly Thr

Ser Ser
His Ile

30

Tyr Lys

45

Ile Leu

Leu val

Asn Pro

Asn val

110

Tyr Ala

Gly Tyr

Gly Leu

Trp

Thr

Asp

Ile

15

Thr

Thr

Thr

Leu

Pro

Ser

Asn

val

Tyr

Ser
320

Ala

Pro

Thr

Phe

Asp

val

Lys

Tyr

Gly
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145 150 155 160

Ser Lys Ser Phe Ser Glu Thr Ile Asn Tyr Lys Gln Glu Ser Tyr Arg
165 170 175

Thr Thr Ile Asp Arg Lys Thr Asn His Lys Ser Ile Gly Trp Gly val
180 185 190

Glu Ala His Lys Ile Met Asn Asn Gly Trp Gly Pro Tyr Gly Arg Asp
195 200 205

Ser Tyr Asp Pro Thr Tyr Gly Asn Glu Leu Phe Leu Gly Gly Arg Gln
210 215 220

Ser Ser Ser Asn Ala Gly Gln Asn Phe Leu Pro Thr His Gln Met Pro
225 230 235 240

Leu Leu Ala Arg Gly Asn Phe Asn Pro Glu Phe Ile Ser val Leu Ser
245 250 255

His Lys Gln Asn Asp Thr Lys Lys Ser Lys Ile Lys val Thr Tyr Gln
260 265 270

Arg Glu Met Asp Arg Tyr Thr Asn Gln Trp Asn Arg Leu His Trp Vval
275 280 285

Gly Asn Asn Tyr Lys Asn Gln Asn Thr val Thr Phe Thr Ser Thr Tyr
290 295 300

Glu val Asp Trp Gln Asn His Thr val Lys Leu Ile Gly Thr Asp Ser
305 310 315 320

Lys Glu Thr Asn Pro Gly val

325
<210> 17
<211> 327
<212> PRT
<213> Staphylococcus aureus
<400> 17

Met Lys Met Lys Lys Leu Val Lys Ser Ser val Ala Ser Ser Ile Ala
1 5 10 15

Leu Leu Leu Leu Ser Asn Thr val Asp Ala Ala Gln His Ile Thr Pro
25 30

val Ser Glu Lys Lys val Asp Asp Lys Ile Thr Leu Tyr Lys Thr Thr
Page 23
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35 40 45

Ala Thr Ser Asp Asn Asp Lys Leu Asn Ile Ser Gln Ile Leu Thr Phe
50 55 60

Asn Phe Ile Lys Asp Lys Ser Tyr Asp Lys Asp Thr Leu val Leu Lys
65 70 75 80

Ala Ala Gly Asn Ile Asn Ser Gly Tyr Lys Lys Pro Ash Pro Lys Asp
85 90 95

Tyr Asn Tyr Ser Gln Phe Tyr Trp Gly Gly Lys Tyr Asn Vval Ser val
100 105 110

Ser Ser Glu Ser Asn Asp Ala val Asn val val Asp Tyr Ala Pro Lys
115 120 125

Asn Gln Asn Glu Glu Phe Gln val Gln Gln Thr Leu Gly Tyr Ser Tyr
130 135 140

Gly Gly Asp Ile Asn Ile Ser Asn Gly Leu Ser Gly Gly Leu Asn Gly
145 150 155 160

Ser Lys Ser Phe Ser Glu Thr Ile Asn Tyr Lys Gln Glu Ser Tyr Arg
165 170 175

Thr Thr ITe Asp Arg Lys Thr Asn His Lys Ser Ile Gly Trp Gly val
180 185 190

Glu Ala His Lys Ile Met Asn Asn Gly Trp Gly Pro Tyr Gly Arg Asp
195 200 205

Ser Tyr Asp Pro Thr Tyr Gly Asn Glu Leu Phe Leu Gly Gly Arg Gln
210 215 220

Ser Ser Ser Asn Ala Gly Gln Asn Phe Leu Pro Thr His Gln Met Pro
225 230 235 240

Leu Leu Ala Arg Gly Asn Phe Asn Pro Glu Phe Ile Ser val Leu Ser
245 250 255

His Lys Gln Asn Asp Thr Lys Lys Ser Lys Ile Lys val Thr Tyr Gln
260 265 270

Arg Glu Met Asp Arg Tyr Thr Asn Gln Trp Ash Arg Leu His Trp val
275 280 285
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Gly Asn Asn Tyr Lys Asn Gln Asn Thr val Thr Phe Thr Ser Thr Tyr

290

295

300

Glu val Asp Trp GIn Asn His Thr val Lys Leu Ile Gly Thr Asp Ser

305

310

Lys Glu Thr Asn Pro Gly val

<210>
<211>
<212>
<213>

<400>

Met Lys
1

Leu Leu

val Ser

Ala Thr

50

Asn Phe

65

Ala Ala

Tyr Asn

Ser Ser

Asn Gln
130

Gly Gly

Ser Lys

18
327
PRT

Staphylococcus aureus

18

Met

Leu

Glu

35

Ser

Ile

Gly

Tyr

Glu

115

Asn

Asp

Ser

Lys

Leu

20

Lys

Asp

Lys

Asn

Ser

100

Ser

Glu

Ile

Phe

325

Lys

5

Ser

Lys

Asn

Asp

Ile

85

Gln

Asn

Glu

Asn

Ser
165

Leu

Asn

val

Asp

Lys

Asn

Phe

Asp

Phe

Ile

150

Glu

val

Thr

Asp

Lys

Ser

Ser

Tyr

Ala

Gln

135

Ser

Thr

Lys

val

Asp

40

Leu

Tyr

Gly

Trp

val

120

val

Asn

Ile

Ser

Asp

25

Lys

Asn

Asp

Tyr

Gln

Gly

Asn

315

Ser val
10

Ala Ala

Ile Thr

Ile Ser

Lys Asp
75

Lys Lys
90

Gly Lys

val val

Gln Thr

Leu Ser

155

Tyr Lys
170

Ala

Gln

Leu

Gln

60

Thr

Pro

Tyr

Asp

Leu

140

Gly

Gln
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Ser

His

Tyr

Ile

Leu

Asn

Asn

Tyr

Gly

Gly

Glu

Ser

Ile

30

Lys

Leu

val

Pro

val

110

Ala

Tyr

Leu

Ser

Ile

15

Thr

Thr

Thr

Leu

Pro

Ser

Asn

Tyr

320

Ala

Pro

Thr

Phe

Asp

val

Lys

Tyr

Gly

Arg
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Thr Thr Ile Asp Arg Lys Thr Asn His Lys Ser Ile Gly Trp Gly val
180 185 190

Glu Ala His Lys Ile Met Asn Asn Gly Trp Gly Pro Tyr Gly Arg Asp
195 200 205

Ser Tyr Asp Pro Thr Tyr Gly Asn Glu Leu Phe Leu Gly Gly Arg Gln
210 215 220

Ser Ser Ser Asn Ala Gly GIn Asn Phe Leu Pro Thr His GIn Met Pro
225 230 235 240

Leu Leu Ala Arg Gly Asn Phe Asn Pro Glu Phe Ile Ser val Leu Ser
245 250 255

His Lys Gln Asn Asp Thr Lys Lys Ser Lys Ile Lys val Thr Tyr Gln
260 265 270

Arg Glu Met Asp Arg Tyr Thr Asn Gln Trp Asn Arg Leu His Trp val
275 280 285

Gly Asn Asn Tyr Lys Asn GIn Asn Thr val Thr Phe Thr Ser Thr Tyr
290 295 300

Glu val Asp Trp Gln Asn His Thr val Lys Leu Ile Gly Thr Asp Ser
305 310 315 320

Lys Glu Thr Asn Pro Gly val

325
<210> 19
<211> 327
<212> PRT
<213> Staphylococcus aureus
<400> 19

Met Lys Met Lys Lys Leu Val Lys Ser Ser val Ala Ser Ser Ile Ala
1 5 10 15

Leu Leu Leu Leu Ser Asn Thr val Asp Ala Ala Gln His Ile Thr Pro
25 30

val Ser Glu Lys Lys val Asp Asp Lys Ile Thr Leu Tyr Lys Thr Thr
35 40

Ala Thr Ser Asp Asnh Asp Lys Leu Asn Ile Ser Gln Ile Leu Thr Phe
50 55 60
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Asn Phe Ile Lys Asp Lys Ser Tyr Asp Lys Asp Thr Leu val Leu Lys
65 70 75 80

Ala Ala Gly Asn Ile Asn Ser Gly Tyr Lys Lys Pro Asn Pro Lys Asp
85 90 95

Tyr Asn Tyr Ser Gln Phe Tyr Trp Gly Gly Lys Tyr Asn val Ser val
100 105 110

Ser Ser Glu Ser Asn Asp Ala val Asn val val Asp Tyr Ala Pro Lys
115 120 125

Asn GlIn Asn Glu Glu Phe GIn val GIn Gln Thr Leu Gly Tyr Ser Tyr
130 135 140

Gly Gly Asp Ile Asn Ile Ser Asn Gly Leu Ser Gly Gly Leu Asn Gly
145 150 155 160

Ser Lys Ser Phe Ser Glu Thr Ile Asn Tyr Lys Gln Glu Ser Tyr Arg
165 170 175

Thr Thr Ile Asp Arg Lys Thr Asn His Lys Ser Ile Gly Trp Gly val
180 185 190

Glu Ala His Lys Ile Met Asn Asn Gly Trp Gly Pro Tyr Gly Arg Asp
195 200 205

Ser Tyr Asp Pro Thr Tyr Gly Asn Glu Leu Phe Leu Gly Gly Arg Gln
210 215 220

Ser Ser Ser Asn Ala Gly GIn Asn Phe Leu Pro Thr His GIn Met Pro
225 230 235 240

Leu Leu Ala Arg Gly Asn Phe Asn Pro Glu Phe Ile Ser val Leu Ser
245 250 255

His Lys Gln Asn Asp Thr Lys Lys Ser Lys Ile Lys val Thr Tyr Gln
260 265 270

Arg Glu Met Asp Arg Tyr Thr Asn Gln Trp Asn Arg Leu His Trp val
275 280 285

Gly Asn Asn Tyr Lys Asn GIn Asn Thr val Thr Phe Thr Ser Thr Tyr
290 295 300

Glu val Asp Trp GIn Asn His Thr val Lys Leu Ile Gly Thr Asp Ser
305 310 315 320
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Lys Glu Thr Asn Pro Gly val

325
<210> 20
<211> 327
<212> PRT
<213> Staphylococcus aureus
<400> 20

Met Lys Met Lys Lys Leu Vval Lys Ser Ser val Ala Ser Ser Ile Ala
1 5 10 15

Leu Leu Leu Leu Ser Asn Thr val Asp Ala Ala Gln His Ile Thr Pro
20 25 30

val Ser Glu Lys Lys val Asp Asp Lys Ile Thr Leu Tyr Lys Thr Thr
35 40 45

Ala Thr Ser Asp Asn Asp Lys Leu Asn Ile Ser Gln Ile Leu Thr Phe
50 55 60

Asn Phe Ile Lys Asp Lys Ser Tyr Asp Lys Asp Thr Leu val Leu Lys
65 70 75 80

Ala Ala Gly Asn Ile Asn Ser Gly Tyr Lys Lys Pro Asn Pro Lys Asp
85 90 95

Tyr Asn Tyr Ser Gln Phe Tyr Trp Gly Gly Lys Tyr Asn val Ser val
100 105 110

Ser Ser Glu Ser Asn Asp Ala val Asn val val Asp Tyr Ala Pro Lys
115 120 125

Asn GIn Asn Glu Glu Phe GIn val GIn Gln Thr Leu Gly Tyr Ser Tyr
130 135 140

Gly Gly Asp Ile Asn Ile Ser Asn Gly Leu Ser Gly Gly Leu Asn Gly
145 150 155 160

Ser Lys Ser Phe Ser Glu Thr Ile Asn Tyr Lys Gln Glu Ser Tyr Arg
165 170 175

Thr Thr Ile Asp Arg Lys Thr Asn His Lys Ser Ile Gly Trp Gly val
180 185 190

Glu Ala His Lys Ile Met Asn Asn Gly Trp Gly Pro Tyr Gly Arg Asp
195 200 205
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Ser Tyr Asp Pro Thr Tyr Gly Asn Glu Leu Phe Leu Gly Gly Arg Gln
210 215 220

Gln Asn Phe Leu Pro Thr His Gln Met Pro

Ser Ser Ser Asn Ala Gly
30 235 240

225

ST

Leu Leu Ala Arg Gly Asn Phe Asn Pro Glu Phe Ile Ser val Leu Ser
245 250 255

His Lys Gln Asn Asp Thr Lys Lys Ser Lys Ile Lys val Thr Tyr Gln
260 265 270

Arg Glu Met Asp Arg Tyr Thr Asn Gln Trp Asn Arg Leu His Trp Ile
275 280 285

Gly Asn Asn Tyr Lys Asn GIn Asn Thr val Thr Phe Thr Ser Thr Tyr
290 295 300

Glu val Asp Trp GIn Asn His Thr val Lys Leu Ile Gly Thr Asp Ser
305 310 315 320

Lys Glu Thr Asn Pro Gly val

325
<210> 21
<211> 327
<212> PRT
<213> Staphylococcus aureus
<400> 21

Met Lys Met Lys Lys Leu Val Lys Ser Ser val Ala Ser Ser Ile Ala
1 5 10 15

Leu Leu Leu Leu Ser Asn Thr val Asp Ala Ala Gln His Ile Thr Pro
20 25 30

val Ser Glu Lys Lys val Asp Asp Lys Ile Thr Leu Tyr Lys Thr Thr
35 40 45

Ala Thr Ser Asp Asn Asp Lys Leu Asn Ile Ser Gln Ile Leu Thr Phe
50 55 60

Asn Phe Ile Lys Asp Lys Ser Tyr Asp Lys Asp Thr Leu val Leu Lys
65 70 75 80

Ala Ala Gly Asn Ile Asn Ser Gly Tyr Lys Lys Pro Asn Pro Lys Asp
85 90 95
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Tyr Asn Tyr Ser Gln Phe Tyr Trp Gly Gly Lys Tyr Asn Vval Ser Vval
100 105 110

Ser Ser Glu Ser Asn Asp Ala val Asn val val Asp Tyr Ala Pro Lys
115 120 125

Asn Gln Asn Glu Glu Phe GIn val GIn Gln Thr Leu Gly Tyr Ser Tyr
130 135 140

Gly Gly Asp Ile Asn Ile Ser Asn Gly Leu Ser Gly Gly Leu Asn Gly
145 150 155 160

Ser Lys Ser Phe Ser Glu Thr Ile Asn Tyr Lys Gln Glu Ser Tyr Arg
165 170 175

Thr Thr ITe Asp Arg Lys Thr Asn His Lys Ser Ile Gly Trp Gly val
180 185 190

Glu Ala His Lys Ile Met Asn Asn Gly Trp Gly Pro Tyr Gly Arg Asp
195 200 205

Ser Tyr Asp Pro Thr Tyr Gly Asn Glu Leu Phe Leu Gly Gly Arg Gln
210 215 220

Gln Asn Phe Leu Pro Thr His Gln Met Pro

Ser Ser Ser Asn Ala Gly
30 235 240

225

ST

Leu Leu Ala Arg Gly Asn Phe Asn Pro Glu Phe Ile Ser val Leu Ser
245 250 255

His Lys Gln Asn Asp Thr Lys Lys Ser Lys Ile Lys val Thr Tyr Gln
260 265 270

Arg Glu Met Asp Arg Tyr Thr Asn GIn Trp Asn Arg Leu His Trp Ile
275 280 285

Gly Asn Asn Tyr Lys Asn Gln Asn Thr val Thr Phe Thr Ser Thr Tyr
290 295 300

Glu val Asp Trp GIn Asn His Thr val Lys Leu Ile Gly Thr Asp Ser
305 310 315 320

Lys Glu Thr Asn Pro Gly val
325

<210> 22
<211> 327
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<212> PRT
<213> Staphylococcus aureus

<220>

<221> MISC_FEATURE

<222> (288)..(288)

<223> Xaa can be val or Ile

<400> 22
Met Lys Met Lys Lys Leu Val Lys Ser Ser val Ala Ser Ser Ile Ala
1 5 10 15

Leu Leu Leu Leu Ser Asn Thr val Asp Ala Ala Gln His Ile Thr Pro
20 25 30

val Ser Glu Lys Lys val Asp Asp Lys Ile Thr Leu Tyr Lys Thr Thr
35 40 45

Ala Thr Ser Asp Asn Asp Lys Leu Asn Ile Ser Gln Ile Leu Thr Phe
50 55 60

Asn Phe Ile Lys Asp Lys Ser Tyr Asp Lys Asp Thr Leu val Leu Lys
65 70 75 80

Ala Ala Gly Asn Ile Asn Ser Gly Tyr Lys Lys Pro Asnh Pro Lys Asp
85 90 95

Tyr Asn Tyr Ser Gln Phe Tyr Trp Gly Gly Lys Tyr Asn val Ser val
100 105 110

Ser Ser Glu Ser Asn Asp Ala val Asn val val Asp Tyr Ala Pro Lys
115 120 125

Asn Gln Asn Glu Glu Phe Gln val Gln Gln Thr Leu Gly Tyr Ser Tyr
130 135 140

Gly Gly Asp Ile Asn Ile Ser Asn Gly Leu Ser Gly Gly Leu Asn Gly
145 150 155 160

Ser Lys Ser Phe Ser Glu Thr Ile Asn Tyr Lys Gln Glu Ser Tyr Arg
165 170 175

Thr Thr Ile Asp Arg Lys Thr Asn His Lys Ser Ile Gly Trp Gly val
180 185 190

Glu Ala His Lys Ile Met Asn Asn Gly Trp Gly Pro Tyr Gly Arg Asp
195 200 205
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Ser

Ser

225

Leu

His

Arg

Gly

Glu

305

Lys

Tyr

210

Ser

Leu

Lys

Glu

Asn

290

val

Glu

Asp

Ser

Ala

Gln

Met

275

Asn

Asp

Thr

Pro

Asn

Arg

Asn

260

Asp

Tyr

Trp

Asn

Thr

Ala

Gly

Asp

Arg

Lys

Gln

Pro
325

Asn

Thr

Tyr

Asn

Asn

310

Gly

Gly

215

Gln

Phe

Lys

Thr

Gln

295

His

val

Asn

Asn

Asn

Lys

Asn

280

Asn

Thr
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Glu Leu Phe Leu Gly Gly
220

Phe

Pro

Ser

265

Gln

Thr

val

Leu

Glu

250

Lys

Trp

val

Lys

Pro

235

Phe

Ile

Asn

Thr

Leu
315

Thr

Ile

Lys

Arg

Phe

300

Ile
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His

Ser

val

Leu

285

Thr

Gly

Gln

val

Thr

270

His

Ser

Thr

Arg

Met

Leu

255

Tyr

Trp

Thr

Asp

Gln

Pro

240

Ser

Gln

Xaa

Tyr

Ser
320



	Bibliographic Page
	Abstract
	Description
	Claims
	Drawings
	Gene Sequence

