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DESCRIPTION

STAPHYLOCOCCAL COAGULASE ANTIGENS AND METHODS OF THEIR USE

BACKGROUND OF THE INVENTION

L FIELD OF THE INVENTION

The present invention relates gencrally to the fields of immunology, microbiology, and
pathology. More particularly, it concerns methods and compositions involving bacterial

coagulase variants, which can be used to invoke an immune response against the bacteria.

II. BACKGROUND

The number of both community acquired and hospital acquired infections have increased over
recent years with the increased use of intravascular devices. Hospital acquired (nosocomial)
infections are a major cause of morbidity and mortality, more particularly in the United States,
where it affects more than 2 million patients annually. The most frequent infections are urinary
tract infections (33% of the infections), followed by pneumonia (15.5%), surgical site

infections (14.8%) and primary bloodstream infections (13%) (Emorl and Gaynes, 1993).

The major nosocomial pathogens include Staphylococcus aureus, coagulase-negative
Staphylococci (mostly Staphylococcus epidermidis), enterococcus spp., Escherichia coli and
Pseudomonas aeruginosa. Although these pathogens cause approximately the same number
of infections, the severity of the disorders they can produce combined with the frequency of
antibiotic resistant isolates balance this ranking towards S. aureus and S. epidermidis as being

the most significant nosocomial pathogens.

Date Regue/Date Received 2021-01-25
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Staphylococci can cause a wide variety of diseases in humans and other animals through
gither toxin production or tnvasion. Staphylococcal toxins are also a common cause of food

poisoning, as the bacteria can grow in improperiy-stored food.

J

Staphviococcus epidermidis is a normal skin commensal which is also an important
opportunistic pathogen responsible for infections of mpaired medical devices and infoctions
at sites of surgery. Medical devices infected by 8. epidermidis include cardiac pacemakers,
cercbrospinal fluid shunts, continuous ambulatory peritonecal dialysis catheters, orthopedic

devices and prosthetic heart valves.

Staphylococcus aureus 18 the most comraon cause of nosocomial infections with a significant
morbidity and mortality. It is the cause of some cases of osteomyelitis, endocarditis, septic
arthritis, pneumonia, abscesses, and toxic shock syndrome. § awrews can survive on dry
surfaces, increasing the chance of transmission. Any S awrens infection can cause the
staphvlococcal scalded skin syndrome, a cutaneous reaction to exotoxin absorbed into the
bloodstream. It can also cause a type of septicemia called pvaemia that can be life-
threatening.  Problematically, Methicillin-resistant Staphylococcus aurcus (MRSA} has

become a major cause of hospital-acquired infections.

8. qureus and 8. epidermidis infections are typically treated with antibiotics, with penicillin
being the drog of chotce, whereas vancomycin is used for methicillin resistant isolates, The
percentage of staphyvlococcal strains exhibiting wide-spectrurn resistance to antibiotics has
become increasingly prevalent, posing a threat for cffective antimicrobial therapy. In
addition, the recent emergence of vancomycin resistant S, gureus stram has aroused fear that

MRSA strains are emerging and spreading for which no effective therapy is available.

An alternative to antibiotic treatment for staphylococeal infections is under investigation that
uses antibodics directed aguinst staphylococcal antigens.  This  therapy involves
administration  of polyclonal antisera (WO0/1523%, WOOG(/12132) or treatment with

monoclonal antibodics against lipoteichoic acid (WO98/579%4 ).

An alternative approach would be the use of active vaccingtion to gencrate an immune
response against staphylococel. The S, aureus genome has been sequenced and many of the
coding sequences have been identified {WO02/094868, EPOT7RO519), which can lead to the
identification of potential antigens. The same is true for S. epidermidis (WO01/34809). Asa

refinement of this approach, others have identified proteins that are recognized by
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hyperimmune sera from patients who have suffered staphylococcal infection (W(01/98499,

WO02/059148),

S. aureus sceretes a picthora of virnlence factors into the extraccllular milicu (Archer, 1998;
Dinges ef af., 2000; Foster, 20035; Shaw e af., 2004; Sibbald er af., 20063, Like most sgereted
proteins, these virnlence factors are translocated by the Scc machinery across the plasma
membrans. Proteins secreted by the Sec machinery bear an N-terminal leader peptide that is
removed by leader peptidase once the pre-protein is engaged in the Sec translocon (Dalbey
and Wickner, 1985; van Wely e af, 2001). BRecent genome analysis suggesis that
Actinobacteria and members of the Firmicutes encode an additional secretion system that
recognizes a subset of proteins in a Sec-independent manner (Pallen, 2002). ESAT-6 (carly
secreted  antigen target © kDa) and CFP-10 (culture filtrate antigen 10 kDa) of
Myvcobacterium tuberculosis vepresent the first substrates of this vovel secretion sysiern
termed ESX-1 or Snm in M. fuberculosis (Andersen e al., 1995; Hesu er af,, 2003; Pym er af.,
2003; Standey ef af., 2003). In 8. qureus, two ESAT-6 fike factors designated EsxA and EsxB

are secreted by the Hss pathway {ESAT-6 secretion system) (Burts ef @/, 2003).

The first gencration of vaccines targeted against 8. gureuws or against the exoproteins it
o o

produces have met with limited success {(Lee, 1996). There remains a noed to develop

effective vaccines against staphylococcal infections.  Additional compositions for treating

staphylococcal infections are also needed.

SUMMARY OF THE INVENTION

During mfection, Sraphylococcus aureus scerets two coagulases, Coa and vWbp, which upon
association with host prothrombin and fibrinogen, convert seluble fibrinogen fo inscluble
fibrin, induce the formation of fibrin clots and cnable the cstablishment of staphylococcal
disease. Due to the fact that Coa and vWhp are umportant factors for staphyloceccal
coagulation and agglutination, which promote the pathogenesis of S0 awureus abscess
formation and lethal bacteremia in mice. Here the inveuntors demonstrate that antibodies
directed against the variable prothrombin-binding portion of coagulases confer type-specific
immunity  through neutralization of § gwrens clotting activity and protect from
staphylococcal discase. In particular, by combining variable portions of coagulases from
North-American isolates into hybrid Coa and vWhp proteins, a subunit vaccine was derived

that provides protection against challenge with different coagulase-type S. qureus strains.
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Certain embeodiments an imnmunogenic composition is provided comprising a staphylococcal
coagulase Domains 1-2 {¢.g., a Domains -2 from a staphviococcal Coa or vWhp protein).
For example, the Domains 1-2 can comprise or consist of an amino acid sequence that is at
least 80, 85, 99, 95, 98, 99 or 100% identical to an aming acid sequence of SEQUENCE
TABLE NO. 1 (SEQ 12 NQOs: 33-37) or SEQUENCE TABLE NO. 2 (SEQ 1D NOs: 38-41),
in some aspects, a staphylococcal coaguiase Domains 1-2 is comprised in a less than full-
length coagulase protein. For example, the Dornains 1-2 can be comprised in a less than full-
length Coa protein {e.g., that lacks all or part of a L or R Domain segment) or in a less than
full-length vWbhp protein (e.g., that lacks all or part of a L or F Dorvain segment). In some
aspects, a Donwain 1-2 18 a Domain -2 segment wherein the secretion signal sequence has

been removed.

In certain cmbodiments, an immunogenic composition is provided comprising at least two
different staphylococcal coagulase Domains 1-2. For example, a composttion can comprise
at least two different staphvlococceal coagulase Domains 1-2 fromn a staphylococcal Coa or
vWhp protein, wherein at least one Domain 1-2 is comprised in a less than full-length
coaguiase protein. In certain aspects, the sequence of the Domains -2 comprises or consists
of ap amino acid sequence that is at least 80% identical to an amino acid sequence of
SEQUENCE TABLE NO. 1 (SEQ D NOs: 33-37) or SEQUENCE TABLE NO. 2 (SEQ 1D
NOs: 38-41). In certain aspects, the sequence of the Domains 1-2 comprises or consists of an
amino acid sequence that is at least 85, 90, 95, 98, 99 or 100% identical to an amino acid
sequence of SEQUENCE TABLE NO. 1 (SEQ ID NGs: 33-37) or SEQUENCE TABLE NO.
2 (SEQ I NOs: 38-41). In further aspects, at least one of the Domains 1-2 1s comprised in a
less than full-length coagulase protein sequence. In particular ernbodiments, the full length
coagulase protein is a Cea protein comprising the sequence of SEQ HX NO: 42, In particular
aspects, the full length coagulase protein is a vWhyp protein comprising the sequence of SEQ
I3 NG: 75, In still further aspects, the a less than full-length Coa protein lacks all or part of a
L or R Domain scgment. In still further aspects, the truncated vWbp protein lacks all or part
of a L or ¥ Domain segment. The term “truncated” protein is used to refer to a protein or a
polypeptide that docs not achicve tis full length, and thus is missing onc or more of the amino
acid residues that are present 1o a vormal protein. The term “truncated relative to a full-length

coagulase protein” is used to refer to a protein or a polypeptide that does not have the full
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length of a coagulase protein, and thus is missing at least one amine acid residues that are

present in a coagulase protein,

In ¢ertain embodiments, one of the staphvlococcal coagulase Dornains 1-2 is from S, aurens

MNewman, 8572082, MW2Z, MSSA476, N315, Mus(, MRSAZ52, Cowanl, WIS or USA300

(93]

strain, or any other 8. aureus strain. In sorne cmobodiments, one of the coagulase Domains 1-2

comprises a vWbp domains 1-2 from a 8. aurens N3135 or USA3I00,

In some aspects, one of the Domains 1-2 comprises a Coa Dorsains 1-2 at least 80% 1dentical
to an amino acid sequence of SEQUENCE TABLE NO. 1 {(SEQ ID NOs: 33-37). In further
aspects, one of the Domains 1-2 comprises a Coa Domains 1-2 at least 85, 90, 95, 98, 99%

16 identical to an amino acid sequence of SEQUENCE TABLE NO. 1 {(SEQ 1D NOs: 33-373.

In another aspects, one of the Domains 1-2 comprises a vWbp Domains 1-2 at least 80%
identical o a sequence of SEQUENCE TABLE NO. 2 (SEQ ID NOs: 38-41). In {urther
aspects, one of the Domains 1-2 comprises a viWbp Domains 1-2 at least 85, 90, 95, 98, 99%

identical to a sequence of SEQUENCE TABLE NO. 2 (SEQ ID NOs: 38-41).

[,
A

Inn certain embodiments, one of the Domains 1-2 is a Coa Domains 1-2, further comprising an

L or R domain from a staphylococcal Coa protein.

In certain embodiments, one of the Domains 1-2 is a vWbp Domains 1-2, further comprising

an L or Fgb domain from s staphylococcal vWbyp protein.

In some aspects, an immunogenic composition comprises at ieast three, four, or five different
20 staphylococcal coagulase Domamns -2, In forther aspects, an immunogenic composition
comprise at least four different staphylococcal coagulase Domains 1-2. In particular
embodiments, the at least four different siaphviococcal coagulase Domains 1-2 are

staphylococeal Coa Domains 1-2 from strains MRSAZA2, MW2, N315 and USA300.

In some cmbodiments, it is contemplated that an immunogenic composition comprises at
25 least two different staphylococcal coagulase Domains 1-2 that are comprised in a fusion

protein.

in further embodiments, the immunogenic compostition further comprises one or more
additional staphylococcal antigen{s). In additional embodiments, the immunogenic

composition may alse include an adpuvant. In particular embodirsents, the additional

'
L
'
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staphylococcal antigen{s} is Emp, EsxA, EsxB, Hsa(C, Eap, Ebh, EsaB, Coa, vWbp, vWh,

Hia, SdeC, Sdrl3, SdrE, IsdA, IsdB, IsdC, ClifA, CHB, SasF or a nontoxigenic SpA.

Embodiments include a recombinant polypeptide comprising at least two different
staphylococeal coagulase Domains 1-2. The sequences of the Domains 1-2 are at least 80%
identical to an amino acid sequence of SEQUENCE TABLE NO. | (SEQ 1D NQs: 33-37yor
SEQUENCE TABLE NO. 2 (SEQ ID NOs: 38-41). In some aspects, the sequence of the
Domains 1-2 arc at fcast K5, 90, 95, 9%, 99% identical to an amino acid scquence of
SEQUENCE TABLE NO. 1 (§EQ 1D NOs: 33-37) or SEQUENCE TABLE NO. 2 (SEQ 1D
NOs: 38-41).

In further embodiments, a polynuclectide molecule comprising a nucleic acid sequence
encoding a recombinant polypeptide comprising sequence encoding at least two different
staphylococcal coagulase Domains 1-2 is contemplated. In further aspects, an expression
vector comprises the nucleie acid scquence operably linked to an oxpression control
sequence. ln still further aspects, a host cell comprising the expression vector is also

conternplated.

Embodiments include the use of the composition, the rvecombinant polypeptide, the
polynucleotide molecule and the expression vector described herein to treat or prevent a
staphvlococcal infection in a subject. In sorac aspects, a composition coraprising at least two
diffcrent staphylococcal coagulase Domains 1-2 15 used to freat or prevent a staphylococcal
infection. The sequences of the Domains 1-2 are at least 80% identical to an amino acid
sequence of SEQUENCE TABLE NG. 1 (§EQ 1D NGs: 33-37) or SEQUENCE TABLE NO.
2 {(SEQ ID NOs: 38-41) and at least one of the Domains 1-2 is a truncated coagulase protein

SCGUCNCC,

In some embodiments, a method to manufacture an inwnunogenic composition comprising
mixing at least two different staphylococcal coagulase Domains 1-2 polypeptides is
conternpliated. The sequences of the Domains 1-2 are at least 80% identical to an amine acid
sequence of SEQUENCE TABLE NO. 1 (SEQ 1D NGs: 33-37) or SEQUENCE TABLE NO.
2 (SEQ ID NOs: 38-41) and at least one of the Dormains 1-2 is a truncated coagulase protein

sequence,

Embodiments include the use of at least two different staphylococcal coagulase Dowains 1-2

described herein in methods and compositions for the treatment of bacterial and/or

-6



staphylococcal infection.  Furthermore, certain embodiments provide methods and
compositions that can be used to treat (e.g., limiting staphylococcal abscess formation and/or
persistence in a subject) or prevent bacterial infection. In some cases, methods for stimulating
an immune response involve administering to the subject an effective amount of the
immunogenic composition described herein and in certain aspects other bacterial proteins.
Other bacterial proteins include, but are not limited to (i) a secreted virulence factor, and/or a
cell surface protein or peptide, or (ii) a recombinant nucleic acid molecule encoding a secreted

virulence factor, and/or a cell surface protein or peptide.

In other aspects, the subject can be administered with the immunogenic composition, the
recombinant polypeptide, or the vector described herein. The recombinant polypeptide or the
vector can be formulated in a pharmaceutically acceptable composition. The composition can
further comprise one or more of at least oratmost 1,2,3,4,5,6,7,8,9,10, 11, 12,13, 14, 15,
16,17, 18, or 19 additional staphylococcal antigen or immunogenic fragment thercof (e.g., Eap,
Ebh, Emp, EsaB, EsaC, EsxA, EsxB, SdrC, SdrD, SdrE, IsdA, IsdB, CIfA, CI{B, Coa, Hla (e.g.,
H35 mutants), IsdC, SasF, vWbp, or vWh). Additional staphylococcal antigens that can be
used include, but are not limited to 52kDa vitronectin binding protein (WO 01/60852), Aaa
(GenBank CACS80837), Aap (GenBank accession AJ249487), Ant (GenBank accession
NP 372518), autolysin glucosaminidase, autolysin amidase, Cna, collagen binding protein
(US6288214), EFB (FIB), Elastin binding protein (EbpS), EPB, FbpA, fibrinogen binding
protein (US6008341), Fibronectin binding protein (US5840846), FnbA, FnbB, GehD (US
2002/0169288), HarA, HBP, Immunodominant ABC transporter, [saA/PisA, laminin receptor,
Lipase GehD, MAP, Mg2+ transporter, MHC 11 analogue (US5648240), MRPII, Npase, RNA
IIT activating protein (RAP), SasA, SasB, SasC, SasD, SasK,SBI, SdrF(WO 00/12689), SdrG
/ Fig (WO 00/12689), SdrH (WO 00/12689), SEA exotoxins (WO 00/02523), SEB exotoxins
(WO 00/02523), SitC and Ni ABC transporter, SitC/MntC/saliva binding protein
(US5,801,234), SsaA, SSP-1, SSP-2, and/or Vitronectin binding protein (see PCT publications
W02007/113222, W02007/113223, W02006/032472, W02006/032475, W02006/032500.

The staphylococcal antigen or immumnogenic fragment can be administered concurrently with
the immunogenic composition comprising at least two different coagulase Domains 1-2, the

recombinant polypeptide comprising at least two different Domains 1-2, and/or the vector

Date Regue/Date Received 2021-01-25
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comprising a nucleic acid sequence encoding at least two different Domains 1-2 described
herein. The staphylococcal antigen or iromunogenic fragment can be administered iu the
same composition with the immunogenic composition comprising at least two different
Domains 1-2, the recombinant polypeptide comprising at least two different Domains 1-2,
and/or the vector comprising a nucleic acid sequence encoding at least two different Domains

1-2 described herein, As used herein, the term "modulate” or "modulation” cncompasses the

i 5

meanings of the words "enhance,” or "inbibit." "Modulation™ of activity may be either an
increase or a decrease in activity. As used herein, the term “modulator” refers to compounds
that effect the function of a woiety, including up-regulation, induction, stimulation,
potentiation, inhibition, down-regulation, or suppression of a protein, nucleic acid, gene,

orgarism or the like.

A recombinant nucleic acid wolecule can encode at least two different staphylococcal
coagulase Domains 1-2 and at least one staphylococcal antigen or immunogenic fragment
thereof. In particular aspects, one of the at least two different staphylococcal coagulase
Domains 1-2 is a Coa Domains 1-2 at least 80% identical to an aming acid sequence of
SEQUENCE TABLE NO. 1 (SEQ ID NOs: 33-37). In still further aspects, one of the at least
two difterent staphylococceal coagulase Domains 1-2 1s a vWbhp Domains 1-2 at least 80%
identical to a scquence of SEQUENCE TABLE NO. 2 (SEQ ID NOs: 38-41). In some
aspects, the recornbinant nueletc acid molecule comprises a sequence that encodes a
truncated coagulase protein and the truncated coagulase protein includes either one of the at
least two different staphylococcal coagulase Domains 1-2. In particular embodiments, the
coagulase protein 1s a Coa protein comprising the sequence of SEQ ID NO: 42, In particular
aspects, the coagulase protein is a vWbp protein comprising the sequence of SEQ ID NO:

7

(¥4

in certain embodiments, the composition or the polypeptide comprising at least two different
staphvlococcal coagulase Domains 1-2 may be used in combination with secreted factors or
surface antigens including, but not limited to one or more of an isolated Eap, Ebh, Emp,
EsaB, EsaC, EsxA, EsxB, S&C, SdrD, SdrE, IsdA, IsdB, CHA, CHB, Coa, Hla, IsdC, SasF,
vWhp, or vWh polypeptide or numunogenic segment thercof.  Additional staphylococcal
antigens that can be used include, but are not limited to 52kDa vitroncctin binding protein
(WO 81/60832), Aaa, Aap, Ant, autelysin ghicosamunidase, autolysin amidase, Cna, collagen

binding protein (1US6288214), EFB (FiB), Elastin binding protein (EbpS), EPB, FbpA,
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fibrinogen binding protein (US6008341), Fibronectin binding protein (LUS5840846), FnbA,
FnbB, GehD (US 2002/0169288), HarA, HBP, Immunodominant ABC transporier,
IsaA/PisA, laminin receptor, Lipase GehDd, MAP, Mg2+ transporier, MHC H analogue
(US5648240), MRPII, Npase, RNA TH activating protein {RAP), SasA, Sash, SasC, SasD,
Sasi,SBI, SdeF(WO 00/12689), SdrG / Fig (WO (0/12689), SdrH (WO (0/12689), SEA
exotoxins (WO §0/02523), SEB cxotoxins (WO 00/02523), 5itC and Ni ABC transporter,
SC/MntC/saliva binding protein (1JS5,831,234), SsaA, SSP-1, 58P-2, and/or Vitronectin
binding protein. In certain embodiments, |, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more of Eap, Ebh,
Emp, EsaB, HsaC, EsxA, EsxB, 8dr(C, Sdrl3, SdrE, IsdA, IadB, CIfA, CHB, Cea, Hia, Isd(,
SasF, vWbp, vWh, 52kDa vitronectin binding protein (WO 01/60852), Aaa, Aap, Ant,
autolysin glucosaminidase, autolysin amidase, Cna, coliagen binding protein (US6288214),
EFB (FiB), Elastin binding protein (EbpS), EPB, FbpA, fibrinogen binding protein
(US6008341), Fibronectin binding protein (US3840846), FubA, FobB, GehD (US
2002/0169288), HarA, HBP, Immuncodominant ABC transporter, IsasA/PisA, laminin
receptor, Lipase GehD, MAP, Mg+ transporter, MHC II analogue (US5648240), MRPI,
MNpase, RNA I activating protein (RAP), SasA, SasB, SasC, SasD, Sask,SBi, Sd&rF{(WO
00/1268%), SdrG / Fig (WO 00/12689), SdrH (WO 00/12689), SEA cxotoxins (WO
00/02523), SEB exotoxins (WO 00/023523), SutC and N1 ABC transporter, 5itC/MniC/saliva
binding protein (US5,801,234), SsaA, S8P-1, S8P-2, and/or Vitronectin binding protein. can

be specifically excluded from a formulation of the nvention.

The following table lists the various combinations of staphylococcal coagnlase Domains 1-2

and various other Staphylococcal antigens:

Table 1. Staphylococcal coagulase Domains 1-2 and staphylococcal antigen combinations.

Eap - -+ -+ - - + -+ -+ + -+ - -+ -+ -+ -+ + + -+ -+ -+ -+
Ebh -+ -+ + - + -+ -+ —+ + + + + -+ + + + + + + -+
Emp -+ + - + -+ -+ -+ + + + -+ -+ + + + + -+ + -+
Esald + - + + + -+ + + + + -+ + + + + -+ +
Fsal + + B + + + + + + +
EsxA S N S B A S S N S S S S S NS S S N S I A
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EsxR -+ + + -+ + + + - - +
SdrC + + + Ea T R B
Sdrl + + + + 1+ b+ i+ T+ 1+
Sl + + + 1 e +
IsdA + + + " : . +
IsdB + + + + + |+ + +
CItA + R B R i R
CHB + So B B S B B A
Coa + i+ b -
Hla n T
Hlagnsa 1
IsdC ST
SasF - b+ 1+
vWop PR
vWh +
Ebh + + + + + S i i T S A
Emp + + + + + + + -+ - + +
Esald + - + + + - + + 4
HsaC + + + + SO R B +
EsxA + + + S 4 +
EsxR -+ + + -+ + + + - - -+
SdrC + + + + PR DUEE T L (R
Sdrls + + + + b+ b+ i+ T+ T+
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SdE + [P TTTITTEUTITTTITE
IsdA o+ + o4 SH I S A
IsdB R [FENS EVUR EFE IR U
A + [P SVRR BRI T
CHB ; P P
Coa [P SR P P BV B
Hia ¥ - = = = T
Hiaynsa + + + -+ -+
isdC [P R A B
Sas¥ T
vWhp r
vWh T
Fg + + + + + + + + 5 +
FsaB + + -+ + T " ; ¥
EsaC + i+ 1+ + i+ + b+ T+ = T+ 1+
EsxA + i+ T+ + i+ R B A A
EsxB -+ + + -+ —+ + + + - - +
Sdri ot i o + o4
SdeDd + o+ + + o+ + - + +
SdrE + + 1+ [P PR
IsdA +of o+ S T S S
5B + I + - T = I T
CHA + 1+ PR VR IV R AR I
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CHB 7T T
Coa A T
Hia = + T
Hlagssa + o+ +
IsdCC +
SasF T
YWop "
vWh T
EsaB + i+ T + + i+ +
HsaC + f+ i+ i + + i+ +
EsxA R B B + + 1+ +
EsxB + + + + T
Sdri” + ]+ + + 1+ +
Scels + + IR n
SdrE = T T " "
IsdA + N T
IsdB + R T
CHA I T
CiB N T
Coa + T T
Hia P T
Hlagasa + + +
IsdiC T T
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Sask T
vWhp T
vWh T
EsaC + + o+ i+ + + 1+ +
EsxA + + 1+ 4+ + + |+ I
EsxB o+ + + i+ +
SceC FE T + + o4+ +
Sdrid + + - T n
SdrtE - + R T
IsdA + P T
IsdB + PR T
{ifA T
CHB T T
Coa + o+ +
Hia N ¥
Hlazasa + + -+
IsdC - T
yWhp T
vWh +
EsxA + + i+ + o +
EsxB + -+ - + -
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SdrC LA T M S B e AN T e B
SdrD + i+ P A AR N
SdrEs + P+ i+ [FERE I I B
fsdA + n "

IsdB + ) 7 "
CHA U R P
CitB TTETTIOTE
Coa P RIS R B
Hla [FE U R B
Hlagss o 1 + 4
saC

SasF = I
vWhp x
vWh

HsxB -+ + + = - + - = -
Sdr” + + i+ b+ + = T+ T+
Sdrd + 1+ T+ |+ PR U R B
Sdrid - ;] T :
sdA + - P
IsdB ] : ;]
CHA YN S AP Y
CHB [P R R )
Coa TV
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Hlagssa -+ + +
IsdiC I
Sask [
VWbD N
vWh -
SceC + - - PR 7T T
SdrD + 44 PR
SarE + i+ + i+ + i+ + |+
IsdA + PR U PR
IsdB + i+ + i+ + |+
{ifA n - I T "
CHB R P
Coa + T T
Hia + 1+ P
Hlazasa + -+ -+
IsdC [P
SasF P
yWhip PR
vWh "
Sdr P [ e T TTE
Sdrk + - + 1+ T
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IsdA S A e i TR Tt T B S S

IsdB + + + + + + -+ +

CitA I EA R NI A AT

CHB T T T T

Coa R - "

Hia + + - _ +

Hiagss s [P E N

TdC R R

Sask TTTE

vWhp 4

vWh

SdeE R e A O e T e I

IsdA N N R T T T A

isdB U O O

CHA + + - + - - - +

CifR FS IV R B s I R

Coa NN BV T BT BT

Hia R T S S S A

Hlzgga EER B +

IsdC I R

SasF I

vWhp +

vWh
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IsdC [P IER
SaskF + |+
vWhp T
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CHA RN VR SR VT B AT D
CiB [FA SR SRV DR IV AR
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{oa (IR RAE VS VIR VIR
Hia TV,
Hiagssa + + +
IsdC? [P AT RS
Sask I
vWhp T
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Coa JERR U A I T
Hla L i+ |+ T+ 17
Hlgypsa + + -+ +
I5dC + 1+ |+
SasF R
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In still further aspects, the isolated recombinant polypeptide comprising at least two different
staphylococcal coagulase Domains 1-2 described herein is multimerized, e.g., dimerized or 2
linear fusion of two or more polypeptides or peptide segments. In certain aspects of the
invention, a composition comprises multimers or concatamers of 1, 2, 3, 4, 5,6, 7, 8, 9, 10,
bE, 12, 13, 14, 15, 16, 17, 18, 19, 20 or more isolated cell surface proteins or segments
thercof. Concatamcrs are hnear polypeptides having one or more repeating peptide uniis,
The at least two different staphylococcal coapulase Domams 1-2 can be consecutive or
separated by a spacer or other peptide sequences, e.g., one or more additional bacterial
peptide. In a further aspect, the other polypeptides or peptides contained in the multimer or
concatamer can inciude, but are not mited 0 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19 of Eap, Ebh, Emp, EsaB, EsaC, EsxA, EsxB, SdrC, SdrD3, SdrE, IsdA, IsdB,
ClfA, CHB, Cos, Hla, IdC, SasF, vWbp, vWh or immunogenic fragments thercof
Additional staphylococcal antigens that can be used in combination with at least two different
staphylococeal cosgulase Domains 1-2, include, but are not limited to 52kDa vitronectin
binding protein (WO 01/60852), Aaa, Aap, Ant, autolysin glicosaminidase, autolysin
amidase, Cna, collagen binding protein (US6288214), EFB (FIB), Elastin binding protein
{(EbpS), EPB, FbpA, fibrinogen binding protein {(US6008341), Fibroncctin binding protein
(US5840846), FnbA, FnbB, GehDy (US 2002/0169288), HarA, HBEP, Immunodominant ABC
transporter, IsaA/PisA, laminin receptor, Lipase GehD, MAP, Mg2+ transporter, MHC T
analogue (UUS5648240), MRPI, Npase, RNA 1T activating protein (RAP), SasA, SasB, SasC,
SasD, Sask,SBI, SdrF{WG 00/12689), SdeG / Fig (WO 00/12689), SdrH (WG 00/12689),
SEA exotoxins (WO 00/02523), SEB exotoxins (WO 00/02523), SitC and Ni ABC
trapsporter, SiC/MntC/saliva binding protein (US5,801.234), SsaA, SSP-1, SSP-2, and/or

Vitronectin binding protein.

Certain embodiments include methods for eliciting an  {ivonune  tesponse against a
= féevd

staphvlococcus bacterium or staphylococct in a subject comprising providing to the subject
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an effective amount of an tmmunoegenic composition or a recombinant polypeptide
comprising at least two different stapbylococcal coagulase Domatns 1-2 or a wvector
comprising a nucleic acid sequence encoding the same. In certain aspects, the methods for
eliciting an immune response against a staphylococcus bacterium or staphylococcet in a
subject comprising providing to the subject an effective amount of 1, 2, 3, 4, 5,6, 7, 8, 9, 1§,
1E, 12, 13, 14, 15, 16, 17, 18, 19 or more sccrcted proteins and/or cell surface proteins or
segments/fragroents thercof. A secreted protein or cell surface profein includes, but is not
lirnited to Eap, Ebh, Emp, EsaB, EsaC, EsxA, EsxB, Sdr(C, SdrDy, SdrE, IsdA, IsdB, CifA,
CURB, Coa, Hia, IsdC, SasF, vWhp, and/or vWh proteins and tmununogenic fragments thereof,
Additional staphylococcal antigens that can be used include, but are not limited to 52kDa
vitronectin binding protein (WO O1/60852), Aaa, Aap, Ant, autolysin glucosarninidase,
autolysin amidase, Cna, collagen binding protein {(US6288214), EFB (FIB), Elastin binding
protein (EbpS), EPB, FbpA, fibrinogen binding protein {US6008341), Fibronectin binding
protein {(US5840846), FnbA, FnbB, GebDd (US 2002/016928%), Hard, HBP,
Iramunodominant ABC transporter, 1saA/PisA, laminin receptor, Lipase GehDy, MAP, Mg2+
transporter, MHC [I analogue {US3648240), MRFPH, Npase, RNA Il activating protein
(RAP), SasA, SasB, SasC, SasD, SasK 8BI, Sdrf(wWO 00/12689), SdrG / Fig (WO
00/12659), SdrH (WO 00/12689), SEA exotoxins (WO 00/02523), SEB exotoxins (WO
00/02523), SitC and Nt ABC transporter, SttC/MntC/saliva binding protein (US5,801,234),

Ssad, S8P-1, 88P-2, and/or Vitronectin binding protein.

Embodiments of the invention include compositions that include a polypeptide, peptide, or
protein that comprises a sequence that is or 18 at least 70%, 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98%, or 99% identical or similar to a staphylococeal coagulase Domains 1-2, in
particular, 2 Coa Domains 1-2 (see, SEQUENCE TABLE NO. 1 (§EQ 1D NOs: 33-37))or a
vWbp Domains 1-2 {(see, SEQUENCE TABLE NO. 2 {(SEQ 1D NOs: 38-41}), or a second
protein or peptide that is a secreted bacterial protein or a bacterial cell surface protein,
Similarity or identity, with identity being preferred, is known in the art and a number of
different programs can be used to identify whether a protein {or nucleic acid) has sequence
identity or similarity to a known sequence. Sequence wdentity and/or similarity 1s determined
using standard fechnigues known in the art, inclading, but not himited to, the local sequence
identity algorithm of Smith & Waterman (1981}, by the sequence identity alignment
algorithm of Needleman & Wunsch (1970), by the secarch for similarity method of Pearson &

Lipman (1988}, by computerized implementations of these algorithms (GAP, BESTFIT,
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FASTA, and TFASTA in the Wisconsin Genetics Software Package, Genetics Computer
Group, 575 Science Drive, Madison, Wis.), the Best Fit sequence program described by
Devereux et af. {1984), preferably using the default settings, or by inspection. Preferably,
percent wdeontity 18 caleulated by using alignment tools known to and readily ascertaingble to
those of skill in the art. Percent identity is essentially the number of identical amino acids

divided by the total number of arnino acids comparcd times one hundred.

still further embodiments include mcthods for stimulating in a subject a protective or
therapeutic immune response against a staphylococcus bacterivrn comprising administering
te the subject an effective amount of a composition including (i} a immunogenic composition
comprising at least two different staphylococcal coagulase Domains 1-2, e.g., 2 Coa Domains
1-2 {sce, SEQUENCE TABLE NO. 1 (SEQ ID NOs: 33-37)) or a viWbp Domains 1-2 (see,
SEQUENCE TABLE NO. 2 (SEQ ID NOs: 38-41)) or a homologue thereof, or, {(ii} 4
recombinant polypeptide comprising at least two different staphvlococcal coagulase Domains
1-2 or homogues thereof] or, (1i1) a nucleic acid molecule comprises a sequence encoding the
at least two different staphylococcal Domains 1-2 or homologue thereof, or {(iv) administering
any of {i}-(ii1} with any combination or permutation of bacterial proteins described heretn., In
a preferred combodiment the composition 18 not a staphylococcus bacterivra, o cortain
aspocts the subject is a human or g cow. In a further aspect the composition 1s formulated n
a pharmaceutically acceptable formulation.  The staphylococci may be Suphviococcus

AUFEUS.

Yet still further embodiments include vaccines comprising a pharmaceuiically acceptable
coraposition having at least two different staphylococeal coagulase Domains 1-2 described
herein, or any other combination or permutation of protein(s) or peptide(s} described herein,
wherein the composition is capsble of stimulating an immune response against a
staphylococcus bacteriurn. The vaccine may comprise at least two different staphylococcal
coagulase Domains 1-2 described herein, or any other combination or permautation of
protein{s} or peptide(s} described. In certain aspects, at least two different staphylococcal
coagulase Domains 1-2 described herein, or any other combination or permutation of
protein(s) or peptide(s) described are multivacrized, e.g., dimcernized or concatamerized. Ina
further aspect, the vaccinge composition is contaminated by loss than about 10,9, ¥, 7, 6, 5, 4,
3,2, 1, 05,025, 0.05% {or any range derivable therein) of other Staphylococcal proteins., A

composition may further comprise an isolated non-coagulase polypeptide.  Typically the
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vaccine comprises an adjuvant. In certain aspects a protein or peptide of the invention is
linked {covalently or non-covalently) to the adpuvant, preferably the adjuvant is chemically

conjugated to the protein.

In still yet further embodiments, a vaccine composition is a pharmaceutically acceptable
composition having a recombinant nucleic acid encoding a recombinant polypeptide
containing at least two different staphylococcal coagulase Bomains 1-2 described herein, or
any other combination or permutation of protein(s) or peptide(s) described herein, wherein
the composition is capable of stimulating an 1mmune response against a staphylococcus
bacteria.  In certain embodiments the recombinant nucleic acid contains a heterologous
promoter. Preferably the recombinant nucleic acid is a vector. More preferably the vecior is
a plasmid or a viral vector. In some aspects the vaccine includes a recombinant, non-
staphylococcus bacterium containing the nucleic acid. The recombinant non-staphylococci
may be Salmonella or another gram-positive bacteria.  The vaccine may comprise a

pharmaceutically acceptable excipient, more preferably an adjuvant.

Stll further embodiments inchude methods for stimulating in g subject a protective or
therapeutic immune response against a staphylococcus bacterium comprising administering
to the subject an effective amount of a composition of at least two different staphylococcal
coagulase Domains [-2 described herein, or a recombinant polvpeptide conlaining at least
two different staphylococcal coagulase Domains 1-2, or a nucleic acid cneoding the same,
and further coraprising one or more of a Hap, Ebh, Emp, HsaB, EsaC, EaxA, EsxB, 8drC,
SdrD, SdrH, IsdA, 1sdB, CHHA, CUB, Coa, Hia, sdC, SasF, vWhp, or vWh protein or peptide
thereof.  In a preferred embodiment the composition comprises a non-staphylococcus
bacterium. In a further aspect the composition is formulated in a pharmaceutically acceptable
formulation. The staphylococct for which a subject is being treated may be Swaphviococeus
awreus. Methods of the invention may alse additionaly include 1,2, 3,4, 5,6,7, 8,9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19 or more secreted virnlence factors and/or ccll surface proteins,
such as Eap, Ebh, Emp, EsaC, EsxA, EsxB, Sdr(, Sdrly, SdrE, IsdA, 1sdB, CifA, CHB, Cea,
Hia, IsdC, SasF, vWhp, or vWh in various combinations. In certain aspects a vagcine
formulation ncludes Hap, Fbh, Emp, EsaC, EsxA, EsxB, SdrC, SdrD, SdrE, lsdA, IsdB,
CIfA, CHB, Coa, Hia, IsdC, SasF, vWbp, and vWh.

{n certain aspects an antigen combination can include (1) at least two different staphylococcal

coagulase Domains 1-2 and IsdA; (2) at least two different staphylococcal coagulase

1]
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Domains 1-2 and CHB; (3) at least two different staphylococcal coagulase Domains 1-2 and
SdrDy; (4) at least two different staphylococeal coagulase Dormains 1-2 and Hla or Hla variant;
(5} at least two different staphylococcal coagulase Domaina 1-2 and CifB, Sdri3, and Hia or
Hia variant; (6) at least two different staphylococcal coagulase Domains 1-2, TsdA, SdrDy, and
Hia or Hia variant; (7) at least two different staphyiococcal coagulase Bomains 1-2, IsdA,
CIfB, and Hla or Hla variant; (8) at least two different staphylococcal coagulase Domains i-
2, IsdA, CHB, and SdrD; (9) at least two different staphylococcal coagulase Domains 1-2,
IsdA, CIfB, Sdr} and Hia or Hla variant; {10} at least two different staphylococcal coagulase
Domains 1-2, IsdA, CHB, and SdrDy; (11) at least two different staphylococcal coagulase
Domains 1-2, IsdA, SdrD, and Hla or Hla variant; (12) at lcast two different staphylococcal
coagulase Domains 1-2, IsdA, and Hla or Hla varant; (13} at least two different
staphylococcal coagulase Domains 1-2, IsdA, CHB, and Hla or Hla variant; (14) at least two
different staphvlococcal coagulase Domains 1-2, CHB, and SdrDD; {15) at least two different
staphylococcal coagulase Domains 1-2, CHB, and Hia or Hia variant; or (16} at least two

different staphylococcal coagulase Domains 1-2, SdrD, and Hia or Hla variant.

In certain aspects, a bacterium delivering a compeosttion of the invention will be limited or
atteruated with respect fo prolonged or persisient growth or abscess formation. In yet a
further aspect, at lecast two different staphylococcal coagulase Pomains 1-2 can be
overexpressed in an attenuated bacterium to further enbance or supploment an immune

response or vaccine formulation.

The term “HsxA protein” refers fo a protein that includes isolated wild-type HsxA
polypeptides froro staphylococcus bacteria and segments thereof, as well as variants that

stimulate an immune response against staphylococcus bacteria Esx A proteins.

The term “EsxB protem” refers to a protein that includes isolated wild-type EsxB
polypeptides from staphylococcus bacteria and segments thereof, as well as variants that

stimulate an immune response against staphyvlococcus bacteria EsxB proteins,

The terms “Sdil> protein™ refers to a protein that inchludes isolated wild-type SdrD
polypeptides frorn staphylococcus bacteria and segments thereof, as well as variants that

stimnulate an immune response against staphylococcus bacteria SdrD proteins.

W04 .
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The term “SdrE protein” refers (o a protein that includes isolated wild-type SdrE polypeptides
from staphylococcus bacteria and segments thereof, as well as variants that stimulate an

immune response against staphylococcns bacteria SdrE proteins.

The term “IsdA protein” refers to a protein that includes isolated wild-type IsdA polypeptides

(93]

from staphylococcus bacteria and segments thereof, as well as variants that stimulate an

<

immune response against staphyiococcus bacteria IsdA proteins.

The term “1sdB protein” refors to a protein that inchudes isolated wild-type IsdB polypeptides
from staphylococcus bacteria and segments thereof, as well as variants that stimulate an

immune response against staphylococcus bacteria IsdB protemns.

10 The term “Eap protein” refers to a protein that includes 1solated wild-type Eap polypeptides
from staphylococcus bacteria and segments thereot, as well as variants that stimulate an

imroune response against staphylococcus bacteria Eap proteins,

The term “Ebh protein” refers to a protein that includes isolated wild-type Ebh polypeptides

from staphylococcus bacteria and segments thereof, as well as variants that stimulate an

[,
A

immune response against staphylococcus bacteria Ebh proteins.

The term “Emp protein” refers to a protein that includes isolated wild-type Emp polypeptides
from staphylococcus bacteria and segments thereof, as well as variants that stimulate an

imumune response against staphylococcus bacteria Emp proteins.

The termm “EsaB protein” refers to a protein that inchudes isolated wild-type EsaB
20 polypeptides from staphylococcus bacteria and scgments thereof, as well as variants that

stimulate an immune response against staphylococcus bacteria EsaB proteins.

The term “EsaC protein” refers to a protein that includes isolated wild-type EsaC
polypeptides fromn staphylococcus bacteria and segments thereof, as well as variants that

stimulate an immune response against staphylococcus bacteria HsaC proteins.

[N.]
(¥4

The term “SdrC protein” refers to a protein that includes isolated wild-type SdeC
polypeptides from staphylococcus bacteria and segments thereof, as well as variants that

stimulate an immune response against staphylococcus bacteria SdrC proteins.
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The term “CIfA protein” refers (o a protein that includes isolated wild-type CIFA polypeptides
from staphylococcus bacteria and segments thereof, as well as variants that stimulate an

immune response against staphylococcus bacteria CHA proteins.

The term “CHE protein” refers to a protein that includes isolated wild-type CIfB polypeptides

(93]

from staphylococcus bacteria and segments thereof, as well as variants that stimulate an

<

immune response against staphylococcus bacteria CHB proteins.

The term “Coa profein” refers to a protein that includes isolated wild-type Coa polypeptides
from staphylococcus bacteria and segments thereof, as well as variants that stimulate an

immune response against staphylococcus bacteria Coa proteins.

10 The term “Hia protein” refers to a protein that includes isolated wild-type Hla polypeptides
from staphylococcus bacteria and segments thereot, as well as variants that stimulate an

imroune response against staphylococcus bacteria Hia proteins.

The term “IsdC protein” refers to a protein that includes isolated wild-type IsdC polypeptides

from staphylococcus bacteria and segments thereof, as well as variants that stimulate an

[,
A

immune response against staphylococcus bacteria IsdC proteins.

The term “SasF protein” refers to a protein that includes isolated wild-type SasF polypeptides
from staphylococcus bacteria and segments thereof, as well as variants that stimulate an

imrnune response against staphylococcus bacteria SasF proteins.

The term “vWbp protein” refers to a protein that includes isolated wild-type vWbp {(von
26 Willebrand factor binding protein) polypeptides from staphylococcus bacteria and segments
thereof, as well as variants that stimulatc an immunc response against staphvlococcus

bacteria viWbp proteins,

The term “vWh protein” refers to a protein that includes isolated wild-type vWh {von
Willebrand factor binding protein homelog) polypeptides from staphylococcus bacteria and
25  scgments thereof, as well as variants that stinulate an immune response  against

staphylococcus bacteria vWh proteius.

Axn immune response refers to a humoral response, a cellular response, or both a humoral and
cellular response in an organism.  An immune response can be measured by assays that

include, but are not broited to, assays measuring the presence or arsount of antibodies that
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specifically recognize a protein or cell surface protein, assays measuring T-cell activation or
proliferation, and/or assays that roeasure modulation in terros of activity or expression of one

or more oytokines.

In still further embodiments of the invention a composition may include a polypeptide,
peptide, or protein that is or is gt least 70%, 75%, 80%, 85%, 90%, 93%. 96%, 97%, 98%, or

9% identical or similar to an EsxA protein.

In still further crobodiments of the itnvention a composttion may ioclude a polypeptide,

peptide, or pmtein that is or 1s at least 70%, 75%, 80%, 85%, 90%, ¥5%, 96%, 97%, 98%, or

In yet still further embodiments of the mvention a composition may include a polypeptide,
peptide, or protein that is or is at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or

99% identical or similar to an SdrD protein.

In further embodiments of the invention g wmposmon may include a polypeptide, peptide, or
protein that is or i8 at least 7096, 75%, 80%, 83%, 90%, 953%, 96%, 97%, 98%, or 99%

identical or similar to an SdrE protein,

In still further cmbodiments of the invention a composition may include a polypeptide,
peptide, or protein that is or is at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or

99% identical or similar to an IsdA protein.

In yet still further embodiments of the mvention a composition may include a polypeptide,
peptide, or protein that is or s at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or

999 identical or similar to an IsdB protoin.

Embodiments of the invention include compositions that include a polypeptide, peptide, or
protemn that is or is at least 70%, 75%, B0%, 85%, 90%, 95%, 96%, 97%, 98%, or 99%

identical or similar to a EsaB protein.

In a further embodiments of the mvention a composition may inchude a polypeptide, peptide,
or protein that is or is at least 70%, 75%, 80%, 83%, 90%, 95%, 96%, 97%, 98%, or 99%

identical or similar to a CIfB protein.

)
~



In still further embodiments of the invention a composition may include a polypeptide, peptide,
or protein that is or is at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99%

identical or similar to an IsdC protein.

In yet further embodiments of the invention a composition may include a polypeptide, peptide,
or protein that is or is at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99%

identical or similar to a SasF protein.

In yet still further embodiments of the invention a composition may include a polypeptide,
peptide, or protein that is or is at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or

99% identical or similar to a SdrC protein.

In yet still further embodiments of the invention a composition may include a polypeptide,
peptide, or protein that is or is at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or

99% identical or similar to a CIfA protein.

In yet still further embodiments of the invention a composition may include a polypeptide,
peptide, or protein that is or is at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or

99% identical or similar to an Eap protein.

In yet still further embodiments of the invention a composition may include a polypeptide,
peptide, or protein that is or is at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or

99% identical or similar to an Ebh protein.

In yet still further embodiments of the invention a composition may include a polypeptide,
peptide, or protein that is or is at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or

99% identical or similar to an Emp protein.

In yet still further embodiments of the invention a composition may include a polypeptide,
peptide, or protein that is or is at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or
99% identical or similar to an EsaC protein. Sequence of EsaC polypeptides can be found in
the protein databases and include, but are not limited to accession numbers ZP 02760162

(GI:168727885), NP_645081.1 (GI:21281993), and NP_370813.1 (GI:15923279)

28-
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In yet still further embeodiments of the nvention a composition may include a pelypeptide,
peptide, or protein that is or is at least 70%, 75%, 80%, &53%, 90%, 95%, 96%, 97%, 9R%, or

99% identical or similar to a Coa protein.

In yet still further embodimenis of the invention a composition may include & polypeptide,
peptide, or protein that is or 15 at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or

39% identical or similar to a Hla protein.

In yet still further embodiments of the wvention a composition may include a polypeptide,
peptide, or protein that is or 18 at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or

99% identical or similar to a viWa protein.

In yet still further embodiments of the mvention a composition may include a polypeptide,
peptide, or protein that is or is at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or

99% identical or similar to a vWbp protein.

i

In certain aspects, a polypeptide or segment/fragment can have a sequence that 1s at least
83%, at least 90%, at least 95%, at least 98%, or at least 99% or more identical to the amino
acid sequence of the reference polypeptide. The term “similarity” refers to a polypeptide that
has a sequence that has a certain percentage of aming acids that are either identical with the

reference polypeptide or constitute conservative substitutions with the reference polypeptides.

The polypeptides described herein may include 1, 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, 15,
or more variant amino acids within at least, or at most 3,4, 5,6, 7,8, 9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 38, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,
41,42, 43, 44, 45, 46, 47, 4K, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65,
66, 67, 68, 69,70, 71,72, 73,74, 75,76, 77, 78, 79, 88, 81, 82, 83, ¥4, 85, 86, 87, K&, 89, 00,
91,92,93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 116, 111,
112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129,
130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147,
148, 149, 150, 151, 152, 183, 154, 135, 157, 1358, 159, 160, 101, 162, 163, 164, 165,
166, 167, 168, 169, 170, 171, 172, 1’ 4, 175, 176, . 178, 179, 180, 181, 182, 183,

i

, 13

3, 1

Ux

~3
[y
-3
~~3

)

184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201,
202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219,

220, 221, 222, 223, 224, 225, 2206, 227, 228, 229, 230, 231, 232, 233, 234, 235, 236, 237,
23%, 239, 240, 241, 242, 243, 244, 245, 246, 247, 248, 249, 250, 300, 400, 500, 550, 1000 or

229 .
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more contiguous amino acids, or any range derivable therein, of the sequence of SEQUENCE

TABLE NO. 1 (SEQ 1D NOs: 33-37) or SEQUENCE TABLE NO. 2 (SEQ 1D NOs: 38-41).

A polypeptide segmeoent as described herein may include 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14,
15,16, 17, 18,19, 20, 21, 22, 23, 24, 25,26, 27, 28, 29, 30, 31, 32, 33, 34, 33, 36, 37, 38, 39,
40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 33, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64,
63, 66, 67,68, 069,70, 71,72, 73, 74,75, 76,77, 78, 79, 80, 81, K2, 83, &4, 85, 86, 87, 8&, 89,
90, 91,92, 93, 64, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110,
TEY, 112, 113, 114, 115, U6, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128,
120, 130, 131, 132, 133, 134, 135, 136, 137, 138, 130, 140, 141, 142, 143, 144, 145, 146,
147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164,
165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182,
183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200,
201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218,
219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231, 232, 233, 234, 235, 236,

237, 238, 239, 240, 241, 242, 243, 244, 245, 246, 247, 248, 249, 258, 300, 400, 500, 350,

[

()

39

1000 or more contiguous aming acids, or any range derivable therein, of the sequence of
SEQUENCE TABLE NO. 1 {(8EQ ID N{Os: 33-37) or SEQUENCE TABLE NO. 2 (SEQ ID
NOs: 38-41).

In yet still further embodiments, a8 composition may include a polynuciestide that 15 or 18 at
feast 70%, 75%, BOY%, 85%, 90%, 95%, 96%, 97%, 98%., or 999 identical or similar to a
nucleic acid sequence enceding a Coa protein.  In certain aspects, the nucleic acid sequence
encoding a Coa protein of sirain USA300 will have all or part of the nucleic acid sequence
provided herein. In certain aspects, the nucleic acid sequence encoding a Coa protein of sirain
N315 will have all or part of the nucleic acid seqguence provided herein In certain aspects, the
nucleic acid sequence encoding a Coa protein of strain MW2 will have all or part of the
nueleie acid sequence of provided herein. In certain aspects, the nucleic acid sequence
encoding a Coa protein of strain MRSAZ2S2 will have all or part of the nucleic acid sequence
of provided herein. In certain aspects, the nueleie acid sequence encoding a Coa protein of
strain WIS will have all or part of the nucleic acid sequence of provided herem. In certain
aspects, the nucleic acid sequence encoding a Coa protein of strain MUSO will have all or
part of the nuclete acid sequence of provided herein. In certain aspects, the nucleic acid

sequence encoding a Coa protein of strain 85/2082 will have all or part of the nucleic acid
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sequence of provided herein. In certain aspects, the nucleic acid sequence encoding a Coa
protein of strain Newman will have all or part of the nucleic acid sequence of provided

herein.

In yet still further embodiments, a composition may include a polynuclestide that is or is at
least 70%, 75%, B0%, 85%, 90%, 93%. 96%, 97%, 98%, or 99% identical or similar to a
nucleic acid sequence encoding a vWbp fusion protein. In certain aspects, the nucleic acid
sequence enceding a vWphb protein of strain USA300 will have all or part of the nucleic acid
sequence provided heretn. In certain aspects, the nucleic acid sequence encoding & vWhp
protein of strain N315 will have all or part of the nucleic acid sequence provided herein. In
certain aspects, the nucleic acid sequence encoding a vWbp protein of strain Newman will
have all or part of the nucleic acid sequence provided herein. In certain aspects, the nucleic
acid sequence encoding a vWbp protein of strain MRSAZ52 will have all or part of the
nucieic acid sequence provided herein. In certain aspects, the nucleic acid sequence encoding
a vWhp protein of strain MW2 will have all or part of the nucleic gcid sequence provided

herein.

i yet still further embodiments, a composition may include a polynucleotide that is or is at
least 70%, 75%, 80%, 85%. 90%, 95%, 96%, 97%, 98%, or 99% identical or similar to a
nucleic acid sequence encoding a Coa Domains 1-2.  In certain aspects, the vucleic acid
sequence encoding a Coa Domains 1-2 of strain N315 will have all or part of the nucleic acid
sequence provided herein. In certain aspects, the nucleic acid sequence encoding a Coa
Domains 1-2 of strain MW?2 will have all or part of the nucleic acid sequence provided
herein. In certain aspects, the nucleic acid sequence encoding a Coa Dorsains 1-2 of strain
MRSAZ52 will have all or part of the nucleic acid sequence provided herein. In certain
aspects, the mucleic acid sequence encoding a Coa Domains 1-2 of strain WIS will have all or

part of the nucleic acid sequence provided herein.

In particular aspects, a composition may comprise a polyaucieotide that is or is at least 70%,
75%, B(%, 85%, 90%, 95%, 96%, 7%, 98%, or 99% identical or similar to a nucleic acid
sequence encoding five different Coa Domains 1-2 from strains WIS, MRSAZ252, N313,
MW2, and USA300, respectively. In still further aspects, the nucleic acid sequence encoding
five different Coa Domamns 1-2 will have all or part of the nucleic acid sequence provided

herein.
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in yet still further embodiments, a composition may include a polynucleotide that is or is at
feast 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% identical or simiiar to a
nucieic acid sequence encoding a vWbp Domains -2, In certain aspects, the nucleic acid
sequence encoding 8 viWbp Domains 1-2 of strain N315 will have all or part of the nucleic
acid sequence provided herein. In certain aspects, the nucleic acid sequence encoding a vWbp
Domains -2 of strain MW2 will have all or part of the mucleic acid sequence provided
herein. In certain aspects, the nucleic acid sequence encoding a vwbp Doroain 1-2 of strain

MRSAZ52 will have all or part of the nucleic acid sequence provided herein.

The compositions may be formmulated in a pharmaceutically acceptable composition. In

certain aspects of the invention the staphylococcus bacterivm is an 8. qurens bacterium.

In further aspects, a composition may be adminustered more than one tiwe to the subject, and
may be administered 1, 2,3, 4, 5, 6,7, %, 9, 10, 15, 20 or more times. The administration of
the compositions include, but is not limited to oral, parenteral, subcutancous, intramuscular,

intravenous, or various combinations thereof, including inhalation or aspiration.

in still further embodiments, a composition comprises a recombinant nucleic acid molecule

gruents/fragments  thereof.  Typically a

&

encoding 4 polypeptide described herein or se
recombinant nucleic acid molecule encoding a  polypeptide described herein contains a
heterologous promoter.  In certain aspects, a recombinant nucleic acid molecule of the
mvention 18 a vector, 1 stil other aspects the vector 18 a plasmid. o certain embodiments the
vector 18 a viral vector. In certain aspects a composition includes a recombinant, non-
staphylococcus bactertum containing or expressing a polypeptide described heremn.  In
particular aspects the recombinant non-staphylococcus bacteria is Salmonella or another
gram-positive bacteria. A composition is typically admirnistered to mammals, such as human
subjects, but administration to other animals that are capable of eliciting an immune response
is contemplated. In further aspects the staphylococcus bacterium containing or expressing
the polypeptide is Staphylococcus aureus. In further embodiments the immune response is a

PrOfective UMmune response.

In further embodiments g composition comprises a recombinant nucleic acid rolecule
eucoding all or part of one or more of 2 Eap, Ebh, Emp, EsaB, EsaC, EsxA, EsxB, SdrC,
SdrDy, SdrE, IsdA, IsdB, CifA, CIfB, Coa, Hla, IsdC, SasF, SpA, vWbp, or viwh protein or

peptide or variant thercef.  Additional staphylococcal antigeus that can be used in
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combination with the polypeptides described herein  inchude, but are not limited to 52kDa
vitrovectin binding protein (WO 01/60K852), Aaa, Aap, Ant, auvtolysin glucosamnidase,
autolysin amidase, Cna, collagen binding protein {US6288214), EFB (FIB), Elastin binding
protein {EbpS), EPB, FbpA, fibrinogen binding protein (US6008341), Fibronectin binding
protein {US58408463, FnbA, FnbB, GebDd (US 2002/0169288), HarA, HBP,

(9]

Iramunodominant ABC transporter, 1saA/PisA, laminin receptor, Lipase GehD, MAP, Mg2+
transporter, MHC 11 analogue {(US35648248), MRPH, Npase, RNA Il activating protein
(RAP), SasA, SasB, SasC, SasD, SasK SBI, SdrF(WO 00/12689), SdrG / Fig (WO
00/12689), SdrH (WO 00/12689), SEA cxotoxins (WO 00/02523), SEB exotoxins (WO
10 00/02523), SitC and Ni ABC transporter, SitC/MntC/saliva binding protein (US5,801,234),
Ssad, S5P-1, S8P-2, and/or Vitronectin binding protein. In particular aspects, a bactenia is a
recombinant non-staphylococcus bacteria, such as a Salmonella or other gram-positive

bacteria.

Compositions  discussed herein are typically administered to human subjects, but
15 administration to other animals that are capable of eliciting an immune response (o a
staphvlococcus bacterium is contemplated, particularly cattle, horses, goats, sheep and other

domestic animals, 7.e., maramals,

In certain aspects the staphylococcus bacterium is a Staphviococcus aurens. T further
embodiments the immune response is a protective immune response.  In still further aspects,
28 the methods and compositions of the invention can be used to prevent, ameliorate, reduce, or
treat infection of tissues or glands, e.g., mammary glands, particularly mastitis and other
infections. Other methods include, but are not limited to prophylactically reducing bactenial
burden in a sabject not exhibiting signs of infection, particularly those subjects suspected of

or at risk of being colonized by a target bacteria, e.g., patients that are or will be at risk or

[N
h

susceptible to infection during a hospital stay, treatment, and/or recovery.

Any embodiment discussed with respect t© one aspect of the invention applies to other
aspects of the invention as well. In particular, any cmbodiment discussed in the context of a
composition comprising at least two different staphylococcal coagulse Domains 1-2 or a
recombinant polypeotide comprising the same or a nucleic acid encoding the same may be
30 implemented with rospect to othor antigens, such as Eap, Ebh, Emp, HsaC, EsxA, EsxB,
S5drC, SdrDy, SdrE, IsdA, IsdB, CHA, CHB, Coea, Hia, 1sdC, SasF, vWbp, vWh, 52kDa

vitronectin binding protein (WO O1/60832), Aaa, Aap, Ant, antolysin glucosaminidase,
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autolysin amidase, Cna, collagen binding protein (US628K214), EFB (FIB), Elastin binding
protein {(EbpS), EPB, FbpA, fibuinogen binding protein {(US6008341), Fibronectin binding
protein  (US3840K46), FnbA, FnbB, GehDd (US  2002/0109288), HarA, HBP,
Immunodominant ABC transporter, IsaA/PisA, laminin receptor, Lipase GehD, MAP, Mg2+
transporter, MHC I analogue (US564824(), MRPH, Npase, RNA I activating protein
(RAP), SasA, SasB, SasC, SasD, SasK,SBI, SA&rF(WO 00/12689), SdrG / Fig (WO
B0/12689), Sdrfl (WO 00/12689), SEA exotoxins (WO 00/02523), SEB oxotoxing (WO
00/02523), S#tC and Ni ABC transporter, SttC/MntC/saliva binding protein (US5,801,234),
SsaA, SSP-1, SSP-2, and/or Vitronectin binding protein {(or nucleic acids), and vice versa. It
is also understood that any one or more of Eap, Ebh, Emp, EsaC, EsxA, EsxB, Sdr(C, SdrD,
Sdrl, IsdA, IsdB, CUHA, CUB, Coa, Hla, [sdC, SasF, vWbp, vWh, 52kDa vitrounectin binding
protein (WO 01/60852), Aaa, Aap, Ant, autolysin glucosaminidase, autolysin amidase, Cna,
collagen binding protein (US6288214), EFB (FIB), Elsstin binding protein (EbpS), EPB,
FbpA, fibrinogen binding protein (US680K8341), Fibronectin binding protein {USSR40846),
FnbA, FubB, GehD (US 2002/0169288), HarA, HBP, Immunodominant ABC tfransporter,
IsaA/PisA, laminin recepior, Lipase GehDd, MAP, Mg2+ transporter, MHC 1 analogue
(US564€240), MRPIL, Npase, RNA Il activating protein {(RAP), SasA, SasB, SasC, Sash,
SasK,SBIL SdeF(WO 00/12689), SdeG / Fig (WO 00/12689), SdrH (WO 00/12689), SEA
exotoxins (WO 00/02523), SEB exotoxins (WO 00/02523), 5itC and N1 ABC transporter,
SitC/MntC/saliva binding protein (UJS5,801,234), SsaA, 88P-1, 8SP-2, and/or Vitronectin

binding protein can be specifically excluded from a claimed composition.

Embodiments include compositions that contain or do not contain a bacterium. A
composition may or may not include an attenuated or viable or intact staphylococcal
bacterium. In certain aspects, the composition comprises a bactertum that {s uot a
staphylococcal bacteriumm or does not contamm  staphylococcal bacterta. In ceriain
embodiments a bacterial composition comprises an isolated or recombinantly expressed at
least two different staphylococcal coagulase Domains -2 described herein or 4 nucleotide
encoding the same. The composition may be or include a recombinantly engincered
staphvlococcus bacterium that has been altered in a way that comprises specifically altering
the bacterium with respect to a secreted virulence factor or cell surface protein. For example,
the bacteria may be recombinantly modified to express more of the virulence factor or cell

surface protein than it would express if unmodified.
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The term “isolated” can refer to a nucleic acid or polypeptide that is substantiaily free of
cellular material, bacterial material, viral material, or culture mediurm {when produced by
recombinant DNA techniques) of their source of origin, or chemical precursors or other
chernicals {(when chemically synthesized). Morcover, an isolated compound refers to one that
can be administered to a subject as an isolated compound; in other words, the compound may
not simply be considered “isolated” if 1t 18 adhered to a column or crabedded in an agarose

[

gel. Moreover, an “isolated nucleic acid fragment” or “isolated peptide” 18 a nucleic acid or
protein fragment that is not naturally occurring as a fragment and/or 18 not typically in the

functional state,

Moieties, such as polypeptides, peptides, antigens, or immunogens, may be conjugated or
linked covalently or noncovalently to other moieties such as adjuvants, proteins, peptides,
supports, fluorescence moieties, or labels. The terro “conjugate” or “immunoconjugate” is
broadly used to define the operative association of one moiety with another agent and is oot
intended to refer solely to any type of operative association, and is particularly not limited to
chemical “conjugation.” Recombinant fusion proteins are particularly contemplated.
Compositions of the invention may further comprise an adjuvant or a pharmaceutically
acceptable excipicut.  Au adjuvant may be covalently or non-covalently coupled to a
polypeptide or peptide of the invention. In cortain aspects, the adjuvant is chomically

conjugated to a protein, polypeptide, or peptide.

The term “providing” 18 used according to s ordinary weaning to indicate “to supply or
furnish for use.” In some embodiments, the protein is provided directly by administering the
protein, while in other embodiments, the profein is effectively provided by administering a
nucleic acid that encodes the protein.  In certain aspects the invention contemplates
compositions comprising various combinations of nucleic acid, antigens, peptides, and/or

epitopes.

The subject will have {e.g., are diagnosed with a staphyiococcal infection), will be suspected
of having, or will be at risk of developing a staphylococcal nfection. Compositions of the
present invention include immunogenic compositions wherein the antigen{s} or epitope(s) are
contained in an amount cffective to achieve the intended purpose. More specifically, an
cffective amount means an amount of active ingredients necessary to stirnulate or clict an
immune respense, or provide resistance to, amelioration of, or mitigation of mfection. In

more specific aspects, an ctfective amount prevents, alleviates or ameliorates symptoms of

1]
s
L
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disease or infection, or prolongs the survival of the subject being treated. Determination of
the effective amount is well within the capability of those skilled in the art, especially 1o light
of the detailed disclosure provided herein. For any preparation used in the methods of the
invention, an cffective amount or dose can be ostimated inttially from in vitre studies, ceil
culture, and/or animal mode!l assays. For example, a dose can be formulated in animal
models to achieve a desired mmrounc response or circulating antibody concentration or titer.

Such information can be used to more accurately determine usefild doses in humans.

The embodiments in the Example section are understood to be embodiments of the invention

that are applicable to all aspects of the invention.

The use of the term “or” in the claims is used to mean “and/or” unless explicitly indicated to
refer io alternatives only or the alternatives are mutually exclusive, although the disclosure
supports a definition that refers to only alternatives and “and/or.” It is also contemplated that

anything listed using the term “or” may also be specifically excluded.

Throughout this application, the term “about” is used to indicate that a value includes the

standard deviation of error for the device or method being eraployed o determine the value.

Following long-standing patent law, the words “a” and “an,” when used in conjunction with
the word “comprising” in the claims or specification, denotes one or more, unless specifically

noted.

Other objects, features and advantages of the present wmvention will become apparent from
the following detailed description. it should be understood, however, that the detailed
description and the specific exaroples, while indicating specific ersbodiments of the
invention, arc given by way of illustration only, since various changes and modifications

within the spirit and scope of the invention will become apparent to those skilled in the art

from this detailed description.

BESCRIPTION OF THE BRAWINGS

So that the matter in which the above-recited features, advantages and objects of the
invention as well as others which will become clear are attained and can be understood in
detail, more particular descriptions and certain embodiments of the invention briefly

summarized gbove are illustrated o the appended drawings. These drawings form a part of
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the specification. It is {0 be noted, however, that the appended drawings itlustrate certain

esmbodiments of the invention and therefore are not to be considered limiting in their scope.

FiGs. 1A-1D. Immune responses e coagulase, (A) Drawing to illustrate the primary
structure of coagulase from S awrens Newman {Coany), which was purified via an N-
terroinal Hisg tag from £ celi. Coanu cncompasses the D1 and D2 domains fnvolved in
prothrombin binding, the linker (L) domain and the Repeat (R} domain, which is comprised
of tandem repeats of a 27 residue peptide sequence that binds to fibrinogen. In addition fo
Coan, the Dleos, D2 os P12 coay L coss and R o, domains were purified. (B) Rabbits were
immunized with purified Coany and immune sera examined by ELISA for serum IgG
reactive with Coamg, DHeos, DP2¢os DM 200 Loos 08 CTooe. {C) The association of D12 oo, with
human prothrombin or the binding of CTp,, to fibrinogen were measured by ELISA and
perturbed with increasing concentrations rabbit IgG directed against Coanpy or the plague
vaccine antigen V10 as a coutrol. (D) Affinity purified rabbit IgG specific for Coanp (0~
Coaravt. D1 2000 (0-D 1200, 01 CToo (0-CTo) were added to citrate-treated mouse blood and

inoculated with 8. qurens Newman to monitor the inhibition of staphylococcal coagulation.

FIGs. ZA-2C. Coagulase domains as vaccine antigens. {(A) Recombinant purified Coan,
D12¢, and CT oo, were used to immunize BALB/c mice (n=5) with a prime-booster regimen
and immune sera were analyzed by ELINA for reactivity of mouse serum IgG towards
puritied Coans, D12¢0 of Clow. {B) Cohorts of BALB/c mice (n=10} with a prime-booster
regimen of purified Coany, 31200, and CTee and challenged by intravenous injection with 5.
aureus Newman (13 10° CFU). Survival of animals was monitored ever 10 days. (C) Affinity
purified rabbit IgG specific for Coanpy (0-Coanngd, P1200s (0-D31200), TT e (0-CT o) 08 V10
(0~V10} was injected at a concentration of 5 mg/kg body weight into the perttoneal cavity of
naive BALB/c mice. Passively immunized mice were challenged by intravenous injection

with §. aurens Newman (1x10° CPU) and survival of animals was monitored over 10 days.

FIGs. 3A-3D. Immune responses to ven Willebrand Factor binding protein (Wbp). (A)
Drawing to illustrate the primary structure of vWbp from S gurens Newman (vWbpnw),
which was purified via an N-terminal Hisg tag from £. cofi. viWbpny encompasses the D1 and
32 domains involved in prothrombin binding, the linker (L) domain and the fibrinogen
binding (Fgb} domain. In addition to vWbprs, the Dlvwee, DZvwep, D1 20w, Lvwop, Fgbvwne
and the CT v, domains were purified. {B) Rabbits were immunized with purified vWbpau

and toune sera exarnined by DLISA for seram IgG reactive with vWhpay, the Dlowe,
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D2 owipy D2 whe, Lawigs Fabvwep and the CTowe. (C) The association of D12wwy, with human
prothrombin or the binding of CTwy,y to fibrinegen were measured by ELISA and perturbed
with increasing concentrations rabbit IgG directed against vWWbpnu or the plague vaccine
antigen V10 as a control. (D) Atfinity purified rabbit IgG specific for vWbpaw (-vWBpww),
D A2wp (0-D120wp) 0 CTowp (0-CTiwep) were added to citrate-treated mouse blood and

inoculated with 8. aureus Wewman to monttor the inhubition of staphylococcal coagulation.

FiGs. 4A-4C. von Willebrand Factor binding protein (vWbp) domains as vaceine
antigens. (A} Recomb28nant puritfied vWhpag, D2y and CTowng were used to immunize
BALB/c mice (n=5) with a prime-beoster regimen and immune sera were analyzed by ELISA
for reactivity of mouse serum IgG towards purified vWbpnw, D12iwe and CTliw,. (B)
Cohorts of BALB/c mice (n=10) with a prime-booster regimen of purified vWbpang, D 20w,
and CTowe, and challenged by intravenous njection with S, qureuns Newman ( 1x16° CFU).
Survival of animals was monitored over 10 days. {C) Affinity purified rabbit 1gG specific for
V’W’”bppm,; ((L-\/Wb})xm\}? Di?-v'\,’v"bp ((ZL*DEZvap),, CTVWbp ((I'CT\/W'DP) or VI ( (X-VH)) wds
injected at a concentration of 5 mg/'kg body weight into the peritoneal cavity of naive
BALB/c mice. Passively immunized mice were challenged by intravenous injection with §

N . [ . . . .
aurews Newman (13107 CFU) and survival of animals was monitored over 10 days.

FIGs. SA-8F, Immunization of mice with Coanw/vWhpw vaceine and the speetrum of
disease protection against different 8. aurens isolates. (A) Recombinant Coan/vWhpau
or mock (PBR) vaccine were used to immunize BALB/C mice (n=5) with a prime-booster
regimen. Immune sera were analyzed by ELISA for reactivity of mouse serum IgG towards
purified Coaxy and vWbhpay, Coborts of BALB/e mice {(n=10) were immunized with a
prime-booster regimen of purified Coa/vWhbhpay or mock vaccine and challenged by
intravenous injection with 8. aurews USA300 (B), N315 (C)y, MW2 (D}, Cowanl (E) or WIS

{F}. Survival of animals was monitored over 10 days.

FIGs. 64-6C Immunogenicity of the Coas/vWhp; vaccine, (A) Drawing to tilustrate the
design of the Coay and vWbp, vaccine components. Coay 18 comprised of an N-termumal Hist
tag, the Coa D212 domains of S, aureus straings MRSA252, MW2, N315 and the full length
mature sequence of Coa from strain USA300 in addition fo a C-terminal STREP tag. vWbp
is comprised of an N-terroinal His6 tag, the vWBp D12 domains of S, qurews N315 and the

full length mature sequence of vWhp from stram USA300 1 addition to a C-terminal STREP
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tag. (B} Coay and vWhp, were purified from £, cofi via Ni-NTA and Streptavidin affinity

chroroatography and analyzed by Coomassie stained SDS-PAGE.

FiGs. 7A-7F¥ Immunization of mice with the CoayvWhbp; vaccine and the specirum of
disease profection against different 5. awrewns isolates, (A} Coay/vWhp, or mock {FBS)
vaccine were used to immunize BALB/¢ mice (n=5) with a prime-booster regimen. Immune
sera were analyzed by ELISA for reactivity of mouse serum IgG towards purified Coas and
vWhpa. (B) Cohorts of BALB/c mice (n=10) were immunized with a prime-booster regimen
of purified CoayvWhp: or mock vaccine and challenged by intravenous injection with &
aurens USA300 (B), N315 (C), MW2 (1), Cowanl (E} or WIS {F). Survival of animals was

monitored over 10 days.

FIG. 8A-B: Coa sequence alignments. (A} Alignment of Coa nuclelc acid sequences
from five 8. aurewy strains. (B) Alignment of amino acid sequences of Coa Domains 1-2

from selected 8. gureus strains,

FEG. 8A-C: vWhp sequence alignments. {A} Alignment of vWhp nucleic acld sequences
from five 8. aurens sivains, (B) Alignment of amino acid sequences of vWbp {(Domain 1
sequence is shaded) from selected 8. awmreus straims, () Alignment of amine acid

seguences of vWbp from selecied . aurens strains without the two truncated alleles,

BETAILED BESCRIPTION

Stapbvincoceus aureus, a Gram-positive microbe that colonizes the human skin and nares,
causes invasive discases such as skin and soft tissuc infections, bactereria, sepsis and
endocarditis (Lowy 1998}  The emergence of antibiotic-resistant strains, designated
communtty-acquired {CA-MRSA) or hospital-acquired methicillin-resistant 8. aureus (HA-
MRSA), presents a formidable therapeutic challenge (Klevens 2008). Although several
vaccine development efforts have been launched, an FDA-licensed S, aureus vaccine is not

yet available (BeDent 2012}

A hallmark of 8. aureus isolates is their ability to form clots when tnoculated into human
citrate-plasma or blood (Much 1908). This phenotype has been linked to the secretion of
coagulase (Coa) (Cheng 2010), which binds prothrombin and alters the enzyme’s active site
through insertion of their N-tcrminal residucs at exosite 1, therchy converting fibrinogen to

fibrin (Friedrich 2003). The mature forrm of Coa 15 comprised of the N-terminal D1 and D2
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domains, which provide for association with and activation of prothrombin (Panizzi 2004)
(Fig. 1A). A linker domain (L} connects D12 and the R region with tandew repeats of a 27
residuoe peptide that bind fibrinogen (Panizzi 2000) (Fig. 1A} Prothrombin Coa compiex
{staphylocoagulase} converts soluble fibrinogen to insoluble fibrin, forming the mesh

network of a clot {Friedrich 2003; Kroh 2009).

When injected into animals, purified Coa clots blood in vive and this is thought to promote
staphylococcal escape from phagoceytic killing (Hale 1945; Smuth 1956). More recently,
coagulase typing, te. the neutralization of 8 awreus coagulation of citrate-plasra with
specific antiserum was used to distingunish ten different serological Coa types (Kanemitsu
2001, Coagulase (Coay types were also analyzed by DNA sequencing, which revealed
significant variation within coa sequences for the DI-2 domain and little variation for the
linker and repeat regions, respectively (Watanabe 2005). To address the question whether
sequence variation within 8. aureus coa genes is the result of negative selection, as might
occur when infected individuals develop antibody responses against secreted Coa, Watanabe
and colleagues sequenced the coa genes from 1206 8 awreus isolates, which were
simultancously analyzed for coagulase-serotype and clonal cluster (CC) type. The latter 18
accomplished via wulti-locus sequence typing (MLST), which oxamines scquences from
seven different genes {are, aro, glp, gmi, pta, tpi, and ygiy (Enright 2000), With the exception
of CC and CC¥ strains, wost of the isolates that were defined by MLET were of the same
coa sequence-type {(Watanabe 2009). Variation of coa sequences is likely generated via
horizontal gene transfer (phage transduction or DNA transforruation), as coa geoes of the
same sequence-type are found scattered across the MLST tree (Watanabe 2009). Together
with the obscrvation that pooled human framunoglobulin neutralizes most, but not all,
coagulase-types (Streitfeld 1939), these results suggest that coa gene diversification may
cuable 5. aureus to circumvent the humoral froroune responses of hosts with prior exposure t©
the pathogen (Watanabe 2009). Thus, Coa may represent a protective antigen of S, aureus

and should be carefully analyzed for its possible use 8s a vaccine antigen.

Nearly a century after the first description of staphylococcal coagulase, Bjerketorp and
colecagues discovercd vWhp (Bierketorp 2002}, vWhp 1s a secreted protein that, 1u addition
to binding von Willebrand Factor, also associates with prothrombin to convert fibrinogen to
fibrin (Friedrich 2003; Kroh 2009; Bjerketorp 2004). vWhbp displays sequence howology to

the Coa D12 domains (Watanabe 2005, Bjerketorp 2004}, however its C-terminal domain

- 40 -
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lacks the L and R domains of Coa, which are replaced by unique vWF and fibrinogen binding
sites (Cheng 2010; Bjerketorp 2002). Genome sequencing discovered two distinet vwb alleles
with variation in the predicted I31-2 domains (Watanabe 2005). Immunization of mice with
purified recombinant Coa or vWbp alonc were not sufficient to clicit protective immune
responses against challenge with the same coagulase-type S gureus strain, however
antibodies against both, Coa and vWbp, protecied anmimals sgainst S, qurens abscoess
formation and lethal bacteremia {(Cheng 2010} Similarly, S arrens Newman mutants lacking
coa and vwh, but not variants with single gene deletions, displayed significant defects in
mouse models of abscess formation or lethal bacteremia (Cheng 2010). Coa and vWbp
secretion cnables S aurens fo apglutinate in the presence of plasma, resulting in thrombo-
embolic lesions as well as endocarditis and promoting the lethal outcome of staphylococcal
bacteremia {(McAdow 2011; Panizzi 2011). Blocking coagulases with univalent direct
thrombin inhibitors delays the time-to-death associsted with lethal 50 aureuws challenge,
further highlighting the importance of coagulases for staphylococcal disease (McAdow

20113

Early work on coagulase demonstrated that, following 8. aureus infection, humans as well as
animals generate Coa-specific antibodies {(Tager 1948; Lomiuski 1946), When transferred to
naive rabbits, these antibodies may ncoutralize S, auwrens coagulation and, at least in some
cases, may confer immunity to challenge with S qurews (Lominski 1949; Lominski 1962).
Active immunization of rabbits with preparations containing coagulase could prolong the life
of rabbits that had been challenged by wntravenous inoculation with lethal doses of S qureus
{Boake 1956). Comparison of different {phage-typed) S. aurens isolates for inhibition of
plusma clotting by cosgulase-antiserurn revealed both phage type-specific and non-specific
neutralization (Lominski 1946; Lominskt 1962; Rammelkamp 1950; Duthie 1952; Harrison
19643, These data supported a gencral concept for the existeuce of serological types of Coa,

which are not strictly linked to S, aureus phage-types (Rammelkamp 1936},

Purified coagulase toxoid, encompassing purified Coa from S, gureus strains M1 and
Newman adsorbed to aluminum phosphate, was examined for therapeutic irnmunization of 71
patients with chronic furunculosis (Harrison 1963). As compared fo placcbo, coagulase
immumnization generated a rise in coagulase-specific antibody titers but fatled to improve the
clinical outcome of chronic furunculosis (Harmison 1963). OF note, the developraent of

neutralizing antibodies or the possibility of type-specific tmmunity were not examined
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{Harrison 1963). Thus, although carly work revealed preciinical efficacy of coagulase subunit
vaccines, clinical studies failed to demonstrate efficacy in a human trial, As roost of these
studies were conducted from 1945-19635, one must consider the limited tools for the isolation
of highly purified coagulases as well as the inability to type 8. qureus strains or coagulase
vaccine preparations on the basis of their nucleotide sequence. Further, carlier studies were
conducted without knowledge of vWbp or of the molecular mechanisms of Coa- and viWbp-

mediated prothrombin activation and fibrinogen cleavage (Friedrich 2003; Kroh 2009).

The inventors recently observed that both coagulases secreted by S aureus Newman, Coanu
and vWhpay, are sufficient for the ability of this strain to cause abscess formation and rapidly
lethal bacteremia in mice (Cheng 2010). In active and passive immunization experirents,
antibodies apainst both Coagy and vWbpany were required to confer protection against
abscess formation or lethal bacteremia (Cheng 2010}, Ou the basis of these observations, the
inventors hypothesize that coagulases may function as protective antigens that elicit antibody
responses against Coa and vWhp, which protect animals and humans against S qureus
disease (Cheng 2010). In agreement with this model, expression of coa and ywh is a universal
trait of 5. qureus strains (Cheng 2011). Of note, the coa gene of 8. gureus isolates is vanable
{McCarthy 2010), with greater variation in amino acid sequence thau even the tandem repeats
of the protemn A {(spa) gene; the variation m spe 15 used for epidermological typing
experiments {Watanabe 2009; Koreen 2004). 5. gurens mutants that are unable fo express coa

have not vet been isolated from humans with manifest staphviococcal discase. The vwh gene
Y ¥

18

1
H

fess variable (McCarthy 2010, Analvzing currently available 5. aureus genome sequences
\ ~ E - o o

gv, the inventors identified three alleles. Two of the vwh alleles varied in their

for ywh homolog;

coding sequence for the D12 domain (5. gurews N315 and USA300 are represcentstives for
these alleies), whereas the third allele harbored a nucieotide delction in codon 102, creating a

frarneshift that results in g nonsense mutation in codon 107 (8. gurens MRSAZSI)

Enabled by these observations, the inventors examined imroune responses o coagulases and
demoustrated that antibodies against the D1-2 domain newtralize staphylococcal coagulation
in a type-specific manner. By injocting mice with a Coas/vWbp, vaccine that harbors
antigenie detcrmainants froro the major North Arscrican isolates [CC1, CCS (USA190), CCR
{USA300), CC30, CC45] (Klovens 2007; Patel 2011), mice could be protected against

challenge with several different 5. qureus strains.
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Coa and vWhp immunization of rabbits or mice generated predominantly antibodies against
the B1-2 domain of Coany or vWhp D1-2-specific antibodies neutralized the coagulase
activities of 5. aureus Newman and, when iransferred to naive animals, conferred protection
against lethal bacteremia. Neutralization and discase protection of Coan- and vWhpnw-
specific antibodies occurred in a type-specific manner, not unlike the type-specific immunity
reported for Streptococcus pyogenes M proteins {(Lanceficld 1928; Lanceficld 1962) or the
pitus {T) antigens of S. pyogenes and Streptococcus agalactiae (Mora 2005; Nicotell 2011}
Informed by the structural vaccinology approach for pilus antigens (Nuccitelh 2011
Schuneewind 2011}, the inventors engineered two polypeptides that cocompasses the D1-2
domains of the major Coa and vWbp types from the North American S. aureus isolates: CC1,
CCS, CCR, CC30 and CC4S strains (Tenover 2012). The purified products, Coay and vWbp,,
were used as antigens and clicited antibody responses against the D12 domains of every Coa
and vWbp type examined. Immunization of mice with CoayvWbp, provided protection
against lethal bacteremia challenge with representative 8. qurens CCL, CCS, CC8, CC30 and
CC45 stramns. Thus, the design criteria of the Coay/vWhp, vaccine, to generate universal
immune responses against Coa and vWhp against clinically relevant 8. qurens, have been
met. In addition to type-specific neutralization of Coa and vWhp via antibodics directed
agaiust the D12 domain, antibodies against the R (Coa) and CT domains (vWbp) also

provided protection against §. aureus disease.

L STAPHYLOCOUCAL ANTIGENS
A, Staphylococeal Coagulases

Coagulases are enzymes produced by Staphviococcus bacteria that convert fibrinogen fo
fibrin. Coa and vW,, activate prothrombin without proteolysis (Friedrich ef @f., 2003). The
coagulase prothrombin complex recognizes fibrinogen as a specific substrate, converting it
directly into fibrin. The crystal siracture of the active complex revealed binding of the D]
and D2 domains to prothrombin and insertion of its Tle1-Val® N-terminus into the Iic'
pocket, inducing a functional active site in the zymogen through conformational change
(Friedrich e al, 2003). Exosite I of a-thrombin, the fibrinogen recognition site, and
proexosite I on prothrombin are blocked by the D2 of Coa (Friedrich er 4l, 2003}
Nevertheless, association of the tetrameric (Coa prothrombin); complex binds fibrinogen at a
new site with high affinity {(Panizzi er @/, 2006). This model explains the coagulant

properties and efficient fibrinogen conversion by coagulase (Panizzi ef /., 2006).
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Fibrinogen is a large glycoprotein (Mr ~340,000), formed by three pairs of Aa-, Bf-, and y-
chains covalently linked to form a “dimer of trimers,” where A and B designate the
fibrinopeptides released by thrombin cleavage (Pantzzi ef ¢f., 2006). The clongated molecule
folds into three separate domains, g contral fragrent E that contains the N-termini of all six
chains and two flanking fragments I formed mainly by the C-termini of the Bf- and y-chains.
These g¢lobular domains are connected by long triple-helical structurcs.  Coagulase-
prothrombin coraplexes, which convert human fibrinegen o the self-polywerizing fibrin, are
not targeted by circulating thrombin inhibitors (Panizzi ef of., 2000). Thus, staphylococcal

coagulases bypass the physiological blood coagulation pathway.

AlLS aureus strains secrete coagulase and vWbp (Bjerketorp e ol., 2004; Field and Snuth,
1945y, Although early work reported important contributions of coagulase to the

pathogenesis of staphylococeal infections (Ekstedt and Yotis, 1960; Smith et al., 1947), more
recent investigations with molecular genetics tools chalienged this view by observing no
viralence phenotypes with endocarditis, skin abscess and mastitis models in mice (Moreillon
et al., 1995; Phonimdaeng ef af., 1990). Generating isogenic variants of S. auwreus Newman,
a fully virulent chinical isolate (Duthie er a/., 1952}, it 1s described herein that coq mutants
indecd display virulence defects 1n a lethal bacteremia and renal abscess model 1o wice. In
the inventors expericnce, 8. aureus 8325-4 is not fully virulent and 1t 18 presumed that
mutational lesions in this strain may not be able to reveal vindence defects in vive.
Moreover, antibodies raised against Coa or vWbp perturh the pathogenesis of 8 aureus
Newman infections to a degrec mirvoring the impact of gene deletions. Coa and vWhp
contribute to staphylococcal abscess formation and lethal bacteremia and may also function

as protective antigens in subunit vaccings.

Biochernical studics document the biologicsl value of antibodies against Coa and vWbp. By
binding to antigen and blocking its association with clotting factors, the antibodies prevent
the formation of Coa-prothrombin and vWbpprothrombin complexes.  Passive transfer
studies revealed protection of experimental animals against staphylococcal abscess formation
and lethal challenge by Coa and vWhp antibodies. Thus, Cos and vWhp ncutralizing

antibodics gencrate mraune protection agatust staphylococcal discase.

Earlicer studies revealed a requiveracnt of coagulase for resisting phagocytosis in blood (Sratth
et al., 1947} and the inventors observed a sinilar phenotype for Acoa nmtants i lepirudin-

treated mouse blood (see Example 3 below).  As vWhp displays higher affinity for human
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prothrombin than the mouse counterpart, it is suspected the same may be true for AviFbp
variants in human blood. Further, expression of Coa and vWbp in abscess lesions as well as
their striking distribution in the cosinophilic pseudocapsule swrrounding (staphylococeal
abscess communities (SACs) or the peripheral fibrin wall, suggest that seereted coagulases
contribute to the establishment of these lesions. This hypothesis was tested and, indeed, Acoa
rutants were defective in the cstablishment of abscesses. A corresponding test, blocking
Coa function with specific antibodies, produced the same effect. Consequently, it is proposed
that the clotting of fibrin is a critical event in the establishment of staphylococcal abscesses
that can be targeted for the development of protective vaccines. Due o their overlapping
function on human prothrombin, both Coa and vWbp are considered excellent candidates for

vaceine development.
A, Staphviceccal Protein A (SpA)

All Staphviococcus aureus strains express the structural gene for Protein A (spa) (Jensen,
195% ; Said-Salim er «l., 2003), 2 well characterized virulence factor whose celi wall
anchored sorface protein  product {(SpA)  encompasses  five highly  homologous
immunoglobulin binding domains designated E, D, A, B, and € {Sjodabl, 1977). These
domains dispiay ~ 80% identity at the amino acid level, are 56 to 61 residues in length, and
are organized as tandem repeats {(Uhlen ef «f., 1984). SpA is synthesized as a precursor
protein with an N-terminal YSIRK/GS signal peptide and a C-terminal LPXTG motif sorting
signal (DeDent er al, 2008; Schneewind ¢f af, 1992). Cell wall anchored Protein A i3
displayed in great abundance on the staphylococcal surface (DeDent ef o/, 2007; Sjoquist ef
al., 1972y, Each of s immunoglobulin binding domains is composed of anti-paralie] o-
helices that assembie into a three belix bundle and bind the Fo domain of immuneglobulin G
{fg(3) (Deisenhofer, 1981; Deisenhofer ef af, 1978}, the VH3 heavy chain (Fab) of IgM (e,
the B coll receptor) (Graille er af., 2000), the von Willcbrand factor at its Al domain [vWF
Alis a ligand for platelets] (O Seaghdha e af., 2006) and the tumor necrosis factor o {TNF-
oy receptor | {TINFRY) (Gomez e af, 2006), which is displayved on swrfaces of airway

epithelia (Gomer ef af., 2004; Gomerz ef af., 20073

SpA tmpedes neutrophil phagocytosis of staphylococei through its attribute of binding the Fo
component of IgG (Jensen, 1958; Uhlen er @/, 1984). Morcover, SpA is able to activate
intravascular clotting via its binding to von Willebrand factor Al domains (Hartleitb ef 4.,

20003, Plasroa proteins such as fibrinogen and fibronectin act as bridges between
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staphylococci (CHfA and CHB} and the platelet integrin GPlib/1Ha (O’ Brien e «f., 2002), an
activity that is supplemented through Protein A association with vWF Al which allows
staphylococci to capture platelets via the GPib-g platelet receptor (Foster, 2005; O'Scaghdha
et af., 2006). SpA also binds TNFRI and this interaction contributes to the pathogenesis of
staphylococcal pneumonia (Gomez ef al., 2004). SpA activates promnflammatory signaling
through TNFRI mediated activation of TRAF2Z, the p3R/c-Jun kinase, mitogen activate
protein kinase (MAPK)) and the Rel-transcription factor NF-KB. SpA binding further mduces
TMERT shedding, an activity that appears to require the TNF-converting ewnzyme
(TACEYGomez ef af., 2007}, All of the aforementioned SpA activities are mediated through
its five IgQG binding dowains and can be perturbed by the same amino acid substitutiouns,
initially defined by their requirement for the interaction between Protein A and human IgGl

{Cedergren er af,, 1993,

SpA also functions as a B cell superantigen by capturing the Fab region of VH3 bearing IgM,
the B ccll receptor (Gomez ef af., 2007, Goodyear ef o/, 2003; Goodyear and Silverman,
2004; Roben ef af, 1995). Following miravenous challenge, staphylococcal Protain A (SpA)
mutations show a reduction in staphylococcal load in organ tissues and dramatically
diminished ability to form abscesses {described hereiny. During infection with wildtype S
aureus, abscesses are formed within forty-cight hours and are detectable by light microscopy
of hematoxylin-cosin stained, thin-sectioned kidney tissue, initially marked by an influx of
polyrmorphonuclear leukocytes (PMNs). On day 3 of infection, abscesses increase in size and
enclosed a central population of staphylococci, surrounded by a layer of cosinophilic,
amorphous roaterial and a large cuff of PMNs. Histopathology revealed wassive necrosis of
PMNs in proximity to the staphylococcal nidus at the center of abscess lesions as well as a
mantle of healthy phagocytes. The inventors also observed a rim of necrotic PMNs at the
periphery of abscess lesions, bordering the cosinophilic pascudocapsule that separated healthy
renal tissue from the infectious lesion, Staphylococcal variants lacking Protein A are unable

io establish the histopathology features of abscesses and are cleared during infection.

{n previous studies, Cedergren ef af. (1993) engineered five individual substitutions in the Fc
frearnent binding sub-domain of the B domain of SpA, LI7D, N28A, 131 A and K35A. These
authors created these proteins to test data gathered from a three dimensional structure of a

complex between one domain of SpA and Fey. Cedergren er af. determined the effects of
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these mutations on stability and binding, but did not contemplate use of such substitutions for

the production of a vaccine antigen.

Brown ef af. (1998} describe studies designed to engineer new proteing based on SpA that
allow the use of more favorable elution conditions when used as affinity ligands. The
mutations studied included single mutations of QI3A, QI4H, NiSA, NISH, FI7H, YI8F,
L21H, N32H, or K39H. Brown er gl report that QI3A, NISA, NisH, and N32H
substitutions made little difference to the dissociation constant values and that the Y18F
substitution resulied m a 2 fold decrease in binding affinity as compared to wild type SpA.
Brown ef al. also report that L21H and F17H substitutions decrease the binding affinity by
five-fold and a hundred-fold respectively. The authors also studied analogous substitutions in
two tandem domains. Thus, the Brown e «f. studies were directed to generating a SpA with
a more favorable clution profile, hence the use of His substitutions to provide a pH sensitive
alteration in the binding affinity. Brown ef @l ia silent on the use of SpA as a vaccine

antigen,

Graille ef al. (2000} describe a crystal structure of domain D of SpA and the Fab fragroent of
a human IgM antibody. Graille ef g/, define by analysis of a crysial structure the D domain
aming acid residues that interact with the Fab fragment as residues (326, 29, F30, 32, 833,
336, D37, G40, N43, ¥47, or L31, as well as the amino acid residues that form the interface
between the domain [} sub-domains. Graille er a/f. define the molecular interactions of these
two proteins, but 1s silent in regard to any use of substitutions in the interacting residues in

producing a vaccine antigen.

(¥Scaghdha er o/ (2006} describe studies directed at elucidating which sub-domain of
domain D binds vWF. The authors generated single mutations in either the Fe or VH3
binding sub-domains, i.e., amino acid residuss F3A, Q9A, Q10A, F13A, Yi4A, LI7A,
NIBA, 131A, K35A, G29A, F30A, S33A, D36A, D3TA, Q40A, E47A, or Q32A.. The
authors discovered that vWF binds the same sub-domain that binds Fc. O'Seaghda er of.
defime the sub-domain of domain D responsible for binding vWF, but is silent 1n regard o

any use of substitutions in the interacting residues in producing a vaccine antigen.

Gomez ef af. (2000) describe the identifcation of residues responsible for activation of the

TNFR1 by using single mutations of FSA, FI3A, YidA, L17A, N2IA, 131A, Q32A, and

]
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K35A. Gomer ef a/. is silent in regard to any use of substitutions in the interacting residues

in producing a vaccine antigen.

Recombinant affinity tagged Protein A, 3 polypeptide encompassing the five IgG dorains
(EDCAB) (Sjodahl, 1977} but lacking the C-terminal Region X (Guss ef af., 1984), was
purified from recombinant £, coli and used as a vaccine antigen (Stranger-Jones ef af., 2006},
Because of the attributes of SpA in binding the Fe portion of g, a specific humoral immune
response to Protein A could not be measured {(Stranger-Jones ef af., 2006). The inventors
have overcome this obstacle through the generation of SpA-DQ9 10K D3637A. BALBA
mice immunized with recombinant Protein A {(SpA) displayed significant protection against
intravenous challenge with 8 gureus strains: a 2.951 log reduction in staphylococcal load as
compared to the wild-type (P > 0.005; Student’s t-test) (Stranger-Jones er ., 2006). SpA
specific antibodics may cause phagocytic clearance prior to abscess formation and/or fmpact
the formation of the aforementioned cosinophilic barrier in abscesses that separate
staphylococeal comruunities from immune cells since these do not form during infection with
Protein A mutant strains. Each of the five SpA domains (i.e., domains formed from three
helix bundles designated E, D, A, B, and C} cxerts similar binding properties {Jansson ef af.,
199%). The selution and crystal structure of the domaim I3 has been solved both with and
without the Fe and VH3 (Fab) Ligands, which bind Protcin A in a non-corapetifive manner at
distinet sites (Graille e o/, 2000). Mutations v residues known to be involved 1o IgG
binding (F8, Q9, Q10, S Fi3, Vi4, L17, N28, 131 and K35} arc also required for viWF Al
and TNFRI binding (Cedergren ef o/, 1993; Gomez ef af, 2006; (' Scaghdha ef o, 2006),
whereas residues important for the VH3 interaction (Q26, G29, F30, 833, D36, D37, Q40,
N43, E47) appear to have no mopact on the other binding activities (Graille et al., 2000;
Jansson ef al., 1998). SpA specifically targets a subset of B cells that express VH3 family
related IgM on their surface, fe., VH3 type B cell receptors (Roben er af., 19953 Upon
interaction with SpA, these B cells proliferate and commit to apoplosis, leading to
preferential and prolonged deletion of innate-like B lyraphocytes (fe., marginal zone B cells

and follicular B2 cells¥Goodyear ef af., 2003; Goodyear ef al., 2004).

Molecular basiz of Protein A surface display and fanction. Profein A s synthesized a5 a
precurser in the bacterial cytoplasm and secrcted via its YSIRK signal peptide at the cross
wall, i.e. the cell division septurn of staphylococct (DeDent et af., 2007; DeDent er al., 2008).

Following cleavage of the C-terminal LPXTG sorting signal, Protein A is anchored to
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bacterial peptidoglycan crossbridges by sortase A (Mazmanian ef al., 1999, Schneewind ef
al., 1995, Mazmanian et af,, 2000). Protein A is the most abundant surface protein of
staphylococel, the molecule is expressed by virtually all S, awreus strains (Cespedes ef af.,
2005, Kennedy e @f., 2008; Said-Salim er @l, 2003). Staphylococct turn over 15-20% of
their cell wall per division cycle (Navarre and Schneewind, 1999). Murine hydrolases cleave
the glvean strands and wall peptides of peptidoglycan, thereby releasing Protein A with its
attached Ctermnal cell wall disaccharide tetrapeptide into the extracellular mediom (Ton-
That ef /., 1999). Thus, by physiological design, Protein A is both anchored to the cell wall
and displayed on the bacterial surface but also released into surrounding tissues during host

infection (Marraffini ef af., 2006).

Protein A captures inununoglobulins on the bacterial surface and this biochemical activity
enables staphylococcal escape from host innate and acquired immune responses {Jensen,
1958; Goodyear er «l., 2004). Interesiingly, region X of Protein A {Guss er af.,, 1984}, a
repeat domain that tcthers the IgG binding domains to the LPXTG sorting signal / cell wall
anchor, is perhaps the most variable portion of the staphylococcal genome (Said-Salim, 2003,
Schneewind ef ¢/, 1992}, Each of the five immunoglobulin binding domains of Protein A
{(SpA), formed from three helix bundles and designated E, D, A, B, and C, cxerts similar
structural and functional propertics (Sjodahl, 1977; Jansson er g/, 1998). The solution and
crystal structore of the domain D has been solved both with and without the Fc and Vg3 (Fab)

lipands, which bind Protein A in a non-competitive manner at distinct sites (Graille 2000).
B >

in the erystal structure complex, the Fab interacts with helix 1 and helix I of domain D via
a surface corposed of four VH region f-strands (Graille 2000). The major axis of helix It of
domain D is approximately 50” to the orientation of the strands, and the interhelical portion
of domaim D 18 most proximal to the C strand. The site of interaction on Fab is remote from
the g light chain and the heavy chain constant region. The interaction involves the following
domain D residues: Asp-36 of helix I, Asp-37 and Gin-40 in the loop between helix 1T and
helix 11 and several other residues {Graille 2000). Both interacting surfaces are composed
predominantly of polar side chains, with three negatively charged residues on domain D and
two positively charged residues on the 2A2 Fab buaried by the iuteraction, providing an
overall clectrostatic attraction between the two melecules,  Of the five polar intcractions
identified between Fab and domeaan B, three are between side chains, A salt bridge 1s formed

between Arg-H19 and Asp-36 and two hydrogen bonds are made between Tyr-HS9 and Asp-
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37 and between Asn-H¥2a and Ser-33. Because of the conservation of Asp-36 and Asp-37 in

all five IgG binding domains of Protein A, the inventors mutated these residues.

The SpA-D sites responsible for Fab binding are structurally separate from the domain
surface that mediates Foy binding. The interaction of Foy with domain D primarily involves
residues in helix [ with lesser mvolvement of helix I {(Gouda ef ¢/, 1992; Deisenhofer,
1981y With the exception of the Gln-32, a minor contact in both complexes, none of the
residues that mediate the Foy interaction are involved in Fab binding. To examine the spatial
relationship between these different Ig-binding sites, the SpA domains in these complexes
have been superimposed to construct a model of a coraplex between Fab, the SpA-domain D,
and the Foy molecule. In this ternary model, Fab and Fey form a sandwich about opposite
faces of the helix H without evideuce of steric hindrance of either interaction. These findings
illustrate how, despite its small size (e, 56-61 aa), an SpA domain can simultancously
display both activities, explaimng experimental evideunce that the interactions of Fab with an
individual domain arc noncompetitive. Residues for the infcraction between SpA-D and Foy

are GIn-9 and Gin-10.

In contrast, occupancy of the Fe portion of 1g(s on the domain D blocks its intoraction with
vWF Al and probably also TNFR1 (O’ Scaghdha er af., 20063 Mutations in residues essential
for IpG Fc binding (FS, (9, Q10, 811, F13, Yi4, Li7, N28§, 131 and K33) are also required
for vWF AT and TNFR1 binding (O’ Seaghdha e7 o/, 2006; Cedergren ef af., 1993, Gome:x ¢f
al., 2006}, whereas residues critical for the VH3 interaction (Q26, G29, F30, S$33, D36, D37,
(340, N43, E47) have vo impact on the binding activitics of IgG Fe, vWF Al or TNFR1
(Jansson ef af., 1998; Graille er @/, 2000). The Protein A immunoglobulin Fab binding
activity targets a subset of B cells that express Vg3 family related IgM on their surface, ie.,
these molecules function as VH3type B cell receptors (Roben e af., 1995). Upon mnteraction
with SpA, these B coclls rapidly proliferatc and then coramit to apoptosis, leading to
preferential and prolonged delction of innate-like B lymphocytes (i.e., marginal zone B cells
and follicular B2 cells) (Goodyear and Stlverman, 2004; Goodyear and Silverman, 2003).
More than 48% of circulating B cells are targeted by the Protein A interaction and the Vi3
family represents the largest family of human B cell receptors to umpart protective humoral
responses against pathogens (Goodyear and Silverman, 2004; Goodyear and Silverman,
2603). Thus, Protein A functions analogously to staphylococcal superantipens (Roben ef o/,

19933, albeit that the latter class of molecules, for example SEB, TSST-1, TSST-2, form

-50-



complexes with the T cell receptor to inappropriately stimulate host immune responses and
thereby precipitating characteristic disease features of staphylococcal infections (Roben et al.,
1995; Tiedemann et al., 1995). Together these findings document the contributions of Protein

A in establishing staphylococcal infections and in modulating host immune responses.

C. Other Staphylococcal Antigens

Research over the past several decades identified S. aureus exotoxins, surface proteins and
regulatory molecules as important virulence factors (Foster, 2005; Mazmanian ef al., 2001;
Novick, 2003). Much progress has been achieved regarding the regulation of these genes. For
example, staphylococci perform a bacterial census via the secretion of auto-inducing peptides
that bind to a cognate receptor at threshold concentration, thereby activating phospho-relay
reactions and transcriptional activation of many of the exotoxin genes (Novick, 2003). The
pathogenesis of staphylococcal infections relies on these virulence factors (secreted exotoxins,
exopolysaccharides, and surface adhesins). The development of staphylococcal vaccines is
hindered by the multifaceted nature of staphylococcal invasion mechanisms. It is well
established that live attenuated micro-organisms are highly effective vaccines; immune
responses clicited by such vaccines are often of greater magnitude and of longer duration than
those produced by non-replicating immunogens. One explanation for this may be that live
attenuated strains establish limited infections in the host and mimic the early stages of natural
infection. Embodiments of the invention are directed to compositions and methods including
variant coagulase polypeptides and peptides, in particular, one or more coagulase Domains 1-
2, as well as other immunogenic extracellular proteins, polypeptides, and peptides (including
both secreted and cell surface proteins or peptides) of gram positive bacteria for the use in
mitigating or immunizing against infection. In particular embodiments the bacteria is a
staphylococcus bacteria. Extracellular proteins, polypeptides, or peptides include, but are not

limited to secreted and cell surface proteins of the targeted bacteria.

The human pathogen S. aureus secretes EsxA and EsxB, two ESAT-6 like proteins, across the
bacterial envelope (Burts ef al., 2005). Staphylococcal esx4 and esxB are clustered with six
other genes in the order of transcription: esxA esaAd essA esaB essB essC esaC esxB. The
acronyms c¢sa, ess, and esx stand for ESAT-6 secretion accessory, system, and extracellular,

respectively, depending whether the encoded
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proteins play an accessory {esa} or direct (ess) role for secretion, or are secreted (esx} in the
extracelolar votlieu. The entire cluster of eight genes is herein referred to as the Hss cluster.
EsxA, esxB, essA, esaB, and essC are all required for synthesis or secretion of HsxA and
EsxB. Mutants that fail to produce EsxA, EsxB, and EssC display defects in the pathogenesis
of 8. awreus muurine abscesses, suggesting that this specialized secretion system may be a
general strategy of hurman bacterial pathogencesis. Secrction of non-WXG100 substrates by
the ESX-1 pathway has been reported for several antigens including EspA, HspB, Rv34R3c¢,
and Rv3615¢ (Fortune ez o, 2005; MacGum ef af, 2005; McLanghlin ef af., 2007; Xu ef ol
20073, The alternate ESX-5 pathway has also been shown to secrete both WXG100 and non-

WXG100 proteins in pathogenic mycobacteria {Abdaliah er ol 2007; Abdallah ef al., 2006},

The Staphviococcus aureus Ess pathway can be viewed as a secretion module equipped with
specialized transport compouvents {Ess), accessory factors (Esa) and cognate secretion
substrates {Fsx}. FHssA, BssB and EssC are required for EsxA and EsxB secretion. Because
EssA, EssB and EssC are predicted to be transrnembrane proteins, it is contemplated that
these proteins form a secretion apparatus. Some of the proteins in the ess gene cluster may
actively transport secrcted substrates {(acting as motor) while others may regulate transport
{regulator). Regulation may be achieved, but nced not be himited to, frauscriptional or post-
translational mechanisms for secreted polypeptides, sorting of specific substrates to defined
locations {e.g., extracellular wediom or host cells), or timing of sccretion events daring
infoction. At this point, it is unclear whether all secreted Esx proteins function as toxins or

contribute mndirectly to pathogenesis.

Staphyvlococci rely on surface protein muediated-adhesion to host cells or invasion of tissues as
a strategy for escape from immune defenses. Furthermore, S, aureus utilize surface proteins
to sequester iron frora the host during infection. The majority of surface proteins invelved in
staphylococcal pathogenesis carry C-terminal sorting signals, i.¢., they are covalently linked
to the cell wall cuvelope by sortase.  Further, staphylococcal strains lacking the gences
recuired for surface protein anchoring, f.e., sortase A and B, display a dramatic defect in the
virnlence in several different mouse models of discase.  Thus, surface protein antigens
represent a validated vaccine target as the corresponding genes are esscutial for the
development of staphylococcal discasc and can be exploited in various cmbodiments of the
invention. The sortase enzyme superfamly are Gram-positive transpeptidases responstble for

anchoring surface protein virulence factors to the peptideglycan cell wall layer. Two sortase
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isoforms have been identified in Staphylococcus aureus, SrtA and SrtB. These enzymes have
been shown to recognize a LPXTG motif in substrate proteins. The SrtB isoform appears to
be important in heme iron acquisition and iron homeostasis, whereas the SrtA isoform plays a
critical role in the pathogenesis of Gram-positive bacteria by modulating the ability of the
bacterium to adhere to host tissue via the covalent anchoring of adhesins and other proteins to
the cell wall peptidoglycan. In certain embodiments the coagulase variants, in particular, one
or more coagulase Domains 1-2 described herein can be used in combination with other
staphylococcal proteins such as Coa, Eap, Ebh, Emp, EsaC, EsaB, EsxA, EsxB, Hla, SdrC,
SdrD, SdrE, IsdA, IsdB, CIfA, CIfB, IsdC, SasF, vWbp, and/or vWh proteins.

Certain aspects of the invention include methods and compositions concerning proteinaceous
compositions including polypeptides, peptides, or nucleic acid encoding coagulase variants, in
particular, one or more coagulase Domains 1-2 described herein and other staphylococcal
antigens such as other proteins transported by the Ess pathway, or sortase substrates. These

proteins may be modified by deletion, insertion, and/or substitution.

The Esx polypeptides include the amino acid sequence of Esx proteins from bacteria in the
Staphylococcus genus. The Esx sequence may be from a particular staphylococcus species,
such as Staphylococcus aureus, and may be from a particular strain, such as Newman. In
certain embodiments, the EsxA sequence is SAV0282 from strain Mu50 (which is the same
amino acid sequence for Newman) and can be accessed using Genbank Accession Number
Q99WU4 (21/68565539). In other embodiments, the EsxB sequence is SAV0290 from strain
Mu50 (which is the same amino acid sequence for Newman) and can be accessed using
Genbank Accession Number Q99WT7 (gi|68565532). In further embodiments, other
polypeptides transported by the Ess pathway may be used, the sequences of which may be

identified by one of skill in the art using databases and internet accessible resources.

The sortase substrate polypeptides include, but are not limited to the amino acid sequence of
SdrC, SdrD, SdrE, IsdA, IsdB, CIfA, CHB, IsdC or SasF proteins from bacteria in the
Staphylococcus genus. The sortase substrate polypeptide sequence may be from a particular
staphylococcus species, such as Staphylococcus aureus, and may be from a particular strain,
such as Newman. In certain embodiments, the SdrD sequence is from strain N315 and can be
accessed using Genbank Accession Number NP 3737731 (gi|15926240). In other

embodiments, the SdrE sequence is from strain N315 and can be accessed using Genbank

-53-

Date Regue/Date Received 2021-01-25



Accession Number NP_373774.1 (g1|15926241). In other embodiments, the IsdA sequence is
SAV1130 from strain Mu50 (which is the same amino acid sequence for Newman) and can be
accessed using Genbank Accession Number NP 371654.1 (gi|15924120). In other
embodiments, the IsdB sequence is SAV1129 from strain Mu50 (which is the same amino acid
sequence for Newman) and can be accessed using Genbank Accession Number NP_371653.1
(g1/15924119). In further embodiments, other polypeptides transported by the Ess pathway or
processed by sortase may be used, the sequences of which may be identified by one of skill in

the art using databases and intemnet accessible resources.

Examples of various proteins that can be used in the context of the present invention can be
identified by analysis of database submissions of bacterial genomes, including but not limited
to accession numbers NC 002951 (GI:57650036 and GenBank CP000046), NC 002758
(GI:57634611 and GenBank BAO000017), NC 002745 (GI:29165615 and GenBank
BAO000018), NC 003923 (GI:21281729 and GenBank BA000033), NC 002952 (GI:49482253
and GenBank BX571856), NC 002953 (G1:49484912 and GenBank BX571857), NC_007793
(GI:87125858 and GenBank CP000255), NC 007795 (GI:87201381 and GenBank
CP000253).

As used herein, a “protein” or “polypeptide” refers to a molecule comprising at least ten amino
acid residues. In some embodiments, a wild-type version of a protein or polypeptide are
employed, however, in many embodiments of the invention, a modified protein or polypeptide
is employed to generate an immune response. The terms described above may be used
interchangeably. A “modified protein™ or “modified polypeptide” or a “variant” refers to a
protein or polypeptide whose chemical structure, particularly its amino acid sequence, is altered
with respect to the wild-type protein or polypeptide. In some embodiments, a modified/variant
protein or polypeptide has at least one modified activity or function (recognizing that proteins
or polypeptides may have multiple activities or functions). It is specifically contemplated that
amodified/variant protein or polypeptide may be altered with respect to one activity or function

yet retain a wild-type activity or function in other respects, such as immunogenicity.

In certain embodiments the size of a protein or polypeptide (wild-type or modified) may

comprise, but is not limited to, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
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23,24, 25,26,27,28,29,30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47,
48, 49, 50, 51, 32, 53, 54, 35, 36, 57, 38, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71,
72,73,74,75,76,77, 78,79, 80, 81, 82, 83, 84, 85, 86, 87, &8, 89, 90, 01, 92, 93, 94, 95, 95,
97, 98, 99, 100, 110, 120, 130, 140, 130, 160, 170, 180, 190, 200, 210, 220, 230, 240, 239,
275, 300, 325, 350, 375, 400, 425, 450, 475, 500, 525, 550, 5375, 608, 625, 650, 673, 700,
725,750, 775, 8O0, 825, 850, 87S, 900, 925, 950, 975, 1000, 1100, 1200, 1300, 1400, 1500,

J

1750, 2000, 2250, 2500 anuno molecules or greater, and any range derivable therein, or
derivative of a corresponding amine scquence described or referenced herein. M is
conteroplated that polypeptides may be mutated by truncation, rendening them shorter than
their corresponding wild-type form, but also they might be altered by fusing or conjugating a
heterologous protemn sequence with a particular function {e.g., for targeting or localization,

for enhanced immunogenicity, for purification purposes, efc.).

As used herein, an “amino molecule” refers to any aming acid, amino acid derivative, or
amine acid mimic known in the art.  In certain embodiments, the residues of the
proteinaceous molecule are sequential, without any non-amino molecule interrupting the
sequence of amino molecule residues.  In other embodiments, the sequence may coraprise
one or roore son-amino wolecule moteties.  In particular cwbodiments, the sequence of
residucs of the proteinaccous molecule may be mterrupted by one or more non-aming

molecule moteties

Accordingly, the term “profeinaceous composition” encompasses amino molecule sequences
comprising at least one of the 20 common amino acids in naturally synthesized proteins, or at

{east one modified or unusual amino acid.

Proteinaceous compositions may be made by any techuique known to those of skall in the art,
including (i) the expression of proteins, polypeptides, or peptides through standard molecular
biological techuiques, (i) the isolation of pmteinacem}s compounds from natural sources, or
{ii1) the chemical synthesis of proteinaceous materials. The nucleotide as well as the protein,
polypeptide, and peptide sequences for various genes have been previously disclosed, and
may be found in the recognized computerized databases. Oue such database is the National
Center for Biotechnology Information's Genbank and GenPept databases {on the World Wide
Web at nebintmooih.govd). The coding regions for these genes may be amplificd and/or
expressed using the techniques disclosed herein or as would be known to those of ordinary

skill mn the art,
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Amino acid sequence variants of coagunlases, in particular, of coagulase Domains 1-2, SpA
and other polypeptides of the invention can be substitutional, insertional, or deletion variants.
A variation in a polypeptide of the invention may affect 1, 2, 3,4, 5,6, 7, 8,9, 14, 11, 12, 13,
14, 15, 16, 17, 18, 19,20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 3§,
39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, or more non-contiguous or contigtous amino
acids of the polypeptide, as compared to wild-type. A variant can comprisc an aminoe acid
sequence that is at least 50%, 60%, 70%, 80%, or 90%, including all values and ranges there
between, identical to any sequence provided or referenced hercin, e.g., a sequence of
SEQUENCE TABLE NO. 1 (SEQ ID NOs: 33-37) or SEQUENCE TABLE NO. 2 (REQ ID
NOs: 38-41). A vartant can include 2, 3,4, 5,6, 7,8, 9,10, 11, 12, 13, 14, 15, 16, 17, 1%, 19,
20, or more substitute amino acids. A polypeptide processed or secreted by the Ess pathway
or other surface proteins (sce Table 1} or sortase substrates from any staphylococcus species

and sirain are conteroplated for use in compositions and methods described hereim.

Deletion variants typically lack one or more residues of the native or wild-type protein,
Individual residues can be deleted or a mumber of contiguous aming acids can be deleted. A
stop codon may be introduced (by substitution or insertion) into an encoding nweleie acid
sequence to generaie a truncated protein, Inseriional mutants typcally jnvolve the addition of
material at a non-terminal point in the polypeptide. This may nclude the insertion of one or
more residues. Terminal additions, called fusion proteins, may also be generated. These
fusion proteins include multimers or concatamers of one or more peptide or polypeptide

described or referenced herein.

Substitutional variants typically contain the exchange of one amino acid for another at one or
more sites within the protein, and may be designed to medulate one or more properties of the
polypeptide, with or without the loss of other functions or properties.  Substitutions may be
conservative, that is, one amino acid is replaced with one of similar shape and charge.
Conscrvative substitutions are well known in the art and include, for example, the changes of:
alanine to serine; arginine to lysine, asparagine to glutamine or histidine; aspartate to
ghutamate; cysteine to serine: glutamine to asparagine: ghutamate to aspartate; glycine to
proline; histidine to asparagine or glutarning; isoleucine to leuciue or valing; feucime to valine
or isoleucing, lysine to argining; methionine to lcucine or isoleucine; phenylalanine to
tyrosing, leucine or methioving; serine to threoning, threonine fo serineg; iryptophan to

tyrosing; tyrosine to iryptophan or phenylalanine; and valine to isoleucine or leucine.
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Alternatively, substitutions may be non-conservative such that a function or activity of the
polypeptide is affected. Nou-conservative changes typically tnvolve substituting a residue
with one that is chemically dissimilar, such as a polar or charged amino acid for a nonpolar or

uncharged amino acid, and vice versa.

Table 2. Exemplary surface proteins of 8. aureus strains.

SAV # SAH# Swrface § MW2 {1 Mus0 N315 | Nowman | MRSA252%F MSSA476%
SAVOTIT ALY Spa 492 456 450 320 5i6 492
SAVIS(O3 ISAZ201 FnBPA | 1015 1038 1038 741 - 1015
SAV2S07 SAZI00 FoBPB | 943 961 961 &77 965 057
SAVORIT BSAN742 CHA 946 935 989 Q33 1029 928
SAV2630 ISA2423 CHR 907 877 &77 913 &73 905
Np Np Cna 1183 - - - 1183 1183
SAV(361 SAQ519 SdrC 955 953 933 947 906 957
SAVOS62 ISAQS20 SdxD 1347 1383 1385 1318 - 1365
SAVOS63 ISA(521 SdrE 1141 1141 P41 F166 1137 1141
ND ND Pls - - - - -
SAV2654 ISAZ447 SasA {2275 2271 2271 22714 1351 2275
SAVZI60 ISA1964 Rash 686 2481 2481 2481 2222 685
SA1STT SasC 2186 213 2186 2186 2189 2186
SAV0134 SAQ129 Sasly 241 241 241 241 221 241
SAV1II3Q SA0977  [SasB/lsdAl 350 350 350 350 354 350
SAV2646 ISA2439 SasF 635 635 633 635 627 635
SAV2456 Sas(G 371 525 927 - - 1371
SAVOO23 ISADN022 SasH 772 - 77 772 756 786
SAVI731 IBALIS52 Sasi 895 891 891 891 534 g95
SAVIIZO BAN0T6 | Sasf/IsdBi 645 645 645 643 632 645
SAZ3R] Sask 198 231 211 - - 197
Np SashL - 232 - - - -
SAVEIIZT SAQSTR IsdC 227 227 227 227 227 227

Proteins of the invention may be recombinant, or synthesized in vitro. Alternatively, a non-
recombinant or recombinant protein may be isolated from bacteria. It is also contemplated
that a bacteria containing such a variant may be implemented in compositions and methods of

the invention. Consequently, a protein need vot be 1solated.

The term “functionally equivalent codon™ is used herein to refer to codouns that encode the
same amino acid, such as the six codons for arginine or serine, and also refers to codons that

encade biologically equivalent amino acids {sce Table 3, below).
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Table 3 Codon Table

Aming Actds Codons

Alanine Ala A 1GCA GCC GUG GCU

Cysteine Cys ¢ HUGC uguU

Aspartic acid Asp D 1GAC GAU

Ghitamic acid Gha E 1GAA GAG

Phenylalanine Phe Foolguc gyduy

Glycine Gly G {GGA GGC GGG GGU

Histidine Hig H {CAC CAU

Isoleucine Iie I TAUA AUC AUU

Lysine Lys K {AAA AAG

Leucine Lew L. {UUA UUG CUA CUC CUG CUU
Methionine Met M TAUG

Asparaging Asn N AAC AAU

Proline Pro P {CCA CCC CCG CCY

Ghutamine Glin Q CAA CAG

Arginine Arg B HAGA AGG CGA CGC CGG CGU
Serine Ser S TAGC AGU UCA UCC UCG UCU
Threoning Thr T TACA ACC ACG ACU

Valine Val Y IGUA GUC GUG GUU
Tryptophan Trp W UGG

Tyrosine Tyr Y (UAC UAU

It also will be understood that amino acid and nucleie acid sequences may include additional
residues, such as additional N- or C-terroinal amino acids, or 37 or 3' sequences, respectively,
and yet still be essentially as set forth in one of the sequences disclosed herein, so long as the
sequence meets the criteria set forth above, including the maintenance of biological protein
activity {e.g., immunogenicity) where protein expression is concerned. The addition of
terminal sequences particularly applies to nucleic acid sequences that way, for exawmple,
include various non-coding sequences flanking either of the 5' or 3' portions of the coding

region.

The following 1s a discussion bascd upon changing of the anmino acids of a protein to create a
variant polypeptide or peptide. For example, certain amino acids may be substituied for other
aming acids 10 a protein structure with or without appreciable loss of interactive binding
capacity with structures such as, for example, antigen-binding regions of antibodies or
binding sites on substrate molecules.  Since it 18 the interactive capacity and nature of a
protein that defines that protein’s functional activity, certain amino acid substitutions can be
made in a protein sequence, and in its underlying DNA coding sequence, and nevertheless
produce a protein with a desirable property. It is thus contemplated by the tnventors that

various changes may be made in the DNA sequences of genes.
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it is contemplated that in compositions of the invention, there is between about 0.001 mg and
about 10 mg of total polypeptide, peptide, and/or protein per mil. The covcentration of
protein in a composition can be about, at least about or at most about 8.001, 0.018, 0.050, 0.1,
02,03,04,05,06,07, 08,009,106, 1.5,2.0,2.5,3.0,3.5,40,45,50,55,6.0,65,7.0,
7.5, 8.0, 8.5,9.0, 9.5, 10.0 mg/m! or more (or any range derivable therein). Of this, about, at
{cast about, or st most about 1,2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21,22, 23,24, 25, 26,27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45,
46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 66, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70,
71,72, 73.74,75,76,77, 78,79, 80, 81, 82, B3, 84, 8S, 86, BT, R¥, 89, 90, 91, 92, 93, 94, 95,
96, 97, 98, 99, 100% may be a coagulase Domains 1-2 or a coagulase or its variant and may
be used in combiuvation with other peptides or polypeptides, such as other bactenial peptides

and/or antigens.

The present invention contemplates the administration of staphylococcal coagulase Domains
1-2 or variants thereof to effect a preventative therapy or therapeutic cffect against the
development of a discase or condition associated with infection by a staphylococcus

pathogen.

Inn certain aspects, combinations of staphylococcal antigens are used in the production of an
immunogenic composition that is effective at treating or preventing staphylococcal infection.
Staphylococcal imfections progress through several different stages. For example, the
staphylococcal life cyele involves comruensal colomzation, inihiation of nfection by
accessing adjoining tissues or the bloodstream, and/or anaerobic multiplication in the blood.
The interplay between 3. anrens virnlence determinants and the host defense mechanisms can
induce complications such as endocarditis, metastatic abscess formation, and sepsis
syndrome. Different molecules on the surface of the bacterium are mvolved in different steps
of the infection cycle. Combinations of certain antigens can elicit an immune response which
protects against multipic stages of staphylococeal infection. The effectivencess of the imrnune
response can be measured either in animal model assays and/or using an opsonophagocytic

assay.

B. Polypeptides and Polypeptide Production

The present invention describes polypeptides, peptides, and proteins and immunogenic
fragments thereof for use in various embodiments of the present mvention. For example,

specific polypeptides are assayed for or used to elicit an immune response.  In specific
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embodiments, all or part of the proteins of the invention can also be synthesized in solution or
on a solid support in accordance with conventional techniques. Various automatic synthesizers
are commercially available and can be used in accordance with known protocols. See, for
example, Stewart and Young, (1984); Tam ef al., (1983); Merrifield, (1986); and Barany and
Merrifield (1979).

Alternatively, recombinant DNA technology may be employed wherein a nucleotide sequence
which encodes a peptide of the invention is inserted into an expression vector, transformed or

transfected into an appropriate host cell and cultivated under conditions suitable for expression.

One embodiment of the invention includes the use of gene transfer to cells, including
microorganisms, for the production and/or presentation of polypeptides or peptides. The gene
for the polypeptide or peptide of interest may be transferred into appropriate host cells followed
by culture of cells under the appropriate conditions. The generation of recombinant expression
vectors, and the elements included therein, are well known in the art and briefly discussed
herein. Altematively, the protein to be produced may be an endogenous protein normally

synthesized by the cell that is isolated and purified.

Another embodiment of the present invention uses autologous B lymphocyte cell lines, which
are transfected with a viral vector that expresses an immunogen product, and more specifically,
a protein having immunogenic activity. Other examples of mammalian host cell lines include,
but are not limited to Vero and HeLa cells, other B- and T- cell lines, such as CEM, 721.221,
H9, Jurkat, Raji, as well as cell lines of Chinese hamster ovary, W138, BHK, COS-7, 293,
HepG2, 3T3, RIN and MDCK cells. In addition, a host cell strain may be chosen that
modulates the expression of the inserted sequences, or that modifies and processes the gene
product in the manner desired. Such modifications (e.g., glycosylation) and processing (e.g.,
cleavage) of protein products may be important for the function of the protein. Different host
cells have characteristic and specific mechanisms for the post-translational processing and
modification of proteins. Appropriate cell lines or host systems can be chosen to ensure the

correct modification and processing of the foreign protein expressed.

A number of selection systems may be used including, but not limited to HSV thymidine

kinase, hypoxanthine-guanine phosphoribosyltransferase, and adenine
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phosphoribosyltransferase genes, in thk-, hgpri- or aprt- cells, respectively.  Also, anti-
raetabolite resistance can be used as the basis of selection:  for dhfr, which confers resistance
to trimethoprim and methotrexate; gpt, which confers resistance to mycophenolic acid; neo,
which confers resistance to the aminoglycoside G418; and hygro, which confers resistance to

5 hygromycin.

Animal cells can be propagated in vigro tn two mwodes:  as non-anchorage-dependent cells
growing in suspension throughout the bulk of the culture or as anchorage-dependent cells
requiring attachment to a solid substrate for their propagation {.e., a monolayer type of cell

growth}.

18 Non-anchorage dependent or suspension cultures from continuous established cell lines are
the most widely used means of large scale production of cells and cell products. However,
suspension cultured cells have limitations, such as tumorigenic potential and lower protein

production than adherent cells.

Where a protein 18 specifically mentioned herein, it is preferably a reference to a native or

L

recombinant protein or optionally a protein in which any signal sequence has been removed.
The protein may be isolated directly from the staphylococcal strain or produced by
recombinant BNA techuiques. Immunogenic fragments of the protein may be meorporated
into the immunogenic corposition of the invention. Thesc are fragments comprising at least
10 amino acids, 20 amino acids, 30 ammo acids, 40 amine acids, 50 amino acds, or 100
20 amino acids, including all values and ranges there between, taken contiguously from the
amino acid sequence of the protem. o addition, such immunogenic fragments are
immunologically reactive with antibodies generated against the Staphylococcal proteins or
with antibodies generated by infection of g mammalian host with Staphylococel
fmmunogenic fragments also include fragments that when administered at an effective dose,
25 (either alone or as a hapten bound to a carricr), ¢licit a protective or thergpeutic immune
response against Staphylococcal infection, in certain aspects it is protective against S, aureus
and/or 8. epidermidis infection. Such an immunogenic fragment may include, for example,
the protein lacking an N-terminal leader sequence, and/or a transmembrane domain and/or a
C-terminal anchor domain. In a preferred aspect the immunogenic fragment according to the
30 invention comprises substantially all of the extraccliular domain of a protein which has at

lcast 80% identity, at lcast 85% identity, at least 90% identity, at least 95% identity, or at
Y S :
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least 97-99% identity, including all values and ranges there between, to a sequence sclected

segment of a polypeptide described or referenced herein.

Also included in immunogenic compositions of the invention are fusion proteins composed of
one or more Staphylococcal proteins, or immunogenic fragments of staphylococcal proteins.
Such fusion proteins may be made recombinantly and may comprise one portion of at least 1,
2, 3, 4, 5, or 6 staphylococcal proteins or segments. Alternatively, a fusion protein may
comprise multiple portions of at least 1, 2, 3, 4 or 5 staphylococcal proteins. These may
combine different Staphylococcal proteins and/or multiples of the same protein or proten
fragment, or immunogenic fragments in the same protein (forming a multimer or a
concatamer). Alternatively, the invention also includes individual fusion proteins of
Staphylococcal proteins or immunogenic fragments thereof, as a fusion protein with
heterologous sequences such as a provider of T-cell epitopes or purification tags, for example:
B-galactosidase, glutathione-S-transferase, green fluorescent proteins (GFP), epitope tags such
as FLAG, myc tag, poly histidine, or viral surface proteins such as influenza virus

haemagglutinin, or bacterial protcins such as tetanus toxoid, diphtheria toxoid, or CRM197.

II. NUCLEIC ACIDS

In certain embodiments, the present invention concerns recombinant polynucleotides encoding
the proteins, polypeptides, peptides of the invention. The nucleic acid sequences for
coagulases, coagulases Domains 1-2, SpA, and other bacterial proteins are included, and can

be used to prepare peptides or polypeptides.

As used in this application, the term “polynucleotide™ refers to a nucleic acid molecule that
either is recombinant or has been isolated free of total genomic nucleic acid. Included within
the term “polynucleotide™ are oligonucleotides (nucleic acids of 100 residues or less in length),
recombinant vectors, including, for example, plasmids, cosmids, phage, viruses, and the like.
Polynucleotides include, in certain aspects, regulatory sequences, isolated substantially away
from their naturally occurring genes or protein encoding sequences. Polynucleotides may be
single-stranded (coding or antisense) or double-stranded, and may be RNA, DNA (genomic,
c¢DNA or synthetic), analogs thereof, or a combination thercof. Additional coding or non-

coding sequences may, but need not, be present within a polynucleotide.
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in this respect, the term “gene,” “polynuciectide,” or “nucleic acid” is used to refer to 2
nucieic acid that encodes a protein, polypeptide, or peptide (including any sequences reqguired
for proper transcription, post-translational modification, or localization). As will be
understood by those in the art, this torm encorpasses genomic SCguCnRCes, CXpression
cassettes, CDNA sequences, and smaller engineered nucleic acid segments that express, or
may be adapted to coxpress, protoms, polypeptides, domains, peptides, fusion proteins, and
mutants. A vucleic acid encoding all or part of a polypeptide may contain a contignous
nucleic acid sequence of: 10, 20, 30, 40, 50, 60, 70, 80, 96, 100, 110, 120, 130, 140, 150,
166, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300, 310, 320, 334,
340, 350, 360, 370, 380, 390, 400, 410, 420, 430, 440, 441, 450, 460, 470, 480, 490, 500,
510, 520, 530, 540, 550, 560, 570, 580, 590, 600, 610, 620, 630, 640, 658, 660, 670, 6R0,
690, 700, 710, 720, 730, 740, 750, 760, 770, 780, 790, 800, 810, 820, 830, 840, 850, 860,
870, 880, 890, 900, 910, 920, 930, 940, 950, 960, 970, 980, 990, 1000, 1010, 1020, 1030,
1040, 1630, 1060, 1070, 1080, 1090, 1095, 1100, 1500, 2000, 2304, 3000, 3500, 4000, 4500,
SGB0, 5500, 6000, 6500, 7000, 7500, 8000, 9000, 10000, or more nucleotides, nucleosides, or

~§

base pairs, including all values and ranges therebetween, of a polynucleotide encoding one or
more aming acid sequence described or referenced herein, It also is contemplated that a
particular polypeptide may be encoded by nucleic acids containing variations having shghtly
different nucleic acid sequences but, nonetheless, encede the same or substantially similar

protein (see Table 3 above).

In particular embodiments, the wmvention concerns isolated nucleic acid segments and
recombinant vectors incorporating nucleic acid sequences that encode one or more coagulase
Dornains 1-2, or variants thercot . The term “recornbinant” may be used in conjunction with
a polynuclestide or polypeptide and generally refers to a polypeptide or pelynuclestide

produced and/or manipulated /s visro or that is a replication product of such a molecule.

In other cmbodiments, the invention concerns isolated nucleic acid segments and
recombinant vectors incorporating nucleic acid sequeunces that escode a coagulase
polypeptide or peptide or a variant thercof to generate an immune response in a subject, In

various erabodimeunts the nucleic acids of the invention raay be used in genetic vaccings.

The mucleic acid scgments used 1 the present invention can be combined with other nucleic
acid sequences, such as promoters, polvadenylation signals, additional restriction enzyme

sites, multiple cloning sites, other coding segments, and the like, such that their overall length
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may vary considerably. Itis therefore contemplated that a nucleic acid fragment of almost any
Iength may be employed, with the total length preferably being limited by the case of
preparation and use in the intended recombinant nucleic acid protocol. In some cases, a nucleic
acid sequence may encode a polypeptide sequence with additional heterologous coding
sequences, for example to allow for purification of the polypeptide, transport, secretion, post-
translational modification, or for therapeutic benefits such as targeting or efficacy. As
discussed above, a tag or other heterologous polypeptide may be added to the modified
polypeptide-encoding sequence, wherein “heterologous™ refers to a polypeptide that is not the

same as the modified polypeptide.

In certain other embodiments, the invention concems isolated nucleic acid segments and
recombinant vectors that include within their sequence a contiguous nucleic acid sequence
encoding one of the sequence of SEQUENCE TABLE NO. 1 (SEQ ID NOs: 33-37) or
SEQUENCE TABLE NO. 2 (SEQ ID NOs: 38-41) or any other nucleic acid sequences
encoding coagulases or other secreted virulence factors and/or surface proteins including

proteins transported by the Ess pathway, processed by sortase, or proteins.

In certain embodiments, the present invention provides polynucleotide variants having
substantial identity to the sequences disclosed herein; those comprising at least 70%, 75%,
80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% or higher sequence identity, including all
values and ranges there between, compared to a polynucleotide sequence of this invention using

the methods described herein (e.g., BLAST analysis using standard parameters).

The invention also contemplates the use of polynucleotides which are complementary to all the

above described polynucleotides.

A. Vectors

Polypeptides of the invention may be encoded by a nucleic acid molecule comprised in a vector.
The term “vector” is used to refer to a carrier nucleic acid molecule into which a heterologous
nucleic acid sequence can be inserted for introduction into a cell where it can be replicated and
expressed. A nucleic acid sequence can be “heterologous,” which means that it is in a context
foreign to the cell in which the vector is being introduced or to the nucleic acid in which is
incorporated, which includes a sequence homologous to a sequence in the cell or nucleic acid

but in a position within the host cell or nucleic acid where it is ordinarily not found. Vectors
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include DNAs, RNAs, plasmids, cosmids, viruses (bacteriophage, animal viruses, and plant
viruses), and artificial chromosomes (e.g., YACs). Onec of skill in the art would be well
equipped to construct a vector through standard recombinant techniques (for example
Sambrook er ai., 2001; Ausubel ef al., 1996). In addition to encoding one or more coagulase
Domains 1-2 or variant thereof, the vector can encode other polypeptide sequences such as a
one or more other bacterial peptide, a tag, or an immunogenicity enhancing peptide. Useful
vectors encoding such fusion proteins include pIN vectors (Inouye ef al., 1985), vectors
encoding a stretch of histidines, and pGEX vectors, for use in generating glutathione S-

transferase (GST) soluble fusion proteins for later purification and separation or cleavage.

The term “expression vector” refers to a vector containing a nucleic acid sequence coding for
at least part of a genc product capable of being transcribed. In some cases, RNA molecules are
then translated into a protein, polypeptide, or peptide. Expression vectors can contain a varicty
of “control sequences,” which refer to nucleic acid sequences necessary for the transcription
and possibly translation of an operably linked coding sequence in a particular host organism.
In addition to control sequences that govern transcription and translation, vectors and
expression vectors may contain nucleic acid sequences that serve other functions as well and

are described herein.

1. Promoters and Enhancers

A “promoter” is a control sequence. The promoter is typically a region of a nucleic acid
sequence at which initiation and rate of transcription are controlled. It may contain genetic
clements at which regulatory proteins and molecules may bind such as RNA polymerase and
other transcription factors. The phrases “operatively positioned,” “operatively linked,” “under
control,” and “under transcriptional control” mean that a promoter is in a correct functional
location and/or orientation in relation to a nucleic acid sequence to control transcriptional
mitiation and expression of that sequence. A promoter may or may not be used in conjunction
with an “enhancer,” which refers to a cis-acting regulatory sequence involved in the

transcriptional activation of a nucleic acid sequence.

Naturally, it may be important to employ a promoter and/or enhancer that effectively directs
the expression of the DNA segment in the cell type or organism chosen for expression. Those
of skill in the art of molecular biology generally know the use of promoters, enhancers, and

cell type combinations for protein expression (see Sambrook ef al., 2001). The promoters
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employed may be constitutive, tissue-specific, or inducible and in certain embodiments may
direct high level expression of the introduced DNA segment under specified conditions, such

as large-scale production of recombinant proteins or peptides.

Various clements/promoters may be employed in the context of the present invention to
regulate the expression of a gene. Examples of such inducible elements, which are regions of
a nucleic acid sequence that can be activated in response to a specific stimulus, include but are
not limited to Immunoglobulin Heavy Chain (Banerji ef al., 1983; Gilles ef al., 1983;
Grosschedl er al., 1985; Atchinson ef al., 1986, 1987; Imler ef al., 1987; Weinberger et al.,
1984; Kiledjian ef al., 1988; Porton et al.; 1990), Immunoglobulin Light Chain (Queen e al.,
1983; Picard ef al., 1984), T Cell Receptor (Luria ef al., 1987; Winoto ef al., 1989; Redondo
et al.; 1990), HLA DQ o and/or DQ [3 (Sullivan ef al., 1987), B Interferon (Goodboum et al.,
1986; Fujita ef al., 1987; Goodbourn et al., 1988), Interleukin-2 (Greene ef al., 1989),
Interleukin-2 Receptor (Greene ef al., 1989; Lin ef ai., 1990), MHC Class 11 5 (Koch er al.,
1989), MHC Class Il HLA-DRa (Sherman et al., 1989), B-Actin (Kawamoto ef al., 1988; Ng
et al.; 1989), Muscle Creatine Kinase (MCK) (Jaynes ef al., 1988; Horlick ef al., 1989; Johnson
et al., 1989), Prealbumin (Transthyretin) (Costa ef al., 1988), Elastase I (Ormitz et al., 1987),
Metallothionein (MTII) (Karin ef al., 1987; Culotta ef al., 1989), Collagenase (Pinkert ef al.,
1987; Angel et al., 1987), Albumin (Pinkert ef al., 1987; Tronche ef al., 1989, 1990), a-
Fetoprotein (Godbout er al., 1988; Campere et al., 1989), y-Globin (Bodine ef al., 1987; Percz-
Stable et al., 1990), B-Globin (Trudel ef al., 1987), c-fos (Cohen ef al., 1987), c-Ha-Ras
(Triesman, 1986; Deschamps ef al., 1985), Insulin (Edlund ef al., 1985), Neural Cell Adhesion
Molecule (NCAM) (Hirsh et al., 1990), a1-Antitrypain (Latimer ef al., 1990), H2B (TH2B)
Histone (Hwang et al., 1990), Mouse and/or Type 1 Collagen (Ripe et al., 1989), Glucose-
Regulated Proteins (GRP94 and GRP78) (Chang et al., 1989), Rat Growth Hormone (Larsen
et al., 1986), Human Serum Amyloid A (SAA) (Edbrooke et al., 1989), Troponin I (TN 1)
(Yutzey et al., 1989), Platelet-Derived Growth Factor (PDGF) (Pech ef al., 1989), Duchenne
Muscular Dystrophy (Klamut ef al., 1990), SV40 (Banerji ef al., 1981; Moreau ef al., 1981;
Sleigh ef al., 1985; Firak et al., 1986; Herr ef al., 1986; Imbra ef al., 1986; Kadesch ef al.,
1986; Wang et al., 1986; Ondek et al., 1987; Kuhl ez al., 1987; Schaffner ef al., 1988), Polyoma
(Swartzendruber ef al., 1975; Vasseur et al., 1980; Katinka ef al., 1980, 1981; Tyndell ez al.,
1981; Dandolo ef al., 1983; de Villiers et al., 1984; Hen et al., 1986; Satake et al., 1988;
Campbell et al., 1988), Retroviruses (Kriegler ef al., 1982, 1983; Levinson ef al.,

-66-

Date Regue/Date Received 2021-01-25



(9]

10

20

CA 02910319 2015-10-23

WO 2013/162746 PCT/US2013/031695

1982; Kriegler er af., 1983, 1984a, b, 198%, Bosze e al, 1986; Miksicek er al, 1986;
Celander ef al., 1987, Thiesen er af., 1988; Celander ef al., 1988, Chot e af., 1988; Reisman
et af., 1989}, Pepilloma Virus (Campo ef af., 1983; Lusky e @/, 1983; Spandidos and Wilkie,
1983; Spalholz ef al, 1983; Lusky er al, 1986; Cripe ef al, 1987; Gloss ef af, 1987;
Hirochika ef af., 1987, Stephens ef af., 1987), Hepatitis B Virus (Bulla ef a/., 1956, Jameel ef
al.,, 1986; Shaul er @l, 1987, Spandan ef af, 1988; Vanmice er gl, 1988), Human
fmomunodeficiency Viras (Muesing ef @f., 1987; Haunber o¢ ¢l., 1988; Jakobovits et gl 1988;
Feng ef al., 1988; Takche ef af., 1988; Rosen er of , 1988; Berkhout ef af., 1989; Laspia ef g/,
1989, Sharp et al., 1989; Braddock ef ol 1989), Cytomegaloviras {CMV) IE (Weber ef af.,
1984, Boshart er af., 1985; Foecking ef af., 1986), Gibbon Ape Leukemia Virus (Holbrook ¢f
al., 1987; Quinn ef al., 1989).

fnducible elements include, but are not limited to MT H - Phorbol Ester (TFAYHeavy metals
(Palmiter ef af., 1982; Haslinger e af., 1985; Searle ef o/, 1985; Stuart ef @/, 19%3; Imagawa

et al., 1987, Karin ef al., 1987, Angel er al, 1987b; McNeall ef of., 1989); MMTV (mouse
mammary tumor virus} — Glucocorticoids (Huang ef al., 1981, Lee er af., 1981; Majors of /.,
1983; Chandler er al, 1983; Leo ef @l., 1984; Ponta ef af, 1985; Sakai er of, 1988); B-
Interferon - poly{rDx/poly{re) (Tavernier er af., 1983); Adenovirus 5 E2 — EIA (Imperiale e/
al., 1984); Collagenase - Phorbol Ester (TPA} (Angel ef o/, 1987ay;, Stromelysin - Phorbol
Ester (TPA) (Angel er af., 1987b);, SV40 - Phorbol Ester {TPA) (Angel ¢f ¢/, 1987b);, Murine
MX Gene - Interferon, Newcastle Disease Virus (Hug ef ¢/, 1988}, GRP78 Gene - A23187
(Resendez ef af., 1988); o-2-Macrogiobulin - IL-6 (Kunz er al, 1989); Vimentin — Serum
(Rutthing ef al., 1989y, MHC Class T Gene H-2xb — Interferon (Blanar ef o/, 1989); HSP70 -
EIA/8V40 Large T Antigen (Taylor er al, 1989, 1990a, 1990b);, Proliferin - Phorbol
Ester/TPA (Mordacq erf a/., 1989); Tamor Necrosis Factor — PMA (Hensel er g/, 1989); and

Thyroid Stimulating Hormone o Gene - Thyroid Hormone (Chatierjee ef al., 1989).

The particular promoter that is emiployed o control the cxpression of peptide or profein
encoding polynucleotide of the invention s not believed to be critical, so long as it is capable
of expressing the polynucleotide in a targeted cell, preferably a bacterial cell. Where a
human cell is targeted, it is preferable to position the polynucleotide coding region adjacent
to and under the control of a promoter that is capable of being expressed o a human cell.
Generally speaking, such a promoter might inchude either a bacterial, human or viral

promoter.



In embodiments in which a vector is administered to a subject for expression of the protein, it
is contemplated that a desirable promoter for use with the vector is one that is not down-
regulated by cytokines or one that is strong enough that even if down-regulated, it produces an
effective amount of at least two different staphylococcal conagulase Domains 1-2 for eliciting
an immune response. Non-limiting examples of these are CMV IE and RSV LTR. Tissue
specific promoters can be used, particularly if expression is in cells in which expression of an
antigen is desirable, such as dendritic cells or macrophages. The mammalian MHC T and MHC

IT promoters are examples of such tissue-specific promoters.

2. Imitiation Signals and Internal Ribosome Binding Sites (IRES)

A specific initiation signal also may be required for efficient translation of coding sequences.
These signals include the ATG initiation codon or adjacent sequences. Exogenous translational
control signals, including the ATG initiation codon, may need to be provided. One of ordinary

skill in the art would readily be capable of determining this and providing the necessary signals.

In certain embodiments of the invention, the use of intemal ribosome entry sites (IRES)
elements are used to create multigene, or polycistronic, messages. IRES clements are able to
bypass the ribosome scanning model of 5°[] methylated Cap dependent translation and begin
translation at internal sites (Pelletier and Sonenberg, 1988; Macejak and Sarnow, 1991). IRES
elements can be linked to heterologous open reading frames. Multiple open reading frames
can be transcribed together, each separated by an IRES, creating polycistronic messages.
Multiple genes can be efficiently expressed using a single promoter/enhancer to transcribe a

single message (see U.S. Patents 5,925,565 and 5,935,819).

3. Selectable and Screenable Markers

In certain embodiments of the invention, cells containing a nucleic acid construct of the present
imvention may be identified in vifro or in vivo by encoding a screenable or selectable marker
in the expression vector. When transcribed and translated, a marker confers an identifiable
change to the cell permitting casy identification of cells containing the expression vector.

Generally, a sclectable marker is one that confers a property that allows for selection.
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A positive selectable marker is one in which the presence of the marker allows for its
selection, while a negative selectable marker is one in which its presence prevents its

selection. An example of a positive selectable marker is a drug resistance marker.

B. Host Cells

As used herein, the terms “cell,” “cell line,” and “cell culture” may be used interchangeably.
All of these terms also include their progeny, which is any and all subsequent generations. It
is understood that all progeny may not be identical due to deliberate or inadvertent mutations.
In the context of expressing a heterologous nucleic acid sequence, “host cell” refers to a
prokaryotic or eukaryotic cell, and it includes any transformable organism that is capable of
replicating a vector or expressing a heterologous gene encoded by a vector. A host cell can,
and has been, used as a recipient for vectors or viruses. A host cell may be “transfected” or
“transformed,” which refers to a process by which exogenous nucleic acid, such as a
recombinant protein-encoding sequence, is transferred or introduced into the host cell. A

transformed cell includes the primary subject cell and its progeny.

Host cells may be derived from prokaryotes or eukaryotes, including bacteria, yeast cells,
insect cells, and mammalian cells for replication of the vector or expression of part or all of
the nucleic acid sequence(s). Numerous cell lines and cultures are available for use as a host
cell, and they can be obtained through the American Type Culture Collection (ATCC), which
is an organization that serves as an archive for living cultures and genetic materials

(www.atcc.org).

C. Expression Systems

Numerous expression systems exist that comprise at least a part or all of the compositions
discussed above. Prokaryote- and/or eukaryote-based systems can be employed for use with
the present invention to produce nucleic acid sequences, or their cognate polypeptides,

proteins and peptides. Many such systems are commercially and widely available.

The insect cell/baculovirus system can produce a high level of protein expression of a
heterologous nucleic acid segment, such as described in U.S. Patents 5,871,986, 4,879,236,
and which can be bought, for example, under the name MAXBAC® 2.0 from
INVITROGEN® and BACPACK™ BACULOVIRUS EXPRESSION SYSTEM FROM
CLONTECH®.
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in addition to the disclosed expression systems of the invention, other examples of expression
systems include STRATAGENER’s COMPLETE CONTROL™ Inducible Mammalian
Expression Systers, which involves a synthetic cedysone-inducible receptor, or its pET
Expression System, an £ cofi expression system.  Another example of an inducible
expression systern 18 avatlable from INVITROGEN®, which camrics the T-REX™
(tetracycline-regulated expression) System, an inducible mammalian expression system that
uses the full-length CMV promoter. INVITROGEN® also provides a yoast expression
systera called the Pichia methanolica Expression System, which is designed for high-level
production of recombinant proteins in the methylotrophic yeast Pichia methanolica. One of
skili in the art would know how to express a vector, such a8 an expression construct, to

produce a nucleic acid sequence or its cognate polypeptide, protein, or peptide.

[#i. POLYSACCHARIDES

The immunogenic compositions of the invention may further comprise capsular
polysaccharides including one or more of PIA {(also known as PNAG) and/or 5. aureus Type
YV and/or type VI capsular polysaccharide and/or S epidermidis Type I, and/or Type 1

and/or Type I capsular polysaccharide.

A, PIA (PNAG)

It is now clear that the various forms of staphyvlococcal surface polysaccharides identified as
PS/A, PIA and SAA are the same chemical entity - PNAG (Maira-Litran e af., 2004),
Therefore the terra PIA or PNAG cncompasses all these polysaccharides or oligosaccharides

derived from them.

PIA 15 a polysaccharide mtercellular adhesin and is composed of a polymer of B-{1-—6)-
linked glucosamine substituted with Neacetyl and  O-succinyl  constituents. Thig
polysaccharide is present in both S, awrens and 8. epidermidis and can be isolated from either
source (Joyee e af., 2003; Maira-Litran er ¢/, 2002). For example, PNAG may be isolated
from 8. aureus strain MINSm (WO04/43407). PIA isolated from S epidermidis is a mtegral
constituent of biofilm. It is respousible for mediating cell-cell adhesion and probably also
functions to shield the growing colony from the host's immune response. The polysaccharide
previgusly known as poly-MN-succinyl--{1-—6)-glucosamine (PNSG} was recently shown not

to have the oxpected structire since the identification of N- succinylation was incorrect

t
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{Maira-Litran ef ¢f., 20023, Therefore the polysaccharide formally known as PNSG and now

found to be PNAG is also encompassed by the term PIA.
b,

PIA (or PNAG) may be of different sizes varying from over 400kDa to between 75 and

400kIa to between 10 and 75kDa to oligosaccharides composed of up to 30 repeat units {of

(93]

B-{1—6)-linked glicosamine substituted with N-acetyl and O-succinyl constituents). Any
size of PIA polysaccharide or oligosaccharide may be use in an immunogenic composition of
the invention, in one aspect the polysaccharide 18 over 40kDa. Sizing may be achieved by
any method known in the art, for instance by microfluidization, ultrasonic irvadiation or by
chemical cleavage (WO 03/53462, EP497524, EP497525). In certain aspects PIA {(PNAG) is
18 at least or at most 40-400kDa, 40-300kDa, 50-350kDa, 60-300kDa, 50-250kDa and 60-
200kDa.

PIA (PNAG) can have different degree of acetylation due to substitution on the amino groups
by acetate. PIA produced in vigo is almost fully substituted on amino groups (95- 130%;).
Alternatively, a deacetvlated PIA (PNAG) can be used having less than 60%, 50%, 40%,
15 30%, 20%, 10% acetyiation. Usc of a deacetylated PIA (PNAG) is preferred since non-
acetylated epitopes of PNAG are efficient at mediating opsonic killing of Gram positive
bacteria, preferably 8. aureus and/or 8. epidermidis. In certain aspects, the PIA (PNAG) has
a size between 40kDa and 300kDa and is deacetylated so that less than 60%, 50%, 40%, 30%

or 20% of amino groups are acetylated.

20 The term deacetylated PNAG (dPNAG) refers to @ PNAG polysaccharide or oligosaccharide
in which less than 60%, 30%, 4%, 30%, 20% or 10%% of the amino agroups are acetylated.
I certain aspects, PNAG is deaceylated to form dPNAG by chemically treating the native
polysaccharide. For exarople, the native PNAG 18 treated with a basic solution such that the
pH rises to above 10, For instance the PNAG is treated with 0.1-5 M, 0.2-4 M, 0.3-3 M, 8.5~

258 2M,8.75-1.5 Mor 1 M NaCGH , KOH or NH4OH. Treatment s for at feast 10 to 30 minutes,
or1,2,3,4,5, 10, 15 or 20 hours at a temperature of 20-100, 25-80, 30-60 or 30-50 or 35-45
°C. dPMAG may be prepared as described in WO 04/434035,

The polysaccharide(s} can be conjugated or unconjugated to a carrier protein.

t
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B. Type 5 and Type B polysaccharides from 3. aureus
Most strains of 8. gureus that cause infection in man contain either Type 5 or Type 8
polysaccharides. Approximately 60% of human strains are Type 8 and approximately 30%
arc Type 5. The structures of Type 5 and Type ¥ capsular polysaccharide antigens are
described in Moreau er al., (1990} and Fournicr ef o/, (1984). Both have FucNAgp in thewr
repeat unit as well as ManNAcA which can be used to mtroduce a sulthydryl group. The

structures are:

Type 5
—-B-D-ManMNAcA(BOAcCH(1—4)-u-L-FucNAc(1—-3)-B-D-FucNAc-(1—
Type 8
—3FB-D-ManNAcA(4OACH(1—-3)-u-L-FucNAc(1—-3)-B-D-FucNAc-(1—
Recently {(Jones, 2005) NMR spectroscopy revised the structures to:

Type 3

----- »-B-D-ManNAcA-(1 4 }a-L-FucNAc(GOACH{1-33-B-D-FucNAc-(1—
Type 8

----- 3 3-B-D-ManNAcA(4OACH-(1—3 ba-L-FucNAc(1 -3 b-a-D-FucNAc(—

Polysaccharides may be extracted from the appropriate strain of S, qureus using method well
known to of skill in the art, See U.S. Patent 6,294,177, For example, ATCC 12902 is a Type

3 8. awreus strain and ATCC 12605 is a Type 8 5. qureus strain.

Polysaccharides arc of native size or alternatively may be sized, for instance by
rmcrofuidisation, ultrasonic Urradiation, or by chomical treatment. The invention also covers
oligosaccharides derived from the type 5 and 5 polysaccharides from §. aurews. The type 5
and 8 polysaccharides included in the immunogenic coraposition of the invention are
preferably conjugated to a carrier protein as described below or are alternatively
unconjugated. The immunogenic compositions of the mvention alternatively contains either

type 5 or type 8 polysaccharide.

-~
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C. S, anrens 336 antigen

In an embodiment, the immunogenic composition of the invention comprises the S. qureus
336 antigen described in UK. Patent 6,294,177, The 336 antigen comprnses P-linked
hexosamine, contains no O-acetyl groups, and specifically binds to antibodies to S, aureus
Type 336 deposited under ATCC 53884, In an embodiment, the 336 antigen 18 a
polysaccharide which is of native size or alternatively may be sized, for instance by
nucrofluidisation, ultrasonic irradiation, or by chemical trestment. The invention also covers
oligosaccharides dertved from the 336 antigen. The 336 antigen can be unconjugated or

comjugated to 4 carrier protein.

B. Type 1, 1§ and 11} polysaccharides from S. epidermidis

Arnongst the probleras associated with the use of polysaccharides in vaceination, 18 the fact
that polvsaccharides per se are poor immunogens. H is preferred that the polysaccharides
utilized in the invention are linked fo a protein carrier which provide bystander T-cell help to
improve immunogenicity.  BExamples of such carriers which may be conjugated to
polysaccharide immunogens include the Diphtheria and Tetanus toxoids (BT, BT CRM197
and TT respectively), Keyhole Limpet Haemocyanin (KLH), and the purified protein
derivative of Tuberculin (PPD), Pseudomonas aeruginosa exoprotein A (rEPA}, protein D
from Haemophilus influenzae, pnoumolysin or fragments of any of the above. Fragracnts
suitable for use include fragments encompassing T-helper epitopes. In particular the protein
D fragment from A influenza will preferably contain the N-terminal 1/3 of the protein.
Protein 13 is an IgD-binding protein from Haemophilus influenzae (FP (4 594 610 B1) and isa
potential ormunogen. In addition, staphylococcal proteins may be used as a carrier protein in

the polysaccharide conjugates of the invention.

A carrier protein that would be particularly advantageous to use in the context of a
staphylococcal vaccine 1s staphyloconccal alpha toxoid. The native form may be conjugated to
a polysaccharide since the process of conjugation reduces toxicity. Preferably genetically
detoxified alpha toxins such as the His35Leu or His35Arg variants are used as carriers since
residual toxicity is lower. Alternatively the alpha toxin is chemically detoxified by treatment
with 4 cross-linking reagent, formaldehyde or glutaraldehyde. A genetically detoxified alpha
toxin is optionally chemically detoxified, preferably by treatment with a cross-linking

reagent, formaldehyde or ghutaraldehyde to further reduce toxicity.

]
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The polysaccharides may be linked to the carrier protein{s) by any known method (for
example those methods described in ULS. Patents 4,372,945, 4,474,757, and 4,356,170},
Preferably, CDAP conjugation chemistry is carried out {see WO95/08348). In CDAP, the
cyanylating reagent  l-cyano-dirncthylaminopyridiniurn  tetrafluoroborate  {CDAP)  is
preferably used for the synthesis of polysacchande-protein conjugates. The cyanilation
reaction can be performed under relatrvely mld conditions, which avoids hydrolysis of the

alkalime sensitive polysaccharides. This synthesis allows direct coupling to a carrier protein.

Conjugation preferably jnvolves producing a divect linkage between the carier protein and
polysaccharide. Optionaily a spacer (such as adipic dihydride (ADH)) may be introduced

between the casrier protein and the polysacchande.

V., IMMUNE RESPONSE AND ASSAYS

As discussed above, the invention concerns evoking or inducing an immune response 1o a
subject against a coagulase or one or more coagulase Domains 1-2 or variants thereof, In one
embodiment, the immune response can protect against or treat a subject baving, suspected of
having, or at risk of develeping an infection or rolated discase, particularly those related fo
staphyvlococet.  One use of the immunogenic corapositions of the mvention is to prevent
nosocomial infections by ioculating a subject prior to undergoing procedures in a hospital or

other environment having an increased risk of infoction.

A, Immuncassays

The prescot invention includes the implementation of serelogical assays to covaluate whether
and to what extent an immune response s induced or evoked by compositions of the
invention. There are many types of imumunoassays that can be implemented. Immunoassays
encompassed by the present invention inchude, but are not limited to, those described in U.S.
Patent 4,367,110 {doublc monoclonal antibody sandwich assay) and U.S. Patent 4,452,901
(western bloty,  Other assays inchude tmmunoprecipitation of labeled ligands and

immunocytochemistry, both in vitro and in vive.

Imnwmnoassays generally are binding assays. Certain preferred immunoassays are the various
types of enzyme linked imununosorbent assays (ELISAs) and radioimmunoassays (RI1A)
known in the art. Immunchistochemical detection using tissue sections is also particularly
useful. In one example, autibodies or antigens are immobilized on a selected surface, such as

a well in a polystyrens microtiter plate, dipstick, or column support. Then, a test composition
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suspected of containing the desired antigen or antibody, such as a clinical sample, is added to
the wells, After binding and washing to remove non specifically bound immune complexes,
the bound antigen or auntibody may be detected. Detection is generally achieved by the
addition of another antibody, specific for the desired antigen or antibody, that 15 linked to a
detectable label. This type of ELISA is known as a “sandwich ELISA” Detection also may
be achicved by the addition of a second antibody specific for the desired antigen, followed by
the addition of a third antibody that has binding affinity for the second antibody, with the

third antibody being linked to a detectable label.

Competition ELISAs are also possible implementations in which test samples compete for
binding with known amounts of labeled antigens or antibodies. The amount of reactive
species in the unknown sample is determined by mixing the sample with the known labeled
species before or during incubation with coated wells. The preseuce of veactive species in the
sample acts to reduce the amount of labeled species available for binding to the well and thus
reduces the ultimate signal.  Trrespective of the format employed, ELISAs have certain
features in common, such as coating, incubating or binding, washing to remove non

specifically bound species, and detecting the bound immune cornploxes.

Astigen or antibodies may also be linked to a solid support, such as in the form of plate,
beads, dipstick, membrane, or column matrix, and the sample fo be analyzed is applied to the
immobilized antigen or antibody. {n coating a plate with either antigen or antibody, one will
generally incubate the wells of the plate with a solution of the antigen or antibody, either
overnight or for a specified period. The wells of the plate will then be washed to remove
incompletely-adsorbed material.  Any remaining available surfaces of the wells are then
“coated” with a nonspecific protein that is antigenically neutral with regard to the test
antisera. These include bovine serum albuwmin (BSA), casein, and solutions of milk powder,
The coating allows for blocking of nonspecific adsorption sites on the immobilizing surface

and thus reduces the background caused by nonspecific binding of antiscra onto the surface.

B. Diagnosis of Bacterial Infection

In addition to the usc of proteins, polypeptides, and/or peptides, as well as antibodies binding
these polypeptides, proteins, and/or peptides, to treat or prevent infection as described above,
the present invention confemplates the use of these polypeptides, proteins, peptides, and/or
antibodies in a variety of ways, including the detection of the presence of Staphylococci to

dizgnose an infection, whether in a patient or on medical equipment which may also become

1]
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infected. In accordance with the invention, a preferred method of detecting the presence of
infections involves the steps of obtaining a sample suspected of being infected by one or more
staphylococcal bacteria species or strains, such as a sample taken from an individual, for
example, from one's blood, saliva, tissues, bone, muscle, cartilage, or skin. Following isolation
of the sample, diagnostic assays utilizing the polypeptides, proteins, peptides, and/or antibodies
of the present invention may be carried out to detect the presence of staphylococci, and such
assay techniques for determining such presence in a sample are well known to those skilled in
the art and include methods such as radioimmunoassay, western blot analysis and ELISA
assays. In general, in accordance with the invention, a method of diagnosing an infection is
contemplated wherein a sample suspected of being infected with staphylococci has added to it
the polypeptide, protein, peptide, antibody, or monoclonal antibody in accordance with the
present invention, and staphylococci are indicated by antibody binding to the polypeptides,
proteins, and/or peptides, or polypeptides, proteins, and/or peptides binding to the antibodies

in the sample.

Accordingly, antibodies in accordance with the invention may be used for the prevention of
infection from staphylococcal bacteria (i.e., passive immunization), for the treatment of an
ongoing infection, or for use as research tools. The term "antibodies" as used herein includes
monoclonal, polyclonal, chimeric, single chain, bispecific, simianized, and humanized or
primatized antibodies as well as Fab fragments, such as those fragments which maintain the
binding specificity of the antibodies, including the products of an Fab immunoglobulin
expression library. Accordingly, the invention contemplates the use of single chains such as
the variable heavy and light chains of the antibodies. Generation of any of these types of
antibodies or antibody fragments is well known to those skilled in the art. Specific examples
of the generation of an antibody to a bacterial protein can be found in U.S. Patent Application

Pub. No. 20030153022.

Any of the above described polypeptides, proteins, peptides, and/or antibodies may be labeled
directly with a detectable label for identification and quantification of staphylococcal bacteria.
Labels for use in immunoassays are generally known to those skilled in the art and include
enzymes, radioisotopes, and fluorescent, luminescent and chromogenic substances, including
colored particles such as colloidal gold or latex beads. Suitable immunoassays include

enzyme-linked immunosorbent assays (ELISA).
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C. Protective Immunity

In some embodiments of the invention, proteinaccous compositions confer protective immunity
to a subject. Protective immunity refers to a body’s ability to mount a specific immune
response that protects the subject from developing a particular disease or condition that
mvolves the agent against which there is an immune response. An immunogenically effective

amount is capable of conferring protective immunity to the subject.

As used herein in the specification and in the claims section that follows, the term polypeptide
or peptide refer to a stretch of amino acids covalently linked there amongst via peptide bonds.
Different polypeptides have different functionalities according to the present invention. While
according to one aspect, a polypeptide is derived from an immunogen designed to induce an
active immune response in a recipient, according to another aspect of the invention, a
polypeptide is derived from an antibody which results following the elicitation of an active
immune response in, for example, an animal, and which can serve to induce a passive immune
response in the recipient. In both cases, however, the polypeptide is encoded by a

polynucleotide according to any possible codon usage.

As used herein the phrase “immune response™ or its equivalent “immunological response”
refers to the development of a humoral (antibody mediated), cellular (mediated by antigen-
specific T cells or their secretion products) or both humoral and cellular response directed
against a protein, peptide, carbohydrate, or polypeptide of the invention in a recipient patient.
Such a response can be an active response induced by administration of immunogen or a
passive response induced by administration of antibody, antibody containing material, or
primed T-cells. A cellular immune response is clicited by the presentation of polypeptide
epitopes in association with Class I or Class I MHC molecules, to activate antigen-specific
CD4 (+) T helper cells and/or CD8 (+) cytotoxic T cells. The response may also involve
activation of monocytes, macrophages, NK cells, basophils, dendritic cells, astrocytes,
microglia cells, eosinophils or other components of innate immunity. As used herein “active

immunity” refers to any immunity conferred upon a subject by administration of an antigen.

As used herein “passive immunity” refers to any immunity conferred upon a subject without
administration of an antigen to the subject. “Passive immunity” therefore includes, but is not
limited to, administration of activated immune effectors including cellular mediators or protein

mediators (e.g., monoclonal and/or polyclonal antibodies) of an immune response. A
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monoclonal or polyclonal antibody composition may be used in passive immunization for the
prevention or treatment of infection by organisms that carry the antigen recognized by the
antibody. An antibody composition may include antibodies that bind to a variety of antigens
that may in turn be associated with various organisms. The antibody component can be a
polyclonal antiserum. In certain aspects the antibody or antibodies are affinity purified from
an animal or second subject that has been challenged with an antigen(s). Alternatively, an
antibody mixture may be used, which is a mixture of monoclonal and/or polyclonal antibodies
to antigens present in the same, related, or different microbes or organisms, such as gram-

positive bacteria, gram-negative bacteria, including but not limited to staphylococcus bacteria.

Passive immunity may be imparted to a patient or subject by administering to the patient
mmmunoglobulins (Ig) and/or other immune factors obtained from a donor or other non-patient
source having a known immunoreactivity. In other aspects, an antigenic composition of the
present invention can be administered to a subject who then acts as a source or donor for
globulin, produced in response to challenge with the antigenic composition ("hyperimmune
globulin"), that contains antibodies directed against Staphylococcus or other organism. A
subject thus treated would donate plasma from which hyperimmune globulin would then be
obtained, via conventional plasma-fractionation methodology, and administered to another
subject in order to impart resistance against or to treat staphylococcus infection. Hyperimmune
globulins according to the invention are particularly useful for immume-compromised
individuals, for individuals undergoing invasive procedures or where time does not permit the
individual to produce their own antibodies in response to vaccination. See U.S. Patents
6,936,258, 6,770,278, 6,756,361, 5,548,066, 5,512,282, 4338298, and 4,748,018, for

exemplary methods and compositions related to passive immunity.

For purposes of this specification and the accompanying claims the terms "epitope™ and
"antigenic determinant” are used interchangeably to refer to a site on an antigen to which B
and/or T cells respond or recognize. B-cell epitopes can be formed both from contiguous amino
acids or 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 least 5 or 8-10 amino

acids in a unique spatial conformation. Methods of
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determining spatial conformation of epitopes inchude, for example, x-ray crystallography and
2-divaensional nuclear magnetic resonance.  See, e.g., Epitope Mapping Protocols (1996},
Antibodies that recognize the same epitope can be identified in a simople immunoassay
showing the ability of onc antibody to block the binding of another antibody o a targe
antigen. T-cells recognize countinuous epitopes of about nine amino acids for CDR cells or
about 13-15 amino acids for CD4 cells. T cclis that recognize the eprtope can be identificd
by in vifro assays that weasure antigen-dependent proliferation, as determined by H-
thymidine incorporation by primed T cells in response to an epitope (Burke ¢/ af., 1994}, by
antigen-dependent killing {cyviotoxic T Iyraphocyie assay, Tigges ef of., 1996) or by cytokine

secretion.

The presence of a cell-mediated immunological response can be determined by proliferation
assays {CD4 (1) T cells) or CTL (eviotoxic T lymphocyte) assays. The relative contributions
of humoral and cellular responses to the protective or therapeutic effect of an immunogen can
be distinguished by separately iselating IgG and T-cells from an immunized syngeneic

animal and measuring protective or therapeutic effect in a second subject.

]

As used herein and in the claims, the terms "antibody” or "immumoglobulin” are used
interchangeably and refer to any of several classes of structurally related proteins that
fumetion as part of the fmmune response of an animal or recipient, which proteins include

lgG, gD, IgE, IgA, 1gM and related proteins.

Under normal physiclogical conditions antibodies are found in plasma and other body fluids
and in the membrane of certain cells and are produced by lymphocytes of the type denoted B
cells or their functional ecquivalent.  Antibodies of the IgG class are made up of four
polypeptide chains linked together by disulfide bonds.  The four chainy of intact IgG
molecules are two identical heavy chains referred to as H-chains and two identical light

chains referred to as L-chains.

In order to produce polyclonal antibodies, a host, such as a rabbit or goat, is imymunized with
the antigen or antigen fragmeut, generally with an adjuvant and, if necessary, coupled to a
carrier. Antibodics to the antigen are subscguently collected from the sera of the host. The

polyclonal antibody can be athnity purified against the antigen rendering it monospecific,
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Monoclonal antibodies can be produced by hyperimmunization of an appropriate donor with
the antigen or ex-vive by use of primary cultures of splevic ceils or cell lines derived frow

spleen {Anavi, 199K; Huston of /., 1991; Johnson ef @f., 1991, Mernaugh ef al., 1995).

¥

As used herein and in the claims, the phrase "an immunological portion of an antibody”
includes a Fab fragment of an antibody, a Fv fragroent of an antibody, a heavy chain of an
antibody, a light chain of an antibody, a heterodimer consisting of a heavy chain and a light
chain of an antibody, a variable fragment of a light chain of an antibody, a variable fragment
of a heavy chain of an antibody, and a single chain variant of an antibody, which is also
known as scFv. In addition, the term includes chimeric immunegiobulins which are the
expression products of fused genes derived from different species, one of the specics can be a
human, in which case a chimeric immunoglobulin is said to be humanized. Typically, an
immunological portion of an antibody competes with the intact avtibody from which it was

derived for specific binding to an antigen.

Optionally, an antibody or preferably an immmumological portion of an antibody, can be
chemically conjugated to, or expressed as, a fusion protein with other proteins, For purposes
of this specification and the accompanying claims, all such fused proteins are included in the

definition of antibodies or an immunological portion of an aniibody.
& o

As used herein the torms “mmmunogenic agent” or “immunogen” or “antigen” are used
interchangeably to describe a mwolecule capable of inducing an immunological response
against itself on administration to a recipient, either alone, in conjunction with an adjuvant, or

presented on a display vehicle,

B, Treatruent Methods
A method of the present iovention includes treatment for a disease or condition caused by a
staphylococcus pathogen. An immunegenic polypeptide of the invention can be given to
induce an immune respouse in a person infected with staphylococcus or suspected of having
been exposed to staphylococcus. Methods may be employed with respect to individuals who
have tested positive for exposure to staphylococcus or who are deemed to be at nisk for

infgction based on possible oxposure.

in particular, the invention encompasses a method of treatment for staphvlococcal infection,

particularly hospital acquired nosocormal infections.  The tmmunogenic compositions and
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vaccines of the invention are particularly advantageous to use in cases of ¢lective surgery.
Such patients will kuow the date of surgery in advance and could be ivoculated in advance,
The immunogenic compositions and vaccines of the invention are also advantageous {0 use to

inoculate health care workers.

In some embodiments, the treatment is administered in the presence of adjuvants or carriers
or other staphylococcal antigens.  Fuwrthermore, in some examples, treatment comprises
administration of other agents commonly used against bacterial infection, such as one or

roore antibiotics.

The use of peptides for vaccmation can vequire, but not necessartly, conjugation of the
peptide to an immunogenic carrier protein, such as hepatitis B surface antigen, keyhole
lirapet hemocyanio, or bovine serum albumin. Methods for performing this conjugation are

well known m the art.

Y. VACCINE AND OTHER PHARMACEUTICAL COMPOSITIONS AND
ADMIMISTRATION

A Vaccines

The present invention includes methods for preventing or ameliorating staphylococcal
infections, particularly hospital acquired nosocomial infections.  As such, the invention
contemplates vaccines for use in both active and passive immunization embodiments.
Immunogenic compositions, proposed to be suitable for use as a vaccine, may be prepared
from immunogenic coagulases ot a fragraent thereof or a variant thereof, e.g., one or more
coagulase Domains 1-2 . In other embodiments, coagulascs, a fragment thereof or a variant
thereof, can be used in corbivation with other secreted virulence proteins, surface proteins or
immunogenic fragments thereof. In certain aspects, antigenic material is extensively dialyzed
to remove undesired small molecular weight molecules and/or lvophilized for more ready

formulation into a desired vehicle.

(ther options for a protein/peptide-based vaccine involve introducing nucleic acids encoding
the antigen(s) as DNA vaccines. In this regard, recent reports described construction of
recombinant vaccinia viruses expressing cither 10 contiguous minimal CTL epitopes
{Thomson, 1996) or & combination of B cell, cytotoxic T-lymphoceyte {CTL)Y, and T-helper
{Th) epitopes from several microbes {(An, 1997}, and successful use of such constructs to

immunize mice for priming protective immune responses. Thus, there is ample evidence in



the literature for successful utilization of peptides, peptide-pulsed antigen presenting cells
(APCs), and peptide-encoding constructs for efficient in vivo priming of protective immune
responses. The use of nucleic acid sequences as vaccines is exemplified in U.S. Patents
5,958,895 and 5,620,896.

The preparation of vaccines that contain polypeptide or peptide sequence(s) as active
ingredients is generally well understood in the art, as exemplified by U.S. Patents 4,608,251;
4,601,903; 4,599,231; 4,599,230; 4,596,792; and 4,578,770. Typically, such vaccines are
prepared as injectables cither as liquid solutions or suspensions: solid forms suitable for
solution in or suspension in liquid prior to injection may also be prepared. The preparation
may also be emulsified. The active immunogenic ingredient is often mixed with excipients
that are pharmaceutically acceptable and compatible with the active ingredient. Suitable
excipients are, for example, water, saline, dextrose, glycerol, ethanol, or the like and
combinations thereof. In addition, if desired, the vaccine may contain amounts of auxiliary
substances such as wetting or emulsifying agents, pH buffering agents, or adjuvants that
enhance the effectiveness of the vaccines. In specific embodiments, vaccines are formulated

with a combination of substances, as described in U.S. Patents 6,793,923 and 6,733,754.

Vaccines may be conventionally administered parenterally, by injection, for example, either
subcutaneously or intramuscularly. Additional formulations which are suitable for other modes
of administration include suppositories and, in some cases, oral formulations. For
suppositories, traditional binders and carriers may include, for example, polyalkalene glycols
or triglycerides: such suppositories may be formed from mixtures containing the active
ingredient in the range of about 0.5% to about 10%, preferably about 1% to about 2%. Oral
formulations include such normally employed excipients as, for example, pharmaceutical
grades of mannitol, lactose, starch, magnesium stecarate, sodium saccharine, cellulose,
magnesium carbonate and the like. These compositions take the form of solutions,
suspensions, tablets, pills, capsules, sustained release formulations or powders and contain

about 10% to about 95% of active ingredient, preferably about 25% to about 70%.

The polypeptides and polypeptide-encoding DNA constructs may be formulated into a vaccine
as neutral or salt forms. Pharmaceutically-acceptable salts include the acid addition salts

(formed with the free amino groups of the peptide) and those that are formed with
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inorganic acids such as, for example, hydrochloric or phosphoric acids, or such organic acids

as acetic, oxalic, tartaric, mandelic, and the bke,

Typically, vaccines are administered in a manner compatible with the dosage formulation,
and in such amount as will be therapeutically effective and immunogenic. The guantity to be
administered depends on the subject to be treated, including the capacity of the individual’s
immune system to synthesize antibodies and the degree of protection desired.  Precise
amounts of active ingredient required to be administered depend on the judgment of the
practitfioner.  However, suitable dosage ranges are of the order of several handred
micrograms of active ingredient per vaccination. Suitable regimes for initial administration
and booster shots arc also variable, but are typified by an initial administration followed by

subsequent inoculations or other administrations.

The manner of application may be varied widely. Any of the conventional methods for
administration of & vaccine are applicable. Thesc are believed to include oral application
within a solid physiologically acceptable base or in a physiologically acceptable dispersion,
parenterally, by injection and the like. The desage of the vaccine will depend on the route of

administration and will vary according to the size and health of the subject.

In certain instances, it will be desirable to have multiple administrations of the vaccine, e.g.,
2,3, 4, 5, 6 or more administrations. The vaccingtions canbeat 1,2,3,4,.5,6, 7,8, 16 8, 6,
7, 8, 9,10, 11, 12 twelve week inforvals, including all ranges there between,  Periodic
boosters at mtervals of 1-5 years will be desirable to maintain protective levels of the
antibodics. The course of the ramunization may be followed by assays for antibodies against

the antigens, as described i U.S. Patents 3,701,932; 4,174,384 and 3,949,064,

i. Carriers

A given composition may vary in its impunogenicity. 1t is often necessary therefore to boost
the host imomune system, as roay be achieved by coupling a peptide or polypeptide to a
carricr. Exemplary and preferred carriers are keyhole limpet hemocyanin (KLH) and bovine
serum alburnin (BSA). Other albumins such as ovalbumun, mouse serum atbumin, or rabbit
serum atbumin can also be used as carriers. Means for conjugating a polypeptide to a carricr
protein are well known in the art and include glutaraldehyde, m-maleimidobencoyi-N-

hydroxysuccinimide ester, carbodiimyde, and bis-biazotized benzidine,
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2. Adjuvants

The immunogenicity of polypeptide or peptide compositions can be enhanced by the use of
non-specific stimulators of the immune response, known as adjuvants. Suitable adjuvants
include all acceptable immunostimulatory compounds, such as cytokines, toxins, or synthetic
compositions. A number of adjuvants can be used to enhance an antibody response against a
coagulase and or its variant, such as one or more coagulase Domains 1-2, or any other
bacterial protein or combination contemplated herein. Adjuvants can (1) trap the antigen in
the body to cause a slow release; (2) attract cells involved in the immune response to the site
of administration; (3) induce proliferation or activation of immune system cells; or (4)

improve the spread of the antigen throughout the subject’s body.

Adjuvants include, but are not limited to, oil-in-water emulsions, water-in-oil emulsions,
mineral salts, polynucleotides, and natural substances. Specific adjuvants that may be used
include IL-1, IL-2, IL-4, IL-7, IL-12, y-interferon, GMCSP, BCG, aluminum salts, such as
aluminum hydroxide or other aluminum compound, MDP compounds, such as thur-MDP and
nor-MDP, CGP (MTP-PE), lipid A, and monophosphoryl lipid A (MPL). RIBI, which
contains three components extracted from bacteria, MPL, trehalose dimycolate (TDM), and
cell wall skeleton (CWS) in a 2% squalene/Tween 80 emulsion. MHC antigens may even be
used. Others adjuvants or methods are exemplified in U.S. Patents 6,814,971, 5,084,269,
6,656,462.

Various methods of achieving adjuvant affect for the vaccine includes use of agents such as
aluminum hydroxide or phosphate (alum), commonly used as about 0.05 to about 0.1%
solution in phosphate buffered saline, admixture with synthetic polymers of sugars
(Carbopol®) used as an about 0.25% solution, aggregation of the protein in the vaccine by
heat treatment with temperatures ranging between about 70° to about 101°C for a 30-second
to 2-minute period, respectively. Aggregation by reactivating with pepsin-treated (Fab)
antibodies to albumin; mixture with bacterial cells (e.g., C. parvum), endotoxins or
lipopolysaccharide components of Gram-negative bacteria; emulsion in physiologically
acceptable oil vehicles (e.g., mannide mono-oleate (Aracel A)); or emulsion with a 20%
solution of a perfluorocarbon (Fluosol-DA®) used as a block substitute may also be

employed to produce an adjuvant effect.
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Examples of and often preferred adjuvants include complete Freund’s adjuvant (a non-
specific stimulator of the immune vesponse countaining killed Mycobacterivum rberculosix),

incomplete Freund’s adjuvants, and alominum hydroxide.

In some aspects, it is preferred that the adjuvant be selected to be a preferential inducer of
either a Thl or a Tha type of response. High levels of Thi-type cytokines tend to favor the
induction of cell mediated immuse responses o & given antigen, while high levels of Th2-

type cytokines tend to favor the induction of humoral imnmane responses to the antigen.

The distinction of Thl and Th2-type 1mmune response is not absolute. In reality an
individual will support an immune response which is described as being predominantly Thi
or predominantly Th2. However, it is often convenient to consider the families of cytokines
in terms of that described in murine CD4+ T cell clones by Mosmann and Coffman
{(Mosmann, and Coffman, 1989). Traditionally, Thi-type responses are associated with the
production of the INF-y and 1L-2 cytokines by T-lymphocytes. Other cytokines often directly
associated with the induction of Thi-type immune responses are not produced by T-cells,
such as IL-12. In contrast, Th2-type roesponses are associated with the secretion of IL- 4, TL-

5, 1L-6, 1L-10.

in addition to adjuvants, it may be desirable to co-administer biologic response modificrs
(BRM) to cnhance imunune responses. BRMs have been shown to upregulate T cell
immuanity or downregulate suppresser cell activity. Such BRMs mchude, but are not limited
to, Cimetidine (CIM; 1200 mg/d) {Smith/Kline, PA); or low-dose Cyclophosphamide (CYP;
300 rag/m”) (Johnson/ Mead, NJ) and eytokines such as y-interferon, 1L-2, or IL-12 or genes

encoding proteins juvelved in immune helper functious, such as B-7.

B. Lipid Components and Moletles

in certain embodiments, the present invention concoerns coOMpoSitions coOMprising one or more
lipids associated with a nucleic acid or a polypeptide/peptide. A lipid 18 a substance that 1s
insoluble in water and extractable with an orgavic solvent. Compounds other than those
specifically described herein are understood by one of skill in the art as lipids, and are
encompassed by the compositions and methods of the present invention. A lipid component

and a non-lipid may be attached to one another, either covalently or non-covalently.
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A lipid may be a naturally occurring lipid or a synthetic liptd. However, a lipid is usually a
biological substance. Biological lipids are well known in the art, and include for example,

neutral  fats, phospholipids, phosphoglycerides,  steroids,  terpenes,  lysolipids,
glycosphingolipids, glucolipids, sulphatides, lipids with ether and ester-linked fatty acids and

polymerizable lipids, and combinations thereof.

A nucleic acid molecule or a polvpeptide/peptide, associated with a lipid may be dispersed in
a solution containing a lipid, disselved with a lipid, enmlsified with a lipid, mixed with a
hipid, combined with a lipid, covalently bonded o a lipid, contained as a suspension in a lipid
or otherwise associated with a liptd. A lipid or Hpid-poxvirus-associated composition of the
present ivention is vot limited to any particular structure.  For example, they may also
simply be interspersed in a solution, possibly forming aggregates which are not uniform in
gither size or shape. In another exawple, they may be present in a bilayer structure, as
micelles, or with a “collapsed” structure.  In  asother non-limiting example, a
lipofectamine(Gibeo  BRLUpoxvirus or Superfect (Qiagen)-poxvirus complex 15 also

contemplated.

BT V4

In certain embodiments, a composition may comprise about 1%, about 2%, about 3%, about
4% about 5%, about 6%, about 7%, about 8%, about 9%, about 1%, about 11%, about 12%,
about 13%, aboul 14%, about 15%, about 16%, about 17%, about 18%, about 19%, about
20%, about 21%., about 22%, about 23%, about 24%, about 25%, about 26%, about 27%,

about 28%, about 299, about 30%, about 31%, about 32%, abont 33%, about 34%, about

3595, about 36%, about 37%, about 38%, about 39%, about 40%, about 41%, about 42%,
about 43%, about 44%, about 45%, about 46%, about 47%, about 48%, about 49%, about
30%, about 31%, about 32%, about 53%, about 54%, about 53%, about 56%, about 37%

gbout 38%, about 38%, about 60%, about 61%, about 62%, sbout 63%, about 64%, about
635%, about 66%, about 67%, about 68%, about 69%, abowt 70%, about 71%, about 72%,
about 73%, about 74%, about 75%, about 76%. about 77%, about 78%, ghout 79%, about
R0%, about 81%, about 2%, about 83%, about 84%, about 85%, about 86%, about 87%,
ghout 88%, about 89%, about 90%, about 91%, about 92%, sbout 93%, about 94%, about
95%, about 96%, about 97%, about 98%, about 99%, or any range thercbetween, of a
particuiar lipid, hipid type, or non-lipid component such as an adjuvant, antigen, peptide,
polypeptide, sugar, nucleic acid or other waterial disclosed herein or as would be known to

one of skill in the art. In a non-limiting cxample, a composition may comprise about 10% to
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HES

about 20% neutral lipids, and about 33% to about 34% of a cercbroside, and about 1%
cholesterol. In another non-timiting example, a liposomae may comprise about 4% to about
12% terpenes, wherein about 1% of the micelle is specifically lycopene, leaving about 3% to
about 11% of the liposome as comprising other torpenes; and about 10% to about 35%
phosphatidyl choline, and about 1% of a non-lipid component. Thus, it is conteraplated that
corapositions of the present invention may comprise any of the lipids, ipid types or other

components i any combination or percentage range.

. Combination Therapy
The compositions and related methods of the present invention, particularly administration of
a secreted virulence factor or surface protein, including a coagulase Domains 1-2 or a variant
thereof, and/or other bacterial peptides or proteins to a patient/subject, may also be used in
combination with the administration of traditional therapies. These include, but are not
livatted to, the adminisiration of antibiotics such as streptomycein, ciprofioxacin, doxycycline,
gentamycin, chloramphenicel, trimethoprim, sulfamethoxazole, ampiciliin, tetracycline or

various combinations of antibiotics.

In one aspect, it is conteraplated that a polypeptide vaccine and/or therapy 1s used in
conjunction with antibacterial treatment.  Alfernatively, the therapy may precede or follow
the other agent freatment by intervals ranging from minutes to weeks. In embodiments where
the other agents and/or a proteins or polynucleotides are administered separately, one would
gencrally ensure that a significant period of time did not cxpire between the time of each
delivery, such that the agent and antigenic composition would still be able to exert an
advantageously combined effect on the subject. In such instances, it is contemplated that one
may adwinister both modalities within about 12-24 b of each other or within about 6-12 h of
cach other. In some situations, it may be desirable to extend the time period for
administration significantly, where several days (2, 3, 4. 5, 6 or 7) to several weeks (1, 2, 3, 4,

5, 6, 7 or 8} lapse between the respective administrations.

Various combinations may be cmployed, for example antibiotic therapy is “A” and the
immunogenic molecule given as part of an imomunc therapy regime, such as an antigen, 18

&6{335:
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Administration of the immunogenic compositions of the present invention to & patient/subject
will follow gencral protocols for the administration of such compounds, taking into account
the toxicity, if any, of the coagulase Domains 1-2 composition, or other compositions
described herein. Tt is expected that the treatraent cycles would be repeated as necessary. It
also is conteraplated that variouns standard therapies, such as hydration, may be applied in

combination with the described therapy.

B. General Pharmaceutical Compasitions

In some embodiments, pharmaceutical compositions are administered to a subject. Different
aspects of the present invention involve administering an effective amount of 2 composition
to a subject. In some embodiments of the present invention, staphylococcal antigens,
rmaembers of the Ess pathway, fucluding polypeptides or peptides of the Esa or Esx class,
and/or members of sortase substrates may be administered to the patient to protect against
infection by one or more staphylococcus pathogens.  Alternatively, an expression vector
encoding onc or more such polypeptides or peptides may be given to a patient as a
preventative treatment.  Addifionally, such cowpounds can be admimstered in combination
with an antibiotic or an antibacterial.  Such compositions will generally be dissolved or

dispersed in a pharmaccutically acceptable carrier or agueous medium.

In addition to the compounds formulated for parenteral admunistration, such as those for
intravenous or intramuscular injection, other pharmaceutically acceptable forms mclude, e.g.,
tablets or other solids for oral administration; time release capsules; and any other form

currently used, including creams, lotions, mouthwashes, inhalants and the like,

The active compounds of the present iovention can be formulated for parenteral
administration, e.g., formulated for injection via the intravencus, intramuscular, sub-
cutancous, or even intraperitoneal routes. The preparation of an aqueous composition that
contains a compound or compounds that increase the expression of an MHC class 1 molecule
will be known to those of skill in the art 1 light of the present disclosure. Typically, such

compositions can be prepared as injectables, either as liquid solutions or suspensions; solid
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forms suitable for use to prepare solutions or suspensions upon the addition of a Hquid prior

to injection can also be prepared; and, the preparations can also be eruulsified.

Solutions of the active corapounds as free base or pharmacologically acceptable salis can be
prepared in water suitably mixed with a surfactant, such as hydroxypropyiceliuiose.
Digpersions can also be prepared in glyeerol, liquid polyethylene glycols, and mixtures
thereof and in oils. Under ordinary conditions of storage and use, these preparations contain

a preservative to prevent the growth of microorganisms.

The pharmaceutical forms suitable for injectable use include sterile agueous solutions or
dispersions; formulations ncluding sesame oil, peanut oil, or aqueous propylene glycol; and
sterile powders for the extemporancous preparation of sterile injectable solutions or
dispersions. In all cases the form muast be sterile and must be {luid to the extent that it may be
casily injected. 1t also should be stable under the conditions of manufacture and storage and
must be preserved against the contaminating action of microorganisms, such as bacteria and

fumgi.

The proteinaceous compositions may be formulated into a neutal or salt form,
Pharmaceutically acceptable salis, include the acid addition salts (formed with the free amino
groups of the protein) and which are formed with inorganic acids such as, for example,
hydrochloric or phosphoric acids, or such organic acids as acetic, oxalic, tartaric, mandelic,
and the like. Salts formed with the free carboxyl groups can also be derived from inorganic
bascs such as, for example, sodium, potassium, ammonium, calcium, or ferric hydroxides,

and such organic bases as isopropylamine, frimethyiamine, histidine, procaine and the like.
& o b o 2

The carrier also can be a solvent or dispersion medium containing, for example, water,
ethanol, polyol (for example, glycerol, propylene glycol, and liquid polyethylene glvesl, and
the like), suitable mixtures thereof, and vegetable oils. The proper fluidity can be maintained,
for example, by the use of a coating, such as lecithin, by the maintenance of the reguired
particle size in the case of dispersion, and by the use of surfactants, The prevention of the
action of microorganisms can be brought about by various antibacterial and antifungal agents,
for exaraple, parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and the like. In many
cases, it will be preferable to tuclude isotonic agents, for example, sugars or sodium chloride.

Prolonged absorption of the injectable compositions can be brought about by the use in the
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compositions of agents delaying absorption, for example, aluminum monostearate and

gelatin.

Sterile injectable solutions are prepared by incorporating the active compounds in the
required amount in the appropriate solvent with various of the other ingredients enumerated
above, as required, followed by filtered sterilization. Generally, dispersions are prepared by
incorporating the various sterilized active ingredients into a sterile vehicle which contains the
basic dispersion medium and the required other ingredients from those enumerated above. In
the case of sterile powders for the preparation of sterile injectable solutions, the preferred
methods of preparation are vacuum-drying and freeze-drying techniques, which yield a
powder of the active ingredient, plus any additional desired ingredient from a previously

sterile-filtered solution thereof.

Administration of the compositions according to the present invention will typically be via
any common route. This includes, but is not limited to oral, nasal, or buccal administration.
Alternatively, administration may be by orthotopic, intradermal, subcutaneous, intramuscular,
intraperitoneal, intranasal, or intravenous injection. In certain embodiments, a vaccine
composition may be inhaled (e.g., U.S. Patent 6,651,655). Such compositions would
normally be administered as pharmaceutically acceptable compositions that include
physiologically acceptable carriers, buffers or other excipients. As used herein, the term
“pharmaceutically acceptable” refers to those compounds, materials, compositions, and/or
dosage forms which are, within the scope of sound medical judgment, suitable for contact
with the tissues of human beings and animals without excessive toxicity, irritation, allergic
response, or other problem complications commensurate with a reasonable benefit/risk ratio.
The term "pharmaceutically acceptable carrier,” means a pharmaceutically acceptable
material, composition or vehicle, such as a liquid or solid filler, diluent, excipient, solvent or

encapsulating material, involved in carrying or transporting a chemical agent.

For parenteral administration in an aqueous solution, for example, the solution should be
suitably buffered, if necessary, and the liquid diluent first rendered isotonic with sufficient
saline or glucose. These particular aqueous solutions are especially suitable for intravenous,
intramuscular, subcutaneous, and intraperitoneal administration. In this connection, sterile
aqueous media which can be employed will be known to those of skill in the art in light of the
present disclosure. For example, one dosage could be dissolved in isotonic NaCl solution and

either added to hypodermoclysis fluid or injected at the proposed site of infusion, (see for
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example, Remington’s Pharmaceutical Sciences, 1990). Some variation in dosage will
necessarily occur depending on the condition of the subject. The person responsible for

administration will, in any event, determine the appropriate dose for the individual subject.

An effective amount of therapeutic or prophylactic composition is determined based on the
intended goal. The term “unit dose” or “dosage” refers to physically discrete units suitable
for use in a subject, each unit containing a predetermined quantity of the composition
calculated to produce the desired responses discussed above in association with its
administration, i.e., the appropriate route and regimen. The quantity to be administered, both

according to number of treatments and unit dose, depends on the protection desired.

Precise amounts of the composition also depend on the judgment of the practitioner and are
peculiar to each individual. Factors affecting dose include physical and clinical state of the
subject, route of administration, intended goal of treatment (alleviation of symptoms versus

cure), and potency, stability, and toxicity of the particular composition.

Upon formulation, solutions will be administered in a manner compatible with the dosage
formulation and in such amount as is therapeutically or prophylactically effective. The
formulations are easily administered in a variety of dosage forms, such as the type of

injectable solutions described above.

E. In Vitro, Ex Vive, or In Vivo Administration

As used herein, the term in vitro administration refers to manipulations performed on cells
removed from or outside of a subject, including, but not limited to cells in culture. The term
ex vivo administration refers to cells which have been manipulated in viiro, and are
subsequently administered to a subject. The term in vivo administration includes all

manipulations performed within a subject.

In certain aspects of the present invention, the compositions may be administered either in
vitro, ex vivo, or in vivo. In certain in vitro embodiments, autologous B-lymphocyte cell lines
are incubated with a virus vector of the instant invention for 24 to 48 hours or with a
cogaulase Domains 1-2 and/or a variant thereof and/or any other composition described
herein for two hours. The transduced cells can then be used for in vitro analysis, or

alternatively for ex vivo administration. U.S. Patents 4,690,915 and 5,199,942, disclose
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methods for ex vivo manipulation of blood mononuclear cells and bone marrow cells for use in

therapeutic applications.

F. Antibodies And Passive Immunization

Another aspect of the invention is a method of preparing an immunoglobulin for use in
prevention or treatment of staphylococcal infection comprising the steps of immunizing a
recipient or donor with the vaccine of the invention and isolating immunoglobulin from the
recipient or donor. An immunoglobulin prepared by this method is a further aspect of the
mvention. A pharmaceutical composition comprising the immunoglobulin of the invention and
a pharmaceutically acceptable carrier is a further aspect of the invention which could be used
in the manufacture of a medicament for the treatment or prevention of staphylococcal disease.
A method for treatment or prevention of staphylococcal infection comprising a step of
administering to a patient an effective amount of the pharmaceutical preparation of the

mvention is a further aspect of the invention.

Inocula for polyclonal antibody production are typically prepared by dispersing the antigenic
composition in a physiologically tolerable diluent such as saline or other adjuvants suitable for
human use to form an aqueous composition. An immunostimulatory amount of inoculum is
administered to a mammal and the inoculated mammal is then maintained for a time sufficient

for the antigenic composition to induce protective antibodies.

The antibodies can be isolated to the extent desired by well known techniques such as affinity
chromatography (Harlow and Lane, 1988). Antibodies can include antiserum preparations
from a variety of commonly used animals, e.g. goats, primates, donkeys, swine, horses, guinea

pigs, rats or man.

An immunoglobulin produced in accordance with the present invention can include whole
antibodies, antibody fragments or subfragments. Antibodies can be whole immumoglobulins
of any class (e.g., IgG, IgM, IgA, IgD or IgE), chimeric antibodies or hybrid antibodies with
dual specificity to two or more antigens of the invention. They may also be fragments (e.g.,
F(ab")2, Fab', Fab, Fv and the like) including hybrid fragments. An immunoglobulin also
includes natural, synthetic, or genetically engineered proteins that act like an antibody by

binding to specific antigens to form a complex.
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A vaccine of the present invention can be administered to a recipient who then acts as a
source of immunoglobulin, produced in respouse to challenge from the specific vaccine., A
subject thus treated would donate plasma from which hyperimmune globulin would be
obtained via conventional plastoa fractionation rocthodology. The hyperimumune globulin
would be administered to another subject in order to impart resistance against or treat
staphvlococcal infection. Hyperimmune globulins of the mvention are particularly uscful for
treatroent or prevention of staphylococcal discase in wnfants, immune compromised
individuals, or where treatment is required and there is no time for the individual to produce

antibodies in response to vaccination.

An additional aspect of the wvention is a pharmaceutical composition comprising two of
more monoclonal antibodies (or fragments thereof] preferably human or humanised) reactive
against at least two constituents of the immunogenic composition of the invention, which
could be used to treat or prevent infection by Gram positive bacteria, preferably
staphylococei, more preferably 8 auwrens or S epidermidis.  Such pharmaceutical
compositions comprise monoclonal antibodies that can be whole immunoglobulins of any
class, chimerie antibodies, or hybrid antibodics with specificity to two or more antigens of the
invention, They may also be fragments {e.g., F(ab)2, Fab', Fab, Fv and the like) mcluding

hybrid fragments.

Methods of making moncclonal antibodies are well known in the art and can inchude the
fusion of splenocytes with myeloma cells (Kohler and Milstein, 1975, Harlow and Lane,
19883, Alternatively, monoclonal Fv fragments can be obtained by screening a suitable
phage display hibrary (Vaughan ef ¢/, 1998). Monoclonal antibodies may be humanized or

part humanized by known methods.

¥i. EXAMPLES

The following examples are given for the purpose of iHustrating various embodiments of the
invention and are not meant to lirit the present invention in any fashion. One skilled in the
art will appreciate readily that the present invention is well adapted to carry out the objects
and obtain the ends and advantages mentioned, as well as those objects, ends and advantages
inherent herein. The present examples, along with the methods described herein are presently
representative of preferred embodiments, are exeraplary, and are not intended as Hmitations

on the scope of the invention. Changes therein and other uses which are encompassed within
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the spirit of the invention as defined by the scope of the claims will occur to those skilled in

the avt,

EXAMPLE 1
COAGULASES AS DETERMINANTS OF PROTECTIVE IMMUNE RESPONSES
AGAINST STAPHYLOCOCCUS AUREUS
A, RESULTS
Antibodies against coagulase domains Rabbits were immunized with affinity purified His-
tagged Coa derived from the coagulase gene of §. qurens Newman (Coagy). Immune serum
was examined by ELISA, which revealed serum 1gG antibody responses to antigen (Figs. 1A-
IB). To analyze the antibody responses against specific subdomains, affinity-purified
recombinant proteins (Dces D200 DP1200, Lo and Cee) were subjected to ELISA (Fig.
1B). Immune serum harbered antibodies against cach of the domains tested (Fig. 1B). Of
note, antibodies against Lo, were more abundant than antibodies that vecogoized the repeat
domain (CTee) (Lo V8. CTog. P<0.05). Antibodies against 1312, were more abundant
than those that recognized the repeat domain, but this difference did not achieve statistical
significance {1 2¢0, v8. T, P=0.066). To probe the biological function of antibodies in
the immune serum, the inventors used variable amounts of atfinity purified Coangy antibodics
to perturb the association of D120, with human prothrombin or the asseciation of CTe., with
fibrinogen (Fig. 1C). The inventors calculated that 120 oM o-Coa Ig( blocked D12¢0.
binding to prothrombin, whercas 1.7 uM a-Coa 1gG blocked the association of CTee with

fibrinogen (Fig. 1C).

Rabbit Coany immune serum was subjected to affinity chromatography using either full
length Coanyy (@-Coanng), D1200: (0-D12¢0) o T (0-CTrg). Equimolar amounts of
affinity purified IgG were added to citrate-blood samples obtained from naive BALB/¢ mice,
which were subscquently inoculated with 8 aquress CCX strain Newman (Baba 2007).
Compared to control samples without antibody, both o-Coany and o-31200, Igs caused a
significant delay in clotting time, whereas a-CTe,, did not (Fig. 1D). Thus, rabbits respond to
immuntzation with Coans by generating  antigen-specific  IgG  wolecules  that are
predominantly directed against D12, and Le,, and interfere with the clotting activity of
scereted Coa. In contrast, antibodics against CTro, are generated in lesser abundance and do

not interfere with S, aureus Newman in vitro coagulation of blood.
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Type-specific and cross-protective inhibition of 5. aurews coagulation To examine the
ability of a-Coany to block the coagulation of other strains iselated from human infections,
antigen-specific I1glG was added to citrate-blood saraples from naive mice that wore
subscquently inoculated with S aurens 85/2082 (CCR), MWZ {(CC1), M58A476 (CC1),
N315 (CC5), MuS0 (CC5), MRSA232 (CC30), Cowanl (CC30), WIS {CC45) and USAG00
(CC45) (¥
85/2082 (CC8) and MW2 (CCL), but not of MSSA476 (CC1), N31S (CCS), Musd (CCH,
MRSA232 (CC30), Cowan (CC3), WIS (CC43) and USAGH0 (CC45) (T

4). Coavy-specific 1glG delayed the clotting of S gurews Newman (CCR),

4}, These
results suggested that antibodics against Coany interfere not only with the coagulation of S
aureus strains from the same CC type (or Coa-type), but that they may also interfere with the
coagulation of strains from other types (MW2 and MSSA476). The observed patiern of cross-
protection is not universal, as strains from the same MLET {or Coa-type) were not affected
for coagulation by antibodies against Coany. To cxamine the generality of type-specific and
cross-protective inhibition, Coagsnesz, Coanwe, Coanss, Coamrsans and Coavas wore parificd
and rabbit immune scra were gencrated {Table 4). Coagsapg-specific g inhibited the
coagulation of S. gureus Newman (CC8) and 85/2082 (CCE) and, to a lesser degree, that of
N315(CC5) and Mu30 (CC5). Antibodies directed against Coanays inhibited the clotting of 5.
aurens N315 (CCS), MuS0 (CC35), Newman (CCE) and 85/2082 (CC8) as well as MRSA252
(CC30); however, these antibodies did not affect the coagulation of 8. aurens Cowanl (the
other CC38 isolate) or of CCI and CC45 strains. Antibodies against Coayggaysy inhibited
clotting of 8. awrens CC1 and CC3 strains but did not atfect the clotting of the CC306 or CC45
isolates. Antibodies against the CC45 isolate (WIS) inhibited clotting of 8 agureus CCI
strains but did not affect the clotting of CC1, CCS, CC30, or CC45 strains. In summary,
coagulation of mouse blood by S, aureus strains was invariably inhibited by antibodies raised
agaiust the corresponding Coa (CCR, CCS, CCT and CC30 isolates). Cross-neutralization of
coagulation is observed for antibodies directed against the two coagulases from CCR strains
and for one ecach of the ceagdase of CCl and CCS strains. Finally, antibodies directed
against Coa from the CCH, CC5, CCE, CC30 and CC45 strains did not neutralize the clotting
of 8 awreus CC4S strains or of Cowanl (CC30). We presume that blood clotting in these

isolates may be dependent on another factor, for example vWbp (vide infra).

Table 4. Type-specific or cross-protective inhibition of staphylococcal coagulation by
Coa aniibodies

Coa-specific antibodies raised against coagulases from different
S. aureus strains
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S.aureus  CC o- o- - o~ a- G-
type  Co8newmen  COBgszosz  CO8mwz  Cognais  Coaumsazmz  Codwis

Newman 8 1.7 1.5 1.7 1.8 1.7 1.7
85/2082 8 1.5 1.8 1.3 1.5 1.6 1.4
MW2 1 1.2 1.1 1.1 0.8 1.4 1.0
MSSA47E 1 1.0 1.1 1.2 0.9 1.4 1.2
N315 5 1.1 1.2 1.3 1.2 1.3 1.2
MubG 5 1.0 1.2 1.2 1.2 1.1 0.9
MRSAZ52 30 0.9 1.2 1.2 1.3 1.0 0.9
Cowanl 30 0.9 1.0 1.0 0.9 1.0 0.8
WIS 45 1.1 1.2 1.2 0.8 1.2 0.9
USABOO 45 0.8 1.0 1.2 1.2 0.8 0.8

Coagulase antibodies and thelr protective effect on staphyloceccal disease Purified
Coann, D120 oF CTeg were emulsified and injected as 4 prime-booster regimen into
BALRB/c mice (n=10). Sera of mock (PBS) or Coamny, D120, and CTeq immunized animals
were examnined by ELISA for IgG responses to antigen, rovealing specific immunge responses
in vaccinated animals but not in control mice {(Figs. 2A-2B}. Of note, immunization of mice
with Coany raised predominantly antibodics agamst DiZe. and, to a lesser degree,
antibodies that were directed against CTeo, (Fig. 2A) B12¢,, tomunization raised high tifer
antibodics that reacted with full length Coany (Fig. 20A). In contrast, CTe., immunization
generated weak antibody responses (Fig. 24A). Mice were challenged by intravenous injection
with 8. auress Newman and a 10-day observation period was used to assess protection
against lethal sepsis (Fig. 2B). As compared o mock fmrmumized antmals, vaccination with
Coae,. 21200, or CTeo, resulted in increased time-to-death (Coawy vs. PBS, P<0.001;
D120 vs. PBS, P<0.01; CTcg vs. PBS, P<0.05). Tmmunc responses against Coany did not
significantly outperform vaccination with either D12¢., or CTen In generating protection

against lethal S, aureus challenge (Coany v8. CTe. P20.05; D200, v, CTeo,., P>0.05),

Whether antibodics directed against D12, or CTpy, provide protoction against S, qureis
lethal challenge was tested. Afhinity purified rabbit IglG was injected info the peritoneal
cavity of naive BALB/c mice at a concendration of 5 mg/kg body weight (Fig. 20). Twenty-
four hours later, animals were challenged by intravenous mjection of 8. gurens Newman (Fig.
2C). As compared fo coutrol antibodies [1gG (a-V1Q) specific for the V10 plague protective
antigen (DeBord 2006}, 1eG directed agaimst Coanpy, D1 200, 0 CTow, cach caused a delay in
time-to~death for the corresponding cohort of challenged animals (all vaccines vs. PBS,

P<0.05)Fig. 2C). No significant differences in discase protection were detected between
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antibodies directed against D120, CTew or full length Coany (Fig. 2C). Thus, when
compared 1o D12¢0, and Lo, fmmunization with the CTg,, domain chicits low astibody
responses, however passive transfer of antibodics against D 2¢, and T, provide similar
levels of protection sgainst S, gurews Newman lcthal challenge. These data suggest that
antibody-mediated neutralization of S qurens Newman coagulase activity is not a
prerequisite for disease protection. Following exposure to full fength Coany. BALB/c mice
mount robust immune responses against D120, and Leg,, but generate fow antibodies against

C’iﬂ Coa-

Auntibodies against von-Willebrand-Factor-binding-protein domains Rabbits were
imrounized with atfinity purified His-tagged vWbp derived from the vwb gene of 5 auwreus
Newman {(vWbpay). Imunune serum was examined by ELISA, which revealed serum IgG
antibody responses to antigen (Figs. 3A-3B). To analyze the antibody responses against
specific subdomains, atfinity-purified Dloweg, D2wvbp, B12vwop, Lvwep and CTiws, were
subjected to ELISA (Fig. 3B). Imnune scrum harbored antibodics against cach of the
subdomains tested (Fig. 3B). Of note, antibodies against the Dlywy, and D2y, and were
less abundant than antibodies that recognized these two domains together (DZywuph
Comparcd with ummune responscs against D1 20wy, antibodics directed against the CTywep
were 30% less abundant (D120, v8. CTowg. P>0.05). To probe the biological function of
antibodics in the immune serum, the inventors used variable amounis of vWhmag-specific
{gQ to perturb the association of D12, with human prothrombin and the association of
CTywep with fibrinogen (Figs. 3C-3D). The inventors caleulated that 1.3 pM a-vWbp IgG
blocked D1Z¢wy, binding to prothrombin, whereas 1.3 pM a-vWhp IgG blocked the

association of CTywy, with fibrinogen (Fig. 3D).

Equimolar amounts of affinity purified 1gG were added to citrate-blood samples obtained
from naive BALB/c mice, which were subsequently fnoculated with a coa mutant derived
from S, aurens Nowman (Cheng 2010). Compared to control samples without antibody, both
a-vWhp and D1 2vwe, caused small delays 1o clothng time, whereas o-CTopee did not
delay clotting time (Fig. 3D). Thus, rabbits respond to immunization with vWbpww by
generating antigen-specific IgG molecules that are directed agawnst D12,woo, Lownp. and
CTywip. Antibodies against D12, interfere with vWhp-mediated coagulation of mouse

blood in virre.
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Antibodies against vWbp domains and thelr protective effect on staphyloceccal disease
Purified vWbpnw, D 120wy 0t CTowy, were emulsified and injected as a primae-booster
regimen inte BALB/c mice (u=10). Sera of mock (PBS} or vWhpnn, D12vwy and CTepmg
imrpunized animals were examined by ELISA for IgG responses to antigen, revealing
specific immune responses in vaccinated animals but not in conirel mice (Figs. 4A-48). Of
note, immunization of mice with viWbpnw raised predominantly antibodics agamnst D1 2uwep
and, to a lesser degree, antibodies that were directed agamnst CTowye (Fig. 44). D12vw0p
immuniration raised high titer antibodies that reacted with full length viWbpuy (Fig. 4A) In
contrast, CTips, immumzation generated weak antibody respounses (Fig. 28A). Mice were
challenged by intravenous injection with S. qurens Newman and a 10 day observation period
was used {0 assess protection against lethal sepsis (Fig. 4B). As comwpared to mock
immunized animals, vaccination with vWbpaag, D120wep o CTywep resulted in increased
time-to-death (vW pr}\/f vs. PBS, P<.01; Dl?,v%p vs. PBS, P<0.05; CTV'aafbp vs, PBS,
P<.05). Immune responses against vWhpwy outperformed vaccination with B12w, but not
CTownpe 10 generating protection against lethal §. aurews challenge (VWbpaw vs. D12veny.

P<0.05; vWhpa v, CTuwng P>0.05)Fig. 4B).

Whether antibodics dirccted agatnst D12 wep or CTowep provide protection against & qurens
cthal challenge were examined. Affinity purificd rabbit IgG was injected into the poritonea
lethal chall 1. Affinity purified rabbit IgG jected into th s 1
cavity of natve BALB/c mice at a concentration of 5 mg'kg body weight (Fig. 40). Twenty-
our hours later, animals were challenged by intravenons miection of 8 aurens Newman (Fig,
four b later, hallenged by int ject £S N (Fig
4C). As compared to control antibodies {a-V10), IgG directed against vWbpaae, D12.wey, oF
Towss cach caused a delay in time-to-death for the corresponding cohort of challenge
CTywnp cach d a delay in time-to-death for it § hort of chall d
animals (all vaccines vs. PBS, P<0.05)(Fig. 4C). No significant differences in disease
protection were detected between antibodies directed against DI 2vwnp, CTowy or full length
vWbpaa (Fig. 4C). Thus, in contrast to D1Z2iww,. immunization with the CTow, domain
clicits low antibody respouses, Passive transfer of antibodics against D12vwep and Cloge,
provide similar levels of protection against 8. gureus Newman lethal challenge. These data
suggest that antibody mediated neutralization of 8 qurens Newman vWbp, which can occur
by antibodies directed against either D12,wyp of CTywny, correlates with disease protection.
Following exposure to full length viWbpgy, BALB/c mice mount robust tmimune responsecs

against 212, wpp and Lywep, but generate fow autibodies against CTywp.
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Cross-profective attributes of the Ceany/vWhpny vaceine Purified recombinant Coanyg
and vWbhpwy were emulsified and injected into BALB/¢ mice (n=10) as a prime-booster
immunization regimen. Sera of mock (PBS) and Coanye /VWhpnu immunized animals were
examined by ELISA for 1gG responses to Coanu 85 well as viWbprw, which revealed antigen-
specific immune responses in vaccinaied but not in control mice (Fig. 5A). Intravenous
injection of mice with 8. aureus and a 10 day observation pertod were used to assess vaceing
protection against lethal challenge with various strains (Fig. 5). As a control, Comau
VWhpnw immunization raised protection against S, awrens Newman (CC8) (Cheng 2010)
{data not shown) and USA300 (CCR}, but not against MW2 (CC1) or N315 (CCS) (Figs. 5B-
5. Nevertheless, Coany /vWhpnw tmmunization generated protection against challenge
with 8. gureus Cowanl (CC306) and WIS (CC435). Taken together, these data indicate that the
Coann /VWbpny vaceine provided type-specific immunity as well as cross-protection against

sorae, but not all, coagulase type strains (Figs. 3E-5F).

Immune responses elicited by the CoaydvWhps vaceineg The engincered polypeptide Coay
harbors the D12 domains of Coavrsase, Coanwr, Coanas and full length Coaggases in
addition to N-terminal Hisy and C-terminal STREP tags (Fig. 6A). Coas was purified by
athntty chromatography on StrepTactin-sepharose (Fig. 6B). When analyzed by Coomassic-
stained SDS-PAGE, affinity purificd Coay was revealed as a 190 kDa polypeptide (Fig. 30B).
Coay encompasses the D172 domains from the most frequent coagulase~type 8. aurens 1solates
from North American patients (CCl, CC35, CC8, CC38, CC45) (Deleo 20103 The viWbp
polypeptide encompasses the D12 domain of vWbpras and full length vWhpusaiw in
addition to N-terminal Hisg and C-terminal STREP tags (Fig. 6A). vWbp, was purified by
affinity chromatography, which yielded a polypeptide migrating with the expected mass of 85
kD on Coomassie-stained SDS-PAGE (Fig. 6B). Mice (n=5) were immunized with a prime-
booster regimen of Coang/VWhpwy or Coay/vWhbp, and mmmune responses (o various
coagulase and von-Willebrand-Factor-binding protein types were examined by ELISA (Figs.
6C-6D). Coany/vWhprow vaccine raised antibodies in mice that bound to the coagulases from
CC8 strains but displayed little cross-reactivity towards Coansys, Coanmsazs, Coanwn OF
Coawis. By comparison, Coas tmmunization raised higher titer antibodics not only against
CCR type coagulases, but also against the coagulases from CCL, CC5, CC30 and CC4S
strains. As compared to vWhpag, vWhp, raised high titer antibodies against viWbp of CCS

and CCR strains (Fig. oDy
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Cross-profective atiributes of the CoayvWhp, vaccing Purified recombinant Coasd/vWbp,
was emulsified and injected into BALB/c mice (n=10) using a prime-booster fromunization
regimen. Sera of mock (PBS) and Coas/vWhp, immunized animals were examined by ELISA
for IgG responses to Coas as well as viWbpy, which revealed antigen-specific immune
responses in vaccinated but not in control mice (Fig. 7A). Intravenous injection of mice with
8. aureus and 8 10 day observation peried were used to asscss vaceine protection against
lethal challenge with varions strains (Fig. 73 As expected, Coas/vWhpy immumnization raised
protection against 8 awreus CC8 strain USA300 {Cheng 2010). Similar to Coanv/vWhpaw
immunization, Coay/vWhpy vaccine raised protection against 8. aurcus Cowanl (CC380) and
WIS (CC45) chalienge. Unlike Coann/vWhpag, Coas/vWhyn protected miice against lethal
challenge with either §. aurens N315 (CC5) or MW2 (CC1) (Figs. 7B-7D). Taken together,
these data indicate that the Coany /VWhpu vaccine provided type-specific imnunity as well
a8 cross-profection against some, but not all, coagulase type strains (Figs. 7TE-TF). Further,
Coay/vWhps vaccine protected animals against a challenge with the relevant 8 awreus CC

types isolated frorn North Arnerican patients with staphylococcal disease.

The inventors also examined whether Coay)/vWhp, immunization can protect mice against
staphylococeal abscess formation, BALB/C mice were mmmunized with a prime-booster
regimaen of Coas/vWhp, or mock control and challenged by ntravenous moculation of a
sublethal dose of 8§ awreus stramms USA300, N315, MW2 or Cowanl. Five days after
challenge, animals were euthanized, necropsied and kidneys removed. The tissues for one of
the two kidneys from cach wmouse were fixed, thin-scctioned and stained with
hematoxylin/cosin for subsequent histopathology analysis (Table 5). Tissues of the other
kidneys were homogenized and spread on agar plates to enuracrate the staphylococcal load as
colony forming units {Table 3). Coay/vWbhp, tmmunization affected the bacterial load in renal
tissues of mice infected with various 8. gureus strains, leading to a significant reduction for S.
aunreis MW2 and Cowanl, but not for USA300 and N315. This is an expected resuit, as Coa-
or vWhp-specific antibodies do not promote opsonophagocytic killing of bacteria, but
interfere with staphviococcal abscess formation, thereby reducing the ability of staphylococci
to replicate within the protective cnvironment of these Iesions (Cheng 2010). As compared to

mock-tmmunized  animals, Coas/vWhp mmunization reduced staphylococcal abscess
formation in renal tissues five days following challenge with the 5 aqurens straing USA300,

Cowanl, MW?Z or N315 {Tabie 3).
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Table 8. Active immunization of mice with Coa,/ VWi, and protection against challenge with
S. aureus strains USA300, N315, MW2, or Cowanl

Vaccine Staphylococcal load in renal tissue Abscess formation
fog CFU-g’ "Significance "Reduction "Numbar  “Significance

(SEM) {P value) (logy, CFU-g”)  of lesions {P value)

8. gureus USA300

Maock 7.3 {0.37) - - 8.8 (1.72) -

CoavWihp, 548 (0.41) $.150 0.835 43{1.11) 0.00434

8. gureus N315

Maock 7.25{0.13) - - 16.6(1.49) -

Coau/vWhp,  7.10(0.24) 0.805 0.151 11.3 (.84} 0.0205

8. gureus MW2

Maock 8.04 {0.25) - - 66.5 (841} -

Coa vWhp, 7.25{0.20) $.029 0.78% 27.5(4.3%) 0.0011

8. aureus Cowanl

Mock 6.94 (0.16) - - 7.9{1.27) -

Coau/vWbn, 5.58 {0.51) 0.028 1.35 4.6 {0.73) 0.0279

Early work on coagulase demonstrated that, following 8. aurens infection, humans as well as
animals generate Coa-specific antibodies (Tager 1948; Lominski 1946). When transferred to
naive rabbits, these antibodics may neutralize S, auwrens coagulation and, at least i some
cases, may confer immunity to challenge with 80 awrens (Lominski 1949; Lominski 1962).
Active immunization of rabbits with preparations contaiming coagulase could prolong the hife
of rabbits that had been challenged by intravenous inoculation with lethal doses of S, awrens
(Boake 1956). Comnparison of different (phage-typed) 5 qureus isolates for inhibition of
plasma clotting by coagulase-antiserum revealed both phage type-specific and non-specific
neutralization (Lomingki 1946; Lominsk: 1962; Rammelkamp 1950; Duthic 1952; Harrison
1964}, These data supported a general concept for the existence of serological types of Coa,

which are not strictly linked to 8. aureus phage-types (Rammelkamp 1956).

Purified coagulase toxoid, encompassing purified Coa from S awureus strains M1 and
Newman adsorbed to alominum phosphate, was examined for therapeutic wymmunization of 71
paticnts with chronic furunculosis (Harrison 1963} As comparced to placebo, coagulasc
immurization generated a rise in coagulase-specific antibody titers but fatled fo improve the
clinical outcome of chronic furunculosis {Harrison 1963). Of note, the development of
neutralizing antibodics or the possibility of type-specific immunity were not examined
(Harrison 1963}, Thus, although early work revealed preclinical efficacy of coagulase subunit
vaceines, clinical studies fatled to demonstrate cfficacy in a human trial. As most of these
studies were conducted from 1945-1963, one must consider the limited tools for the isolation
of highly purified coagulases as well as the inability to type 8. qureus strains or coagulase

vaceine preparations on the basis of their nucleotide sequence. Further, carlier studies were
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conducted without knowledge of vWbp or of the molecular mechanisms of Coa- and vWhp-
raediated prothrombin activation and fibrinogen cleavage (Friedrich 2003; Kroh 2009). We
recently observed that both coagulases secreted by §. qurens Newman, Coavy and vWhpa,
are sufficient for the ability of this strain o cause ghscess formation and rapidly lethal
bacteremia i mice {Cheng 2010). In active and passive immunization experiments,
antibodics against both Coany and vWbpay were required to confor protoction sgainst
abscess formation or lethal bacterernia (Cheng 20103, On the basis of these observations, we
hypothesize that coagulascs may function as protective antipens that elicit antibody responses
against Coa and vWbyp, which protect animals and humans against S awreus discase (Cheng
2010} In agreement with this model, expression of coa and vwh is a universal trait of S
aureus strains {Cheng 2011). Of note, the coa gene of S awreus isolates is variable
{(McCarthy 2010}, with greater variation in amino acid sequence than even the tandem repeats
of the protein A {spa) gene; the variation m spo is used for epidemiological typing
experiments {Watanabe 2009; Koreen 2004). 8. qureus mutants that are unable to express coa
have not yet been isolated frorn humans with manifest staphylococcal disease. The vwb gene
is less variable (McCarthy 2010}, Analyzing currently available 8. qureus genome sequences
for vwh homology, we identified three alleles. Two of the ywh allcles varied in their coding
sequence for the D12 domain (S agwrens N315 and USA300 are representatives for these
alleles), whereas the third allele harbored a nucleotide deletion in codon 102, creating a

frameshift that resuits 0 a nonsense mutation in codon 107 (8. quwreus MRSAZS2)

Enabled by these observations, we report here that Coa and vWbp immunization of rabbits or
mice generated predominantly antibodies against the D12 domain of Coagy or vWhpau
D12Z-specific antibodies neutralized the cosgulase activities of 5. aureus Newman and, when
transferred to naive animals, conferred protection against lethal bacteremia. Neutralization
and discase protection of Coagy- and vWbpay-specific antibodies occurred in a type-specific
manner, not unlike the type-specific immunity reported for Streplococcus pyogenes M
proteins {Lancefield 1928; Lancefield 1962 or the pilus (T) antigens of S pvogenes and
Streptococcus  agalactiae (Mora 2005, Nuccitelli 2011)  informed by the structural
vaccinglogy approach for pilus antigens (Nuccitelli 2011, Schneewind 2011), we engincered
two polypephides that encompasses the D12 domains of the major Coa and vWhp types from
the North American 8. qureus isolates: CCY, CC5, CCE, CC30 and CC45 strams {Tenover
201723 The purified products, Coay and vWhp,, were used as antigens and elicited antibody

responses against the D12 domains of every Coa and vWbp type examined. Immunization of
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mice with Coas/vWbhpy provided protection against lethal bacteremia challenge with
representative S, aurens CCL, CCS, CC8, CC30 and CC45 strains. Thus, the design criteria of
the Coas/vyWhps vaccine, to generate universal immune responses against Coa and vWhp

against chinically relevant 8. qureus, have been met.

(93]

In addition to type-specific neutralization of Coa and vWbp via antibodies directed against
the 312 domain, antibodies against the R {Coa) and €T domains (vWbp) also provided
protection against 8. aureus disease. As antibodies against the R and T domains do not
affect coagulation of fibrin via secreted Coa prothrombin and vWhp prothrombin complexes,
we surmise that these adaptive immune mechanisms target coapulases via another
16 mechanism. We currently do not appreciate how antibodies against the R domain of Coa or
the CT domain of vWbp provide protection. It scems plausible that these antibodies may
mediate Coa and vWhp remuoval frow eirculation via the binding to of fromune complexes to
Fc receptors on macropbages. Until the molecular mechanism of protection is revealed, the
overall value of a vaccine strategy that targets the R and CT domains of Coa and vWhp

15 cannot be appreciated.
B. MATERIALS AND METHODS

Bacterial strains and growth of cultures S. qureus strains were cultured on tryptic soy agar
or broth at 37°C. £ cofi strains DH5a and BL21 (DE3} were cenltured on Luria Bertani agar
or broth at 37°C. Ampicillin (100 pg/mlb) was used for pET15b and pGEXZik sclection.

20 Primers used for the amplification of staphylococcal DNA are found in Table 6.

Table &. Primers used

Primer nams Sequence

F-N315¢c0a CGCGGATCCATAGTAACAAAGGATTATAGTAAAGAATCAAG
(SEQ 1D NO: 1)

R-N315c0a TCCCCCGGGTTATTTTGTTACTCTAGGCCTATA (SEQ 1D NO: 2)
R-MW2c0a CGUGGATCCATAGTAACAAAGGATTATAGTGGGAAA

(SEQ ID NO: 3)
R-MW2coa TCCCOCCGGGTTATTTTGTTACTCTAGGCCCATA (SEQ 1D NO: 4)
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F-M252c0s

R-M252c03

F-U300cea

R-U300coa

F-WiScoa

R-WiScoa

F-85coa

R-85coa

F-VUSA30OFL-
Khol

R-VUSASCOFL-BamHI

F-VYN318FL-Xhol

R-VN315FL-
Bamiil

F-CUSA300-Neol

R-CUSA300-
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CGCGGATCCATAGTAACTAAAGATTATAGTAAAGAATCAAGAG
(SEQ ID NO: 5)

TCCOCCGGGTTATTTTGTTACTCTAGGACCATATGTC
(SEQ ID NO: 6)

CGCGGATCCATAGTAACAAAGGATTATAGTGGGAAAT (SEQ ID
NO: 7)

TCOCCCGGOTTATTITGTTACTCTAGGUCCATA (BEQ 1D NO: 8)

CGUGGATCCATAGTAACAAAGGATTATAGTGGGAAAT (SEQ 1D
NO: 9

TCOCCCGGGTTATTTITGTTACTCTAGGACCATATGTC (SEQ 1D
NO:10)

CGOGGATCCATAGTAACTAAAGATTATAGTAAAGAATCAAGAG
(SEQ ID NO: 11)

TCCCCOBGRTTATTTTGTTACTCTAGGACCATATGTG (SEQ D
NO: 12)

CCGCTCGAGGTGGTTTCTGGGGAGAAG (SEQ 1D NO: 13)

CGGGATCCTTATTTGCCATTATATACTTTATTGATTT (SEQ ID
NO: 14)

COGCTCGAGGTGGTTTCTGGGGAGAAG (BEQ 1D NO: 15)

CGGGATCCTTATTTGCCATTGTATACTITATTG (SEQ 1D NQ: 18}

CATGCCATGGCOTAGGATAGTAACAAAGGATTATAGTGGGAAA

T (SEQ ID NO: 17)

COGGGATCCTTATTTTGTTACTCTAGGCOCATA (SEQ 1D NO: 18)
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CATGCCATGBCTCGAGATAGTAACAAAGGATTATAGTAAAGAA
TC (SEQ ID NO: 19)

CCTAGGUGGACCATATTGAGAAGC (SEQ 1D NO: 20}

CATGCCATGGCCGCGCATAGTAACAAAGGATTATAGTGGGAAA
(GEQ D NO: 21)

GGUTOGAGTTTTTTGACAGTTTTATTTTTCCA (BEQ 1D NO: 22)

CATGCCATGGCCCGGGATAGTAACTAAAGATTATAGTAAAGAA
TCAAGAG (SEQ ID NO: 23)

TCOCCGCGGATTTTTGACGGTTCTTIGTTITCCAAGATT (BEQ 1D
NO: 24)

CATGCCATGGOCTAGGGTGGTTTCTGGGGAGAAG (SEQ ID NO:
25)

CGGGATCCTTATITGCCATTATATACTTTATTGATTT (SEQ 1D
NO: 26)

CATGCCATGGCTCGAGGTGGTTTCTGGGGAGAAG (SEQ ID NO:
27)

CCTAGGTGTATTGTTAAAGTCCTTTAAATCAC (SEQ I NO: 28)

CATGCCATGGGCAGCAGCCATCATCATCATCATCACAGCAGCA
TAGTAACTAAAGATTATAGTAAAGAATCAAGAG (SEQ 1D NO: 29)

CATGCCATGGGCAGCAGCCATCATCATCATCATCACAGCAGCG
TGOETTTCTGGGGAGAAG (SEQ 1D NO: 30)

COGGGATCCTTACTTCTCAAATTGAGGATGAGACCATTTTGTTAC
TCTAGGCCCATA (SEQ 1D NO: 31)
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R- CGGGATCCTTACTTCTCAAATTGAGGATGAGACCATTTGCCATT

USA300vwbSlre  ATATACTTTATTGATTT (SEQ 1D NO: 32)
P

Coay and vWhp, To generate the hybrid proteins, coq and vwb from strain USA300 were
PCR amplified. The 57 pumer included the restriction site (Neol) to nsert outo the vector
(PET15b) as well as an additional restriction enzyme (Avrll) for future use. The 3’ primer
included the restriction site (BamHID) for vector insertion. The inserts were cloned mto £, coli
strain DH30. In cach subsequent cloning round, the Di2 from the next allele was added to the
vector 57 to the previous nsert. To each case, the 57 primer included the vector site (Neol) and
an additional restriction enzyme site for future use. The 3° primer for each sequential insert
contained the restriction site (Avrll for N315) included in the 5 primer for the previous
insert. The prometer region and His tag was restored in a subsequent round of cloning, and a
C-terminal STREP tag was added in another round of cloning. The entire vector was
sequenced to verify DNA sequence quality, Finally, each vector was transformed into £. coli

strain BL21 for protein expression and purification,

Protein purification £, co/i BLZI{DE3) harboring expression vectors containing cow from 5.

subdomains of coa and vwh; and expression vectors containing the genetic sequence for the
hybrid proteins Coag and vWhbpo, were grown at 37°C and induced with 100 mM PTG
overnight at room temperature. Because of degradation during the purification of Coa,
pGEX2tk expression vectors in £ coli DHSo were used to express coa from USA30(G, N315,
MW2, MRSAZS5Z, 85/2082, and WIS as O8T-tagged constructs. Three hours following
induction, cells were centrifuged at 7,000 =g, suspended in 1 x colummn buffer (0.1 M Tris-
HCL pH 7.5, 0.5 M NaCl) and lysed in a French pressure cell at 14,800 Ib/in’. Lysatcs were
subjected to ultracentrifugation at 40,000 =g for 30 wmin. The supernatant of pET1S5h
constructs was subjected to Ni-NTA chromatography, washed with column buffer and 10
mM imidazole, and cluted with 500 mM imidazole. For strep-tagged proteins, Iyeate
supernatants were subiected to chromatography over StrepTactin Sepharose (GE Healthcare),
washed in I strep wash buffer (0.1 M Tris-HCI, pH 8, 8150 M NaCl, 6.1 M EDTA), and
eluted in Ix strep wash buffer containing 2.5 mM desthiobiotin. For GST-tapged proteins,

the supernatant of cleared lysates was subjected to glutathione-sepharose chrornatography. To
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remove the GST tag, foliowing washing with column buffer, the columm buffer was switched
to PreScission protease cleavage buffer containing 10 mM DTT, and the column was
incubated with PreScission protease (GE Healthcare) overnight at the unit definition provided
by GE. Liberated protein lacking the GST tag was then collected with additional protesse
cleavage buffer. Hluates were dialyzed against PBS. To remove endotoxin, 1:100 Triton-
X114 was added and the solution was chilled for 10 min, moubated at 37°C for 10 min, and
centrifuged at 13,000 xg. This was repeated twice. Supernatant was loaded onto a HiTrap

desalting column to remove remnants of Triton-X 114,

Rabbit antibodies Protein concentration was determined using a BCA kit (Pierce). Purity
was verified by SDS-PAGE analysis and Coomassie Brilliant Blue staining.  Six-month-old
New-Zealand white fernale rabbits were tmrounized with 500 pg protein emwulsified in CFA
{Difco) for witial immunization or IFA for booster immunizations on day 24 and 48. On day
60, rabbits were bled and scrum recovered for immunoblotting or passive transfer
experiments, For antibody purification, recombinant Hisg-Coa, Hise-vWhp, or Hisg-CHA (5
myg) was covalently linked to HiTrap NHS-activated HP colurns (GE Healthcare)., This
antigen-matrix was then used for affinity chroroatography of 10-20 ml of rabbit serum at
4°C, Charged matrix was washed with 50 column volumes of PBS, antibodics cluted with
elution buffer (1 M glycive pH 2.5, 8.5 M NaCly and imamoediately neutralized with 1 M Tris-

HC (pH 8.5}, Purificd antibodies were dialyzed overnight against PBS, 0.5 M Na(l at 4°C.

Coagulation assay Overnight cultures of staphylococcal strains were diluted 1:100 into fresh
TSB and grown at 37°C until they reached an ODgge 0.4, One ol of culture was centrifuged,
and staphylococci washed and suspended in 1 mlL of sterile PBS to gencrate a suspension of
1x10° CFU/mL. Whole blood from naive BALB/c mice was collected and sodium citrate was
added to a final concentration 1% (w/v). To assess bacterial blood coagulating activity in the
presence of antibodies, 10 ul of the stock bactorial culture was mixed with 10 pL of PBS
containing 30 uM of anti-Coa and anti-vWhp mixture in a sterile plastic test tube (BD
Falcon) and incubated for fifieen minutes. To cach tube, 8¢ pl of anti-coagulated mouse
bloed in a sterile plastic test tube (BD falcon) to achicve a final concentration of 1x1 0’
CFU/mL. Test tubes were incubated at 37°C and blood coagulation was verified by tipping
the tubes to 457 angles at timed intervals. For human blood experiments, consenling

individuals were bled for 10 ml of blood, which was treated with sodium citrate to a {inal

107 -



Lo

CA 02910319 2015-10-23

WO 2013/162746 PCT/US2013/031695

concentration of 1% (w/v). The blood was then tested in the manner described above. All

experiments were repeated in at feast two independent experiments.

Active immunization Three week-old BALB/c mice {n=10) were injected with 50 pyg protein
ermulsified in 60 pl incomplete Freund’s adjuvant, and 40 gl complete Freund’s adjuvant,
Eleven days post vaccination these mice were boosted with 30 ug protein each emulisified in
100 ub mcomplete Freund’s adjuvant. On day 21, mice were ancsthetized with
ketamine/xylazine and blood was collected by retro-orbital bleeding using micro-hematocrit
capillary tubes (Fisher) in Z-Gel microtubes (Sarstedt) for determining half maximal titers.
Tubes were cenirifuged at 10,000xg for three minutes, and serum was collected. Half

maximal antibody titers were measured by enzyme-linked immunosorbant assay (ELISA).

Passive transfer of antibedies Six hours prior fo infection, six week old BALB/¢ mice
{(n=10}) were mjected mntraperitoncally with atfinity purified antibodics agamst tull-length or
subdomain constructs of Coa or vWbp or of V10 {(control 1g( specific for the LorV plague

antigen) at a dose of 5 mg/kg body weight.

Sepsis Overnight cultures of staphylococcal strains were diluted 1:100 into fresh TSB and
grown until they reached an ODygo of 0.4, Bacteria were centrifuged at 7,000 xg, washed, and
suspended in the one-tenth volume of PBS. Six week-old female BALB/c mice {n=15)

{Charles River) were injected retro-orbitally with 1x10° CFU (

S aureus Newman, N313,
Cowanl, and WIS), 5x107 CFU (S, awrens USA300Y, or 2x10° CFU (S aurens MW2)

suspensions in 100 pL of PBS. Mice were monitored for survival over 10 days.

Renal abscess S, aurens strains were prepared as described for sepsis but following washing,
bacterial pellets were resuspended n an equal volume resulting in ove log fewer CFU
compared to sepsis. To cnumerate staphylococcal load in kidney tissuc five days post-
infection, mice were cuthanized by CO; asphyxiation and kidneys were removed during
necropsy. One kidney per mouse was homogenized in PBS, 1% Triton X-100. Serial dilutions
of homogenate were spread on TSA and incubated for colony formation. The bacterial load in
tissue was analyzed in patrwise comparisons between wild-type and mutant strains with the
unpaired two-tailed Student’s rtest. For histopathology, the alternate kidney was fixed in
10% formalin for 24 hours at room temperature. Tissues were embedded in paraffin, thio-

sectioned, stained with hematoxylin and cosin, and examined by light microscopy to
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enumerate pathological lesions per organ. Data were analyzed in pairwise comparisous

between wild-type and muatant strains with the unpaired two-tailed Student’s #~fest.

Measurement of coagulase activity 54107 M prothrombin (Innovative Research) was pre-

incubated for 10 min with an equimolar amount of functional Coa at room temperature,

(93]

followed by addition of 5-2238 (a chromogenic substrate) to a final concentration of 1 mM in
a total reaction buffer of 100 uL. PBS. The change in absorbance was measured at 430 nm for
10 minutes in a spectrophotometer, plotted as a function of time, and fit to a lincar curve. The
stope of the curve (dA/dl) was nterpreted to be the rate of S-2238 hydrolysis, and thus
reflective of enzymatic function. The assay was repeated in presence of polyclonal antibedies
10 added at 5x107° M and data were normalized to the average activity without inhibition. All

experiments were performed in triplicate,

Coagulase activity. Purified recombinant Coa or viwbp (100 nM) were mixed with human
prothrombin {Innovative Research) in 1% sodium citrate /PBS. After an inttial reading,
fibrinogen (3 uM} {Sigma) was added and conversion of fibrinogen to fibrin was measured as
15 anincrease in turbidity at 450 nm in a plate reader (BioTek) at 2.5 min intervals. As controls,
the enzymatic activity of human alpha-thrombin (Innovative Rescarch} or prothrombin alone

were measured.
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Sequence Table 1:

D1-2 domains of Coa frxrom strain MRSAZHZ:

IVTRDYSKES RVNENSKYDT 50

G LY Kgm"' MTRVI L;.LD ig0

5 KKIKFDDEDL YRLTERKEYNE FNSEVENIC 150

EATENRVING I¥YDEVCE! 260
REKEM: LNS IIDDEFMDTE T 25

VEETREALAN

D1-2 Domains of Coa from strain MWZ:

IVTKDYSGKS QVNAGSENGK QIADGYYWGI IENLENQEFYN IFHLLDOHKY 50

AEKEYKDAVD KLKTRVLEED QYLLERKKEK YEIYEEL L YEKENPNTOV 100

KMKAFDKYDL GDLTMEEYND LSKLLTKALD NFELEVEKIE SENPDLKPYS 150

ESEERTAYGK IDSL ‘7DQAYS VYPAYVIDAG HKTEALNLEA 200

15 DPIRVTNORT EKEMIKD TIDDEFIETK LNEPKHITRY 1 250
KDGEDALVEE TREAVAKA “F SWENKTVEK {(SEQ ID NO: 34)

IENLENQEFYN 50

26 YEIYKELYEKR 106

GDLTMEEYND NFKLEVEKIE 150

ESEERTAYGK IDSLIVDQAYS VYFAYVTDAQ HKTEALNLRA 200

N
&
<

DP

KDGE

EKEMIKDLES I[IDDFFIE INRPOHITRY
TREAVSKADE SWKTKTVEKEK (SEQ ID NO

D1-2 Domains of Coa from strain N315:

IVITKDYSKES RVNEKSKKGA TVSDX""WKL IDSLEAQETG ALDLLEDYK 50
YELYKEKWYKS SNENTNMLTE 100

T

GDPIYKEAKD RLMTRVLGED QYLLE
HEYNLYNLTM NEYNDIENS

SL KDAVYQFNEE VEEIEHENVD LEKQEFDEDGED 1
30 KATKEVYDLV SEIDTLVVTY YADKDYGEHA K i 200
ITNERIKKEMI DDLNSIIDDE FMETKONREN SIT 250

NFDKLVEETK KAVEEADESW ENKTVEK (SEQ

D1-2 Domains of Coa from strain USASO

(9]
L

IVTKDYSGKS NAGSKNGT LIDSRYLNSA LYY AIGLTNKYEY
GDNIYKEAKD RLLEKVLRED OYLLERKEKSQ

KMANEH: L LODALKRALD
AAREDKATKE VYDLVSEIDT LVVSYYGDED
NPHKITNERI EKEMIDDLNS TIDDEFE
L VEETEEKAVEE ADDSWKE

40
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domains VDb
\f%GEKvav
KKY QOWKFMAEDDA

NEQEFLKDIE

of vWbhp

VVSGERNPYV
PEYKEAMKKY

SVENTLKEQS

CORFM
EEFLEEIEDT
Dl1-2

domains L and

HKCR I

EROTOOQITY NAPKQOLI

C VGISQID
KERINAQOKV NTLSEGHQY

Additional seguences:

Dl-Z and L Domains of

(\

RVNLKSAKu
RLMTRVLGED
NEYNDIE

GDPIYREAKD

LYNLTM
KATKEVYDLV

SEIDTLV
TTDDF

DDLNZ

Fl\")\k, EVET TA LJKAL ETTS
i (IQGI‘; VOGP DELTMEOQNRY
QGTESTLKGI QGESSDIEVE

Full length

rain

Str

from st

from st

SESTRLTNNK
IAEDEA

Fgb
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rain

{ATELKDKS NKSNSYENYR
T LENFLNEEEK

rain

NKSRTVER
LKKEFSE
KKDNFPELKDE

Domains £

LEKFEFSEREKE
KKDNE]
LDLL

Y

KKLV

i

Coa

TVSDYYYWKI
OYLLFEKKIDE
KDAVYQENKE
Y DY GEHA
FMETKONREN
ENKITVEKKYEE
EVAQFLVKTP
SLSDNYTOQPT

Pcl\sr? [ l':ll |"1 \ Q

Coa polypeptide:

K K

SLEDE NEREEC
MGYKDE
VIEDERKQEEK
EVSEQOKARY

7(,(* N T QDM AT
SAPTK PTSPTTYTE

from st

]
O
B
[ys]
ot
]
m
,<4
o]
e

L LKNGNTDN

NHENMA

(S

T
v

KSPVVEKE
QETIYGETVK

TPNPILEGLE
QYGP

7 OT
{SEQ
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ELNK
RMLENKE
DTEAAKSDES
FLDNOKIKKT
TTTOVE

MPTVY

AIDLLEDYKY

SNENTNMLTF
LKQFDEDGED
LGDTDNPHAT

EKK

CoeQK

TSSO KLEIKE
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N

MKKGTITE LAVASSLEPTW

RYLNSALYYL EDYIIYAIGL

ERKKSQOYEDY

LERALD

£

FFMETKONRE KSITKYNPTT

WEKEKKTVEKYG ETETESEVVE

NVTTHANGOV

TNAYNV

JTTHA

D NO:

ATACGTAACAAAGGATTATACTCGE

GAAGATTATAAACAATGE

ATG

VTARATATA

ATGCATTARAGAGAGCACTGGATGATTTITICA

TOAGACTTOR
CAGACTTGAL

AL ot

TTAAARAAGRAATGATTGAT

ATTTAAATTCAGCTCTATATTAT T TGGAAGACTA

AARTATGAATATGGAGATAL'

CAAATTAT

ATTTA fw AAC
2% (o

AAACTTTT (SE(

AATGCAGCAGAAGAAGATAAAGCAAC
TAGTIGTATCATATTATGCTGATAAGGATT
TCCTTGGAGATACAGACT

"GACTTARAT

CA 02910319 2015-10-23

PCT/US2013/031695

DNKADATV

TK

DYSGKSQVNA GERNGTLIDS

KVLREDQY

i
-

13
(o]
(o]

MEEYNELQODA 15

DEATKEVYDL

IKKEM

PNFDKLVEET

KKAVKEAD

PEVINOQ 35

KIVQGEIVQG

EGSSSKLEIR POGTESTLEG TQOGESSDIEV 450

KTPRYVEYRD

A-4

IYEKP

indicated)

omains are

SAARTCACAAGTTY

ARTGCTGE

,_._;

TAATTTA

ATTTATA

VAGAAGCTAAAGATA

CATCA

-

ARAARRAGARAATCCTICGTA

£

AT COATGAAAGAATACAATCAAC TACAGH
AACTTTCCEATGAAAGAATACAATGAACTACAGHS

e
AR

AGAGAAGTTAAAGATATTAAGGATARAGAAT

\
>
i
)
=
@)
oe
i
93]
e

AAGGAAGTATACGCATCTCGTATCTGAAATT

r:‘l 7\ T1 Al Ay M r:l
GAAAGAGT

I Yalel
TACG

CAARTGAACGTA

TCAATTATTGATGATITCTITATGGARACTAAA
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BN ALICTIA DR d ATTGAT G LAy Yalny
AAAGAAGCGAAAGATAGATTGATGACAAGAGT,

AAAGATTGATGAATATGAGCTTTATARAAAAGTGGTATARAAGTTCARATARGAACACTAATA

AR

AATGAATATAACGATATTITY

PR VR T (VT M e RO A A TR TR T
TCECTTACTTTCCATAAATATAATCTTTACAAT

ARGAAGTTARRGAARTAGAGCATARARAA

ARCTH

-
N
§

AL ey Nitelel ~

o~ n N Vark &
GATAAACGATGGAGAACACE

TAAACGAAGTTTATCACCTTGTTTCTGAAATT

GATACATTAGTTGTAACTTATTATGCTGATAAGGATTATGEGGAGCATGCGAARGAGTTACS

GOACTTAATCCTTY TN (YR ATCON TR 7 S Var .. ST A
GACTTAATCCTTGGAGATACAGACAATCCACATAAAATTACAAAT ST

7 I LTIk it . Walilli \nr1|rlr~n'n '1 AT YT T O 7 ORIV TP,
\ARAAGAAATEGATCEATGACTTAAAT A FGATTTCTTTATGGAGACTAAA

ATTCTATAACAAAATATGATCCAACAAAACACAATTTTAAAGAGAAGAG

A7 ‘\l"'|f 7(‘1["(1 N7 AN AW A ML LAY\ a N
ATAAATTAGTTCAAGAAACAAAAABRAGCACTTAAAGAAGCAG

BCGAATCTTGGAAAAATRAAACTGTCAAAARA (SEQ ID NO: 48)

TACGAGGARAACTGTAACAAAATCTCCTGTTGTAARAGAAGAGAAGAAAGTTG?

leleliver-V Ul T. LY aralil
LU B NP 20 .0 O N AV NP

TN AR T BT D R N N NI IR R A PN e R R N
I AN i 3 L i AY
CAAGAGGTTAAAACTACGGCTGGTAAAGCTGAAGA

CCACAAGAAACAATCTATGGTCAA

(

AACAACACAACCAGTGSCACAGCCATTAGTARAAATT

ATTATACTCAACC

GTCCCGATITTCTAACAATGGAACRAAACAGACCATCTITTAAGCGATE

[

al YA Yalals ACOC A/ N CAACGTAGCTCATCT
SACGACACCGAAC TAGAAGGTCTTGAAGGTAGCTCATCT

CACAAGGTACTGAATCARACGTTGAAAGGTATTCAAGGAGARTCAAGTGATATTIGAAGTTAAL

i

tfaliial 7\ N FT
LLLAA

A

~C~r,1 e

GCARACTGE

R'_m

CCTAAGTATGTGAAATATAGAGATGCTGGTACAG

I Varalalalar W,
AGACCGCAA

ATCCGTGAATACAACGATGGAACATTTGGATATGAAGCGAGACCAAGATTCAACAAGCCAAG

alt \(\4/\‘ v
{
g RN

CACAGTATCATACK

ACGACAAATCAAGATGGC

-

ARACACAARANCR AR AT ACAAACGOATATA SRR AL SCARATGETOA
AACACAAAACAAGCCAAGTGAAACAAACGCATATAACGTAACAACACATGCARAATGETCAA

GTATCATACGGTGCTCGCCCAACACAAAAAAAGCCAAGCAAAACAAATGCATACAACGTAAC

7 i 11.. TR TOA A MY rabnlalsl N sl Yalalar alal
AACACATGCAAATGGTCAAGTATCATATGGUGCTCGCCCGACACAARAALAARAGTUCAAGCARAAL
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RO AC A ACCAGTGGOACACCCAT TAGT AT OO ACAGGACAC ART TACACSGT
AACAACACAACCAGTGGCACAGCCATTAGTTAAAATTICCACAGGGCACAATTACAGGTGAAA

TTGTARAAGGTCCGGAATATCCAACGATGGAAAATAAAACGTTACAAGGTGARATCGTTCAR

SGTCCAGATTTCCCAACAATGGAACAAAACAGACCATCTITTAAGCGATAATTATACTCAACC
ACGACACCGAACCCTATTTTAGRAGGTCTTGAAGGTAGUTCATCTAAACTTGAAATAAAAC

CACAAGGTAL

AT

AAAAGGTA

SAGAATCARGT

AGTTAARA

CTCAAGCATCTGAARCARCAGAAGCATCACATTATCCAGCAAGACCTCAAT

ACCTARATATGTTAAATATAGAGATGCTGGTR

AATACAACGATGGAACAT

TTGGATATGA (SEQ ID NO: 53)

R..

GCGAGACCAAGATTCAATAAGUCATCAGAAACAAACGCATACAACGTAACGACAANTCAAGA

TN R N CATATGOCGCTOGCOOAACA » PRI s
TGGCACAGTAACATATGGCGCTCGCCCAACACARAACAAACCAAGCAA

ACGTAACAACACATGCAAATGGTCAAGTATCATATCECGCTCGLCCGACACAARMACAAGCCA
AGCAAAACAAATGCATATAACGTAACAACACATGCAAATGETCAAGTATCATACGCGAGCTCS

~ g AT RNV TR (T -~ YU TR Ty e P s
CCCGACACARAACAAGCCAAGCAAAACARATGCATATAACGTAACAACACACGCAAACGGETC

AAGTGTCATACGGAGCTCGCCCGACAT

1!

ACRACACATGCAGATGGTACTGCGACATATGGGICTAGAGTAACRAAAATIA (ST ID

N 4%
NU T 5‘—,:,1

Strain MRSBAZRZ

ATGARAAAGCAAATAATTTCGCTAGGCGCATTAGCAGTTGCATCTAGCITATTTACATGGGA

TAACRAAAGCAGATGCGATAGTAACTAAAGATTATAGTAAAGARTCAAGAGTGARATGAGAACA
GTAAATACGATACACCAA AGATTGGTATCTAGGTAGTATTTITAARCAGATTAGGGGAT

N

AGAARAGAGTATAAGCA

CTAAGGAATTAACTAATAAATACGAATATGGTE
AGCGATAGATAAATTGATGACTAGAGT I TTCGGAGAAGAT CATTATCTATTAGRAAAARRAGA

AAGCACAATATCGARAGCE

CATAAAAGTCAAAATCCACATICT

AGTTTAAAABRAGATTARATT

.._q

[eF MO A TTMA T ATA SR TTA R A AANCIARDTA MDA
GACGATTTTGATTTATATAGATTAACGAAGARAAGAATACAA
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AATATTC

AARGA

P Wy

AATCTRAAACAAAAGGATTTATTACCTTAT (SEQ ID NO: 55)

VATATATGATTTEGTTTCC

e Z A II' o '{\\ (:1 Al

GATG FOAACTGAAAATCGAGTAACAAATGGE VGAT CAC

ATTATACGCAGCATATTTTAATCATAGCCAATATGGTCATAATGCCTAAAGRATTAAGAGCAA

AGCTAGATATAATTCTTGGTGATGT!

TTAGAATTACGAATGAAR

Il SRR
ACATGAA

AAAGARATGATCGGATGATTTARARA TTTCTTTATCGATACAA

CGAATATTCATGACTATACTAATAAGCCTG?

TAGACCATTAAACATAACTAAA

ATAGAGATAACTTCGCATAAATTAGTCAAAGARACAAGAGAAGCAATCGCARACGCTGACGAR

TCTTGCAAAACAAGAACCGTCAAAAAT (SEQ ID NC: 58)

L -

TACGGLGAATCTGAAACAAAATCTCCTGY

F
=
=
b
2
@]
@}
P._
:E)
H
!
]
o]
*>4
by
&
,,:A
=
O
LU
G)
Q )
D]
ey
=
=
3w

\
%
2
[«
=
==
!
l\\‘
)
i
Pl
H
=
)]

SGTACAACTGAAGARGCAC

]

N TR TR
CCACTAGTTA;

T NI VA (RO TV D, A TN B T (Y
AATTCCACAGGGCACAATTCAAGGTG

’1
el
s
&

AARGGTCCGGAATATCTAACGAT

ARAACGTTACAAGGTGARATCGTTICAAGGTCC

ACIONCY AT A
AAGCGATAATTZ FCAACCGACGA

TN TR AT CIA D
LAC

R alal el .Yy
TTCCCAAC

CACCGRBACCCTATTTT CTTCAAATARAACCACAA

O ACTCAAGGAGCAATCAAG TGATATT I N el alntar:
SGTACTCAAGGAGAATCAAGTGATATTGAAGT TAAACCTCA

AGCAACTGARACARCAGAAGCATCACATTATCCAGCGAGACCTCAATTTAACARARACRACCTA

Nl nlalilar B B i ey e Paral LU NYer Yeleh Ylslsleiler - Y -U e »w- o) ~ 5
AGTATGTGAAATATACAGATCCTGGTACAGGTATCCETGAATACAACGATGGAACA”

R -

USSR TR (VYA A (R, CALCOTAMCG
7 7 [ole
GCGAGACCAAGA BCAAC HSas

ACAAGCCAAGCGARAACAARCGCATATA

TGGCACAGTATCATATGGCGCTCGCCCGACAL

[®)
oz
:L‘J
J '~

A

TCCGACACAAA

AL 200
o Wi Wi AN §

Taral

. By Yelalitls '}\V,_,Ik_

INTESATL LA

T

T T AR T PR TR R T N T BOTOTO ~

ACGCGAAACGAACGCATATAACGTAACAACACATGCAAACGGETCAAGTGTCATACGGAGCTCG
CACAADRACRAD ARAMMTMARADNDTA RNATIAATANA A MTA N A f\l\l“(‘!/\‘\/ AT

CCCA CAAAACAAGCCAAGTAAAACAAATGCATACAATGTAACAACAC GCAGATGGTA

CTGCGACATATGGTCCTAGAGTRACAAAATAA (SEQ ID NO: 58)
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Strain WIS

~

AT T e
AT iG]

-
LA CTGGGAG

A AAARRTC

\GTAACAAAGGATTATAGTGGCAAATCACAAL

AAACAAATTGCAGATGGATATTATTGGCGAATAATTGAARATCTAGAGAACCAGTTTTACAA

TATTTTTCATTTATTGGATCAGCATAAATATGCAGARAAAGAATATAAAGATGCATTAGATA

e

AATTARARAC AGTTITAGAGGAAGACCAATACCTGCTAGARAGARRAAALAGAAARATAC

ATATARAA

ATACARAAAACA ATACTCACGGTTAAAAT

GAAAGCATTTGATRAAATACGATCTTGGCGAT GAAGAATACAATGACTTATCARA
AATTATTAACAAARGCATTGGATAACTT TAAGTTAGAAGTAAAGAARATTGAATCAGAGAAT

Il AT TR T Cney T ~ =y
CCAGATTTARGACCATAT (SEQ ID NO: 593

S TGAAGAGAGAACAGCATATGGTAAAATAGATTCACTIGTTGATCAAGCATATAG

AGCATTAAATCTTAGGGCAA

N N T
'GCCT

i SAT
AN Ll - G N

AAATAGATTTGATTTTAGCGTGATGAAARAGATCCAATTAGACTGACGAATCAACCTACTGAA

h\

TP AT T CAAAC AAACT TOA?
T TCATTGAAACAAAGTTGAA

AAAGAAATGATTAAAGATTTAGAATCTATTAT TGATCGAT'

TAGACCTCARCACATTACTAGATATGATGGAACTAAACATGATTACCATAAACATAAAGATS

St e el el T AAACARACAAGAGAACCCC T T TC T AAGCCTGACGARTCTTCCARD
GATTTCGATGCTTTAGTTAAAGARAACAAGAGAAGCGGETTRC T FGCHGACGAATCTTGGAAA

ACTAAAACTGTCAAAAAA (SEQ ID NO: 60)

m ,\ e

elelive NIt uIY: SRR
AT CTGT CAALAGAN

Lol XL RN Vs

2DAABCTGAMACAT

'\

ATCACCTAAAGTTTICTGAAAAAGTGGATGTTCAGGARAACGGTTGGTACRACTGAAGAAGCAC

TIPSO P TN Y Y COACTAGTTAAATTACCACA TOOGACTCAR A D T I 7
CATTACCAATTGCGCAACCACTAGTTAAATTACCACAAATTGGGACTCAAGGCCAAATTGTA

AAAGGTCCCGACTATCCAACTATGGARAATAARACGTTACAAGETGTAATT G

\../\_/
AGATTTCCCAACAATGGAACAARACACGACCATCTITAAGTGACAATTATACACAACCATCT
TGACTTTACCGTCAATTACAGGTGAAAGTACACCAACGAACCCTATITTAARAGGTATTGARA

- P

e R
GGAAAC

ATCTAAACTTGAAATAARACCACAAGGTACTGAATCAR TGAARGGTATTCA

AGGAGAATCAAGTGATATTGAAGTTAAACCTCAAGCAACTGAAACAACAGAAGCATCACATTY
ATCCAGCGAGACCGCAATTTAACAAAACACCTAAATATGTGAAATATAGAGATGCTGGTACA

GCTATTCGTGAATACAACGATGGAACTTTTGGATATGAA (3EQ ID NO: 61)
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GCGAGACCAAGATTCAACAAGUCCATCAGAAACARAACGCATACAACGTAACGACAAAT CAAGA
GGCTCGCCCAACACAAAACAAGCCALAGCAAAACARAATGCATATA
ACGGCCAAGTATCATATGGCGUTCGCCCGACATACRAACAAGCCA

AGTGARACARATGCATACAACGTAACGACAAATCGACGATGGCACAGTATCATATGGCGCTCG

CCCGACACARAARACAAGCCAAGUGARAACGAAT CCATATAACGTAACRAACACACGGAAATGGCT

Y A TGGOGCTOGTCCOACAT AR ACOC DA AR AR TR T TUR A S TR
AAGTATCATATGGCGCCTCGTCCGACACAAAAGAAGCCAAGCAAAACAAATGCATATAACGTA

2l alalal 7 TATCAT H IO T OO CACATAC AN R RO ADNTTA R
ACAZ ACATGCAAACGGCCAAGTATCATAYNGGCGCTCGTCCEGACATACAACAAGCCAAGT AL

GTAACAACACATGCAGATGGTACTGUGACATATGGTCCTAGRAGTAA

MUBQ

o

o
\

GATTGGGCAATTACATTITGGAGGAATTARAAAATTATGAARRAAGCARATA

[aTal s
GCA

N R T, NN R YT Y
CCCATTAGCAGT?

~i -[w M AITK T YA YD T Y

1R PRALIYTRA IR NN TR ST A R DN,
AGCTT ACATGGGATAACAAACCAGATGCCATAGCGTAACAA

:1)

CGATTATACTAAAGAATCAAGAGTGAATGACAAALCTALAAAGGE

AGCTACTCTTTCAGAT

H TN TN A N AT A W IV Y AT 1f.|"’ll"’l"\ "'7\/ RN AT
CACTATTGCAAAATAATTGATAGTT TAGAGGCACAAT

A CTOGAGCAATAGACTT
CTACTGGAGCAATAGACTT

SGAAGATTATAAATATGGAGATCCTATCTATAAAGAAGC! { GATTGATGACAAGAG

TN ANy
RAY J NS AR L

F*‘l/" T I'"I TN TN 7T T 7 g™ TT 1M T

TGGTATA ATGCTTACTTTCCATAAATATAATCTTTACAA
Iaalan |Tl A ""7 DTN AT Ay i TN -l "‘- 7 A |T|’ LR Eanivs alnsFaathnls '|r|1 "\ DTN I A "r\"r A
TTTAACAATGAATGAATATAACGATATITTTAACTCITTGAAAGAT ATCAATTTA

ATAAAGAAGTTAAAGAAATAGAGCATAARAATGTTGACTTGAAGCAGTTT (SEQ ID NO:
63)

CATARAGATGGAGAAGACAAGCCAACTAAAGAAGTTTATGACCTTG

\)(;. 1rj‘.("« 33l '“ iy m'[ T i ﬂ [z

CTGATAAGGATTATGG

SGAGCATGC

S ACTTAAT

L Nelar V. elnlele? N NPT T R Y 7 TOCAOATARARAATTAC STl W aTarale
AGCAAAACTG CCTTGGAGATACAGACAATCCACATAAAATTAC! GAGCGTA

17 A Ve 1T
TAAAARAAGRAAATGAT

faxizal d ek Vel
- A T;\.J\_, \j"}\\«,x\,.
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CAAAATAGAC CAATTTTAARGAGAAGAL
TGAAAATARAACCTAATTTITGATRAAATTAGTTGAAGRAAACAARARAARAGCAGTTARAGARAGCAL

BCGAATCTTGGAAAAATAAAACTGTCAAAARA {(3SEQ ID NO: &4)

NN alar. e YAl MARACARARDRA MMM T MMAST A ADNRACA DD A n T F¥alalntal
5 TACCGAGGARACTGTAACAAAATCTCCTGTTGT AARAGAAGAGAAGALAGTTCGAAGAACCTC!?

i

ATTACCTAARGTTGGAAL

SCTGAAGAAACAR

o

{

CACAACCAGTGGCACAGCCATTAGTAARAATTCCACAAGARACAATCTATGGTGAAACTGTA

FUTY A £

[2 4

AAAGGTCCAGAATATCCAACGATGCGAAARRATAARAAC

- GTT [N alalnlalal
AATCC 'CAAGGTCC

CGATTTTCTAACA]

TGGAACAARACAGACCATCTTTAAGCGATAATTATACTCAACCGACGA

14 CACCGAACCCTATTTTAGAAGGTCTYGAAGGTAGCTCAT CTAAACTTGAAATAAANCCACAN

GGTACTGAATCAACGTTCAAAGCTATTCAAGCAGAATCAAGTGATATTGAAGT TAAACCTCA

AGCAACTGARACAACAGAAGCTTCTCAATATGGTICCG (SEQ ID NC: 65H)

NN NN TR TN % ~ IR YA A YT AT TR ]
AGACCGCAATTTAACAAAACACCTAAL ilaks

TOCG

NI kS [ i SN
13 TGAATACAACGATGGAACATTTGGATATGAAGCGAGACCAAGATTCAACAAGCCAAGTGAAR
CAAATGCATACAACGTAACGACA SGCACAGTATCATAC SCCCAACA

CAARAACAAGCCAAGTGAAACAAACGC

CGTAACAACACAT

N T YT e S PR B PR TR T R A R R T TSR A T B VI A T T R TR 1A R N I B R Y B L
ATACGGTGCTCGCCCAACACAALAAAAAGCCAAGCAAAACAAATGCATACAACGTAACAACAC

TCCARATOOTCARGTATC ATATCACGC TCGCCOGACAC AT AT AR DT
ATGCAAATGGTCAAGTATCATATGECGCTCGCCCGACACAAAAARAGC GCAAAACAAAT

20 GCATATAACGTAACAACACATGCAAATGGTCAAGTATCATACGGAGCTCGCCCCACATACAA

GRAGUCAAGCGAARCARATGCATACAACGTAACAACACATGCAAATE

GO OGO CCACACARAAARAGCCARAGOGARR AR TR T A
GCGCTCGCCCGACACARARAAAAGCCAAGCGAAACAAACGCATATAR

.1)

GATGGTACTGCGACATATGGGCCTAGAGTAACAAAATAA (3SEQ ID NO: 66)

)
Ly

85/2082

vl
i

AACTAAAGATTATAGCTAAAGAATCARGAGTCAATGAGAACACGTAAATACCGATACACC

ATAG

AATTCCAGATTGSTATCTAGCTAGTATTTTARAACAGATTAC

ey [salali] FNITR A~ NG
GGATCAAATATACTACGCTA

AN e TP TR P T
AGGAATTAACT

SGTGAGAAAGAGTATAAGCAAGCGATACGATARATTG
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AT A A T T T I A TR A (A TS A T T A T T T
ATGACTAGAGTTTTGGGAGAAGATCATTATCTA

A AL A PR

ATACARAARATGGTTTGAAAARCATARAAGT

AATTIGACGATTTTGATTITATATAGATTAACGAAGARAGAATACAATCGAGTTACATCAATCA
TTAAARAGAAGCTGTITGATGAGTTTAATAGTGAAGTGAAAAATATTCAATCTARACAARAGGA

(SEQ ID NCG: ¢7)

e Yer-\e

GATGAAGCARCTGAARATCGAGTAACARATGGAATATATGATTTTCT AGATTGACAC

PTTTAATCATAGCCAATATGGTCATAATGCTAAAGAATTAAGAGCAA

AGCTAGATATAATICTTGGTGATGCTAAAGAT CCTGTTAGAATTACGAATGAARGAATAAGA

AAAGAAATGATGGATGATTTAAATTCTATTATTGATGATTTCT

TAGACCATTAAACATAACTAAATTTAA

ATAGAGATARCTTCGATARATTAGTC

TCTTOGAARACAAGAACCOT VAR R PO T NN SN
TCTTGGAAAACAAGAACCGTCAAAAAT (‘bb (J ID NC: 2 8 J

L_‘

TACGGTGAATCTGARAACAARATCTCCTGTYTGTAARAGAAGRAGCGAAGAAAGT TGARGAACTTCA

ATTACCTAAAGTTGGAAACCAGCAAGAGGATAAAATTACAGTTGGETACRACTGAAGAAGCAL
miv raraiv m I NSRRI 1T AT b AT m ST YR mm fan]
CATTACCAATTGCGCAACCACTAGTTAAAATTCCACAGGGCACAATTCAAGETGARATTGTA

ATCTAACGATGG
AGATITCCCRACAATGGAACARARCAGRCCATCTTT
CACCGAACCCTATTTTAAAACGTATTGAAGGAAACTCAACTAAACTTCGAAATARAACCACAA

GGTACTGAATCAACGTTARAAGGTACTCAAGGAGAATCAAGTGATATTGAAL

CRTTITT9 50 (7 Ty Y e B R (R R R T o~ A
VT TATCCAGCGAGACCTCAATTTAACAA

TCCOTGAATACAACGATGGARACATTTGGA

b

GCGAGACCRAAGATTICAACAAGCCAAGCGAAACARATGCATACARCGTAACGACARLATCAAGA

TEGOACAGTATCATATGACGCTCROCE R ARCARAC DR VR A RO A
TGGCACAGTATCATATGGCEGCTCGCCCGACACAAAACAAACCAAGOCGAAACAAATGCATACA

o

ek Snialal eur-lak- Y Gilatelalciale 1N N 17y NS
GTAACARCACATGCAAACCGGCCAAGTATCATATGECGCCCGCCCAACATACAAGAAGCC

AGCGAAACAAACGUCATACAACGTAACCGACAAATCAAGATGGCATCA

CATATGGCGECTCE

ACACATGCARACGGCC

A

OISR TR R ST B S T L~ TR T ~ TR R (1
CCCGACACARAACAAGCCAAGCCGAAACAAACGCATATAACGTAAC
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TR NN YR NI T Y T R AN R T T YRR TN T (AN VR TR TR R N e A TR T R e R
ACGGAGCTCGTCCGACACAAAACAAGCCAAGCGAAACGAACGCATATAACGETA

CARACGGTCRAGTGTCATACGGAGCTCGUCCARCACAARACAAGCCAAGTAR

AACAACACATGCAGAT TGCGACATATGGTCCTAGA

-l

Newmnan

Di-

atgasaaagcaaataatttcgctaggogecattageagttgecatectagettatttacatggga

‘

ta

aacaa

Q,

Laaca

E),

Q
W
o
,”\
o}

goge
gatgcy

yattatagtgyggaaatcacaagtitaatgctggga

SN
LQ;
ko]
to]

ratatt

9 9

azattcagctctatattatttggaagac

0
w]
Q
5]
0)
[\
)
ot

tgggacattaatagatage

W
(o]

o

taatttatgotataggatltaactaataaatatgaatatggagataatatttataaaga

agcltaaagataggttgttggaasaaggtattaagggaagatcaatatcttttygga

aatctcaatatyga raacaatggtatgeaas

'T

gatttaaaaatggctaatittcataaatataatitags

tgaactacaggatgcattaaagagagecactggatg

aggataagaattcagacttgaaaacttoct (SEQ ID NO: 71

T -
-

ageagaagaagataaagecaactaaggaagtatacgatctegtatetgaaatitgatac

,
v
iy
o7}
ot
p
(

'*

attagtigtatcatattatggtgataagyatiatggggagcacycygaaagagitacgageaa

aactggactta

acaatccacatagaattacaaatgaacgtatitaas

aaagaaatgattgatgacttaaattcaasttattgatgattitctittatggaaactaaacaaas

tagaccgaasatctataacgaaatataatcecltacaacacataacltataaaacaasatagtgata

ataaacctaattttgataaattagttgaagaaacgaaaasagcagttazagaagcagatgat

tottggaaasaagaaaactgtcaaaaaa (SEQ ID NC: 72)

tacggagazsactgaaacaaaatcgeragtagtaaaagaagagaagasagttgaagaaccteca

raagtitgataaccaar caaactacggetggtaaagetgaagaaac

cacaaccagtitgcacaaccatta ccacagggeacaattacagygtgaaattygta

= =

aaadyd T roggaart cate

taaaacogtacaaggtgaaategttcaaggtec
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cgattttetaacaatggaacaaageggoccatcatitaagecaataatitatacaasacccacegt
taacgaaccctattittagaaggtettgaaggtagetcatctasacttgaaataaaaccacas

cgtactgaatcaacgtiagaaaggactcaaggagaatcaagligatattgaagttaaacctea

2

3
agcaactgaaacaacagaagcttctecaatatggtcecg (SEQ ID NG: 73)

R..

agaccgcaatttaacaaaacacotaaatatgtitaaatatagacatgetggtacaggtatccy

o
o

5
£4
o
Qu

acggcecaagtatecatatggegctogoeccaacacaaaacaagoraagcaaaacaaat

gcatacaacygtaaczacacatgcaaacggtcaagtgtcatacggagctocgeccgacatacaa
tgcaltacaatgtaacaacacatgeagatggtactocgacatatag
{(3EQ ID NO: 743
Fuil length vWip polypeptide from strain USA 300

]

tveeykksl

nerfdnpeyk eamkkyggrf masdealkk?t

feeskkikng ntdnidylgl sheryesvin tlkkgsesfl keiedikidn

pelkdfnees glkedlelnk lengilimlgk tfvyonvrddv eslyskidlii

mgvkdeeran nkkedietii deffsdidkt rpnnipvlied

ekgeekrnhkn

hkpasgevse
qakaevdkra serkarfldn gkilkktpvvs leydfehkar idnendkkliv

glagingesh

veaptkkpts ptitvtetity

dfttthgspt tsnhthnnvy efeetzalipg rksgslvgis gidsshliter

ekrvikrehv reagklvdny kdthsykdri naqgkvntls eghgkrinkg

inkvynglk {SEQ ID NC: 7I3)

Additional viWbp Seguences:

USA300

GTEGTTTCTGGGGAGAAGAATCCATATGTATCTGAGTCGTTGAAACTGACTAATAATAARAATARATC

TAGAACAGTAGRAGAGTATAAGARAAGCTTGGATGATTTARTATGETCCT




L

[

S
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SAGGCTTTGAAG

ATTATCTCATGA

ACTTTE

TATAGAGATGATGTTGAAAGTTTATATAGTAAGTT

AAATALARRAAGCAG

P ATGGEATATAAAGATGAAGE

GATATAGATAABLACAAGAL

TITAG

AAAAAGRAGY

TAGAAACCATAATTGATGRA

GTTTTACAAGATGAAAAACAACAAGACAAARAATCATAAAAATATCGGCTCAATTAAAATCTGACACTCGAAGCAGC

ABRAAAGTGATCGAATCAARAAGARG

ACANCTTTT e ;
BAGAAGTTTCTGAACAACARBANAL

AR R

ATTGEACAACGARA

TGAGCA

CAAZDAATTAAGARAACACCT

CGACARGAAACTTGTGCTTTCTGCACCAACAARGAAACCAACATCACCGACTACATATACTCGAARCAACGACAC

&

WCCAAAACAATT

{a

Ny

"CARATCACACGTATAATARTG

ACTGGTTGGTATAS

B
TCAAA

ATT

TTCTCATCTAACTGAACGTGAGALGCGTGTAR GAACACGTTAGAGAAGCTCAAAACTTAGTTGAT

[AALGACCGRATAL WCF

AATTAT?

. = 7 \ T AT TR T LT T T N T T arm ™ N . N
TCAAARACGTTTTAATAAACAAATCAATARAGTATATAATGGCAAATAA (SEC ID NO: 7863

CATCAT AT T T TGO TCATTATGARARAT

ATTALAC

o e A PR R YT AN Y RCTLTER B, N Ne e e ey Nalal i E N e ert Anm
TACAACTGAAAAATAGCTGATTTAAAGGACTTTAACAATACAGAGCAACATAATGCCGACGTAGAAATAAACART

GAAGAATTATATAG

AGGGTATACAS

GTATTAAT

ATAAAAADAGAGCAGTAAATCAAAGGATCTTAA

TCAGTTAGATTTGATTGTTGGAGAAGTTCAAGATAAGTLC

AGAATT

7 R
ATAGAARA

ATACCAGCATTRAACTAGTGAARAAAATC

TARAAATGACCTATCAAAAAGAACTAARAAGAACTTTAAATACTCAAAATAATARATCT!

CTGCAAGAACARARARGCTGAATATCARAGAAAGTCAGAGGCATTAALAGAAAGATTTATARACAGACARARATCT

WCGACAGGCAACTTGTEGTTTICTEC

AARALTGAGTCIGTGGTITCA

CTACAGTTGAGC

GCCATCAAAGAAACCAACAACACCCACTACATATACTIGAAACAACGACTCAGGTACCAATGC

TR AT T T R
GATTAAATGGETGA]

GTCAAACTCAGCAACAAATCGTTTACAAAACAC

ACAACAACGCATCAATCACCARCAACTTCAAATCATACGCATAATAATGTTGTTGAATT

TTTACCTGGTAGARARTCAGGATCACTGGTITG GTC TCTTCTCATCTAACTGARCGTGAGA
AGCGTGTAATCAACCETCGAACACGCTTACGACAACCTCAAAAGTTAGCTTGATAATTATAAACATACACATAG!
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AAAGACCGATTAAATGCACAACAAARAGTARATACTITAAGTGARS

CATCAAAAACGTTTTAATAAACAAAT

-

AAAGTATACAATGGCARATAR (SEQ ID NO: 77)

CCATATARATCTGAGTCATTCGAAATTAAATGCGCARAAGAAGTACTAC
T

5 ARTARC

CGTCATTATCATTTGCAGATTATGAARAAT

ATGAGGAACCAGAATA TATGGCTGAAGATGATGCATTAARA

AATTTTTTAGTGAA \ATTATCTGGGAT TAACACACGAA

DT'
s
J:

[TTTCAAAAGAAATCGCAAGAAAT

TAAAAATCCAGTGTTAAAAGAATATARCAATGAGGAACAAACTARLGCTGATALG

15 ATCAAGTACTAATCATAGGTTATACATTTTATCACTCGAATAAAAATGAAG TATATAACARATTA

CATATGA

AAAGATGCAAGAGAGAAAARAGAAGAGGGCTACCAATCAAAGAATGTICAATAATAA

AAMAG CTATTATTGATGAATTICTTTGGAGAAATTGGACAACAAAGGCCAACATCTATACTCAA

foeen A o

TGCAAAT

'GACACTGAAGCAGCA

,v.

TCTGAACAACA

V

AACTTGTGE

T

'GAGCCATCAAAGRAAACCAACRAACACCGCCTACATACACTGARACAACCACACAGCTACCAATGCCTACAGT

TGAGCGT

TTACCTCCATT

WAATGGTCGAAAGTCA

(

AR
CAACAAATCGTTTACAAAG
T

ATTTCACAACAACGCH

[CAATCACCAACTACTTCAARATCACACGCATAATCATCTTAT

TGARATTGAAGARAACA

o alaliisil
[ LU A R A2 X

TTAACTGAACG

TGAGRAGCGCGT G,

ATAAAGATACACATA

SGTTTTA

ATTAATGCATGGCTGCAAAGGAAATA

VITTTAAACTAGCAA

ATCAS

25 CTAAACAGGTGTGGACTA CACT ATTACGAALA

TATTATGCTTAACTATCA

ATTT TTAT

TACTGAAAA

AATTGGTTATGATATTGAGLCTATATARAGGA

(

CAAAGTGTTGATAAAAACTTIGTAGTTCCAGAATC

2 1 ATV, ~T R T i3ad 7 o~
30 CCAACTTACGATGAATTTAAAARAGCAC

TTCTGARGATARATTGAATAAGATTGCAGATCCATCGGCAGCTAGTARAATTGTAGATAAAAALTTTGCCGTAC

STARCAACAL

CAGAATCAARATTAGGAATC CAATAATCGAGTGA

CCCAGCAGGTGRATAGATTTATTACGCAAAATAA

2
J’

CCAGCTTCAAAACAAGTTGACAAGCAAATTGTTGCTAAAGY
G

AGTAAACCATCGTTE CTATAAGAAAGTTATTACTTCATACAAATCAACACATGTAC

[
.
L

ATAAARCATGTARACCH CATCATCACTTTACTATTAAACCATCAGAAGCACCTAGATAT

g e

ACACACCCAT

EaTaTals

COTTAATTATAAATCATCATTTITGCAGTTCCTGGATACCA

"GGTCATAAAGT

rA

TGTAA ATCACTTTTGTGOTGTACCTCARATARATAGTT

AAGGTCA
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ATGGICACAATTCACATCGTATGCATGTA WCACAACAGCAACACATCAA
AAATAARAACTTATAACTATAAATATTTTTATACTTA AGTAGTCAAAGGTGTAARAARACA
AAATCACATGGTTGTAAAATTGTTAAACCAGCATTAAACATCAAAAATGTAAL ATCAA

ATX CACGTTE

STTTCE

AR

TGACATTAAGTTTACGAGATATGATAAATACCTATTATTTTAAACATAG]

GGCTATGTTTTTTGCAGT TTATCAATAAACACCCATCAACAAR
PAAATAAATATATTATTAATTAAGATA CGAG

CATCOCAAGCTIRAATTATTGTTTCTAAAATATTGGTATATAATTTTCAATGCCCAACARAAACAGGCTAAARRAAGT

CGGTTT TCAAAGCAAATAAGCGAGTAAARAATCARAAGGAAAGTACTAGTATTAACAATGCGCGTACTTT

ek
GTGCGACA

TGCAARAGCTTTAGTGACAGAGAGTGGCGTTA

TGATACT!

DR T
AGCARA

TTTACTGAAGTAACATCGGAA AAGCTTTATTTACTA

TCCCCARAATGATTE

ATAATGTTTTAGAATTATCAATGAG

ATTTACTCATCACA GTGCTATCAGACGTGATCATGTTAAAGAAS

[TCACAGACCGUGACARAL

T T T
& £l

TAATGA AAATATACGCAAATATATGAAGACTTTCGCTARAAGCTACTCCAAAGCTAAGTACACTTAGTC

TGAATAATAAGATAGAGAAAACTGARAAACGCTAA

(SEQ ID NO: 78)

GTGGTTTCTGGEEE! CTAGAAC

CATATGTATCTGAGTICG

TTTGA

AGTAGA TGGATCGATTTAAT!

CTATGAAARMATATCAACAGAGATTTATGCGUTGAAL
TTTAGTGAAGAGAAARAAAATAAAAAATGG

ACTTTGARAALACT

>USA300 vibp

VVSGEKNPYVSESLELTNNKNKSRIVE KSLDDLIWSEFPNLDNERFDNPEYKEAMKEY QORFMAE

FERSEEKKIENGNTDNLDY LGLSHERYESVENTLKEQSEEFLKEIEDIKEDND

KDENEEEQLKCDLEL

MGYKDEERANKKAVNERMLENEKE

NELENQILMLGKTEYONYRDDVESLYSKLDL TIIDEFFSDIDKTRE

AEYIKRAEERKAR

NNIPVLEDEKQEERNHKNMAQLKSDTEAAKSDESKREKRSKRSLNTON

YDFEHKQRIDNEND {SEQC ID NO: 803

RELVVSAPTRKEPTSPTTYT

1 0
e
[
;,J
T“
=
T3
%]
>

PROLAGLNGES!

Aol NAT L O I

THNNVVEFEETSALPGREKSGSLVGCISOIDSSHLTERE L INAQOEVNT

LSEGHOKRFNEQINKVYNGK (SEC ID NO: 81)
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SN315 vilbp

ED

VVESGERNPYVERKALELKDKS] NSYENYRDSLESLISSLSFADYEKYEEPEYEKA TOOKEM

DALKNEFINEEKKIKNADISREKSNNLLGLTHERY SY TFDTLKKNKQEFLKDIEEIQLKNSDLKDENNTEQHNADY
EINNLENKVLMVGYTEYNTNEDEVEELYSELDLIVGEVODESDERRAVNORMILNREEEDLEF L IDRKEFFRKKIQCE
RPESIPALTSERNHNQTMALKIKADTEARKNDVSKRSKRSLNTONNKS TTOE ISEEQKARY QRKSEALKEREIN

ROKSKNESVVSLIDDEDDNENDRQLVVSAP {SEQ ID NO: 823

ERQTQOQIVYKTPEPLAGLNGESHDETYTHOSPTTSNHTHENNVVEE

ERKRVIKREHVREAQK]

CUKVNTLSEGHOKR

(SEQ ID NO: 383)

Fry
=
b
=<
| @]
F—
=z
=
=
=
9]
=

i

VVSGEENPYKSESLELNGKRSTT LIS DRKY EENLDML LSS LS PADY ERKYREEPEYKEAVERY QOKEM

DALENFLVKREK {SEQ ID NC: 84)

SMWZ vWbhp

VVSGERNPYVSESLELTNNRKNKSRTVEEYKKSLDDLIWSE PNLDNERFDNRPEYKEAMKKYQORIFMAED

EALKKFFSEEKKIKNGNTDNLDY LGLEHERYESVEFNTLEKOSEEFLKEIED

VVSGERNPYVEESLELINNENESRIVEEYEKSLDDLIWSEFPNL

EALKKFFSEEKKIKNGNTDNLDY LGCLEHERYESY LEKQS

NELENGILMLGKTEYONYRDDVESLY SKLDLIMGYKDEERANKKAVNEKRM LENKEEDLETTIDEFFSDIDETRP
NNIPVLEDERQEEKNHRNMAQLKSDTEAAKSDESKRSKRSKRSLNTONEKPASQEVSEQUKAEYDKRAEERKAR

FLDNOKIKKTPVVSLEYDFEHKQRIDNEND {(SEQ 1D NO:

QSPTTSNETHNNVY
KVNTLSEGHO

KKIVVSARPTKERPTSPTITYTETTTOVPMPTVERQTOCOIIYNAPKOLAGLNGESEDETTT
DFEETSALPCGREKSGSLVEISOIDGSHALTERERRVIKREHVREAQKLVDNY KD THEYKDRINAD
I NO: 87)

KRENKOQINKVYNGK (SEQ
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CLAIMS

1. An immunogenic composition comprising a pharmaceutically accepted carrier and at
least two different staphylococcal coagulase Domains 1-2, wherein each of the at least two
Domains 1-2 is 80% identical in sequence to a Domains 1-2 in SEQ ID NOs: 33-41 and
wherein at least one Domain 1-2 is comprised in a less than full-length coagulase protein that

lacks an L, R, or Fgb Domain.

2. The composition of claim 1, wherein one of the Domains 1-2 is from a S. aureus
Newman, 85/2082, MW2, MSSA476, N315, Mu50, MRSA252, Cowanl, WIS or USA300

strain.

3. The composition of any one of claims 1 and 2, wherein one of the Domains 1-2 is a
Coa Domains 1-2 at least 80% identical in sequence to a SEQ ID NO identified in SEQ ID
NOs: 33-37.

4. The composition of any one of claims 1-3, wherein one of the Domains 1-2 is a vWbp
Domains 1-2 at least 80% identical in sequence to a SEQ ID NO identified in SEQ ID NOs:
38-41.

5. The composition of any one of claims 1-4, wherein the Domains 1-2 are at least 85%,

90% or 95% identical to an amino acid sequence of SEQ ID NOs: 33-41.

6. The composition of any one of claims 1-5, wherein one of the Domains 1-2 is a vWbp

Domains 1-2 from a S. aureus N315 or USA300.

7. The composition of any one of claims 1-6, wherein one of the Domains 1-2 is a Coa

Domains 1-2 and comprises an L or R Domain from a staphylococcal Coa protein.

8. The composition of any one of claims 1-7, wherein one of the Domains 1-2 is a vWbp

Domains 1-2 and comprises an L or Fgb domain from a staphylococcal vWbp protein.

9. The composition of any one of claims 1-8, comprising at least three, four or five

different staphylococcal coagulase Domains 1-2.
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10. The composition of claim 9, comprising at least four different staphylococcal
coagulase Domains 1-2 wherein the different Domains 1-2 are staphylococcal Coa Domains

1-2 from strains MRSA252, MW2, N315 and USA300.

11.  The composition of any one of claims 1-10, wherein the at least two different

staphylococcal coagulase Domains 1-2 are comprised in a fusion protein.

12.  The composition of any one of claims 1-11, further comprising one or more additional

staphylococcal antigen(s).

13. The composition of claim 12, wherein the additional staphylococcal antigen(s) is
Emp, EsxA, EsxB, EsaC, Eap, Ebh, EsaB, Coa, vWbp, vWh, Hla, SdrC, SdrD, SdrE, IsdA,
IsdB, IsdC, CIfA, CIfB, SasF and/or a nontoxigenic SpA.

14. The composition of any one of claims 1-13, further comprising an adjuvant.

15. A recombinant polypeptide comprising at least two different staphylococcal coagulase
Domains 1-2 wherein each of the two sequences of the Domains 1-2 are at least 80%
identical in sequence to a SEQ ID NO in SEQ ID NOs: 33-41 and wherein at least one
Domain 1-2 is comprised in a less than full-length coagulase protein that lacks an L, R, or

Fgb Domain.

16. A polynucleotide molecule comprising a nucleic acid sequence encoding a

recombinant polypeptide of claim 15.

17. An expression vector comprising a nucleic acid sequence encoding a recombinant

polypeptide of claim 15 operably linked to an expression control sequence.
18. A host cell comprising the expression vector of claim 17.

19.  Use of a composition of any one of claims 1 -14, a recombinant polypeptide of claim
15 or an expression vector of claim 17, in the preparation of a medicament for the treatment

or prevention of a staphylococcal infection in a subject.

20. The use of claim 19, wherein the subject is a human.
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21. The use of claim 19 or 20, wherein the subject had been tested for staphyloccal

infection.

22, The use of any one of claims 19 to 21, wherein the medicament is for multiple time
administration.

23. The use of any one of claims 19 to 22, wherein the composition or polypeptide is

formulated for intravenous, intramuscular, intravascular, intratracheal, intrathecal,

intraocular, intraperitoneal, topical, oral, injection, infusion, or bolus administration.

24, The use of any one of claims 19 to 23, wherein the medicament is a liquid, solid, gel,

tablet, pill, semi-solid, cream, ointment, pessiary, or suppository.

25. The use of any one of claims 19 to 24, wherein the medicament is for administration

with one or more antibiotics.

26.  The use of any one of claims 19 to 25, wherein the infection is a drug-resistant
infection.

27. The use of claim 26, wherein the drug-resistant infection is methicillin-resistant.

28. The use of any one of claims 19 to 27, wherein the subject has been identified as

having a Staphylococcal infection.

29. The use of any one of claims 19 to 28, wherein the medicament is for administration

within 1 week of the subject being determined to have a staphyloccal infection.

30.  The use of any one of claims 19 to 29, wherein the subject is immune deficient, is
immunocompromised, is hospitalized, is undergoing an invasive medical procedure, has a

respiratory infection, is infected with influenza virus or is on a respirator.

31. The use of any one of claims 19 to 30, further comprising use of testing of the subject

to measure response to the medicament.

32. The use of any one of claims 19 to 31, wherein the subject exhibits a skin abscess, a

boil, or a furuncle.
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33. A method of manufacturing an immunogenic composition comprising mixing at least
two different staphylococcal coagulase Domains 1-2, wherein the sequences of the two
different Domains 1-2 are 80% identical to a Domain 1-2 sequence in SEQ ID NOs: 33-41
and wherein at least one Domain 1-2 is comprised in a less than full-length coagulase protein

that lacks an L, R, or Fgb Domain.

34. The composition of any one of claims 1-14, the recombinant polypeptide of claim 15
or the expression vector of claim 17 for use in the manufacture of a medicament for treating

or preventing a staphylococcal infection in a subject.

35. The composition, recombinant polypeptide, or expression vector for use of claim 34,

wherein the subject is a human.

36. The composition, recombinant polypeptide, or expression vector for use of claim 34

or 35, wherein the subject had been tested for staphyloccal infection.

37. The composition, recombinant polypeptide, or expression vector for use of any one of

claims 34 to 36, wherein the medicament is for multiple time administration.

38. The composition, recombinant polypeptide, or expression vector for use of any one of
claims 34 to 37, wherein the composition or polypeptide is formulated for intravenous,
intramuscular, intravascular, intratracheal, intrathecal, intraocular, intraperitoneal, topical,

oral, infusion, or bolus administration.

39. The composition, recombinant polypeptide, or expression vector for use of any one of
claims 34 to 37, wherein the medicament is a liquid, solid, gel, tablet, pill, semi-solid, cream,

ointment, pessiary, or suppository.

40. The composition, recombinant polypeptide, or expression vector for use of any one of

claims 34 to 39, wherein the medicament is for administration with one or more antibiotics.

41. The composition, recombinant polypeptide, or expression vector for use of any one of

claims 34 to 40, wherein the infection is a drug-resistant infection.

42, The composition, recombinant polypeptide, or expression vector for use of claim 41,

wherein the drug-resistant infection is methicillin-resistant.
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43, The composition, recombinant polypeptide, or expression vector for use of any one of

claims 34 to 42, wherein the subject has been identified as having a Staphylococcal infection.

44, The composition, recombinant polypeptide, or expression vector for use of any one of
claims 34 to 43, wherein the medicament is for administration within 1 week of the subject

being determined to have a staphyloccal infection.

45. The composition, recombinant polypeptide, or expression vector for use of any one of
claims 34 to 44, wherein the subject is immune deficient, is immunocompromised, is
hospitalized, is undergoing an invasive medical procedure, has a respiratory infection, is

infected with influenza virus or is on a respirator.

46. The composition, recombinant polypeptide, or expression vector for use of any one of
claims 34 to 45, further comprising use of testing of the subject to measure response to the

medicament.

47. The composition, recombinant polypeptide, or expression vector for use of any one of

claims 34 to 45, wherein the subject exhibits a skin abscess, a boil, or a furuncle.

48. An immunogenic composition comprising at least two different staphylococcal
coagulase Domains 1-2 from a staphylococcal Coa or vWbp protein, wherein at least one
Domain 1-2 is comprised in a less than full-length coagulase protein that lacks an L, R, or

Fgb Domain.

49. An immunogenic composition of claim 1, wherein a first Domains 1-2 is 80%
identical in sequence to a Coa Domains 1-2 from a first strain and is comprised in a less than
full-length coagulase protein that lacks an L and R domain and a second Domains 1-2 is 80%
identical in sequence to a vWbp Domains 1-2 from a second strain and is comprised in a less

than full-length coagulase protein that lacks an L and Fgb domain.
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