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(54) Title: COMPOSITIONS AND METHODS RELATED TO ANTIBODIES THAT NEUTRALIZE COAGULASE ACTIVITY
DURING STAPHYLOCOCCUS AUREUS DISEASE

(57) Abstract: Embodiments concern methods and compositions for treating or preventing a bacterial infection, particularly infec-
tion by a Staphylococcus bacterium. Aspects include methods and compositions for providing a passive immune response against the
bacteria, in certain embodiments, the methods and compositions involve an antibody that binds Coagulase (Coa).
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DESCRIPTION

COMPOSITIONS AND METHODS RELATED TO ANTIBODIES THAT
MNEUTRALIZE COAGULASE ACTIVITY DURING STAPHYLOCOCCUS AUREUS
DISEASE

{3061} This invention was made with goversment support under AIG92711 and
Al052474 AI52767, awarded by the National Institutes of Health. HDOOS007 traiming grant
to MM. D.MM. and 0.8, acknowledge membership within and support frora the Region V
“Great Lakes” Regional Center of Excellence in Biodefense and Emerging Infectious
Diseases Consortiom (NIH Award 1-US4-AI-057153) frors the National Institute of Allergy
and Infections Discases (NIAID) and 1-U54-A1-057153 awarded by the National Institutes of

Health. The government has certain rights in the ivention.

[6062] This application claims priority to U.S. Provisional Patent Application Serial No.

61/638,797 filed on April 26, 2012, incorporated herein by reference in its entirety.

i FIELD OF THE INVENTION

13003} The present invention relates generally to the ficlds of immunology, microbiology,
and pathology. More particularly, it concerns methods and compositions involving
antibodies to bacterial proteins and bacterial peptides used to elicit such antibodies. The

proteins include Coagulase (Coa).

i BACKGROUND

{6084 North American hospitals are experiencing an epidemic of Staphylococcus aureus.
This organism causes a wide range of discases from minor skin infections to life-threatening
sepsis, endocarditis, and pneumonia [21. 5. awreus 1s endowed with a wide range of virulence
factors that cnable its many disease manifestations. One of the defining characteristics of 5.
aureus that distinguishes it from less pathogenic species of staphylococei s s ability to clot
anticoagulated blood [48,75]. This characteristic is due to two proteins, coagulase (Coa) and
von Willcbrand factor binding protein (vWbp). Coa and vWbp bind to and induce a
conformational change in host prothrombin, which mimics the transition from the zymogen
to  activated thrombin, cnabling the complex to cleave fibrinogen to  fibrin

[166,67,71,72,133,146,188]. Fibrin forms the mesh network of a blood clot.
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{(085] Coa and vWbhp play an important role during the pathogenesis of 8. awreus
mfection {2121 Infection with double mutants in coa and vwd results in delayed mortality in
a murine sepsis model and nearly eliminates the ability of staphylococei to form abscesses
{Cheng ot al 2010). A humoral immuone respounse against Coa and vWbp provides protection
against staphylococcal infection (Cheng et al 2010). Pharmacologic inhibition of the
coagulascs with direct thromabin inhibitors neutralizes the activity of Cos and vWbp and

provides prophylactic protection against staphylococcal sepsis {20,177,2131

13006} S. aureus can survive on dry surfaces, jncreasing the chance of transmission. Any
5. aureuns infection can cause the staphylococcal scalded skin syndrome, a cutancous reaction
to exotoxin absorbed into the bloodstrearm. S auwreus can also cause a type of septicerma
called pyacmia that can be life-threatening.  Methicillin-resistant Staphylococcus aureus

{MRSA) has becorne a major cause of hospital-acquired infections.

{0067} S. aureus infections are typically treated with antibiotics, with penicillin being the
drug of choice, but vanconiycin being used for methicillin resistant isolates. The percentage
of staphylococcal strains exhibiting wide-spectrum resistance to antibiotics has increased,
posing a threat to effective antimicrobial therapy. In addition, the recent appearance of
vancomycin-resistant 8. awreus strain has aroused fear that MRSA strains for which no

effective therapy is available are starting to emerge and spread.

{3068] An alternative approach to anttbiotics in the treatment of staphylococcal infections
has been the use of antibodics against staphylococcal antigens in passive immunotherapy.
Examples of this passive immunotherapy wveolves administration of polyclonal avtisera
{WO00/15238, WOQ00/12132) as well as treatment with monoclonal antibodies against

ipoteichoie acid (WO98/57994).

{069] The first generation of vaccines targeted aganst S awreus or against the
exoproteins it produces have met with limited success {Lee, 1996} and there remains a need

to develop additional therapeutic corapositions for freatment of staphylococcus infections.

SUMMARY OF THE INVENTION

{3016} Staphviococcus aureus is the most frequent cause of bacteremia and hospital-
acquired infection in the United States. An FDA approved vaccine that prevents

staphylococcal disease is currently unavailable.

[
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{6011} In certain embodiments there are antibody compositions that inhibit, ameliorate,

and/or prevent Staphylococcal infection.

16012} Certain embodiments are directed to methods of inhibiting Staphylococcus
infection in a patient determined to have or be at risk for Staphylococcus infection
comprising adrinistering to the patient an effective armount of a Coa binding polypeptide that
specifically binds to Domain 1-2 of a Staphylococcal Coa polypeptide. In some
embodiments, the method further comprises administering an effective amount of two or
more Coa binding polypeptides.  In some embodiments, the rocthod farther comprises
administering an antibiotic or a Staphylococcal vaccine composition to the patient. In other
embodiments, there are rocthods for treating a patient with or determived to have a
Staphylococens infection. In further embodiments, there are methods for preventing a

Staphylococeus infection.

10013} In some aspects, the Coa binding polypeptide specifically binds to Domain 1 of a
Staphylococcal Coa polypeptide. In other aspects, the Coa binding polypeptide specifically
binds to Domain 2 of a Staphylococcal Coa polypeptide. In further ecmbodiments, the Coa
binding polypeptide specifically binds to a region on both Domain 1 and Pomain 2 of a

Staphylococcal Coa polypeptide.

{0014} Certain embodiments are directed to a Coa binding polypeptide that specifically
binds to an cpitope in a polypeptide encoded by any of SEQ ID NOs: 1-8. In certain aspects,
the Coa binding polypeptide specifically binds to an epitope in amuno acids 1-149, 150-282,
or 1-282 of a polypeptide encoded by any of SEQ 1D NOs: 1-8. o certain aspects the epitope
comprises at least, or has at most 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 1§, 19, 20, 21, 22,
23,24, 725,26,127, 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, 60, 61, 62, 63, 64, 65, 66, 67, 65, 69, 70, 71, 72,
73,74,75,76,77, 78,79, 80, 81, 82, 83, 84, 85, 86, 87, 8§, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98, 99, 100 or more contiguous amino acids {or any range derivable therein} from any of the

sequences provided herein or encoded by any of the sequences provided herein.

{0015} In particular embodiments, the Coa binding polypeptide competes for binding of
Staphylococcal Coa polypeptide with the 5D5.4 or 7H4.25 monoclonal antibedy. In further
embodiments, the monoclonal antibody 18 4H9.20, 4B10.44, 3B3.14, 2A3.1, 2HIG.12,
631.22, 6C4.15, 6C10.19, RC2.9, or 4F1.7. In some cmbodiments, the Coa binding
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polypeptide has an association constant for the Staphylococcal Coa polypeptide of between
about 0.5 and 20 nM™, 1.0 and 10 nM’l, or 1.0 and 6.0 M as measured by ELISA. In
certain embodiments, the Coa binding polypeptide has an association constant for the
Staphylococcal Coa Domain 1-2 of between about 0.5 and 20 nM™ or 1.0 and 10 nM™ as

measured by ELISA.

{016} The Coa binding polypeptide may be any polypeptide that specifically binds Coa
proteins from staphylococcus bacteria. In certain embodiments, the Coa binding polypeptide
is a purified monoclonal antibody or a purified polyclonal antibody. The polypeptide may be,
for cxample, an antibody that is single domain, humanized, or chimeric. In some
embaodiments, two or more Coa binding polypeptides (e.g., two or more purified wonoclonal
antibodies or purified polyclonal antibodies} may be administered to the patient. In certain
aspects, the Coa binding polypeptide 13 recombinant. In other embodiments, there may be
chemical modifications to the polypeptide, such as the addition of one or more chemical

modifications or moicties.

10617} Embodiments are provided in which the Coa binding polypeptide comprises one
or more CDR domains from an antibody that specifically binds to Domains 1-2 of a
Staphylococcal Coa polypeptide.  In particular embodiments, the Coa binding polypeptide
comprises one, two, three, four, five, six, or more CDR domains from among the VH or VL
domain of the 5D5.4 and 7TH4.25 monoclonal antibodies. In certain aspects, the Coa binding
polypeptide comprises six CDR domains from among the VH or VL domains of the 5D34
and 7H4.25 monoclonal antibodics. In some embodiments, the Coa binding polypeptide

. 859, 90%, 95%, or 99% {or any

o™

comprises a sequence at least or at wost 70%, 75%., 809
range derivable therein) identical to the VH or VL domain of the 5D54 or 7H4.25
monoclonal antibodies. Embodiments are provided in which the Coa binding polypeptide
comprises the VH domain from the 3D5.4 or 7H4.25 monoclonal antibody and/or the VL
domain the SDS.4 or 7TH4.25 monoclonal antibody. In further embodiments, the monoclonal
antibody 1s 4H9.20, 4310.44, 383.14, 2A3.1, 2HI18.12, 6D1.22, 6415, 6C10.19, BC2.9, or
4F1.7.

{0018] In some embodiments the Coa binding polypeptide comprises one or more CDR
domains from a (oa binding polypeptide that specifically binds to Domain 1-2 of a
Staphylococcal Coa polypeptide and a scaffold from a polypeptide selected from the group

consisting of an immunoglobulin, a fibronectin or a S. aureus protein Z.

-4
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{6019] The Coa binding polypeptide may be operatively coupled to a second Coa binding
polypeptide.  In somc aspects, the first and second Coa binding peptides are operatively
coupled recombinantly.  In other aspects, the first and second Coa binding peptides are

operatively coupled chermically.

{0028] Embodiments arc provided i which the Coa binding polypeptide 1s administered
at a dose of about, at least about, or at most about .1 mg/kg to 5 mp/kg, 1 mg/ke to 5 mg/kg,

0.1 mg/kg to 1 me/kg, or 2 mg/kg to 5 mg/kg {or any range derivable therein).

16021} Emnbodiments alse provide a purified polypeptide comprising one or more Coa
binding polypeptide CDR domains from an antibody that specifically binds to Domain 1-2 of
a Staphylococcal Coa polypeptide. In certain embodiments, the Coa binding polypeptide
competes for bindimg of a Staphylococcal Coa polypeptide with the 4H9.20, 4B10.44,
3B314, 4F1.7, 60415, 8C2.9, 2A3.1, 5C3.2, 2H10.12, 6D1.22, 6C10.19, 5D5.4 or 7TH4.25
monocional antibody. In certain aspects, the polypeptide has an association constant for a
Staphylococcal Coa polypeptide of between about 0.1 and 20 nM™, 0.5 and 10 aM™, or 1.0
and 10 nM™ as measured by ELISA. The polypeptide may comprise, for example, a single

domain antibody Coa binding polypeptide, a humanized antibody, or a chimeric antibody.

{6022] In certain embodiments, the polypeptide is recombinant. In certain aspects, the
recombinant polypeptide comprises at least 90%, 95%, or 99% of one or more CDR domains
from the VH or VL domain of the 4H9 20, 4810.44, 383.14, 4F1.7, 8BC2.9, 2A3.1, 5C3.2,
ZHI0.1Z, 6D1.22, 6C4.15, 6C106.19, 5D5.4 or TH4.25 monoclonal antibodics. In some
embodiments, the recombinant polypeptide comprises two, three, four, five, six, or more
CDR domains from the VH or VL domain of the 4H9.20, 4810.44, 383.14, 4F1.7, 8C2.9,
2A31, SC3.2, 2HI0.12, 6D31.22, 6C4.15, 6C10.19, 3154 and/or 7TH4.25 monoclonal

antibodics.

{30234 in some embodiments, a recombinant polypeptide comprises 1} CDRI1, CDR2,
and/or CDR3 from the variable light chain of 4H9.20; and/or 1) CDRI, CDR2, and/or CDR3
from the variable heavy chain of 4H9.20. In some embodiments, a recombinant polypeptide
comprises 1} CDR1, CDRZ, and/or CDR3 from the varable light chain of SD3.4; and/or 11)
CDR1I, CDR2, and/or CDR3 from the variable heavy chain of 5835.4. In some embodiments,
a recornbinant polypeptide comprises 1) CDR1, CDR2, and/or CDR3 from the vanable light
chain of 4810.44; and/or i1} CDR1, CDR2, and/or CDR3 from the variable heavy chain of
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4810.44. In some embodiments, a recombinant polypeptide comprises 1} CDRI, CDRZ,
and/or CDR3 from the variable light chain of 3B3.14; and/or 11) CDRI1, CDR2, and/or CDR3
from the variable heavy chain of 3B3.14. In some embodiments, a recombinant polypeptide
comprises 1) CDR1, CDR2, and/or CDR3 from the variable light chain of 7TH4.25; and/or 11}
CDR1, CDR2, and/or CDR3 from the variable heavy chain of TH4.25. In some embodiments,
a recombinant polypeptide comprises 13 CDRI1, CDR2, and/or CDR3 from the variable light
chain of 2A3.1; and/or 11y CDRI1, CDR2, and/or CDR3 from the variable heavy chain of
2A3.1. In some embodiments, a recombinant polypeptide comprises 1) CBR1, CDR2, and/or
CDR3 from the variable light cham of 2H10.12; and/or 1) CDRI, CDR2, and/or CDR3 from
the variable heavy chain of 2H10.12. In some embodiments, a recombinant polypeptide
comprises 1) CDR1I, CDR2, and/or CDR3 from the variable hight chain of 6121.22; and/or i1)
CDR1, CDR2, and/or CDR3 from the variable heavy chain of 6D1.22. In some embodiments,
a recornbinant polypeptide compriscs 1) CDRI1, CDR2, and/or CDR3 from the variable light
chain of 6C4.15; and/or 11y CDRI1, CDRZ, and/or CDR3 from the variable heavy chain of
6C4.15. In some cmbodiments, a recorabinant polypeptide coraprises 1) CDR1Y, CDR2, and/or
CDR3 from the variable light chain of 6C18.19; and/or 1) CBR1, CDR2, and/or CBR3 from
the variable heavy chain of 6C10.19. In some embodiments, a recombinant polypeptide
comprises 1} CDR1, CBRZ, and/or CDR3 from the variable light chain of 8C2.9; and/or i)
CDR1, CDRZ, and/or CDR3 from the variable heavy chain of 8C2.9. In some cmbodiments,
a recombinant polypeptide comprises 1) CDR1, CDR2, and/or CDR3 fromw the variable hight
chain of 4F1.7; and/or 11} CDR1, CDR2, and/or CDR3 from the variabic heavy chain of

4F1.7. The sequences for these CDRs can be found o Table 5.

{6024 In sowe ewnbodiments, there 1s a purified polypeptide comprising one or more Coa
binding polypeptide CDR domains from an antibody that specifically binds to Domain 1-2 of
a Staphylococcal Coa polypeptide. As indicated above, the polypeptide may comprise 1, 2, 3,
4, 5, or 6 CDRs from the light and/or heavy chain variable regions of a Coa antibody. Table 5
provides 12 different Coa antibodics and thew CDR1Y, CDR2, and CDR3 sequences from both
the light and heavy chain variable regions. In certain embodiments, a polypeptide contains
CDRI, CDR2, and/or CDR3 from the light chain variable region of a particular antibody. 1t 18
contemplated that while in some embodiments a polypeptide has a CDR1, CDRZ, and CDR3
from the variable region of a light chain and/or the variable region of a heavy chain that the
CDR1I, CBR2, and CDR3 need not be from the same antibody. While some polypeptides

have CDR1, CDR2, and CDR3 from the same antibody or based on the same antibody, given

-6 -
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the overlap in amino acid sequences, a CBR1 from one antibody may be substituted with a
CDR from or based on another antibody. For exarple, a polypeptide may comprise a CDRI
from or based on the light chain variable region of 4F1.7, a CDR2 from or based on the light
chain variable region of 4F1., but have a CDR3 from or based on the variable hight chan
region of 6C4.15. 1t 1s generally contemplated, however, that when a single set of CDRI1,
CDR2, and CDR3 are employed together that they all be from a light chain variable region or

from a heavy chain variable region, but not a mix from both.

{0025] Alternatively, the polypeptide may contain a CDR1 sequence that 1s, is at wost or
is at least 70, 75, 80, 83, 90, 95, 96, 97, 98, 99, 100% identical {or any range derivable
therein) to the entire sequence set forth 1w SEQ ID NOs:9, 15, 24, 33, 40, 44, 56, and 49,
which arc CDR1 sequences from the light chain variable region of a Coa antibody.
Alteronatively or additionally, the polypeptide may couvtain a CDR2 sequence that is, is at
most or 18 at least 70, 75, 80, 85, 90, 95, 96, 97, 9K, 99, 100% identical {or any range
derivable therein) to the entire sequence set forth in SEQ 1D NOs:10, 16, 21, 25, and 34,
which are CDRZ sequences from the light chain variable region of a Coa autibody.
Alternatively or additionally, the polypeptide may contain a CDR3 sequence that is, 18 at
most or 18 at least 70, 75, 80, 85, 90, 95, 96, 97, 9K, 99, 100% identical {or any range
derivable therein) to the entire sequence set forth in SEQ 1D NOs:11, 17, 22, 26, 30, 35, 36,
45, and 57, which are CDR3 sequences from the hght chain variable region of a Coa
antibody. Altcrnatively or additionally, the polypeptide may contain a CDR1 sequence that is,
is at most or is at least 70, 75, 80, 85, 90, 93, 96, 97, 9%, 99, 100% identical {or any range
dertvable therein) to the entire sequence sct forth in SEQ 1D NOs:12, 18, 27, 37, 41, 46, 30,
53, and SK, which are CDR1 scquences from the heavy chain variable region of a Coa
antibody. Alternatively or additionally, the polypeptide may contain a CDRZ sequence that s,
18 at most or 15 at least 70, 75, 80, 85, 90, 95, 96, 97, 98, 99, 100% identical {or any range
dertvable therein) to the entire sequence sct forth in SEQ 1D NOs:13, 19, 28, 31, 38, 43, 47,
51, 54, and 539, which are CDR2 sequences from the heavy chain variable region of 4 Coa
antibody. Alternatively or additionally, the polypeptide may contain a CDR3 sequence that s,
18 at most or 15 at least 70, 75, 80, 85, 90, 95, 96, 97, 98, 99, 100% identical {or any range
derivable therein) to the entire sequence set forth in SEQ ID NOs: 14, 20, 23, 29, 32, 39, 42,
48, 52, 55, and 60, which are CDR3 sequences from the heavy chain variable region of a Coa

antibody. It is contemplated that in some embodiments, SEQ D NG:61 1s used in place of
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any of SHC ID NIs:10, 16, 21, 25, and 34, In some embodiments, a CDR2 has the sequence

of SEQ ID NO:6L

{0026} Other erobodiracnts provide a rccombinant polypeptide that comprises one or
more CDR domain from an antibody that specifically binds to Domains 1-2 of a
Staphylococcal Coa polypeptide and a scaffold from a polypeptide sclected from the group
consisting of an immunoglobulin, a fibronectin or a 8. aurcus protein Z.  If it further
contemplated that any polypeptide may be attached, fused or conjugated to an agent or

substance, such a therapeutic rooicty or a detectable motrty.

{00271 fn certain aspects, the recorabinant polypeptide is operatively coupled to a

recombinant polypeptide that specifically binds to a sccond Staphylococeal protein.

{3028 in other embodiments, the polypeptide is an antibody comprising {a} a heavy
chain compnising said VH region, and a huwan hinge, CHI, CH2, and CH3 regious from an
{gGl, 12GZ, 12G3 or 1G4 subtype; and (b} a light chain comprising said VL region, and

cither a human kappa CL or human fambda CL.

{0029} Certain erobodiments provide a purificd monoclonal antibody that specifically
binds to a Staphylococcal Coa polypeptide, wherein the purified monoclonal antibody is the
SAL10, 8E2, 3A6, TEZ, 3F6, 1F10, 6D11, 3D11, 5A1L, 1B10, 4C1, 2F2, 8D4, D11, 2C3,
45, 6B2, 405, 2B8, 1H7, 6C10.19 or 6C4.15 monoclonal antibody.

{(038] In some aspects, the purified polypeptide does not consist of the mouse
monoclonal antibody that is 4H9.20, 5D5.4, 4B10.44, 3B3.14, 7H4.25, 2A3.1, 2H10.12,
6D1.22, 6C4.15, 6C10.19, 8C2.9, and 4F1L.7. In other erbodimcnts the punified polypeptide

is not an isolated mouse monoclonal antibody.

{3031} Other embodiments provide a pharmaceutical composition comprising one or
more purified Coa binding polypeptide.  In some embodiments, the pharmaceutical
composition provides a single unit dose of the purified polypeptide in a scaled container. The
pharmaceutical composition may coroprise at least a sccond anti-bacterial agent including,
but not Himited to, an antibiotic, a Staphylococeal vaccine composition or a polypeptide that

specifically binds to a second Staphylococcal protein.

-8
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{6032] Certain embodiments, provide a polynucleotide comprising a nucleic acid

sequence encoding a Coa binding polypeptide.

{0033} Other embodiments provide an expression vector comprising a nucleic acid
sequence encoding a Coa binding polypeptide operably hnked to an expression control

sequence. Some embodiments provide a host cell comprising the expression vector.

{0034} Embodiments also provide a method manufacturing a Coa binding polypeptide
comprising expressing a nucleic acid sequence encoding the polypeptide operably linked to

an expression control sequence in a host cell.

[B035] Embodiments also provide for the use of Coa antibodies in methods and
compositions for the treatment of bacterial and/or staphyvlococcal wmfection. In certain
embodiments, compositions are used in the manufacture of medicaments for the therapeutic
and/or prophylactic treatment of bactenial infections, particularly staphylococcus infections.
Furthermore, in some cmbodiments there are methods and compositions that can be used to
treat {e.g., limiting staphylococcal abscess formation and/or persisience i a subject) or

prevent bacterial infection.

{30386} Certain aspects are directed to methods of reducing Staphylococcus infection or
abscess formation comprising adrmimistering to a pationt having or suspected of having a
Staphylococcus infection an effective amount of one or more purified antibodies that
specifically bind a Coa polypeptide. The antibody can be a purified polyclonal antibody, a
purified monoclonal antibody, a recombinant polypeptide, or a fragment thereof. In certain
aspects the antibody is humanized or human. In still further aspects the antibody is a
recombinant autibody segment.  In certain aspects a roonoclonal astibody ncludes ove or
more of 5A10, 8E2Z, 3A6, TE2, 3F6, 1F10, 6D11, 3D11, SALL, 1B10, 4C1, 2F2, 804, 7D11,
2C3, 4C35, 682, 4D3, 2B, 1H7, 6C10.19 or 6C4.15. An antibody can be administered at a
dose of 0.1, 0.5, 1, 5, 10, 30, 100 mg or ug/kg to 3, 10, 50, 100, 500 mg or ug/kg, or any
range derivable therein. The recombinant antibody segment can be operatively coupled to a
second recombinant antibody segment. In certain aspects the second recombinant antibody
scgment binds a second Staphylococcal protein.  The method can further comprise
administering a sccond antibody that binds a sccond Staphylococcal protein.  In certain

aspects the method further comprises administering an antibiotic.

-0
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{6037] Embodiments are directed to monoclonal antibody polypeptides, polypeptides
having onc or more segments thereof, and polynucleotides encoding the same. In certain
aspects a polypeptide can comprise all or part of the heavy chain variable region and/or the
iight chain variable region of Coa-specific antibodies. In a further aspect, a polypeptide can
comprise an amino acid sequence that corresponds to a first, second, and/or third
complementary determining regions {(CDRs) from the light varigble chain and/or heavy

vartable chaim of a Coa-specific antibody.

{3038} fn still further aspects, embodiments provide a hybridoma cell line that produces a
monocional antibody of the embodiments. In embodiments the hybridoma cell line is a line
that produces the SA10, RE2, 3A6, TEZ, 3F6, 1F1Q, 6011, 3D11, SALL, 1B1G, 4C1, 2F2,
&4, 7D11, 2C3, 4C5, 682, 4D35, 2BE, 1H7, 6C10.19 or 6C4.15 monoclonal antibody. Ina
further aspect, 1, 2, and/or 3 CDRs from the light and/or heavy chain variable region of a

MADb can be comprised in a humanized antibody or variant thereof.

100394 Certain aspects are directed to methods of treating a subject having or suspected
of having a Staphylococcus infection comprising administering to a patient having or
suspected of having a Staphviococcus infection an effective amount of a purified antibody or

polypeptide that specifically binds a Coa polypeptide.

13048] In a further aspect methods arc directed to treating a subject at risk of a
Staphylococcus infection comprising administering to a patient at risk of a Staphylococcus
infection an cffective amount of an antibody that binds a Coa polypeptide prior to mfection

with Staphylococcus.

{6041} Certain  embodiments are directed to an antibody or binding polypeptide
composition comprising an isolated and/or recombinant antibody or polypeptide that
specifically binds a peptide segment as described above. In certain aspects the antibody or
polypeptide has a sequence that is, is at least, or is at most 80, €3, 90, 95, 96, 97, 98, 99, or
100% identical {or any range derivable therein} to all or part of any monoclonal antibody

provided herein.

{6042] In additional embodiments, there are pharmaceutical compositions comprising one
or more polypeptides or antibodics or antibody fragrents that are discussed herein. Such a

composition may or may not contain additional active ingredients.
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{6043] In certain embodiments there is a pharmaceutical composition counsisting
essentially of a polypeptide comprising one or more antibodics or antibody fragmcents

discussed herein. It is contemplated that the composition may contain non-active ingredients.

{3044 Other aspects are directed to pharmaceutical compositions comprising an effective
anti-bacterial amount of an antibody that specifically binds to a peptide deseribed above and a

pharmaceutically acceptable carrier.

[(6045] The term “providing” is used according to its ordinary meaning to indicate “io
supply or furnish for use.” In some embodiments, the protein is provided divectly by
administering a composition corprising antibodies or fragments thereof that are described

herein.

13046} The subject typically will have {e.g., diagnosed with a persistent staphylococcal
infection), will be suspected of having, or will be at risk of developing a staphylococcal
infection.  Compositions include Coa-binding polypeptides in amounts effective to achieve
the intended purpose — ireatment or protection of Staphylococcal infection.  The term
“binding polypeptide” refers to a polypeptide that specifically binds to a target molecule,
such as the binding of an antibody to an antigen. Binding polypeptides may but need not be
derived from immunoglobulin genes or fragments of immunoglobulin genes.  More
specifically, an cffective amount means an amount of active ingredients necessary to provide
resistance to, amechioration of, or mitigation of infection. In more specific aspects, an
effective amount provents, alleviates or ameliorates symptoms of disease or infection, or
prolongs the survival of the subject beng treated. Determunation of the effective amount 18
well within the capability of those skilled n the art, especially in light of the detailed
disclosure provided herein. For any preparation used in the methods described herein, an
effective amount or dose can be estimated initially from in vitro, cell culture, and/or animal
meodel assays. For example, a dose can be formulated in androal models to achieve a desired
response.  Such information can be used to more accurately determine useful doses in

humans.

{0047} Compositions can comprise an antibody that binds Coa. Aug antibody can be an
antibody fragment, a humanized antibody, a monoclonal antibody, a single chain antibody or
the like. In certain aspects, the Coa antibody 1s elicited by providing a Coa peptide or antigen

or epitope that results in the production of an antibody that binds Coa in the subject. The Coa
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antibody is typically formulated in a pharmaceutically acceptable composition. The Coa
antibody composition can further comprise at least 1,2, 3,4, 5,6, 7,8, 9, 10, 11, 12, 13, 14,
15, 16, 17, 18, or 19 for more staphylococcal antigens or immunogenic fragments thereof.
Staphylococcal antigens include, but are not Hmited to all or a segment of Eap, Ebh, Emp,
EsaB, HsaC, BsxA, EsxB, IsdA, IsdB, Sdr(C, SdrD, SdrE, CifA, CHB, Coa, Hla {e.g., H35
rautants), IsdC, SasF, viWa, SpA and variants thercot (See U.S. Provisional Application serial
numbers 61/166,432, filed April 3, 2009; 61/170,779, filed April 20, 2009; and 61/103,196,
filed QOctober 6, 2009; cach of which is incorporated herein by reference in their entirety),
vWh, 52kDa vitronectin binding protetn (WO 01/60852), Aaa (GenBank CACR0837), Aap
{GenBank accession AJ249487), Ant (GenBank accession NP 372518}, autolysin
glucosarmimdase, autolysin amidase, Cna, collagen binding protein (US6288214), EFB (FIB),
Elastin binding protein (EbpS), EPB, FbpA, fibrinogen binding protein (US6008341),
Fibronectin binding protein (US58408446), FubA, FnbB, GehD (US 2002/0169285), HarA,
HBP, Immunodominant ABC transporter, {saA/PisA, laminin receptor, Lipase GehD, MAP,
Mg2+ transporter, MHC H analoguc (USS5648240), MRPIL, Npase, RNA I activating
protein {RAP), SasA, SasB, Sas(C, SasD, SasK, SBi, SdrF(W O 00/126893, Sdr(s / Fig (WO
00/12689), SdrH (WO 00/12689), SEA cxotoxins (WO 00/02523), SEB exotoxing (WO
00/025233, SutC and Ni ABC transporter, SutC/Mnt{/saliva binding protem (US5,801,234),
SsaA, SSP-1, SSP-2, and/or Vitronectin binding protein {sce PCT publications
WO2007/113222, WO2007/113223, W02006/032472, WOI006/032475, WO2006/032500,
cach of which is incorporated heremn by reference in their entirety). The staphylococcal
antigen, or immunogenic fragment or segment can be admimstered concurrently with the Coa
antibody. The staphylococcal antigen or immunogenic fragment and the Coa antibody can be
administered in the same or differcnt composition and at the same or different tiroes. The
composition may comprises multiple {e.g., 2, 3, 4, or more} Coa antibodies that bind Coa

polypeptides from multiple strains of 5. qureus.

{0048} The Coa antibody composition can further corprise antibodies, antibody
fragments or antibody subfragments to at least 1, 2, 3,4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14, 15,
16, 17, 18, or 19 of more {or any range derivable therein) staphylococcal antigens or
immunogentc fragments thereof. Staphylococcal antigens to which such antibodies, antibody
fragments of antibody subfragments are directed include, but are not limited to all or a
segment of Eap, Ebh, Emp, EsaB, Hsal, EsxA, EsxB, IsdA, IsdB, SdrC, SdrD, SdrE, CHA,
CifB, Coa, Hia (e.g., H35 mutants), IsdC, SasF, vWa, SpA and variants thercof (Sece U.S.
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Provisional Application serial numbers 61/166,432, filed April 3, 2009; 61/170,779, filed
April 20, 2009; and 61/103,196, filed October 6, 2009; cach of which is incorporated hercin
by reference in their entirety), vWh, 52kBDa vitronectin binding protein (WO (1/60852), Aaa
{(GenBank CACR0837), Aap (GenBank accession AJ249487), Ant (GenBank accession
NP 372518), autolysin glicosaminidase, autolysin amidase, Cna, collagen binding protein
(US6288214), EFB (FIB), Elastin binding protein (EbpS), EPB, FbpA, fibrinogen binding
protein {US6008341), Fibronectin binding protein (US5840846), FubA, FnbB, GehD (US
2002/6169288), HarA, HBP, Immunodominant ABC transporter, IsaA/PisA, laminin
receptor, Lipase GehDy, MAP, Mg2+ transporter, MHC 1l analogue (US5648240), MRPIIL,
Npase, RNA I activating protein (RAP), SasA, SasB, SasC, SasD, SasK, SBE, SdrF(WO
00/12689), SdeG / Fig (WO 00/12689), SdrH (WO 00/12689), SEA exotoxins (WO
00/02523), SEB exotoxins (WO 00/02523), SitC and Ni ABC transporter, SttC/MntC/saliva
binding protein (USS,801,234), SsaA, SSP-1, SSP-2, and/or Vitronectin binding protein {sce
PCT publications WO2007/113222, WOZ007/113223, WO2006/032472, WO2006/032475,
W(2006/032500, cach of which 18 incorporated herein by reference in their cutirety). The
antibodies, anttbody fragments or antibody subfragments to other staphylococcal antigens or
imrunogenic fragments thercof can be administered concurrently with the Coa antibody.
The antibodies, antibody fragments or antibody subfragments to other staphylococcal
antigens or immunogenic fragments thereof can be administered in the same or different

composition to the Coa antibody and at the sarae or different times,

{8049] Embodiments include compaositions that contain or do not contain a bacteriam. A
composition may or may not include an attenuated or viable or intact staphylococcal
bactertum. o certain aspects, the composition comprises a bacterium that s vot a
Staphylococci bactertum or does not contain Staphylococci bacteria. In certain embodiments
a bacterial composition compriscs an isolated or recombinantly expressed Coa antibody or a
nucleic acid encoding the same. In still further aspects, the Coa antibody is multimerized,

e.g., a dimer, a trimer, a terframer, eic,

{0056 In certain aspects, a peptide or an antigen or an epitope can be presented as

multimers of 1,2, 3,4, 5, 6,7, 8, 9, 10 or more peptide segments or peptide mimetics.

{6051} The term “isolated” can refer to a nucleic acid or polypeptide that is substantially
free of cellular matenial, bacterial material, viral matenal, or culture medium {(when produced

by recombinant DNA techniques) of their source of origin, or chemical precursors or other
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cheraicals (when chemically synthesized). Moreover, an isolated compound refers to one that
can be administered to a subject as an solated compound; in other words, the compound may
not simply be considered “isolated” if it is adhered to a column or embedded in an agarose
gel. Morcover, an “isolated nucleic acid fragment” or “isolated peptide” is & nueleic acid or
protein fragment that is not naturally occurring as a fragment and/or is not typically in the

functional state.

{6052] Compositions such as antibodies, peptides, antigens, or tmmunogens may be
conjugated or linked covalently or noncovalently to other woteties such as adjuvants,
proteins, peptides, supports, fluorescence moietics, or labels. The term “conjugate” or
“iromunoconjugate” is broadly used to define the operative association of one moiety with
another agent and is not intended to refer solely to any type of operative association, and is

particularty not limited fo chewmical “conjugation.” Recombinant fusion proteins are

particularty contemiplated.

{30534 The term “Coa antibody” refers to an antibody that specifically binds Coa proteins
from staphylococcus bacteria, In certain embodiments the antibody may bind a specific Coa

protein from a particular staphylococcus bacteria strain.

{6054 In further aspects a composition may be administered more than one time to the
subject, and may be administered 1, 2, 3, 4, 5, 6, 7, &, 9, 10, 15, 20 or more times {or any
range derivable therein). The administration of the compositions include, but is not limited to
oral, parenteral, subcutancous and intravenous admunistration, or various combinations

thereof, imcluding inhalation or aspivation.

G035} Comapositious are typically administered to bhuroan subjects, but administration to
other animals that are capable of providing a therapeutic benefit against a staphylococcus
bacteriurn are conterplated, particularly cattle, horses, goats, sheep, birds and other
domesticated animals. In further aspects the staphylococcus bacterium is a Siaphviococcus
aureus. To still further aspects, the methods and compositions may be used to prevent,
ameliorate, reduce, or treat infection of tissues or glands. Other methods include, but are not
fimited to prophylactically reducing bacterial burden in a subject not cxhibiting signs of
infection, particularly those subjects suspected of or at risk of being colonized by a target
bacteria, e.g., paticnts that are or will be at risk or susceptible to infection during a hospital

stay, treatment, and/or recovery.

- 14 -
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{056} Still further embodiments include methods for providing a subject a protective or
therapeutic composition against a staphylococcus bacteriurn comprising adruinistering to the
subject an effective amount of a composition inchiding (i) a Coa antiboedy; or, (i) a nucleic
acid molecule encoding the same, or (iu) admunistering an Coa antibody with any

combination or permutation of bacterial proteins described herein.

{6657] The ermbodiments in the Example section are understood to be embodiments that

arc applicable to all aspects of the invention, including compositions and methods.

{058] The use of the torm “or” i the claims s used to mean “and/or” unless explicitly
indicated to refer to aliernatives only or the alternatives are mutually exclusive, although the
disclosure supports a definition that refers to only alternatives and “and/or.” It is alse

conteraplated that anything histed using the tevm “or” may also be specifically excluded.

{G0539] Throughout this application, the terro “about” 18 used to indicate that a value
includes the standard deviation of error for the device or method being employed to

determmune the value,

13068] 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.

{0061} As used in this specification and claimds), the words “comprising” {and any form
of comprising, such as “comprise” and “comprises”}, “having” {(and any form of having, such
as “have” and “has”), “mchuding” (and any form of mncluding, such as “includes” and
“inchude”) or “containing” (and any form of containing, such as “contains” and “contain”) are

inclusive or open-ended and do not exclude additional, unrecited clements or method steps.

18062} Other objects, features and advantages of the present invention will become
apparent from the following detailed description. It should be understood, however, that the
detatled description and the specific examples, while indicating specific embodiments of the
fovention, are 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.
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BESCRIPTION OF THE DRAWINGS

{00631 So that the matter in which the above-recited features, advantages and objects of
the nvention as well as others which will become clear are attained and can be understood in
detatl, more particular descriptions and certain embodiments of the invention briefly
summarized above are illustrated in the appended drawings. These drawings form a part of
the specification. It is to be noted, however, that the appended drawings illustrate certain

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

{3064/ FiGs, 1A - 1B: Hlustrations of the primary structure of coagulase from 5.
aureus Mewman {Coavy) and the regions of coagulase fargeted by certain Coa~specific
monocional antibodies. FIG. 1A shows an tllustration of the prirnary structure of coagulase
from 8. aureus Newman {Coany ), which was purified via an N-terminal Hisg tag from £. cofi.
Coanm encompasses the D1 and D2 domains involved in prothrombin binding, the linker (L)
domain and the Repeat {R) domain, which is comprised of tandero repeats of a 27 residue
peptide sequence that binds to fibrinogen. In addition to Coang, the Blcas, D2 cos D12 ¢0s, L
Coar NG R cop domains as well as a construct of D, without amino acids 1-18, D14, were
purified with N-terminal Hisq tags. FIG. 1B shows an an illustiation of the regions of
coagulase targeted by Coa-specific monoclonal antibodies 5D35, 8CZ, 6C10, 3B3, 6(4, and

TH4.

{065] FiGs., 2A — 2B: Mab SD54 disrupts Coaprothrombin activity., (A)
Coa prothrombin enzymatic activity was measured with chromogenic substrate S-2238.

Following pre-incubation with Mab 5D5.4 or (ATCC Accession wuraber 3 polyclonal

purtfied a-Coa, activity was reduced. Statistical analysis was assessed using 1-way ANOVA
followed by a post-hoe Dunnett’s multiple comparison test. (B} The association of Coany
with human prothrombin was measured by ELISA and perturbed with increasing
concentrations Mab 5DS.4 or control 1gG1. Compared to isotype condrol, * P < 0.05, ¥* P<

(.01,

{6066 FiGs. 3A — 3B: Protective value of coagulation-neutralizing antibodies.
Monoclonal antibodies 5D5.4, 7TH4.25, (ATCC Accession number 3 oor IgGl isotype
control (A or RC2.9 or 1g(G2a isotype control (B} were mjected at a concentration of Srag-kg’

body weight into the peritoneal cavity of naive BALB/c mice. Passively immunized mice
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were challenged by intravenous injection with 8. aurews Newman isogenic mutant vwéb

(2x10° CFU) and survival of animals was monitored over 10 days.

[6067] FEG. 4: Cross-protection of Mab 5D5.4 toward infection by clinical isclates
of different Coa serotypes. Monoclonal antibody 3D5.4 or IgGl isotype control was
injected at a concentration of Smgkg’ body weight into the peritoneal cavity of naive
BALB/c mice. Passively immumized mice were challenged by intravenous injection with 8.
aureus strains {A) N315 (1x10° CFU) or (B) MW2 (2x10° CFU), and survival of animals was

monitored over 10 days.

{3068} FEIGS, 5A-D:  Mice received intraperiioneal injections of SD5.4 or an IgGl
isotype control, and were subsequently infected with a lethal dose of 8. awreus strains
Newman (Coa type I (FIG. SA), N31S (Coa type H) (FIG. 5B), Cowand {Coa type V)
{(F1G. 5C), or MW2 (Coa type VI (FIG. 5D}, and were monitored over a ten-day
obscrvation period to assess their protective role. SD5 .4 treatment resulted 1 a delay in time-
to-death for animals challenged with strains Newman (IgG1 vs 5054, P <0.01), N315 (IgGl
vs. SB5.4, P <0.05), Cowanl (IgG1 vs. 5DS.4, P<0.05) or MW2 (IgGl vs. 5B5 .4, P <0.05).

{006%] FIGs., 6A — 6D: Monoclonal antibodies that recognize CToe. (A-B) The
association of CTe,, with human fibrinogen was measured by ELISA and perturbed with
increasing concentrations Mab 3B3.14 or control IgGl (A) or Mab 6C4.15 or control 1gG2b
(B}. Compared to isotype control, * P < 0.05, ** P< (.01, *** P< 0.001. (C-D) Monoclonal
antibody 3B3.14 or IgGl control (C) or 6C4.15 or IgG2b (D) was mjected at a concentration
of Smgkg' body weight into the peritoneal cavity of naive BALB/c mice. Passively
immunized mice were challenged by intravenous injection with S, gurens strain vwh and

survival of aniroals was monttored over 10 days.

{3076} FEGS, TA-D: Mice recetved intraperitoneal mjections of 3B3.14 or IgG1 wsotype
control, and were subsequently infected with a lethal dose of S agureus clinical isolate
USA300 (Coa type 1D (FIG. 7A), N315 (Coa type 11} (FIG. 7B), Cowanl (Coa type IV)
{(FiG. 7C}, or MW2 (Coa type VI (FIG. 7D}, and were monitored over a ten-day
obscrvation period to asscss their protective role. 3B3.14 did not protect mice against
challenge with the wildtype Newman (IgGl vs. 3B3.14 p>0.05 FIG. 7A), N315 (IgG1 vs.
3B3.14 p.0.05 FIG. 7B), or MW2 (IgG1 vs. 3B3.14 p.0.05 FIG. 7D). 3B3.14 provided a
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modest delay in time to death following challenge with strain Cowanl (IgG1 vs. 3B3.14

p<0.001; FIG. 70).

{8071 FIG. 8 Alignment of Coa sequences from USA300 (SEQ ID NO: 1), N315 (SEQ
3 NO:2), MRSAZSZ (SEQ D NO: 4), MW2 (SEQ ID NG: 3), and WIS (SEQ 1D NO: 3).

DETAILED DESCRIPTION OF THE INVENTION

18072} Staphviococcus aureus is a commensal of the human skin and nares, and the
leading cause of bloodstream, skin and soft tissuc infections (Klevens e af., 2007). Recent
dramatic increases in the mortality of staphylococcal discascs are attributed to the spread of
rocthicillin-resistant S, aurens (MRSA) strains often not susceptible to antibiotics (Kennedy
et al., 2008). In a large retrospective study, the incidence of MRSA infections was 4.6% of
all hospital admissions in the United States (Klevens er @/, 2007}, The annual health care
costs for 94,300 MRSA infected individuals in the United States exceed $2.4 bitlion (Klevens
etal., 2007). The current MRSA cpidemic has precipitated a public health crisis that needs to
be addressed by development of a preventive vaccine {Boucher and Corey, 2008). To date,

an FDA licensed vaccine that provents S, gurens diseases is not available.

Coagulase {Coa) is an important virulence factor in the pathogenesis of staphylococcal sepsis.
The conversion of fibrinogen to fibrin by the Coa:prothrorabin  coraplex  enables
Staphylococcus aureus to cvade immune defenses and disseminate throughout the body.
Huomoral immunity toward Coa 18 protechive i a muurine sepsis model. Previous work
demonstrated that there are protective epitopes in both the N- and C-terminus and that there is
type-specific immunity, attributable to the genetic vanation n the N-terminus of Coa among

strains.

The inventors describe here staphylococcal coagulase-binding antibodies and the antigen
binding determinants thereof. In particular, a pancl of monoclonal antibodies were generated
against Coa and characterized based on their affinity for individual domains of the protein
and their disturbance of clotting. Based on in vitre characteristics, several monoclonal
antibodies were tested for protection in a8 murine sepsis model resulting in the identification
of a protective epitope i the conserved portion of the N-terminus. Importantly, antibodics
targeting this epitope are able, when administered to animals, to reduce Staphylococcal sepsis

following challenge with virulent 8. gureuns. Because these molecules are able to block the

Z18-



h

10

20

[ )
(92

30

WO 2013/162751 PCT/US2013/031927

prothrombin-activating effects of Coa, such antibodies may also enhance host immune
response following staphylococcal infection.  Thus, the Coa-binding moelecules of the

embodiments offer a new and effective avenue to treat or prevent staphylococcal disease.

L COAGULASE POLYPEPTIDES

{6073] Certain aspects of the embodiments concern coagulase {(Coa) polypeptides. An
ithustration of the primary structure of Coa from S, 4ureus Newman (Coang) 18 provided in
FIG. 1A, Naucleie acid sequences for Coa from eight S aureus strains are provided in SEQ
1D NOs: -8 as follows: USA300 (SEQ ID NO: 1), N315 (SEQ ID NO: 2), MW2 (SEQ ID
NO: 33, MRSAZS2 (SEQ D NG: 4), WIS (SEQ 1D NO: 53, MUSG (SEQ 1D NO: 6), 85/2082
(SEQ ID NO: 73, and Newman (SEQ ID NO: 8). An alignment of Cos sequences from
USA300 (SEQ 1D NO: 1), N315 (SEQ 3 NGO 2), MRSA2S52 (SEQ 1D NO: 43, MW2 (SEQ
D NO: 3), and WIS (SEQ 1D NG: 5) is provided in FIG. 6.

{30744 Coagulase interacts with host prothrombin through its N-terminal domains, D1
and D2. The three-helix bundies of D1 and D2 share structural suvularity but are poorly
conserved at the sequence level {661, The first 150 amino acids comprise the D1 domain [68].
The amino-terminal tetrapeptide of Coa nserts into the activation pocket of prothrombin and
forms a salt bridge with prothrombin Aspl94 [66]. The first of two high-affinity binding
interactions between Coa and prothrombin occurs through a hydrophobic surface groove in
D1 with the 148 loop of prothrombin [66]. SCisgoe comprises the D2 domain [68]. The
second high-affinity binding interaction 1s between the side chain of Tyi76 of the
prothrombin exosite 1 and D2 alpha helices [66]. Coa forms a dimer in solution, with each
monomer binding one molecule of prothrombin [66]. A complex forred by prothrombin and
a recombinant construct of the DID2 domain (ST .35} is able to bind fibrinogen through a

distinct interaction from the substrate binding exosite on prothrombin {133].

{8075] Two other domains of Coa arc less well understood. Following D2, there is a
highly conserved Linker (L) region with unknown function {771 Near the C-erminus is a
region of tandem repeats of a 27 amino acid peptide, and the number of repeats varies among
strains {77]. The repeat region s thought to be responsible for high affinity binding to

fibrinogen [133,214].

{6076] The gene encoding Coa (coa} 1s found on all 8. aurens chromosomes, yet it is one

of the most variable proteins, with twelve koown types (Watanabe et al 2005, Watanabe ¢t al
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200393, The majority of variability among Coa alleles resides in the D1 and D2 domains. The
linker region is relatively conserved with 86.7% identity among serotypes (Watanabe ot al
2805). Of note, the amino terminal end of mature Coa, i.¢. the first seven residues following
the signal peptidase cleavage site, activate prothrombin and these residucs are conserved
among all strains analyzed [68]. The C-terminal tandem repeats of a 27 residue peptide vary
in nuraber from five to nine but have greater than 90% ideuntity arnong serotypes (Watanabe
et al 2005). Antibodies that recognize epttopes in SCpag are necessary to block the
enzymatic activities of the Coa-prothrombin complex [{215]. /n vive, antibodies against the C-
terroinal repeats also confer protection [215], though the mechanism of protection is vot yet

clear.

{6677} Coa polypeptides can be used as subunit vaccines and raise humoral immune
responses and confer protective Jmmunity against S qwreus challenge. In certaip
embodiments, polyvalent vaccines targeting Coa variation across multiple S, aurueus strains
are contemplated. This embodiment is discussed in a U.S. Provisional Patent Application
filed on April 26, 2012 entitled “STAPHYLOCOCCAL COAGULASE ANTIGENS AND
METHODS OF THEIR USE” i the names of Molly McAdow, Andrea DeDent, Alice
Cheng, Carla Emolo, Dominique Missiakas, Olaf Schneewind, which is hereby incorporated

by reference in is entirety.

ii. PROTEINACEOUS COMPOSITIONS

{0078] Proteins may be rccombinant, or synthesized in vifre.  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,

Consequently, a protein need not be isolated.

{079} The term “functionally equivalent codon” is used herein to refer to codons that
encode the same amine acid, such as the six codons for arginine or sering, and also refers to

codons that encode biologically equivalent aroino acids (see Codon Table, below).
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Codon Table

Amino Acids Codons

Alaning Ala A | GCA GCC GCG GCU

Cysteine Cys C UGC Uugu

Aspartic acid Asp 3 1 GALC GAU

Glutamic acid Gig E 1 GAA GAG

Phenylalanine Phe F juuc vuu

Glycine Gly G | GGA GGC GGG GGU

Histidine His H [CAC CAU

Isolencine e I JAUA AUC AUU

Lysine Lys K JAAA AAG

Leucine leu { UUA UUG CUA CUC CUG CUU
Methionine Met M JAUG

Asparagine Asn N AAC AAU

Proline Pro P JCCA CCC CCG CCU

Gluytamine Gin Q| CAA CAG

Arginine Arg R [AGA AGG CGA CGC CGG CQU
Serine Ser S TAGC AGU UCA UCC UCG ucy
Threoning Thr T JACA ACC ACG ACU

Valine Val VvV I GUA GUC QUG GUU
Tryptophan Trp W UGG

Tyrosine Tyr Y JUAC UAL]

0086} it also will be understood that amino acid and nucleic acid sequences may include

additional residues, such as additional N- or C-terminal amino acids, or 5 or 3' sequences,
respectively, and yet still be essentially as set forth in one of the sequences disclosed herein,
s0 long as the sequence meets the criteria set forth above, including the maintenance of
biological protein activity where protein expression is concerned. The addition of terminal
sequences particularly applies to oucleic acid sequences that may, for exawmple, joclade

various non-coding sequences flanking either of the 5" or 3' portions of the coding region.

{6081} Substitutional variants typically contain the exchange of one amino acid for
another at onc or more sties within the protein, and may be designed to modulate one or more
properties of the polypeptide, with or without the loss of other functions or properties.
Substitutions may be conservative, that is, one araino acid is replaced with one of similar
shape and charge. Conservative substitutions are well known in the art and include, for
example, the changes oft alanine to scrine; arginine to lysine; asparagine to ghutamine or
histidine; aspartate to glutamate; cysteine to senne; glutamine to asparagine; glutamate to
aspartate; glycine to proling; histidine to asparagine or glutamine; isoleucine to leucine or
valing; leucine to valine or isoleucing; lysine to arginine; methionine to leucine or isoleucing;

phenylalanine to tyrosine, leucine or methionine; serine to threonine; threonine to sering;
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tryptophan to tyrosine; tyrosine to tryptephan or phenylalanine; and valine to isoleucine or
icucine. Alternatively, substitutions may be non-conservative such that a function or activity
of the polypeptide is affected. Non-conservative changes typically tnvolve substituting a
residuc with one that is chemically dissimilar, such as a polar or charged amino acid for a

nonpolar or uncharged amino acid, and vice versa.

{082} The following is a discussion based upon changing of the amino acids of a protein
to create an equivalent, or even an improved, second-gencration molecule. For example,
certain arnno acids roay be substituted for other amino acids i a protein structure without
appreciable loss of interactive binding capacity with structures such as, for example, antigen-
binding regions of autibodies or binding sites on substrate molecules.  Swmee it is the
interactive capacity and nature of a protein that defines that protein’s biological functional
activity, certain amnivo acid substitutions can be made in a protewn sequence, and iu its
underlying DNA coding sequence, and nevertheless produce a protein with like properties. It
is thus conteraplated by the inventors that various changes may be made in the DNA

sequences of genes without appreciable loss of their biglogical utility or activity.

{083} In making such changes, the hydropathic index of amino acids may be considered.
The importance of the hydropathic arsino acid index in conferring interactive biologic
function on a protein is generally understood in the art (Kyte and Doolittle, 1982). 1t is
accepted that the relative hydropathic character of the amino acid contributes fo the
secondary structure of the resultant protein, which in turn defines the interaction of the
protein with other molecules, for example, enzymes, substrates, receptors, DNA, antibodies,

antigens, and the like.

{8084] it also 18 understood in the art that the sugbstitution of hike amine acids can be
made effectively on the basis of hydrophilicity. U.S. Patent 4,554,101, incorporated herein by
reference, states that the greatest local average hydrophilicity of a profein, as governed by the
hydrophilicity of its adjacent amino acids, correlates with a biological property of the protein.
it is understood that an amino acid can be substituted for another having a similar
hydrophilicity value and stil produce a biologically equivalent and immunologically

equivalent protein.

{0085} As outlined above, amino acid substitutions generally are based on the relative

similarity of the amino acid side-chain substituents, for example, their hydrophobicity,



10

20

P
i

WO 2013/162751 PCT/US2013/031927

hydrophilicity, charge, size, and the like. Exemplary substitutions that take into consideration
the various foregoing characteristics are well known and include: arginine and lysine;
ghitamate and aspartate; serine and threonine; glutamine and asparagine; and valine, leucine

and isoleucine.

{0086} 1t is contemplated that in compositions there 1s between about 0.001 mg and about
10 mg of total polypeptide, peptide, and/or protein per ml. Thus, the concentration of protein
in a composition can be about, at least about or at most about 0.001, 8.010, 0.050, 0.1, 0.2,
03,04,05,06,07,08,09,1.0,15,20,25,3.0,35,40,45,50,55,60,65,70,75,
8.0, 8.5, 9.0, 9.5, 10.0 mg/m! or more {or any range derivable therein). Of this, about, at least
about, or at most about 1, 2, 3, 4, 5, 6, . 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 26, 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, 39, 60, 61, 62, 63, 64, 63, 66, 67, 68, 69, 70, 71,
72,73,74,75,76, 77,78, 79, 80, 81, 82, 83, 4, 85, K6, 87, KE, 89, 80, 91, 92, 93, 94, 95, 96,

r
]
7

K

N

<

97. 98, 99, 100% may be an antibody that binds Coa, and may be used in combination with

other staphylococcal proteins or protein-binding antibodies described herein.

A, Polypeptides and Polypeptide Production
{8087} Embodiments involve polypeptides, peptides, and proteins and immunogenic

fragments thereof for use in various aspects described herein.  For example, speeific
antibodies are assayed for or used in neutralizing or inhibiting Staphylococcal infection. In
specific embodiments, all or part of proteins described hercin 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 e al, (1983);, Mermrifield, {1986}, and
Barany and Moerrifield (1979), cach incorporated herein by reference.  Alternatively,
recombinant DNA technology may be employed wherein a nucleotide sequence that encodes
a peptide or polypeptide is inscrted into an expression vector, transformed or transfected into

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

{6088} One embodiment includes the use of gene transfer to cells, including
microorganisms, for the production and/or presentation of proteins. The gene for the protein
of inferest voay be transferred into appropriate host cells followed by culture of cells under
the appropriate conditions. A nucleic acid encoding virtually any polypeptide may be

employed.  The generation of recombinant expression vectors, and the clements included
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therein, are discussed herein.  Alternatively, the protein to be produced may be an

cndogenous protein normally synthesized by the cell used for protein production.

{0089] In a certain aspects an immunogenic Coa fragment comprises substantially all of

the D1 and/or D2 domains of a Coa protein isolatable from S. qurens.

{3096} Alse included in immunogenic compositions are fusion proteins composed of
Staphylococeal proteins, or immunogenic fragments of staphylococcal proteins {e.g., Coa).
Alternatively, erobodireents also include individual fusion protemus of Staphylococcal
proteins or immunogenic fragments thercof, as a fusion protein with heterologous sequences
such as a provider of T-cell epitopes or purification tags, for example: B-galactosidase,
ghatathione-~-S-transferase, green fluorescent proteins {GFP), epitope tags such as FLAG, myc
tag, poly histidine, or viral surface proteins such as influenza virus hacmagghutinin, or

bacterial proteins such as tetanus toxowd, diphtheria toxord, CRM197.

B, Antibodies and Antibody-Like Molecules

{6091 In certain aspects, one or more antibodies or antibody-like molecules {e.g.,
polypeptides comprsing antibody CDR domains) may be obtained or produced which have a
specificity for an Coa. In particular erobodiraents, one or more antibodies or antibody-like
molecules {e.g., polypeptides comprsing antibody CDR domaing) may be obtained or
produced which bave a specificity for the D1 and/or D2 dowain of Coa. These antibodies

may be used in various diagnostic or therapeutic applications described herein.

{4092] As used herein, the termr “antibody” 1s intended to refer breadly to any
immunologic binding agent such as Ig(, IgM, IgA, IgD and IgE as well as polypeptides
comprsing antibody CDR domains that retain antigen binding activity. Thus, the term
“antibody” 1s used to refer to any antibody-like molecule that has an antigen binding region,
and includes antibody fragments such as Fab', Fab, F(ab"), single domain antibodies (DABs),
Fv, scFv {single chain Fv), and polypeptides with antibody CDRs, scaffolding domains that
display the CDRs (e.g, anticalins) or a nanobody. For example, the nanobody can be
antigen-specific VHH {(e.g., a recombinant VHH) from a camehd IgG2 or 1gG3, or a CDR-
displaying frame from such cameclid Ig. The techniques for preparimg aund using various
antibody-based counstructs and fragments are well known in the art. Means for preparing and
characterizing antibodies are also well known in the art (See, e.g., Antibodies: A Laboratory

Manual, Cold Spring Harbor Laboratory, 1988; incorporated herein by reference).
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{6693] “Mini-antibodies” or “mintbodies” are also contemplated for use with
cmbodiments. Minibodics arc sFv polypeptide chains which include oligomerization dornains
at their C-termini, separated from the sFv by a hinge region. Pack ef ol (1992). The
oligomerization domain comprises self-associating o-helices, e.g., leucine zippers, that can
be further stabilized by additional disulfide bonds. The oligomerization domain 1 designed to
be compatible with vectorial folding across a membrane, a process thought to facilitate in
vive folding of the polypeptide into a functional binding protein.  Generally, ruinibodies are
produced using recorobivant rocthods well known in the art. See, e.g., Pack er af. (1992}

Cumber ef af. (1992).

{6094] Antibody-like binding peptidomimetics are also contemplated in embodiments.
L er al(2003) describe “antibody hke binding peptidomimetics” (ABiPs), which are
peptides that act as pared-down antibodies and have certain advantages of longer serum half-

iife as well as less curmbersome synthesis methods,

[6095] Alternative scaffolds for antigen binding peptides, such as CDRs are also
available and can be used to gencrate Coa-binding mwolecules in accordance with the
cmbodiments. Generally, a person skilled 1o the art knows how to determine the type of
protein scaffold on which to graft at least one of the CDRs arising from the original antibody.
More particularly, it 18 koown that to be sclected such scatfolds must meet the greatest
number of criteria as follows (Skerra, 2000} good phylogenetic conservation; known three-
dimensional structure {as, for cxample, by crystallography, NMR spectroscopy or any other
technique koown to a person skilled in the art); small size; few or no post-transcriptional

maodifications; and/or easy to produce, cxpress and purify.

3096} The origin of such protein scaffolds can be, but is not Hmited to, the structures
selected among: fibrovectin and preferentially fibronectin type 1l domain 10, lipocalin,
anticalin {Skerra, 2001), protein Z arising from domain B of protein A of Staphylococcus
aurcus, thioredoxin A or proteins with a repeated motif such as the “ankyrin repeat” (Kohl et
al., 2003}, the “armadilio repeat”, the “leucine-rich repeat” and the “ietratricopeptide repeat”.
For exaraple, anticalins or lipocahn derivatives are a type of binding proteins that have
affinities and specificities for various target molecules and can be used as SpA binding
roolecules. Such proteins are described wn US Patent Publication Nos. 20100285564,
20060058510, 20060088908, 20050106660, and PCT Publication No. WO2006/056464,

meorporated herein by reference.
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{6697] Scaffolds derived from toxins such as, for example, toxins from scorpions, insects,
plants, mollusks, etc., and the protein inhibiters of neuronal NO synthase (PIN) may also be

used in certain aspects.

{30981 Monoclonal antibodies {MAbs) are recognized to have certain advantages, e.g.,
reproducibility and large-scale production. Embodiments include monoclonal antibodies of

the human, murine, monkey, rat, hamster, rabbit and chicken origin.

16659] “Hurnanized” antibodies are also contemplated, as are chimeric antibodies from
rouse, rat, or other species, bearing human constant and/or varable region domains,
bispecific antibodies, recombinant and cogiveered antibodies and fragments thereof. As used
herein, the term “humanized” immunoglobulin refers to an immunoglobulin comprising a
human framework region and ove or more CDR's from a non-huwan {usually a mouse or rat)
immunoglobulin. The non-human immunoglobulin providing the CDR's s called the “donor”
and the humean mmmunoglobulin providing the framework s called the “acceptor”. A
“humanized antibody” is an antibody comprising a humanized light chain and a humanized

heavy chain immunoglobulin.
i, Methods for Generating Antibodies

{00180] Mocthods for generating antibodies (e.g, monoclonal antibodies  and/or
monoclonal antibodies) are known in the art. Briefly, a polyclonal antibedy is prepared by
immunizing an animal with a Coa polypeptide or a portion thereof in accordance with

embodiments and collecting antisera from that immunized animal.

{06101} A wide range of animal species can be used for the production of antisera.
Typically the animal used for production of antiscra is a rabbit, a mouse, a rat, a hamster, a
guinea pig or a goat. The choice of animal may be decided upon the case of manipulation,
costs or the desired amount of scra, as would be known to one of skill in the art. It will be
appreciated that antibodies can also be produced transgenically through the generation of a
mamimal or plant that is transgenic for the timnunoglobulin heavy and light chain sequences
of interest and production of the antibody in a recoverable form therefrom. In connection
with the transgenic production in mammals, antibodies can be produced in, and recovered
from, the milk of goats, cows, or other mammals. Sce, eg., US. Pat. Nos. 5,827,690,

5,756,687, 5,750,172, and 5,741,957,
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{66182]  As is also well known in the art, the immunogenicity of a particular immunogen
composition can be cnhanced by the use of non-specific stimulators of the immunce response,
known as adjuvants. Suitable adjuvants include any acceptable immunostimulatory
compound, such as cytokines, chemokines, cofactors, toxins, plasmodia, synthetic

compositions or vectors encoding such adjuvants.

{66183]  Adjuvants that may be used in accordance with embodiments include, but are not
fimited to, 1L-1, 1L-2, 1L-4, IL-7, IL-12, -interferon, GMCSP, BCG, aluminum hydroxide,
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 cmulsion is alse contemplated. MHC antigens may cven be used.
Exemplary adjuovants may include complete Freund's adjuvant {(a non-specific stiroulator of
the immune response containing killed Mycobacterivm tuberculosis), incomplete Freund's

adpuvants and/or alurminure hydroxide adjuvant.

{00184] In addition to adjuvants, it may be desirable to coadminister biologic response
meodifiers (BRM), which have been shown to upregulate T cell immunity or downregulate
suppressor cell activity, Such BRMs include, but are not hmited to, Cimetidine (CIM; 1200
mg/d) (Smith/Kline, PAY; low-dose Cyclophosphamide (CYP; 300 mg/m?2) (Johnson/ Mead,
NI, cytokines such as  -interferon, 1L-2, or 1L-12 or genes encoding proteins invelved in

immune helper functions, such as B-7.

[G0185]  The amount of fromunogen composition used n the production of antibodics
varies upon the nature of the immunogen as well as the animal used for immunization. A
variety of routes can be used to administer the immunogen meluding but not limited to
subcutancous, intranmuscular, intradermal, intracpidermal, intravencus and intraperitoneal.
The production of antibodies may be monttored by sampling blood of the immunized animal

at various points following immunization.

{60186] A second, booster dose {e.g., provided in an injection), may alse be given. The
process of boosting and titering 1s repeated until a suitable titer 18 achieved. When a desired
level of immmmogenicity is obtained, the immunized animal can be bled and the serum

isolated and stored, and/or the animal can be used to gencrate MAbs.
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{66187] For production of rabbit polyclonal antibodices, the animal can be bled through an
car vein or alternatively by cardiac puncture. The removed blood is allowed to coagulate and
then centrifuged to separate serum components from whole cells and blood clots. The serum
may be used as 1s for various applications or clse the desired antibody fraction may be
purtfied by well-known methods, such as affinity chromatography using another antibody, a
peptide bound to a solid matrix, or by using, e.g., protein A or protein G chromatography,

amoung others.

{00168] MAbs may be readdy prepared through use of well-known technigues, such as
those exemplified in U.8. Patent 4,196,265, incorporated herein by reference. Typically, this
techuique fovolves imumunizing a suitable animal with a selected immunogen composition,
¢.g., a purified or partially purified protein, polypeptide, peptide or domain, be it a wild-type
or mutant composition. The immunizing composition is adminstered 1u a manner effective to

stimulate antibody producing cells.

100189 The methods for generating monoclonal antibodies (MAbs) generally begin along
the same lines as those for preparing polyclonal antibodics. In some embodiments, Rodents
such as mice and rats are used in generating monoclonal antibodies. In some embodiments,
rabbit, sheep or frog cells are used in generating monoclonal antibodics. The use of rats 1s
well known and may provide certain advantages (Goding, 1986, pp. 60 61). Mice (eg.,

BALB/c mice)are routinely used and generally give a high percentage of stable fusions.

{00110] The animals are mjected with antigen, generally as described above. The antigen
may be roixed with adjuvant, such as Freand's complete or mcomplete adjuvant. Booster
administrations with the same antigen or DNA encoding the antigen may occur at

approximately two-week intervals,

{00111} Followmg wmmunization, somatic cells with the potential for producing
antibodics, specifically B tymphocytes (B cells), are selected for use in the MAD generating
protocol. These cells may be obtained from biopsied spleens, tonsils or lymph nodes, or from
a peripheral blood sample. Generally, spleen cells are a rich source of antibody-producing
cells that are in the dividing plasmablast stage. Typically, peripheral blood cells may be

readily obtained, as peripheral blood is easily accessible.

{30112}  In some embodiments, a panel of animals will have been immunized and the

spleen of an animal with the highest antibody titer will be removed and the spleen

-8 -
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lymphocytes obtained by homogenizing the spleen with a syringe. Typically, a spleen from

. . . - 7 £
an imrunized mouse contains approximately 5 x 107 to 2 x 10° lymphocytes.

{00113} The antibody producing B lymphocytes from the immunized aniroal are then
fused with cels of an immortal myeloma cell, generally one of the same species as the animal
that was imrunized.  Myeloma cell lines sutted for use in hybrnidoma producing fusion
procedures preferably are non antibody producing, have high fusion efficiency, and enzyme
deficiencies that render then incapabic of growing in certain selective media which support

the growth of only the desired fused cells (hybridomas).

{08114  Any one of a nuamber of myeloma cells may be used, as are knvown to those of skill
in the art {(Goding, pp. 65 66, 1986; Campbell, pp. 75 83, 1984}, cites). For example, where
the immunized aniral is a mouse, one may use P3 X63/AgR, X63 Agk.633, NS1/1.Ag 4 1,
Sp210 Agl4, FO, NSO/U, MPC 11, MPC1TE X435 GTG 1.7 and S194/5XX0 Bul; for rats, one
may use R2ZIORCY3, Y3 Ag 1.2.3, IRO83F and 4B210; and U 266, GM15060 GRG2Z, LICR
LON HMyZ and UC729 6 are all useful in connection with human cell fusions. See Yoo ef af.

(2002), for a discussion of myeloma expression systems,

{00115]  One murine mycloma cell 1s the NS-1 myeloma cell line {also termed P3-NS-1-
Agd-1}, which is readily available from the NIGMS Human Genetic Mutant Cell Repostiory
by requesting cell hine repository number GM3573. Another mouse mycloma cell line that
may be used is the & azaguanine resistant mouse murine myeloma SP2/0 non producer cell

line.

100116] Methods for generating hybrids of antibody producing spleen or lymph node cells
and myeloma cells usually comprise mixing soroatic cells with myeloma cells in a 211
proportion, though the proportion may vary from about 20:1 to about 1:1, respectively, in the
presence of an agent or agenis {chemical or clectrical) that promote the fusion of cell
membranes. Fusion methods using Sendai virus have been described by Kehler and Milstein
{1975; 1976}, and those using polyethylene glycol (PEG), such as 37% (v/v) PEG, by Getter
et al., (3977}, The use of electrically induced fusion methods is also appropriate {Goding pp.

7174, 1986).

{06117} Fusion procedures usually produce viable hybrids at low frequencies, about 1 x
107 to 1 x 10", However, this does not pose a problem, as the viable, fused hybrids are

differentiated from the parcntal, unfused cells (particularly the unfused myeloma cells that

-9 .
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would normally contimue to divide indefinitely) by culturing in a selective mediam. The
selective medium s gencrally one that contains an agent that blocks the de novo synthesis of
nucleotides in the tissue culture media. Exemplary and preferred agents are aminopterin,
methotrexate, and azaserine. Arnnopterin and methotrexate block de nove synthesis of both
purtnes and pyrimidines, whereas azaserine blocks only purine synthesis. Where aminopterin
or methotrexate is used, the media is supplemcented with hypoxanthine and thymidine as a
source of nucicotides (HAT wediom). Where azasenine is used, the media 1s supplemented

with hypoxanthine.

{00118} The preferred sclection medium is HAT. Only cells capable of operating
nucleotide salvage pathways are able to survive in HAT mediurn. The myeloma cells are
defective in key enzymes of the salvage pathway, e.g., hypoxanthine phosphoribosyl
transferase (HPRT), and they cannot survive. The B cells can operate this pathway, but they
have a Himited fife span in culture and generally die within about two weeks. Therefore, the
only cclls that can survive in the selective media are those hybrids formed from myelorna and

B cells.

{66119] This culturing provides a population of hybridomas from which specific
hybridomas are sclected. Typically, sclection of hybridomas is performed by culturing the
cells by single-clone dilution in microtiter plates, followed by testing the individual clonal
supernatants (after about two to three weeks) for the desired reactivity. The assay should be
sensitive, simple and rapid, such as radicimmunocassays, enzyme immunoassays, cytotoxicity

assays, plaque assays, dot immunobinding assays, and the like.

{00128} The sclected hybridomas would then be serially diluted and cloned into individual
antibody producing cell lines, which clones can then be propagated indefinitely to provide
MAbs. The cell lines may be exploited for MAD production in two basic ways. First, a
sample of the hybridoma can be injected {often into the peritoneal cavity) into a
histocompatible animal of the type that was used to provide the somatic and mycloma cells
for the original fusion {e.g., a syngencic mouse). Optionally, the animals are primed with a
hydrocarbon, especially otls such as pristane (tetramethyipentadecane) prior to injection. The
injected animal develops tumors seereting the specific monoclonal antibody produced by the
fused cell hybrid. The body fhuds of the animal, such as serum or ascites fluid, can then be

tapped to provide MAbs in high concentration. Second, the individual cell lines could be

- 30 -
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cultured in vitro, where the MAbs are naturally secreted into the culture medium from which

they can be readily obtained in high concentrations.

{00121} Further, expression of antibodics {or other moicties therefrom) from production
cell lines can be enhanced using a number of known techniques. For example, the glutamine
synthetase and DHFR gene expression systems arc cornmnon approaches for enhancing
expression under certain conditions. High expressing cell clones can be identified using
conventional techniques, such as limited dilution cloning and Microdrop technology. The GS
system is discussed in whele or part 1o connection with Huropean Patent Nos. 0 216 846, 0

256 055, and 0 323 997 and European Patent Application No. 83303964 4.

1001221 MADbs produced by cither means may be further purified, if desired, using
filtration, centrifugation and various chromatograpbic methods such as HPLC or affinity
chromatography. Fragments of the monoclonal antibodies can be obtained from the
roonoclional antibodies so produced by methods which include digestion with enzymces, such
as pepsin or papain, and/or by cleavage of disulfide bonds by chemical reduction.
Alternatively, monoclonal antibody fragments can be synthesized using an autornated peptide

synthesizer.

{66123] 1t 1s also contemplated that a molecular cloning approach may be used to generate
monoclonal antibodies. In one c¢mbodimaent, combinatorial immunoglobulin phagem:d
libraries are prepared from RNA isolated from the spleen of the immunized animal, and
phagemids cxpressing appropriate antibodies are sclected by panning using cells expressing
the antigen and control cells. The advautages of this approach over conventional hybridoma
technigues arc that approximately 104 times as many antibodies can be produced and
screcued 10 a single round, and that new specificities are geoerated by H and L chain

combination which further increases the chance of finding appropriate antibodies.

{00124}  Another embodiment concerns producing antibodics, for example, as is found in
U.S. Patent No. 6,091,001, which describes methods to produce a cell expressing an antibody
from a genomic sequence of the cell comprising a modified immunoglobulin locus using Cre-
raediated site-spectfic recombination is disclosed. The method involves first transfecting an
antibody-producing cell with a homology-targeting vector comprising a lox site and a
targeting sequence homologous to g first DNA scquence adjacent to the region of the

immunoglobulin loci of the genomic sequence which is to be converted to a modified region,
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so the first lox site is inserted into the genomic sequence via site-specific homologous
recombination. Then the cell 18 transfected with a lox-targeting vector comprising a sccond
lox site suitable for Cre-mediated recombination with the integrated lox site and a modifying
sequence to convert the region of the immunoglobulin loct to the modified region. This
conversion is performed by interacting the lox sites with Cre in vivo, so that the modifying
sequence nserts into the genomice sequence via Cre-mediated site-specific recombination of

the lox sites.

{081258]  Alicrnatively, monoclonal antibody fragments can be synthesized using ap
automated peptide synthesizer, or by expression of fuil-length gene or of gene fragments in £.

cofi.

C. Antibody and Polypeptide Conjugates

{08126] Ewmbodiments provide auntibodies and antibody-like molecules against Coa
proteins, polypeptides and peptides that are linked to at least onc agent to form an antibody
conjugate or payload. fo order to increase the efficacy of antibody molecules as diagnostic or
therapeutic agents, it is conventional to link or covalently bind or complex at least one
desired molecule or moiety. Such a ruolecule or motety may be, but 1s not limited to, at least
one ¢ffector or reporter molecule. Effector molecules comprise molecules having a desired
activity, e.g., cytotoxic activity. Non-limiting exaraples of effector roolecules which have
been attached to antibodies include toxins, therapeutic enzymes, antibiotics, radio-labeled
nuclcotides and the like. By contrast, a reporter roolecule s defined as any moicty which may
be detected using an assay. Non-limiting examples of reporter molecules which have been
conjugated to antibodies include enzymes, radiolabels, haptens, fluorescent labels,
phosphorescent  mwolecules, chemiluminescent molecules, chromophores, huminescent

molecules, photoaffinity molecules, colored particles or Hgands, such as biotin.

1001271 Cortain cxamples of antibody conjugates are those conjugates in which the
antibody 1s linked to a detectable label “Detectable labels” are compounds and/or cleraents
that can be detected due to their specific functional properties, and/or chemical
characteristics, the use of which allows the antibody to which they are attached fo be

detected, and/or further quantified if desired.

{00128] Antibody conjugates arc generally preferred for use as diagnostic agents.

Antibody diagnostics generally fall within two classes, those for use m in vitro diagnostics,
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such as in a variety of immunoassays, and/or those for use /n vive diagnostic protocols,
generally known as “antibody directed mmaging”. Many appropriate imaging agents are
known in the art, as are methods for their attachment to antibodies (see, for e.g., U.S. Patent
Nos. 5,021,236, 4,938,948; and 4,472,509, cach incorporated herein by reference). The
imaging moicties used can be paramagnetic ions; radicactive isotopes; fluorochromes; NMR-

detectable substances; X-ray imaging.

{00129} In the case of paramagnetic ions, one might mention by way of example ions such
as chromium (1), manganese (I1), woun (I}, iron (1), cobalt (11}, nickel (I}, copper (11},
neodymium (), samarium (IH), ytterbium (HI), gadolintum (IIf), vanadium (1}, terbium
(1), dysprostum (1), holmiure (111) and/or erbium (HI), with gadoliniur being particularly
preferred. fons uscfirl in other contexts, such as X-ray imaging, inchude but are not limited to

{anthanum (111), gold (1), lead (11}, and especially bismuth (1),

{001306] In the casc of radicactive isotopes for therapeutic and/or diagnostic application,

Fu,
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, rhenium'™, Pselenium, 355115;}}11;?, technicium’
used in certain embodiments, and technicium’ ™ and/or indium'H are also often used due to
their low energy and suitability for long range detection. Radioactively labeled monoclonal
antibodies may be produced according to well-known methods in the art.  For instance,
monoclonal antibodies can be iodinated by contact with sodinm and/or potassium iodide and
a chemical oxidizing agent such as sodium hypochlorite, or an enzymatic oxidizing agent,
such as lactoperoxidase. Monoclonal antibodies may be labeled with technetiumn%m by
ligand exchange process, for cxample, by reducing pertechnate with stannous solution,
chelating the reduced technetiom onto a Sephadex column and applying the antibody to this
column.  Alternatively, direct labeling technigues may be used, eg., by incubating
pertechnate, a reducing agent such as SNC,, a buffer solution such as sodium-potassiurg
phthalate solution, and the antibody. Intermediary functional groups which are often used to
bind radioisotopes which cxist as metallic 1ons to antibody are diethylenctriaminepentaacetic

acid {IXTPA) or ethylene diaminetetracetic acid (EDTA).

{66131}  Among the fluorescent labels conternplated for use as conjugates inchude Alexa
350, Alexa 430, AMCA, BODIPY 630/630, BODIPY 6350/665, BODIPY-FL, BODIPY-R6G,
BODIPY-TMR, BODIPY-TRX, {Cascade Blue, Cy3, Cy56-FAM, Fluorescein
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{sothiocyanate, HEX, 6-JOE, Oregon Green 488, Oregon Green 500, Oregon Green 514,
Pacitic Blue, REG, Rhodamine Green, Rhodamine Red, Renographin, ROX, TAMRA, TET,

Tetramethylrhodamine, and/or Texas Red, among others.

{18132]  Antibody conjugates include those intended primarily for use in virro, where the
antibody 1s linked to a sccondary binding ligand and/or to an enzyme (an enzyme tag) that
will generate a colored product upon contact with a chromogenic substrate. Examples of
suitable enzymes include, but are not limited to, urcase, alkaline phosphatase, (horseradish)
hydrogen peroxidase or glucose oxidase. Preferred secoudary binding Hgands are biotin
and/or avidin and streptavidin compounds. The use of such labels is well known to those of
skill in the art and are described, for example, in US. Patents 3,817,837, 3,850,752;
3,939,350; 3,990,345; 4,277,437, 4,275,149 and 4,366,241, cach incorporated herein by

reference.

{06133} Yet another known method of site-specific attachment of molecules to antibodics
comprises the reaction of antibodics with hapten-based affinity labels. Essentially, hapten-
based affinity labels react with amine acids o the antigen binding site, thereby destroying
this site and blocking specific antigen reaction. However, this may not be advantageous since

it results in loss of antigen binding by the antibody conjugate.

100134] Molecules containing azido groups may alse be used to form covalent bonds to
proteins through reactive nitrene intermediates that are generated by low intensity ultraviolet
light (Potter & Haley, 1983). In particular, 2- and 8-azido analogues of purine nucleotides
have been used as site~directed photoprobes to wdentify nucleotide binding proteins in crude
cell extracts (Owens & Haley, 1987, Atherton ef al., 1985). The 2- and S-azido nucleotides
have also been used to map nucleotide binding domains of purified proteins (Khatoon ef af.,
1989; King et af., 1989; and Dholakia ef af., 1989) and may be used as antibody binding

agenis.

[G0135]  Several methods are known in the art for the attachment or conjugation of an
antibody to its conjugate moiety. Some attachment methods involve the use of a metal
chelate  complex  cmploving, for cxample, an  organic chelating agent such a
diethylenctriaminepentaacetic acid anhydride (DTPA) cthylenetriaminetetraacetic acid; N-
chloro-p-toluenesulfonamide; and/or tetrachioro-3 -6 -diphenylglycounil-3 attached to the

antibody (U.S. Patent Nos. 4,472,500 and 4,938,948, cach incorporated herein by reference).
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Monoclonal antibodies may also be reacted with an enzyme in the presence of a coupling
agent such as glutaraldchyde or periodate. Conjugates with fluorescein markers are prepared
in the presence of these coupling agents or by reaction with an isothiocyanate. In U.S. Patent
No. 4,938,948, imaging of breast tumors 18 achicved using monoclonal antibodies and the
detectable imaging moicties are bound to the antibody using linkers such as wmethyl-p-

hydroxybenzimidate or N-succinimidyl-3-(4-hydroxyphenylpropionate.

{00136} In somec ombodiments, derivatization of immunoglobulins by selectively
introducing sulthydryl groups in the Fc region of an imwnunoglobuling using reaction
conditions that do not alter the antibody combining site arc contemplated.  Antibody
conjugates produced according to this methodology are disclosed to exhibit improved
longevity, specificity and sensitivity (U.S. Pat. No. 5,196,066, incorporated herein by
reference). Site-specific attachroent of effector or reporter molecules, wherein the reporter or
effector molecule is conjugated to a carbohydrate residue in the Fe region have alse been
disclosed in the hiterature (O'Shannessy er af, 1987). This approach has been reported io
produce diagnostically and therapeutically promising antibodies which are currently in

clinical evaluation.

{86137} In somc cmbodiments, anti-Coa antibodies are linked to semiconductor
nanocrystals such as those described in U8, Pat. Nos. 6,048,616, 5,990,479; 5,693,807,
5,505,928; 5,262,357 (all of which are incorporated herein in their entiretics); as well as PCT
Publication No. 99/26299 {published May 27, 1999). In particular, exemplary materials for
use as semiconductor nanocrystals in the biological and chemical assays include, but are not
fimited to, those described above, including group -V, HI-V and group IV semiconductors
such as ZnS, ZnSe¢, ZnTe, CdS, CdSe, CdTe, MgS, MgSe, MgTe, Cal, CaSe, CaTe, St8,
SrRe, SrTe, BaS, BaSe, BaTe, GaN, GaP, GaAs, Galb, InP, InAs, 1u8h, AlS, AP, AlSD,
PbS, PbSe, Ge and Si and ternary and guaternary mixtures thercof, Methods for linking
sericonductor nanocrystals to antibodies are descnibed m ULS. Patent Nos. 6,630,307 and

6,274,323,

HE  NUCLEIC ACIDS

{00138} In certain cmbodiments, there are recombinant polynucieotides encoding the
proteins, polypeptides, or peptides described herein. Polynucleotide sequences contemplated

include those encoding antibodics to Coa or Coa-binding portions thereof.

§
o
Lo
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{60139  As used in this application, the term “polynuclestide” refers to a nucleic acid
molecule that either 1s recombinant or has been solated free of total genomic nucleic acid.
Included within the term “polynucleotide” are oligonucieotides (nucleic acids 100 residues or
iess in length), recombinant vectors, including, for example, plasnuds, cosmids, phage,
viruses, and the like. Polynucleotides mnclude, in certain aspects, regulatory sequences,
isolated  substantially away from their naturally occurring genes or protein cuncoding
sequences. Polyoucleotides may be single-stranded (coding or antisense) or double-stranded,
and may be RNA, DNA (genomic, cDNA or synthetic), analogs thereof, or a2 combination
thereof. Additional coding or non-coding sequences may, but need not, be prescot within a

polyrucieotide.

{00140] In this respect, the term “gene,” “polymucleotide,” or “nucleic acid” is used to
reter o a mucleic acid that encodes a protein, polypeptide, or peptide (ncluding any
sequences required for proper transcription, post-translational modification, or localization).
As will be understood by those in the art, this torm ocncompasses goenomic Sequences,
expression cassettes, clINA sequences, and smaller engineered nucleic acid segments that
express, or may be adapted to express, proteins, polypeptides, domains, peptides, fusion
proteins, and mutants. A nucleic acid encoding all or part of a polypeptide may contain a
contiguous nucleic acid sequence encoding all or a portion of such a polypeptide. 1t also is
conteraplated that a particular polypeptide may be encoded by wucleic acids containing
vartations having slightly different nucleic acid sequences but, nonctheless, cucode the same

or substantially similar protein (see above).

{08141} In particular embodiments, there are isolated mucleic acid segments and
recombinant vectors incorporating nucleic acid sequences that encode a polypeptide {e.g., an
antibody or fragment thereof) that binds to Coa. The term “recombinant” may be used in
conjunction with a polypeptide or the name of a specific polypeptide, and this generally
reters to a polypeptide produced frove a nucleic acid molecule that bas been mampulated in

vitro or that is a replication product of such a melecule.

{11427 The nucleic acid segments, regardless of the length of the coding sequence tiself,
may be combined with other nucleic acid sequences, such as promoters, polyadenylation
signals, additional restriction enzyme sites, multiple cloning sites, other coding segments, and
the like, such that their overall length may vary considerably. It is thercfore contemplated

that a nucleic acid fragment of almost any length may be employed, with the total length

-6 -
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preferably being limited by the ease 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-transiational modification, or for
therapeutic benefits such as targeting or efficacy. As discussed above, a tag or other
heterologous polypeptide may be added to the meodified polypeptide-encoding sequence,
wherein “heterologous” refers to a polypeptide that is not the same as the meodified

polypeptide.

1001437 In certain cmbodiments, there are polynucleotide variants having substantial
identity to the sequences disclosed herein; those coraprising at least 70%, 75%, 8%, 83%,
9%, 95%, 96%, 97%, 8%, or 99% or higher sequence identity, inclhuding all values and
ranges there between, compared to a polynucleotide sequence provided herein using the
methods described herein (e.g., BLAST analysis using standard parameters). In certain
aspects, the isolated polynucleotide will comprise a nucleotide sequence encoding a
polypeptide that has at least 90%, preferably 95% and above, identity to an amino acid
sequence described herein, over the entire length of the sequence; or a nucleotide sequence

complementary to said isolated polynuclestide.

A, Yectors

{46144} Polypeptides may be encoded by a nmucleic acid molecule. The sucleic acid
roolecule can be in the form of 4 nucleic acid vector. The terrn “vector” 18 used to refer to a
carrier nucieic acid molecule into which a heterologous nucleic acid sequence can be inserted
for imtroduction 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 18 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 include DNAs, RNAs,
plasmids, cosmds, viruses (bacteriophage, avimal viruses, and plant viruses), and artificial
chromosomes {e.g., YACUs). One of skill in the art would be well equipped to construct a
vector through standard recombinant techuiques (for exarople Sambrook er «f, 2001
Ausubel ef af., 1996, both incorporated herein by reference). Vectors may be used in a host

cell to produce an antibody that binds Coa.
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{66145]  The term “expression vector” refers to a vector containing a nucleic acid sequence
coding for at least part of a gene product capable of being transcribed. In some cases, RNA
molecules are then traunslated into a protein, polypeptide, or peptide.  Hxpression 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 scquences that govern transcription and
translation, vectors and expression vectors may contain nucleic acid sequences that serve

other functions as well and are described herein,

100146 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 iranscription factors.  The phrases “operatively positioned,”

3

“operatively linked,” “under control,” and “under transcriptional control” mean that a
promoter is i a correct functional location and/or orientation in relation to a nucleic acid
sequence to control transcriptional initiation and expression of that sequence. A promoter
ray or may not be used i conjunction with an “cnhancer,” which refers to a cis-acting

regulatory sequence involved in the transeriptional activation of a nucleic acid sequence.

{38147 The particular promoter that is employed to control the expression of a peptide or
protein encoding polynucleotide is not believed to be critical, so long as it is capable of
expressing the polymucieotide 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 in a human cell. Generally

speaking, such a promoter might include cither a bacterial, human or viral promoter.

100148] A specific initiation signal also may be required for efficient translation of coding
sequences.  These signals include the ATG inmtiation codon or adjacent sequences.
Exogenous translational control signals, inchuding the ATG initiation codon, may need to be
provided. One of ordinary skill in the art would readily be capable of deterroining this and

providing the necessary signals.

{38149] Vectors can include a multiple cloning site (MCK), which is a nucleic acid region

that contains multiple restriction cuzyme sites, any of which can be used in conjunction with
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standard recombinant technology to digest the vector. {See Carbonelli ef af., 1999, Levenson

et al., 1998, and Cocea, 1997, incorporated heremn by reference.)

{00158] Most transcribed cukaryotic RNA molecules will undergo RNA splicing to
remove introns from the primary transeripts.  Vectors containing genomic cukaryotic
sequences may require donor and/or acceptor splicing sites to ensure proper processing of the
transcript for protein expression.  (See Chandler er af, 1997, incorporated herein by

reference. )

{06151} The vectors or constructs will generally comprise at least one termunation signal,
A “termination signal” or “termivator” is comprised of the DNA sequences involved in
specific termination of an RNA transcript by an RNA polymerase. Thus, in certain
embodiments a termination sigoal that ends the production of an RNA transcript is
contemplated. A terminator may be necessary in vive to achieve desirable message levels. In
cukaryotic systerns, the terroinator region may alse comprise specific DNA sequences that
pernit site-specific cleavage of the new transcript so as to exposc a polyadenylation site.
This signals a specialized endogenous polymerase to add a stretch of about 200 A residucs
{polyA} to the 3" end of the transcript. RNA molecules modified with this polyA tail appear
to more stable and arc translated roore efficiently. Thus, m other embodiments involving
cukaryotes, it is preferred that that terminator comprises a signal for the cleavage of the RNA,

and it is more preferred that the terminator signal promotes polyadenylation of the message.

[00152] In cxpression, particularly cukarvotic cxpression, one will typically inclade a

polyadenylation signal to effect proper polyadenylation of the transcript.

[60153]  In order to propagate a vector in a host cell, it may contain oue or more origins of
replication sites {often termed “or”"), which is a specific nucleic acid sequence at which
replication is wnitiated.  Alternatively an autonomously replicating sequence (ARS) can be

employed if the host cell is yeast.

B. Host Celis

>

{00184}  As used herein, the terms “cell,” “cell line,” and “cell culture” may be used
interchangeably. Al of these terms also mnclude thewr progeny, which is any and all
subsequent generations. It is understood that all progeny may not be identical duc to

deliberate or nadvertent routations. In the confext of expressing a heterologous nucleic acid
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sequence, “host cell” refers to a prokaryotic or ecukaryotic cell, and it inchides 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 “transtormed,” 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.

{08185 Some vectors may craploy countrol sequences that allow it to be replicated and/or
expressed in both prokaryoetic and cukaryotic cells. One of skill in the art would further
understand the conditions under which to incubate all of the above described host cells to
maintain them and to permit replication of a vector.  Also understood and known are
techniques and conditions that would allow large-scale production of vectors, as well as
production of the nucleic acids encoded by vectors and their cognate polypeptides, proieins,

or peptides.

C. Expression Systerns

[00186] Numerous expression Sysieros exist that covoprise at least a part or all of the
compositions discussed above. Prokaryote- and/or cukaryote-based systems can be employed
for use with an embodiment to produce nucleic acid sequences, or their cognate polypeptides,

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

{66157} The insect cell/baculovirus system can produce a high level of protein expression
of a heterologous nucleic acid segment, such as described i US. Patents 5,871,988,
4,879,236, both herein incorporated by reference, and which can be bought, for example,
under the name MAXBAC® 2.0 from INVITROGEN" and BACPACK™ BACULOVIRUS
EXPRESSION SYSTEM FROM CLONTECH®.

{66158] In addition to the disclosed expression systems, other examples of expression
systerns include STRATAGENE®™s COMPLETE CONTROL™ Inducible Mammalian
Expression Systern, which involves a synthetic cedysone-inducible receptor, or s pET
Expression System, an £ cofi expression system.  Avother example of an inducible
expression  systern s available from INVITROGEN®, which carrics the T-REX™
{tetracycline-regulated expression) System, an inducible maromalian expression system that

uses the full-length CMV promoter. INVITROGEN® also provides a yeast expression

- 40 -
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systemy called the Pichia methanolica Expression System, which is designed for high-level
production of recornbinant proteins n the methylotrophic yeast Pichia methanolica. One of
skill in the art would kunow how to express a vector, such as an expression counstruct, o

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

D, Methods of Gene Transfer

{00159}  Suitable methods for nucleic acid delivery to effect cxpression of compositions
are believed to include virtually any method by which a nueleic acid {e.g., DNA, including
viral and nonviral vectors) can be introduced into a cell, a tissue or an organism, as described
herein or as would be known to one of ordinary skill in the art. Such methods inchude, but
are not limited to, direct delivery of DNA such as by mjection (U.S. Patenis 5,934,624,
5,981,274, 5,045,100, 5,780,448, 5,736,524, 5,702,932, 5,656,610, 5,589,466 and 5,580,859,
cach incorporated herein by reference), including microinjection (Harland and Weintraub,
1985; U.S. Patent 5,789,215, incorporated herein by refercoce); by electroporation (U.S.
Patent No. 5,384,253, incorporated herein by reference); by calcium phosphate precipitation
{Graham and Van Der Eb, 1973; Chen and Okayama, 1987, Rippe ¢f a/., 1990} by using
DEAE dextran followed by polyethylene glycol {(Gopal, 1985y, by direct sonic Ipading
{Fechheimer er al., 1987} by liposome mediated transfection (Nicolau and Sene, 1982;
Fraley ef al., 1979; Nicolau ef al., 1987, Wong ef al., 1980; Kaneda ef af., 1989; Kato ef al.,
1991}; by microprojectile borabardment (PCT Application Nos. WO 94/09699 and 95/06128;
UK. Patents 5,010,042 5,322,783, 5,563,055, 5,550,318, 5,53%,877 and 5,538,880, and each
incorporated herein by reference); by agitation with silicon carbide tibers (Kacppler ef af.,
1990, U.S. Patents 5,302,523 and 5,464,763, cach incorporated herein by reference); by
Agrobacteriumn  mediated transtormation {(U.S. Patents 5,591,616 and 5,563,055, cach
incorporated herein by refercuce); or by PEG rwediated transformation of protoplasts
(Omirulleh ef @l., 1993; UK. Patents 4,684,611 and 4,952,500, cach incorporated herein by
reference); by destecation/inhibition mediated DNA aptake (Potrvkus er af., 1985). Through
the apphication of techniques such as these, organclle(s), cell{s), tissuels) or organism(s) may

be stably or transtently transformed.

IV, METHODS OF TREATMENT

[G0160]  As discussed above, the compositions and rocthods of using these corapositions
can treat a subject {e.g., limiting bacterial load or abscess formation or persistence) having,

suspected of having, or at visk of developing an infection or related discase, particularly those
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related to staphylococet. One use of the compositions 15 to prevent nosocomial infections by

ioculating a subject prior to hospital treatment.

{00161]  As used hercin the phrase “imroune response” or is equivalent “immunological
response” refers to a humoral (antibody mediated), cellular {mediated by antigen-specific T
cells or their secretion products) or both hurooral and ccllular response directed against a
protein, peptide, or polypeptide of the invention in a recipient patient. Treatment or therapy
can be an active immune response induced by administration of immunogen or a passive
therapy effected by admumstration of antibody, antibody containing waterial, or primed T-

cells,

100162 As used herein “passive immunity” refers to any immunity conferred upon a
subject by administration of imumune effectors including cellular mediators or protein
mediators {e.g., an polypeptide that binds to Coa protein). An 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 inchide
antibodics or polypeptides coruprsing antibody CDR domains that bind to a variety of
antigens that may in turn be associated with various organisms. The antibody component can
be a polyclonal antiscrum. 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.

{08163}  Passive tmmunity may be fmparted to a paticuot or subject by admimstering to the
patient immunoglobuling (Ig) or fragments thereof and/or other inmwmune factors obtained
from a donor or other non-patient source having a known imrmunoreactivity, In other aspects,
an antigenic composition can be administered to a subject who then acts as a source or donor
for globulin, produced in response to challenge from the composition (Chypertmroune
globulin™), that contains antibodies directed against Staphylococcus or other organism. A
subject thus treated would donate plasma from which hyperinumune globulin would then be
obtained, vie conventional plasma-fractionation methodology, and administered o another
subject in order to impart resistance against or to treat staphylococcus infection

Hyperimmune globulins are particularly useful for immune-compromised individuals, for

-47 .
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individuals undergoing tnvasive procedures or where time does uot 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, 4,338,208, and 4,748,018, cach of which i
incorporated herein by reference in its entirety, for exemplary methods and corapositions

related to passive immunity.

{66164] For purposes of this specification and the accompanying claims the terms
“cpitope” and “antigenic determinant” are used interchangeably to refer to a site on an
antigen to which B and/or T cells respoud or recognize. B-cell epttopes can be formed both
from contiguous aming acids or noncontiguous amino acids juxtaposed by tertiary folding of
a protein. Epitopes formed from coutiguous armino acids are typically retained on exposure
to denaturing solvents whereas epitopes formed by tertiary folding are typically lost on
treatroent with devatoring solvents.  An epitope typically iocludes at least 3, and more
usually, at least 5 or 8-10 amino acids in a unique spatial conformation. Methods of
determining spatial conformation of epttopes include those methods described m Epitope
Mapping Protocols {1996). T cells recognize continuous epttopes of about nine amino acids
for CDE8 cells or about 13-135 amino acids for CD4 cells, T cells that recognize the epitope
can be identified by in virro assays that measure antigen-dependent proliferation, as
determined by “H-thymidine incorporation by primed T cells in response to an epitope (Burke
et al., 1994}, by antigen-dependent kalling {cytotoxic T lymphocyte assay, Tigges e af.,

1996} or by cytokine secrction.

{06165} The presence of a cell-mediated immunological response can be determined by
proliferation assays (CD4 (+3 T cells) or CTL {(cytotoxic T lymaphocyte) assays. The relative
contributions of humoral and cellular responses to the protective or therapeutic effect of an
imrounogen can be distinguished by separately tsolating 1gG and T-cells from an iromunzed
syngeneic animal and measuring protective or therapeutic effect in a second subject. As used
herein and in the claiws, the torms “antibody” or “imuounoglobulin” are ased

interchangeably.

{38166] Optionally, an antibody or preferably an immunological portion of an antibody,
can be chernically 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

imcluded in the definition of antibodics or an inumunelogical portion of an antibody.
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{#¢167] In onc embodiment a method includes treatment for a disease or condition caused
by a staphylococcus pathogen. In certain aspects embodiments include methods of treatment
of staphylococcal infection, such as hospital acquired nosocomial infections. In some
embodiments, the treatment 18 administered in the presence of staphylococcal antigens.
Furthermore, in some cxamples, freatment comprises administration of other agents

commonly used against bacterial infection, such as one or roore antibiotics.

{00168] The therapeutic compositions are administered in a manner compatible with the
dosage formulation, and 1o such amount as will be therapeutically effective. The quantity to
be administered depends on the subject to be treated. Precise amounts of active ingredient
required to be administered depend on the judgment of the practitioner. Suitable regimes for
initial administration and boosters are also variable, but are typified by an initial

administration followed by subseqguent admunistrations.

{00169] The roanncr of application may be varied widely.  Any of the conventional
methods for administration of a polypeptide therapeutic are applicable. These are believed to
include oral application on a solid physiologically acceptable base or in a physiologically
acceptable dispersion, parenterally, by injection and the like. The dosage of the composition
will depend on the route of administration and will vary according to the size and health of

the subject.

{38176} In certain instances, it will be desirable to have multiple administrations of the
composttion, e.g., 2, 3, 4, 5, 6 or more administrations. The administrations can be at 1, 2, 3,
4,5,6,7,8, t035,6,7,8 9,10, 11, 12 twelve week intervals, including all ranges there

between.

A, Antibodies And Passive Immunization

{00178] Certain aspects are directed to methods of preparing an anttbody for use in
prevention or treatment of staphylococcal infection comprising the steps of immunizing a
recipient with a vaccine and isclating antibody from the recipient, or producing a
recombinant antibody. An antibody prepared by these methods and used to treat or prevent a
staphylococcal infection is a further aspect. A pharmaceutical composition comprising
antibodies that specifically bind Coa and a pharmaceutically acceptable carrier s a farther
aspect that 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
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comprising a step of administering to a patient an effective amount of the pharmaceutical

preparation 18 a further aspect.

{06172} Inocula for polyclonal antibody production are typically prepared by dispersing
the antigenic composition (e.g., a peptide or antigen or epitope of Coa or a consensus thereof)
in a phystologically tolerable dilucnt such as saline or other adjuvants suttable for human use
to form an agueous composition.  An immunostimulatory amount of inoculum is
administered to a mammal and the inoculated mammal 18 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
(Hatlow and Lane, dntibodies: A Laboratory Manual 1988).  Antibodies can inclade
antiscrum preparations from a variety of commonly used animals e.g., goats, primates,

donkeys, swine, horses, guinea pigs, rats or man. The aniroals are bled and serum recovered.
o 9 9 3

{06173]  An antibody can include whole antibodics, antibody fragments or subfragments.
Antibodies can be whole immunoglobulins of any class (e.g., 1gG, IgM, IgA, fgh or IgE),
chimeric antibodies, human antibodies, humanized antibodics, or hybrid antibodics with dual
specificity to two or more antigens. They may also be fragments {e.g., F{ab")2, Fab', Fab, Fv
and the like including hybrid fragments). An antibody also includes natural, synthetic or
genetically engineered proteins that act like an antiboedy by binding to specific antigens with a

sufficient affinity.

{00174} A wvaccine can be administered fo a recipient who then acts as a source of
antibodies, produced in respouse to challenge from the specific vaccine. A subject thus
treated would donate plasma from which antibody would be obtained via conventional
plasroa fractionation rocthodology. The isolated antibody would be adroimstered to the same
or different subject in order to impart resistance against or treat staphylococcal infection.
Antibodies are particularly useful for freatment or prevention of staphylococcal disease in
infants, immune compronised individuals or where treatment is required and there is no time

for the individual to produce a response to vaccination.

{00175]  An additional aspect 15 a pharmaceutical composition comprising two of roore
antibodies or monoclonal antibodies (or fragments thereof, preferably human or humanized)

reactive against at least two constituents of the imrounogenic composition, which could be
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used to treat or prevent infection by Gram positive bacteria, preferably staphylococci, more

preferably S, aureus or 5. epidermidis.

B Combination Therapy

{60176] The compositions and related methods, particularly administration of an antibody
that binds Coa or a peptide or consensus peptide thercof to a patient/subject, may also be used
in cormbination with the administration of traditional therapies. These include, but arc not
limited to, the administration of antibiotics such as streptomycin, ciprofloxacin, doxyeycline,
gentarnycin, chloraraphenicol, trimcthoprim, sulfaracthoxazole, ampicilling tetracycline or

varipus combinations of antibiotics.

{661771 In one aspect, it is contemplated that a therapy is used in conjunction with
antibacterial treatment.  Alternatively, the therapy rmay precede or follow the other agent
treatroent by intervals ranging from minutes to weeks. In embodiments where the other
agents and/or a proteins or polynucieotides are administered separately, one would generally
ensure that a significant period of tivae did vot expire between the time of cach delivery, such
that the therapeutic composition would still be able to exert an advantageously combined
effect on the subject. In such iustances, it is coutemplated that one may administer both
modalities within about 12-24 h of cach other and, more preferably, within about 6-12 h of
cach other. In some situations, 1 may be desirable to extend the time period for
administration significantly, however, where several days (2, 3, 4, 5, 6 or 7} to several weeks

{1,2,3,4, 5,6, 7 or §) lapse between the respective administrations.

[00178]  Various combinations of therapy may be employed, for exaraple antibiotic therapy
is “A” and an antibody therapy that comprises an antibody that binds Coa or a peptide or

consensus peptide thercof 1s “B™:

[86179] A/B/A B/A/B B/B/A A/A/B A/BB B/A/A A/B/B/B B/A/B/B
[6G180] B/B/B/A B/B/A/B A/A/B/B A/B/IA/B  A/B/B/A  B/B/A/A
{00181} B/A/B/A  B/A/JA/B A/AJA/B B/AJA/A A/B/A/A AJA/B/A

100182] Adminstration of the antibedy compositions to a patient/subject will follow
general protocols for the adnunistration of such compounds, taking into account the toxicity,

if any, of the composition. [t is cxpected that the treatiaent cycles would be repeated as
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necessary. It is also contemplated that various standard therapies, such as hydration, may be

applied 1n comnbination with the described therapy.

. General Pharmaceuntical Compositions

[60183]  In sowe erobodivaents, pharmaceutical compositions are administered to a subject.
Different aspects may involve administering an effective amount of a composition to a
subject. In some embodiments, an antibody that binds Coa or a peptide or consensus peptide
thereof may be administered to the patient to protect against or treat infection by one or more
bacteria from the Staphylococcus genus, Alternatively, an expression vector encoding one or
more such antibodies or polypeptides or peptides may be given {o a patient as a preventative
treatruent.  Additionally, such compositions can be administered in combination with an
antibiotic. Such compositions will generally be dissolved or dispersed in a pharmaceutically

acceptable carrier or aqueous medium.

{00184] The phrases “pharmaccutically acceptable” or “pharmacologically acceptable”
refer to molecular entities and compositions that do not produce an adverse, allergic, or other
untoward reaction when administered to an animal or human.  As used herein,
“pharmacecutically acceptable carrier” ncludes any and all solvents, dispersion media,
coatings, antibacterial and antifungal agents, isotonic and absorption delaying agents, and the
itke. The use of such media and agents for pharmaccutical active substances 18 well known in
the art. Except insofar as any conventional media or agent is incompatible with the active
ingredionts, its use in imrmunogenic and therapeoutic compositions 18 contemnplated.
Supplementary active ingredients, such as other anti-infective agents and vaccines, can also

be incorporated mto the compositions.

{00185] The active compounds can be formulated for parenteral adminsiration, eg.,
formulated for injection via the mntravenous, imtramuscular, sub-cutancous, or even
mtraperitoncal routes.  Typically, such compositions can be prepared as either liquid
solutions or suspensions; solid forms suitable for use to prepare solutions or suspeusions
upon the addition of a liquid prior to injection can also be prepared; and, the preparations can

also be emulsified.

{60186] The pharmaceutical forms suitable for wjectable wse include sterile aqueous
solutions or dispersions; formulations inchuding sesame oil, peanut oil, or agueous propylene

giveol; and sterile powders for the extermporancous preparation of sterile imjectable solutions
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or dispersions. In all cases the form must be sterile and must be fluid to the extent that it may
be castly injected. It 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 fungi.

{00187} The proteinaccous compositions may be formulated into a neutral or salt form.
Pharmaceutically acceptable salts, 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 acetie, oxalic, tartaric, mandelic,
and the like. Salts formed with the free carboxyl groups can also be derived from inorganic
bases such as, for exaruple, sodiurn, potassium, aramontum, calciom, or ferric hydroxides,

and such organic bases as isopropylamine, trimethylamine, histidine, procaine and the like.

{00188] A pharmaccutical composition can include a solvent or dispersion medium

containing

g, tor cxample, water, cthanol, polyol (for example, glycerol, propylene glycol, and

liquid polyethylene glycol, 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 required particle size in the case of dispersion, and by the use of
surfactants. The prevention of the action of microorganistas can be brought about by various
antibacterial and antifungal agents, for example, parabens, chiorobutanol, phenol, sorbic acid,
thimerosal, and the like. In many cases, it will be preferable to include isotonic agents, for
example, sugars or sodium chioride. Prolonged absorption of the injectable compositions can
be brought about by the use in the compositions of agents delaying absorption, for example,

aluminum ronostearate and gelatin,

{BB189]  Sterile injectable solutions are prepared by ncorporating the active compounds 1o
the required amount in the appropriate solvent with various of the other ingredients
enamerated above, as required, followed by filtered sterilization or an equivalent procedure.
Generally, dispersions are prepared by incorporating the various sterilized active ingredients
into a sterile vehicle which contains the basic dispersion roedium and the required other
ingredients from those enumerated above. In the case of sterile powders for the preparation
of sterile injectable solutions, the preferred racthods of preparation are vacuum-drying and
frecze~-drying techniques, which yield a powder of the active ingredient, plus any additional

desired ingredient from a previously sterile-filtered solution thereof.
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{66190]  Admimstration of the compositions will typically be via any common route. This
mcludes, but s not limited to oral, nasal, or buccal admumstration. Alternatively,
administration may be by orthotopic, intradermal, subcutaneous, intramuscular,
infraperitoneal, intranasal, or ntravenous injection.  In certain embodiments, a vaccine
composition may be inhaled (e.g., U.S. Patent 6,651,655, which is specifically incorporated
by reference).  Such compositions would normally be adromnistered as pharmaceutically
acceptable composttions that inclhude physiologically acceptable carriers, buffers or other

excipionts.

100191]  An cffective amount of therapeutic or prophylactic composition is determined
based on the intended goal. The terro “unit dose” or “dosage” refers to physically discrete
units suitable for use in a subject, cach unit containing a predetermined quantity of the
composition calculated to produce the desired responses discussed above in association with
its administration, 7.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.

{00192} Precise amounts of the composition alse depend on the judgment of the
practitioner and are peculiar to cach individual. Factors affecting dose inchude physical and
clinical statc of the subject, route of adruinistration, intended goal of treatment (alleviation of

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

{18193} Upon formulation, sclutions will be administered in a manner compatible with the
dosage formulation and 1o such amount as is therapeutically or prophylactically cffective.
The formulations are casily administered in a variety of dosage forms, such as the type of

injectable solutions described above.

V. EXAMPLES

{00124] The following cxamples are given for the purpose of ilustrating various
embodimeunts and are not meant to limit 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, cuds and
advantages inherent herein. The present examples, along with the methods described herein
are preseutly representative of preferred embodiments, are exemplary, and are not intended as

fimitations on the scope of the invention. Changes therein and other uses which are
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encompassed within the spirit of the invention as defined by the scope of the claims will

occur to those skilled m the art,

EXAMPLE 1
MONOCLONAL ANTIBODIES THAT NEUTRALIZE COAGULASE ACTIVITY
DURING STAPHYLOCOUUUS AUREUS DISEASE
{66195] Coa Mab specificity and affinity. Mabs were generated against Coaxys and their
affinity to Coa was measured (Table 1). The monoclonal antibodies were also tested for
binding to an irrelevant protein {IsdA), and those that did not exhibit a specific interaction
were climinated from further study. Because vWbp has some homology to Coa in its N-
terrinal D1 and D2 domaios {(Bjerketorp ot al 2004, Watanabe et al 20035}, binding of Coa

monoclonals to vWbp was also tested. None of the Mabs displayed specific binding viwbp.

{06196} In order to determine the binding site of cach Mab on Coa, subdomains
representing DU (D cea), D2 (D200, the first 329 residues including the entire DID2 domain
and part of the linker domain (D12¢.,), linker (Leea), repeat region (CTog,), and a truncated
form of D1 nussing the first 18 amino acids {D14;¢) were cloned and expressed in £, cofli
(F1G. 1). Eleven Mabs bound D120, all of which specifically recognized Dlce, (Table 1)

Two Mabs bound Lo, and none of the Mabs bound D2¢q. Two Mabs bound CTeg.

Table 1. Biochemical atiribules and biclogical values of Mabs raised against Coa

Mab Isotype Affinity”
CGaNM D,i?(:oa D1Coa D11\‘1-18 Dzi)oa LCoa CTCOP
4H9.20 IgG $.04 0.01 0.01 < < < <
5D5.4 IgG 4.00 2.55 3.94 1.03 < < <
8C10.18 g1 3.82 4.39 0.01 < < 6.58 <
4B810.44 IgG .03 0.01 0.02 < < < <
3B3.14 IgG 3.2 < < < < < 525
7H4.25 g 1.64 1.42 1.02 G.28 < 0.01 <
4F1.7 g $.68 0.05 1.01 . < < <
8C2.9 lnGZa 3.4 3.2 .78 G.57 < < <
2A31 nG2a .17 0.24 g.12 € < < <
5C3.2 gG2h .4 0.3 0.35 0.02 < < <
2H10.12  igG2b 2.39 2.87 213 .03 < < <
601,22 lgGZh 279 3.28 2.13 .03 < < <
6C4.15 igG2h 5.97 < < < < < .70

“Determined by ELISA as the association constant (K,) in x10°M

{30197] Inhibition of blood coagulation by monoclonal antibodies. Coa~-specific Mabs
were screened for their ability to inhibut clotting of caleiuma-chelated mouse blood by S
aureus sogemc mutant vivh, which coagulates blood wore slowly than wild-type (Cheng et

al). Isolated S, qurews Newman vwh mutants (1210° CFU) were mixed with Mabs (3uM) and

- 50 -



10

15

WO 2013/162751 PCT/US2013/031927

added to mouse blood. Samples were monitored at timed intervals for coagulation. Compared
to blood incubated with isotype controls, several Mabs prolonged the coagulation time.
Antibodies that generated the greatest delay in tume to clotting were 5D5.4, 7TH4.25, and 8C.9
{Table 2). All threc of these antibodics recognize Dlc, (Table 1), consistent with our
previous observation that polyclonal rabbit serum that recognizes T2, but not those that
recognize CTeg,, delay clotting of whole mouse blood [215]. Antibodies that recognized
CTroa (6C4.15, 3B3.14) and the antibody that recognized Leo, (6C10.27) did not cause delays

in staphylococct coagulation (Table 2},

Table 2. Inhibition of dclotling of whole bload by S. aursus mutant
strain wvwib in the presence of monocional antibodies generated

against Coa

Isotype Antibody Fold delay in dlotting time (SEM)°

lgGH lgG1 control 1.0
4H9.20 0.65(6.18)
5054 2.07 {0.58)
6C10.19 1.00{0.14)
4810.44 1.19{0.15)
383.14 1.22{0.18)
7H4 .25 1.683(0.18)
4F1.7 1.23{0.14)

lgGaa lgG2a control 1.0
8C2.9 1.30{0.15)
2A3.11 0.83(G.12)

lgG2b lgG2b control 1.0
5C3.2 1.12{0.22)
2H10.12 1.43(0.18)
8D1.22 1.08{0.19)
6C4.15 1.19 (0.15}

“SEM, standard error of the mean as compared o isotype control

{00198] Mab SD5.4 prevents the formation of Coa prothrombin complexes. Mab
5035.4, which caused the most pronounced delay in clotting of all Mabs tested, was examined
for its ability to disrupt Coa prothrombin activity. Mixture of recorubinant Coa with 5DS.4
prior to the addition of purified human prothrombin and the S-223¥ chromeogenic substrate
resulted in reduced enzymatic activity (IgGl vs. SD5.4, P < 0.05) (FIG. 2A). Intercstingly,
treatment with 7H4.25 and 8C2.9, which caused delays in the coagulation of whole blood, did
not significantly reduce the enzymatic activity in this assay (IgG1 vs. 7TH4.25, P > 0.05;

1g(G2a vs. 8C2.9, P> 0.05) (data not shown),

{08199]  To test whether 5D5.4 prevents the association of Coa to prothrombin, Maxisorb

ELISA piates (Nunc) were coated with recombinant Coa and incubated with antibodies prior

i-
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to incubation with human prothrombin. Prothrombin binding was detected by HRP-
conjugated secondary antibody. 5DS.4 reduced the binding of prothrombin to Coa 3.3-fold at
a concentration of 200 nM (IgG1 vs. 5D5.4, P < 0.01) (FIG. 2B}. These resuits indicate that
SDS4 prevents the formation of the Coaprothromabin complex, resulting in reduced

enzymatic activity.

{66208] Four amino acids at the N-terminal end of Coa activate prothrombin [66]. To
investigate whether any of the monoclonal antibodies bind D1 in a manner dependent on the
N-termious, a recombinant cousiract counsisting of the Dlee domain but lacking the first 18
aming acids (D115} was expressed in £, coli and purified (FIG. 1). The association constant
of each Mab that recognizes D¢, was measured for association with the truncated protein.
All of the Mabs, with the exception of 8C2.9, had at least a one-log reduction in association
constant for D, e (Table 1). Of note , 5D5.4 recognized Do, with an affinity of 3.94 nM™
but interacted with D1, 5 with an affinity of 1.03 aM'. This observation, combined with its
direct inhibition on the cnzymatic activity of Coa, supports the idea that 5D5 4 recognizes an
epitope near the N-terminus that way couserved among various Coa serotypes of different

strains of S. aureus

{00281] Heduction in Staphyloceccal sepsis by Coa Mabs. Previous results have
suggested that type-specific frorounity results from astibodies that recoguize D12¢, and
neutralize Coa activity [215]. To test whether Coa Mabs that delay clotting in vitro confer
protective iromunity against 8. awrews in vivo, mice received intraperitoneal jujections of
monoclonal antibodies or an isotype control preparation. Six hours later, mice were infected
by retro-orbital injection with $. gureus strain vwb (2x10° CFU). Mice were monitored for
survival over a ten-day observation period, and protection was assessed by the Log rank test
{FI1G. 3. Two antibodies, Mab 5D5.4 and 7TH4.25 conferred significant delay in time to death
compared to the IgG1 control (JgG1 vs. 5D5.4, P < 0.05; 1gG1 vs. TH4.25, P < 0.001) (FIG.
3A). Monoclonal antibody 8C2.9, which delayed clotting iz vitro, did not protect mice
against a lethal dose of S, aureus strain vwb (IgG2a vs. 8C2.9, P = 0.06) (FIG. 3B). These
data are consistent with the hypothesis that protective immunity toward the D1 domain
correlates with neutralization of coagulation activity. However, perturbation of in vitro

coagulation is not sufficient to garner protective efficacy.

{30202]  Croess-reactivity by Coa Mabs. Type-specific tmmunity toward Coa is derived

from neutralizing antibodics that recognize Dl [215]. However, the N-terminal seven

§
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aming acids of Coa are conserved among Coa types [68]. To investigate whether the Mabs
generated against recombinant Coa of strain Newman cross-react with Coa from other
serotypes, Maxisorb ELISA plates (Nunc) were coated with Coa from epidemic strains
USA300 (Coa type I}, B5/2082 (Coa type IV), N315 {Coa type II), MRSA252 (Coa type
IV}, MW2 (Coa type Vi1}, and WIS (Coa type VI The association of Mabs to these alleles
was measured {Table 3). The affinity of most antibodics to the other alleles of Coa 15 lower
than the affinity to Coany. 2H1G.12, SD35.4, BC2.9, 4F1.7, and 7HA4.25 recognize Coaysason,
which is the same serotype as Coany, albeit with lower affinity than Coany (Table 3). Several
antibodies also recognize the recombinant Coa of other 5 aureus clinical isolates. 5D53 4
interacted with Coanyis, Coaws and Coanwy (Table 3), and 7H4.25 interacted with all

serotypes of Coa albeit with low affiruty (Table 3).

Table 3, Affinity of Mabs toward Coa of different strains

Mab®  Domain” Affinity”
Goayy  C08usazeo CORssinosy  C08nas  CoBypsa  CORuw, Coaws
3B3.14 [ 3.20 2141 2.40 4.86 4.60 2.61 3.62
2H10.12 D1 2.39 3.20 < < < < <
5054 21 4.00 420 < .21 < 5.89 68.16
8C2.9 21 34 0.7 < (.05 0.04 < <
4F1.7 01 {1.68 0.1 < 0 < < <
6C10.18 L 3.82 6.66 < 713 < < <
6C4.15 R 5.97 296 4.71 4.79 4,94 4.99 578
7H4.25 1 1.64 0.35 0.20 0.1 0.13 (.06 (.10

“Mouse monocional antibodies were purified from isolated hybridoma clones

*Coa domain recognized by each Mab (Table 1) .

“Affinity was determined by ELISA as the association constant (K,) in 10° M for each
protein,

{66283]  To investigate whether mAb 53D5.4 has cross-protective effect in delaying the
coagulation by strains of other coagulase scrotypes, preparations of S0 aurews strains
Newman, N315, MW2, Cowanl, and WIS (1x10° CFU) were mixed with mAbs (3uM final)

and added to citrate-treated rabbit plasma. Plasroa was incubated at 37°C and monitored over

time. mAb 5D35 4 failed to delay clotting by strains of any other coagulase serotype (FIG. 4).

{00284] The possibility that candidate Mabs may recognize an gpitope conserved by all
Coa serotypes was 1ovestigated. For example, D5 .4 provided broad protection in animals but
not in the clotting assay. Indeed, mice received intraperitoneal injections of 505.4 or an IgGl

isotype conirol, and were subsequently infected with a lethal dose of S0 aureus sirains

§
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Newman (Coa type HI), N315 (Coa type 1), Cowanl {Coa type IV), or MW2 (Coa type VI,
and were monitored over a ten-day observation period to assess their protective role (FIG. S).
SD54 treatment resulted in a delay in time-to-death for animals challenged with strains
Newman (IgG1 vs 5D3.4, P <0.01), N315 (JgG1 vs. 5D54, P < 0.05), Cowand (IgGl vs.
5054, P<0.05) or MW2 {(IgG1 vs. 3D5.4, P <0.03). Together, these data suggest that by
recognizing a conscrved epitope within the Coa D1 domain, SD5.4 provides protection
against lethal discase by strains with the three most comroon Coa serotypes i North Aroerica

Fi44].

1002057  Rele of Coacr monoclonal antibodies in immunity. The C-terminal domains of
Coa display less sequence variation among staphylococcal isolates [68]. We isolated two
monoclonal antibodies that recognize CTey,, 3B3.14 and 6C4.15 (Table 1). ELISA was used
to wnvestigate whether the Mabs geuerated against CToo, of sirain Newman cross-react with
Coa from other strains (Table 3). Counsistent with our expectations, 3B3.14 and 6C4.15

recognize Coangazee, Coagsmosn, Coanays, Coayw, and Coaws.

{00266} Polyclonal antisera that recognize CTeg (0CTroa) block the interaction between
CTeos and fibrinogen and confer protection against lethal staphylococcal disease [68,215].
Therefore, it 1s of interest whether any of the Mabs possess these activities. To test whether
3B3.14 and 6C4.15 inhibit the association of CTe,, with fibrinogen, Maxisorb HLISA plates
(Nunc) were coated with CTp,, and incubated with Mabs or isotype controls prior to
incubation with human fibrinogen. Fibrinogen binding was detected by HRP-conjugated
secondary antibody. 3B3.14 reduced the binding of fibrinogen © CTew by 34% at a
concentration of 1 uM (IgGl vs. 3B3.14, P < 0.001) (FIG. 64). 6C4.15 did not disrupt the

association of CTeg, to fibrinogen in this assay (F1G. 6B).

180287] To investigate the cffect of Mabs that recognize Coacr on survival during
staphylococcal discase, mice received wiraperitoneal injections of 3B3.14, 6C4.15, or thewr
isotype controls, and were challenged with 2x10° CFU of the S, aureus Newman variant with
a deletion of vwh (FIG. 6C-6D). Animals were monitored over a ten-day observation period
to assess the contribution of antibody treatment on survival. Treatment with 3B3.14 or
6C4.15 did vot result in a significant delay m time to death (P > 0.05) (F1G. 6C-6D). Thus,
neither of the Mabs generated here retain the protective value of the polyclonal ol T

antibodies that had been raised in rabbits,
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CToo 18 relatively conserved among strains of 8. aurcus, to investigate whether an antibody
that neutralizes this portion of Coa would provide protection against staphylococcal infection
by several 8. aureus types, mice received intraperitoneal injections of 3B3.14 or IgG1 isotype
control, and were subsequently infected with a lethal dose of S gureus chinical iselate
USA300 (Coa type HE, N315 (Coa type 11}, Cowanl (Coa type 1V}, or MW2 (Coa type VI,
and were monitored over a ten-day observation period to assess their protective role (FIG. 7).
3B3.14 did not protect mice against challenge with the wildtype Newman (IgG1 vs. 3B3.14
p>(.05 FIG. 7A), N315 (IgG1l vs. 3B3.14 p.0.05 FIG. 7B}, or MW2 (1gG1 vs. 3B3.14 p.0.05
FIG. 7D). 3B3.14 provided a modest delay in time to death following challenge with strain

Cowanl (IgG1 vs. 3B3.14 p<0.001FIG. 7C)

{00208} Discussion. Coagulase expression has been correlated with the virulence of §
aureus for nearly a century [212]. Recently, it was demonsirated that a humoral imroune
response generated against Coa and vWbp provides protection against challenge with &
aureus (Cheng et al 2010, McAdow ct al 2011, [215]). Neutralization of Coa activity results
in type-specific immune responses, while immune responses to CTee, also confer protection,
presumably by removal of the antigen from circulation [215] Here, we identify monocional
antibodies that neufralize Coa activity and exhibit some cross-protection toward coagulases
of other serotypes. In this study, we generated rmonoclonal antibodies against Coa frorn strain

Newman and meapped their binding to specific domains of the polypeptide.

{66209}  Three Mabs (5D35.4, 8C2.9, and 7H4.25) bind D, and delay blood coagulation
by strain Newman. Mab 5D5.4, which results in the greatest delay in coagulation, also
disrapts the formation of the Coa prothrorabin complex, thereby diminishing assembly of the
enzyme that converts fibrinogen to fibrin. Mabs 5135.4 and 7H4.25 provide protection against

lethal discase by §. aureus strain vwd.

{60218} Because the N-terminal amino acids of Coa are required for activation of
prothrombin, we wondered whether any of the monoclonal antibodies recognize this domain.
To address this question, we asked whether the first 18 amino acids of Dleo, were required
for Mabs to bind. 5D5.4 had greater than 1-log reduction in affinity to Dl s, and TH4.25
failed to bind this construct. This finding supports the hypothesis that these two monoclonal
antibodies disrupt coagulation by specifically interfering with the ability of the Coa N-

terminus to insert into the prothrombin activation pocket.
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{60211} If this hypothesis were true, Mabs 5054 and 7H4.25 should recognize and
neutralize recombinant Coa cloned from other strains of S0 aqureus. These antibodies do
recognize recombinant Coa cloned from S awreus strains that represent other common
serotypes 1n the current epidemic, but they fail to delay clotting by strains of other Coa
serotypes in our experiments. It therefore scems unlikely that these Mabs recognize
specifically the amino termiinus. Nevertheless, 5D5.4 provides protection against at least two
other siratos of §. awreus. This indicates that while the antibody does ot specifically
recognize the most conserved portion of Coa, its intcraction with Coa does require the

conserved residues,

[60212]  Previously, we demonsirated that antibodies to the D1D2 domains of Coa generate
type-specific immunity. The identification of a Mab that protects animals apainst several
staphylococcal sirains of distinct Coa serotypes provides evidence that i moay be possible to
generate protective immunity that neutralizes the Coa activity by an array of staphylococcal

isolates.

{00213} Two monoclonal antibodies rocognize CTeg Neither has an effect on blood
coagulation, cousistent with previous observations [215]. Une of these, 3B3.14 disrupted
binding of fibrinogen to the C-terminal repeat region. A more refined mapping of the epitope
recognized by Mab 3B3.14 could reveal how the Coa C-terminus binds fibrinogen, which has
not been studied to date. Passive transfer of these Mabs did not protect mice against lethal

challenge with staphylococci.

{60214] The roonocloual auntibodies described here provide pharmacologic tools for the
prevention of staphylococcal discase. They also can serve as tools for understanding the

roechanisms of Coa during staphylococcal pathogenesis and tmmunity.

EXAMPLE 2
MATERIALS AND METHODS

{66215} Bacterial strains and growth of cultures. §. qurens strains were cultured on
tryptic soy agar or broth at 37°C. Generation of strain ywh was described previously {(Cheng
et al 2010). Escherichia coli strains DHS¢ and BL21 (DE3) were cultured on Luria Bertani

agar or broth at 37°C. Arapicillin (100 ug/ml) was used for pET15b and pGEX6P-1 sclection.
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{$0216] Protein purification. £ coli BL2I(DE3) harboring expression vectors containing
coq and 1ts subdomains from 8. qureus strain Newman were grown at 37°C and imduced with
180 mM IPTG overnight at room temperature. Because of degradation during the purification
of Coa, pGEX6P-1 cxpression vectors in £, cofi DHS3a were used to express coq from
USA300, N315, MW2, MRSA252, 85/2082, and WIS as GST-tagged constructs. Three hours
following mduction, cells were centrifuged at 7,000 xg, suspended in 1 % columm buffer (0.1
M Tris-HCL pH 7.3, 0.5 M NaCl) and lysed in a French pressure cell at 14,000 1b/in”. Lysates
were subjected to ultracentrifugation at 40,000 xg for 30 min. The supernatant of pETI5b
constructs was subjected fo Ni-NTA chroraatography, washed with column buffer containing
10 mM imidazole, and chuted with 500 mM imidazole. For GST-tagged proteins, culture
supernatants were subjected to glutathione sepharose chromatography. To remove the GST
tag, after washing with column buffer, PreScission protease cleavage buffer containing ImM
DTT was flowed over the column, and the column was incubated with PreScission protease
{GE Healthcare) overnight at the unit definition provided by the manufacturer. Liberated
protein lacking the GST tag was then eluted with additional protease cleavage buffer. Eluates
were desalted against phosphate buffered saline (PBS). For vaccine preparations, endotoxin
was removed by the addition of 1:100 Triton-X114 was added and the solution was chilled
for 10 min, incubated at 37°C for 10 min, and centrifuged at 13,000 xg. This was repeated
twice. Supernatant was loaded onto a HiTrap desalting colunn to remove remnants of Triton-

X114,

{30217]  Production of monoclonal antibodies against Coagulase. Three eight~week-old
BALB/c female mice (Jackson Laboratory, Bar Harbor, ME} were immunized
intraperitoneally with 100 pg purified Coa, which was cloned from 3. qurewns strain Newran,
in PBS emulsified 1:1 in Complete Freund’s Adjuvant (DIFCO). On days 21 and 42, mice
were boosted by imdraperitoncal injection with 100 pg punfied Coa emulsified 111 1o
incomplete Freund’s Adjuvant (DIFCO). On days 31 and 52, mice were bled and screened by
ELISA on Nunc MaxiSorp 96-well flat bottom plates coated with Coa. Scventy-nine days
after the initial immunization, mice that showed strong immunoreactivity to antigen were
boosted with 25 ug Cos in PBS. Three days later splenocytes were harvested and fused,
according to standard methods, with the mouse myeloma cell line SP2Z/milL-6, an interleukin
6 secreting derivative of SP2/0 myeloma cell line. Hybridomas were screened by ELISA and

antigen-specific clones were subcloned, by hmiting dilution, to produce monoclonal
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antibody-secreting hybridomas arising from single cells. Antibodies were purified from the

culture supernatant of cell lines and stored at a concentration of 1 mg mi™ in PBS.

100218] Coa affinity mapping. For the determination of binding affinity of Coa specific
Mabs, MNunc MaxiSorp 96-well plates were coated with the Coa variants at a concentration of
20 nM 1 0.1M sodium bicarbonate. Plates were blocked with 3% BSA in PBS, followed by
incubation with variable concentrations of Mabs in PBS-Tween. The affinity of Mabs to bind
cach Coa variant was measured as the ratio of the concentration of bound to frec antibody
using secondary antibody-HRP conjugates and chemilurninescence detection. Using this data,
the association constant of antibody for antigen was calculated (Table 1), Moreover, in order
to test the specificity of Mabs raised against Coa, ELISA plates (NUNC Maxisorp) were
coated with affinity purified viWbp and IsdA

{00219] Blocking pretein interactions by ELISA. MaxSorb 96-well ELISA plates were
coated with recombinant Coa variants {20 oM in 1X coating buffer) overmight. After
blocking, wells where then incubated with Mabs ranging in concentration from 20 nM to 1
uM. Wells were subscquently incubated with cither 100 nM hurnan fibrinogen or 20 oM
human prothrombin. Sheep anti-human antibodies against the respective proteins were added
at 1:1000 dilution followed by HRP-conjugated goat-anti-sheep antibody at 1:10,000. The
wells were developed using OpEIA Kit (BD Lifesciences) and the absorbance at 450 nm was
measured. Statistical analyses were performed using a two-tailed Student’s t-test with

GraphPad Prism.

[602208] Coagulation assay, Overmght cultures of staphylococcal strains were diluted
1:100 into fresh TSB and grown at 37°C until they reached an OBgoo 0.4. One mL of culture
was centrifuged, and staphylococet were washed and suspended wn T mb of sterile PBS to
generate a suspension of 1x10° CFU/mL. Whole blood from naive BALB/c mice was
collected and sodiur citrate was added to a final concentration 1% (w/v). To assess bacterial
blood coagulating activity in the presence of antibedies, 10 puL of the stock bacterial culture
was mixed with 10 ul of PBS contaimming 30 uM of antibodics in a sterile plastic test tube
{BD Falcon) and incubated for fifteen minutes. To each tube, 80 pul of anti-coagulated mouse
blood 1n g sterile plastic test tube (BD falcon). Test tubes were incubated at 37°C and blood
coagulation was verified by tipping the tubes to 457 angles at timed intervals., Al

experiments were repeated in at least two independent experiments.
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{00221} Measurement of coagulase activity. 5x<10° M prothrombin (Innovative
Rescarch) was pre-incubated for 10 min with an cquimelar amount of functional Coa at roorm
temperature, followed by addition of S-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 450 nm for 10 mimiutes in a spectrophotometer, plotted as a function of time,
and fit to a lincar curve. The slope of the curve (dA/dt) was mterpreted to be the rate of S-
223K hydrolysis, and thus reflective of cuzymatic function. The assay was repeated 1o
presence of monoclonal antibodies added at 5%10° M and data were normalized to the

average activity without inhibition. All experiments were performed in friplicate.

[60222] Murine sepsis with passive immugization,  Affiuty purified antibodies in PBS
were injected at a concentration 5 mg-kg” of experimental animal weight into the peritoneal
cavity of BALB/c mice (6 week old, female, Charles River Laboratories) 6 hours prior to
challenge with §. qwreus. An overnight culture of S, aureus strain vwh was diluted 1:100 into
fresh TSB and grown for 2 hours at 37°C. Staphylococei were sedimented, washed and
suspended in PBS to the desired concentration. The following inocula were used: vwh, 2+10°
CFU; N315, 1x10° CFU; MW2, 2#10° CFU. Inocula were confirmed by spreading sample
aliquots on TSA and enumerating colouies formed on agar plates. Mice were anesthetized via
intraperitoneal injection with 100 mg mL " ketamine and 20 mg mL" xylazine per kilogram
of body weight. Mice were infected by retro-orbital injection with 100 ul of a
staphvlococcal suspension (vide supra). Mice were monitored for survival. Statistical analysis
was performed using two-tailed Log Rank fest using GraphPad Pristn. All mouse experiments
were performed in accordance with the institutional guidelines following experimental
protocol review and approval by the Institutional Biosafety Cowomtitee (IBC) and the

nstitutional Animal Care and Use Committee (JACUC) at the University of Chicago.

EXAMPLE 3
COAMABHEAVY AND LIGHT CHAIN AMING ACID SEQUENCES
ALIGNMENT AND ANALYSIS

{00223] The hight and heavy chain variable regions of the differcnt monoclonal antibodics
were sequenced. The CDRs of these regions in the antibodies s provided in Table 5 below.
Following alignraent of mAb sequences vig IMGT vquest, CDRs were identified and amino
acid sequences of heavy and light CDRs 1.2, and 3 were aligned using Clustal Omega.

Following sequence alignment and analysis, a handful of mformative themes were present.
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Based on the full sequences {(both heavy and light chains} available, no mAbs appeared to be
identical in sequence, though familics of mAbs with similar sequences did emerge. One of
these included 4F1.7,2A3.1, 2H16.12, with the main sequence differences present in CDR3
of both heavy and hght chain7TH4.25, 4H9.20, 4B10.44 sharcd exact CDR scquence
matches within the light chain, while their light chains were different. An interesting group
to cmerge based on sequence similarity was 3B3.14 and 6C4.15 which bind the C terminal
region of the protein, shared the ame CRB1 in the light chain, but the heavy chain are
different.Instacd 5D5.4 which bind the D1 domain, inhibit the binding of coa to prothrombin
and 18 protective in * in vivo experiment” 1 very different in both hight and heavy chain from

all the others.
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PCT/US2013/031927

Amineo acid sequences of CDR regions of variable light chain of monoclonal antibodies

Amino acid sequencing data of coagulase specific monocional antibedies

B g I SE SEO SEQ
Antibody | % Z;:;zfia | EYD | D ;D

CDRI MO, P CDR2 | NG, CDR3 NG,
4H9.20 Light QSVDYNGISY O AAS 10 QQSIEDPRT 11
554 Light NSVESSY 15 STS 16 QUYHRSPPT 17
481044 Light QSVDYNGISY G AAS 21 HOSIEDPRT 22
38314 Light QSIVHSNGNTY 24 KVS 25 FOGSHVYPLT 26
TH4 25 Light QSVDYNGISY S AAS 21 HOSIEDPRT 30
2ZA3.1 Light OSLINSRARKNY | 33 WAS 34 KOSYNLWT 35
2H10.12 Light QSLLNSRARKNY | 40 WAS 34 KQSYYLWT 36
601.22 Light OSLINSRARKNY | 40 WAS 34 KOSYNLWT 35
6C4.15 Light QSLLNSRTRETY 44 WAS 34 KOSYYLYT 45
6C106.19 Light QNIVHSNGNTY 56 KVS 25 LOGSNCSNH 57
829 Light QSLENSRARKNY | 40 WAS 34 KQSYNLWT 35
4F1.7 Light QSLFNSRARKNY | 49 WAS 34 KOSYNLWT 35

“Amplified PCR products from ¢cDNA which was synthesized from total RNA extracted from

hybridoma cells were sequenced and analyzed using IMGT Vquest.
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TABLE 5§ Continued

PCT/US2013/031927

Amine acid sequences of CDR regions of variable heavy chian of monoclonal antibodies

Armmine acid sequencing data of coagulase specific monoclonal antibodies

. o SEQ SEQ SEQ
o |V » » i
CDR1 NO, CDR2 NO, CDR3 NO.
4H9.20 Heavy | GFNIKDIY | 12 | IDPANGNT | 13 SRSGAY i4
18 19 AATYYDENYD | 20
5DS 4 Heavy | GASITISY ISYSGNT GYLDV
4B1044 | Heavy | GFNIKDIY | 12 | IDPANGNT | 13 SRSGAF 23
27 28 | VKNHGGWSED | 29
3B3.14 Heavy | GYTFTSFD IFPGDGSS v
7H4.25 Heavy | GFNIKDIY | 12 | IDPADGHS | 31 SRSGAJ 32
2A3.1 Heavy | YTLTDYS 7| wrETGER | ARTARDY )
2HI0.12 | Heavy | GYILIDYS | 41 | INTEIGEP | 3% | GRIARADY | 42
60122 Heavy | GYTLIDYS | 41 | INTETGDP | 43 | ARTARADY | 38
46 | IRLKSDNY | 47 48
6C4.13 Heavy | GFSFSNYW GT SAYGDYEY
50 51| SRFHYYGRTA | 52
6C10.19 | Heavy | GYEFTDFE FDPETGRS Y
8C2.9 Heavy | GFIFSNYY | 53 | IKSNGYST | 54 | VRHDGYYFAY | 55
4F17 Heavy | GFSIKDTT | 58 | IDPTDGHN | 50 | KOQSYNLWI | 60

‘Amplified PCR products from ¢DNA which was synthesized from total RNA extracted from

hybridoma cells were sequenced and analyzed using IMGT Vauest.
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CLAIMS

1. A method of inhibiting Staphylococcus infection in a patient determined to have or be
at risk for Staphylococcus infection comprising administering to the patient an effective
amount of a composition comprising a Coa binding polypeptide that specifically binds to

Domain 1-2 of a Staphylococcal Coa polypeptide.

2. The method of claim 1, wherein the Coa binding polypeptide specifically binds to

Domain 1 of a Staphylococeal Coa polypeptide.

3. The method of claim 3, wherein the Coa binding polypeptide competes for binding of

Staphylococcal Coa polypeptide with the 5835.4 or 7H4.25 monoclonal antibody.

4. The method of any of claims 1 to 3, wherein the Coa binding polypeptide has an
association constant for the Staphylococcal Coa polypeptide of between about 0.5 and 20 oM’

1, 1.0and 10 n?\«i'l, or 1.0 and 6.0 nM™ as measured by ELISA.

5. The rocthed of any of claims 1 to 4, wherein the Coa binding polypeptide has an
association constant for the Staphylococcal Coa Domain 1-2 of between about 0.5 and 20

oM™ or 1.0 and 10 oM™ as mcasured by ELISA.

6. The method of any of claims 1 to 5, wherein the purified Coa binding polypeptide

comprises a monoclonal antibody.

7. The method of claim 6, further comprising admintstering an effective amount of two

or more purified monoclonal antibodics.

g. The method of any of claims 1 to 7, wherein the Coa binding polypeptide is
recombinant.
9. The racthod of any of claims 1 to 8, wherein the recombinant Coa binding

polypeptide is a single domain antibody.

18, The method of any of claims 1 to 9, wherein the Coa binding polypeptide is a

humanized or chimeric antibody.
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11, The method of any of claims 1 to 10, wherein the Coa binding polypeptide comprises
one or more CDR domatns from an antibody that specifically binds to Domains 1-2 of a

Staphylococcal Coa polypeptide.

12, The method of claim 11, wherein the Coa binding polypeptide comprises one or more
CDR domains from among the VH or VL domain of the 5D5.4, 7H4.25, 4HG 20, 4B10.44,
383,14, 2A3.1, 2H10.12, 6D1.22, 6C4.15, 6C10.19, 8C2.9, or 4F1.7 monoclonal antibodics.

13, The method of claim 12, wherein the Cos binding polypeptide comprises two or muore
CDR domains from among the VH or VL domain of the 505 .4, 7TH4 25, 4H9.20, 4810 .44,
3IB3.14, 2A3.1, 2H10.12, 6D31.22, 6C4.15, 6C10.19, BC2.9, or 4F1.7 monoclonal antibodies.

14, The method of claim 13, wherein the Coa binding polypeptide comprises three, four,
five or six CDR domains from among the VH or VL domain of the 5D3 .4, 7H4 .25, 4H9.20,
4B10.44, 3B3.14, 2A3.1, 2H10.12, 6D1 .22, 6C4.15, 6C10.19, 8C2.9, or 4F 1.7 monoclonal

antibodies.

15, The method of any of claims 1 to 11, wherein the Coa binding polypeptide comprises
a sequence at least 70% identical to the VH or VL domain of the 505.4 or 7TH4.25

monocional antibodies.

16, The method of any of claim 1o 15, whercin the Coa binding polypeptide comprises
all six COR domains from among the VH or VL domains of the 5D5 .4, 7H4.25, 4HS.20,

4B10.44, 3B3.14, 2A3.1, 2H10.12, 6D1 .22, 6C4.15, 6C10.19, 8C2.9, or 4F 1.7 monoclonal

antibodies.
17.  The method of any of claims 1 to 16, wherein the Coa binding polypeptide comprises

the VH domain from the 5D5.4 or 7TH4.25 monoclonal antibody.

18.  The method of any of claims 1 to 17, wherein the Coa binding polypeptide comprises

the VL domain from the 5154 or TH4.25 voonoclonal antibody.

19, The method of any of claims 1 to 18, wherein the Coa binding polypeptide comprises
one or more CDR domains from a Coa binding polypeptide that specifically binds to Bomain
1-2 of a Staphylococcal Coa polypeptide and a scaffold from a polypeptide selected from the

group consisting of an immunoglobulin, a fibronectin or a 8. qureus protein Z.
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23, The method of any of ¢claims 1 to 19, wherein the Coa binding polypeptide is

operatively coupled to g second recombinant Coa binding polypeptide.

2L The method of claim 20, wherein the second recombinant Coa binding polypeptide

binds a second Staphylococcal protein.

22, Theroethod of any of claims 1 to 21, further coraprising administering a second Coa

binding polypeptide that binds a second Staphylococcal protein.

23, The method of any of claims 1 to 22, further comprising administering an antibiotic or

a Staphylococcal vaceine composition.

24, The method of any of claims 1 to 23, wherein the Cos binding polypeptide is

administered at a dose of about 8.1 mg/kg to 5 mg/ke.

25. A purified polypeptide comprising one or more Coa binding polypeptide CDR
domains from an antibody that specifically binds to Domain 1-2 of a Staphylococcal Coa

polypeptide.

26, The purified polypeptide of claim 25, comprising a CDRI, CDR2, and CDR3 that s
at least 80% identical to each of CDRI, CDR2, CDR3, respectively, from the variable region

ot a light or heavy chain of a Domain 1-2 Staphylococcal Coa antibody.

27.  The purified polypeptide of claim 25 or 26, wherein the CDRI, CDR2, and CDR3 are
85% identical to cach of CDR1, CDRZ, CDR3, respectively, from the variable region of a

fight or heavy chain of a Domain 1-2 Staphylococcal Coa antibody.

28.  The purified polypeptide of any of claims 25 to 27, wherein the CDR1, CDR2, and
CDR3 are 90% identical to each of CDR1, CDRZ, CDR3, respectively, from the variable

region of a light or heavy chain of a Domain 1-2 Staphylococcal Coa antibody.

28, The purified polypeptide of any of claims 25 to 28, wherein the CDR1, CDRZ, and
CDR3 are 95% identical to cach of CDR1, CDR2, CDR3, respectively, from the vanable

region of a light or heavy chain of a Domain 1-2 Staphylococcal Coa antibody.
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30, The purified polypeptide of any of claims 25 to 29, wherein the CDR1, CDR2, and
CDRS3 are 100% wdentical to cach of CDRI, CDR2, CDR3, respectively, from the variable

region of a light or heavy chain of a Domain 1-2 Staphylococcal Coa antibody.

31, The purified polypeptide of any of claims 26 to 30, wherein CDR1, CDR2Z, and CDR3
are at least 80% identical to each of CDR1, CDR2, and CDR3, respectively, from the variable

region of a hight chain of a Domain 1-2 Staphylococeal Coa antibody.

32, The purificd polypeptide of any of claims 26 to 31, wherein CDR 1, CDRZ, and CDR3
are at least 85% identical to cach of CDR1, CDR2, and CDR3, respectively, from the variabic

region of a light chain of a Bomain 1-2 Staphylococcal Coa antibody.

33, The purificd polypeptide of any of claims 26 to 32, wherein CDR1, CDRZ2, and CDR3
are at least 30% identical to each of CDR1, CDR2, and CDR3, respectively, from the variabic

region of a hight chain of 2 Domain 1-2 Staphylococcal Coa antibody.

34, The purified polypeptide of any of claims 26 to 33, wherein CDR1, CDRZ, and CDR3
are at least 95% identical to cach of CDRI, CDR2, and CDR3, respectively, from the variable

region of a light chain of 2 Domain 1-2 Staphylococcal Coa antibody.

35, The purified polypeptide of any of claims 26 to 34, wherein CBR1, CDR2, and CDR3
are 100% identical to cach of CDRI1, CDRZ, and CDR3, respectively, from the variable

region of a light chain of a Domain 1-2 Staphylococcal Coa antibody.

36. The purified polypeptide of any of claims 31 to 35, wherein CDR1 from a variable
region of a hight chain of a Domain 1-2 Staphylococcal Coa antibody comprises SEQ 1D
NGOG, SEQ 1D NO: 15, SEQ ID NG:24, SEQ 1D NO:33, SEQ 1D NG:40, SEQ ID NG44,
SEQ 1D NG:49, or SEQ 1D NQ:56.

37.  The purified polypeptide of any of claims 31 to 36, wherein CDR2 from a variable
region of a light chaim of a Domain 1-2 Staphylococcal Coa antibody coroprises SEQ ID
NO:10, SEQ D NO:16, SEQ ID NO2T, SEQ D NG:25, SEQ ID NO:34, or SEQ 1D NO:61
(0208, where Xqis A, S, K, or Wand Xpis A, T, or V.

38,  The purificd polypeptide of any of claims 31 to 37, wherein CDR3 from a variable

region of a light chain of a Domain 1-2 Staphylococeal Coa antibody comprises SEQ 1D
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NO:1L, SEQ ID NG:17, SEQ D NG:22, SEQ 1D NO:26, SEQ 1D NO:3G, SEQ 1D NO:33,
SEQ 1D NG:36, SEQ 1D NOMS, or SEQ ID NG:ST.

39.  The purificd polypeptide of any of claims 26 to 30, wherein CDR1, CDR2, and CDR3
are at least R0% identical to each of COR1, CDR2, and CDR3, respectively, from the variabie

region of a heavy chain of a Domain 1-2 Staphylococcal Coa antibody.

49, The purified polypeptide of any of claims 26 to 30 or 39, wherein CEBR1, CDR2, and
CDR3 are at least 85% identical fo each of COR1, CDR2, and CDR3, respectively, from the

vartable region of a heavy chain of a Domain 1-2 Staphylococcal Coa antibody.

41, The purified polypeptide of any of claims 26 to 30 or 39 to 40, wherein CDR1,
CDR2, and CDR232 arc at least 90% identical to cach of CDRI, CDR2, and CDR3,
respectively, from the variable region of a heavy chain of 2 Domain 1-2 Staphylococcal Coa

antibody.

42, The purified polypeptide of any of claims 26 to 30 or 39 to 41, wherein CDRI,
CDR2, and CDR3 are at least 95% 1dentical to each of CDR I, CDR2, and CDR3,
respectively, from the variable region of a heavy chain of a Domain 1-2 Staphylococcal Coa

antibody.

43, The purified polypeptide of any of claims 26 to 30 or 39 to 42, wherein CDR1,
CDR2, and CBR3 are 100% identical to each of CDR1, CDRZ, and CDR3, respectively,

from the variable region of a heavy chain of a Domain 1-2 Staphylococcal Coa antibody.

44, The purified polypeptide of any of claims 26 to 30 or 39 to 43, wherein CDR 1 from a
variable region of a heavy chain of a Domain 1-2 Staphyiococcal Coa antibody comprises
SEQ ID NG9, SEQ ID NO:15, SEQ 1D NO:24, SEQ 1D NO:33, SEQ ID NO:49, SEQ 1D
NOA4, SEQ D NG:49, or SEQ 1D NO:56.

45, The purtfied polypeptide of any of claims 26 to 3¢ or 39 to 44, wherein CDR2 from a
variable region of a heavy chain of a Domain 1-2 Staphylococcal Coa antibody comprises
SEQ ID NO:13, SEQ ID NO:19, SEQ 1D NO:28, SEQ 1D NO:3 L, SEQ ID NO:38, SEQ ID
NOG:37, SEQ 1D NO:43, SEQ D NO:47, SEQ ID NO:ST, SEQ 1D NO:534, or SEQ ID NO:59.
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46.  The purified polypeptide of any of claims 26 to 30 or 39 to 45, wherein CDR3 from a
vartable region of a heavy chaimn of a Domain 1-2 Staphylococcal Coa antibody comprises
SEQ ID NG 14, SEQ 1D NG:20, SEQ D NG:23, SEQ 1D NO:29, SEQ 1D NO:32, SEQ ID
NG:39, SEQ 1D NO:42, SEQ ID NO:38, SEQ ID NO:48, SEQ ID NO:52, SEQ IDNG:SS, or
SEQ 1D NO:60.

47.  The purified polypeptide of any of claives 26 to 44, comprising a CDRI, CDR2, and
CDR3 from cach of a variable light chain and a variable heavy cham of a Domain 1-2

Staphylococcal Coa antibody. wherein the CDRI, CDR2, and CDR3 from the variable hght
chain is least 80% identical to CDRI, CDR2, and CDR3, respectively, from a variable light
chain and the CDR1, CDR2, and CDR3 from the variable heavy chain is least 80% identical

to CDR1, CDRZ, and CDR3, respectively, from a variable heavy chain.

48.  The purified polypeptide of any of claims 26 to 47, comprising a CDRT, CDR2, and
CDRS3 from cach of a variable light chain and a variable heavy chain of a Domain 1-2

Staphylococcal Coa antibody. wherein the CDRI, CDR2, and CDR3 from the variable light
chain s least 85% 1deuntical to CDRI, CDR2, and CDR3, respectively, from a variable light
chain and the CDR1, CDR2, and CDR3 from the variable heavy chain is least 80% identical

to CDR1, CDR2Z, and CDR3, respectively, from a variable heavy chain.

49, The purified polypeptide of any of claims 26 to 4R, comprising a CDRT, CDR2, and
CDR3 from cach of a variable hight chain and a variable heavy chain of a Domain 1-2

Staphylococcal Coa antibody. wherein the CDRIY, CDR2, and CDR3 from the variable light
chain s least 90% 1deuntical to CDRI, CDR2, and CDR3, respectively, from a variable light
chain and the CDR1, CDR2, and CDR3 from the variable heavy chain is least 0% identical

to CDR1, CDR2, and CDR3, respectively, from a variable heavy chain,

50.  The purificd polypeptide of any of claims 26 to 49, comprising a CDRI, CDR2, and
CDR3 from cach of a variable light chain and a variable heavy chain of a Domain 1-2

Staphylococcal Coa antibody. wherein the CDRIY, CDR2, and CDR3 from the variable light
chain is least 95% identical to CDR1, CDRZ, and CDR3, respectively, from a vanable light
chain and the CDR1, CDR2, and CDR3 from the variable heavy chain is least 0% identical

to CDRI, CDR2, and CDR3, respectively, from a variable heavy chain,
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51, The purified polypeptide of any of claims 26 to 49, comprising a CDRT, CDR2, and

CDRS3 from cach of a variable light chain and a variable heavy chain of a Domain 1-2

Staphylococcal Coa antibody. wherein the CDRI, CDR2, and CDR3 from the variable light

chain is least 100% identical to CDRI, CDRZ, and CDR3, respectively, from a variable light

chain and the CDR1, CDR2, and CBR3 from the variabie heavy chain is least 80% identical

to CDR1, CDR2, and CDR3, respectively, from a variable heavy chain,

52.  The purified polypeptide of any of claims 47 to 51, wherein

b}

d}

CDRI1 from a variable region of a light chain of a Domain 1-2 Staphylococcal
Coa antibody comprises SEQ 1D NG9, SEQ ID NG:15, SEQ 1D NG:24, SEQ
1D NO:33, SEQ 1D NO:40, SEQ 1D NG44, SEQ ID NG:49, or SEQ 1D
NQ:56;

CDR2 from a variable region of a light chain of a Domain [-2 Staphylococcal
Coa antibody comprises SEQ ID NO:10, SEQ 1D NO:16, SEQ 1D NO:21,
SEQ ID NO:25, SEQ ID NO:34, or SEQ ID NO:61,

CDR3 from a variable region of a light chain of a Domain 1-2 Staphylococcal
Coa antibody comprises SEQ 1D NG:1 1, SEQ ID NG:17, SEQ ID NG:22,
SEQ ID NO:Z6, SEQ ID NO:30, SEQ ID NO:35, SEQ D NG:36, SEQ ID
NQO:45, or SEQ D NG:S7,

CDRI from a variable region of g heavy chain of a Dorsain 1-2
Staphylococeal Coa antibody comprises SEQ 1D N{O:9, SEQ 1D NO:13, SEQ
1D NO:24, SEQ 1D NO:33, SEQ 1D NO:40, SEQ ID NG:44, SEQ 1D NO49,
or SEQ D NG:56;

CDR2 from a variable region of a heavy chain of a Bomain 1-2
Staphylococcal Coa antibody comprises SEQ 1D NO:13, SEQ ID NO: 19, SEQ
1D NO:28, SEQ ID NG:31, SEQ ID NO:38, SEQ 1D NO:43, SEQ ID NO47,
SEQ ID NO:51, SEQ ID NO:54, or SEQ ID NO:59; and

CDR3 from a variable region of a heavy chain of a Domain 1-2
Staphylococeal Coa antibody comprises SEQ 1D NO:14, SEQ ID NG:20, SEQ
1D NO:23, SEQ 1D NO:2S, SEQ H NG:32Z, SEQ 1D NG:39, SEQ ID NG:42,
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SEQ ID NO:3K, SEQ 1D NG4S, SEQ D NQO:52, SEQ ID NOSS, or SEQ 1D
NO:60.

53, The purificd polypeptide of any of claims 25 to 52, wherein the polypeptide
comprises a CDRI, CDR2, and CDR3 that are at least 80% identical in sequence to SEQ 1D
NG9, SEQ ID NO:10, and SEQ 1D NO: 1, respectively.

54,  The purified polypeptide of any of claims 25 to 52, wherein the polypeptide
comprises a CDR1, CDRZ, and CDR3 that are at least 80% identical 1 sequence to SEQ 1D
NO:15, SEQ ID NO:16, and SEQ 1D NO:17, respectively.

55, The purified polypeptide of any of claims 25 to 52, wherein the polypeptide
comprises a CDR1, CDRZ, and CDR3 that are at least $0% identical in sequence to SEQ 1D
NG, SEQ ID NO:21, and SEQ 1D NO:22, respectively.

56.  The purified polypeptide of any of claims 25 to 52, wherein the polypeptide
comprises a CDR1, CDR2, and CDR3 that are at least 80% identical in sequence to SEQ 1D
NG:24, SEQ ID NG:25, and SEQ 1D NO:26, respectively.

537.  The purified polypeptide of any of clairos 25 o 52, wherein the polypeptide
comprises a CDR1, CDRZ, and CDR3 that are at least 80% identical in sequence to SEQ 1D

NG9, SEQ ID NO:21, and SEQ 1D NO:22, respectively.

58, The purified polypeptide of any of claims 25 to 532, wherein the polypeptide
comprises a CDRI, CDR2, and CDR3 that are at least 80% identical in sequence to SEQ 1D
NO:33, SEQ 1D NO:34, and SEQ 1D NO:33, respectively.

59, The purified polypeptide of any of claims 25 to 52, wherein the polypeptide
comprises a CDR1, CDRZ, and CDR3 that are at least 80% identical 1 sequence to SEQ 1D
NO:40, SEQ ID NO:34, and SEQ 1D NO:36, respectively.

60.  The purified polypeptide of any of claims 25 to 52, wherein the polypeptide
comprises a CDR1, CDRZ, and CDR3 that are at least 8% identical in sequence to SEQ 1D
N{x40, SEQ 1D NO:34, and SEQ 3 NO:33, respectively.
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61, The purified polypeptide of any of claims 25 to 52, wherein the polypeptide
comprises a CDR1, CDRZ, and CDR3 that are at least 8% identical in sequence to SEQ 1D
N{k44, SEQ 1D NO:34, and SEQ 3 NO:43, respectively.

62, The purified polypeptide of any of claims 25 to 52, wherein the polypeptide
comprises a CDR1, CDR2, and CDR3 that are at least 80% identical in sequence to SEQ D
NO:56, SEQ ID NG:25, and SEQ 1D NO:57, respectively.

63.  The purificd polypeptide of any of claims 25 to 52, wherein the polypeptide
comprises a CDR1, CDR2Z, and CDR3 that are at least 80% identical in sequence to SEQ 1D
NO:A4Q, SEQ D NO:34, and SEQ 1D NO:33, respectively.

64.  The purified polypeptide of any of claims 25 to 32, wherein the polypeptide
comprises a CDRI, CDR2, and CDR3 that are at least 80% identical in sequence to SEQ 1D
NO:49, SEQ 1D NO:34, and SEQ 1D NO:335, respectively.

65.  The purified polypeptide of any of claims 25 to 53, wherein the polypeptide
comprises a CDR1, CDRZ, and CDR3 that are at least 80% identical 1 sequence to SEQ 1D
NO:12, SEQ ID NO:13, and SEQ 1D NO: 14, respectively.

66.  The purified polypeptide of any of claims 25 to 52 or 54, wherein the polypeptide
comprises a CDRY, CDR2, and CDR3 that are at least 80% identical in sequence to SEQ ID
N{R18, SEQ D NO:19, and SEQ 3 NO:20, respectively.

67.  The purified polypeptide of any of claims 25 to 52 or 53, wherein the polypeptide
comprises a CDR1, CDR2, and CDR3 that are at least 80% identical in sequence to SEQ 1D
NG:12, SEQ ID NG: 13, and SEQ 1D NO:23, respectively.

68.  The purified polypeptide of any of clairos 25 to 52 or 56, wherein the polypeptide
comprises a CDR1, CDR2Z, and CDR3 that are at least 80% identical in sequence to SEQ 1D
NO:27, SEQ D NO:2K, and SEQ 1D NO:29, respectively.

69,  The purified polypeptide of any of claims 25 to 52 or 57, wherein the polypeptide
comprises a CDRI, CDR2, and CDR3 that are at least 80% identical in sequence to SEQ 1D
NO:12, SEQ 1D NO:31, and SEQ ID NO:32, respectively.

ST -



WO 2013/162751 PCT/US2013/031927

70, The purified polypeptide of any of claims 25 to 52 or 58, wherein the polypeptide
comprises a CDR1, CDRZ, and CDR3 that are at least 8% identical in sequence to SEQ 1D
N{x37, SEQ 1D NO:3K, and SEQ 3 NO:39, respectively.

71, The purified polypeptide of any of claims 25 to 532 or 59, wherein the polypeptide
comprises a CDR1, CDR2, and CDR3 that are at least 80% identical in sequence to SEQ D
NG:41, SEQ ID NG:38, and SEQ 1D NO:42, respectively.

72.  The purified polypeptide of any of clairs 25 to 52 or 60, wherein the polypeptide
comprises a CDR1, CDR2Z, and CDR3 that are at least 80% identical in sequence to SEQ 1D
NO:A4L SEQ D NG:43, and SEQ 1D NO:3§, respectively.

73.  The purified polypeptide of any of claims 25 to 52 or 61, wheren the polypeptide
comprises a CDRI, CDR2, and CDR3 that are at least 80% identical in sequence to SEQ 1D
NO:46, SEQ 1D NO:47, and SEQ 1D NG:48, respectively.

74.  The purified polypeptide of any of claims 25 to 52 or 101, wherein the polypeptide
comprises a CDR1, CDRZ, and CDR3 that are at least 80% identical 1 sequence to SEQ 1D
NQO:50, SEQ ID NO:ST, and SEQ 1D NO:52, respectively.

75.  The purified polypeptide of any of claims 25 to 52 or 102, wherein the polypeptide
comprises a CDR1, CDRZ, and CDR3 that are at least 80% identical in sequence to SEQ 1D
N{E53, SEQ D NO:54, and SEQ 3 NO:53, respectively.

76, The purified polypeptide of any of claims 25 to 52 or 103, wherein the polypeptide
comprises a CDR1, CDR2, and CDR3 that are at least 80% identical in sequence to SEQ 1D
NO:5K, SEQ ID NG:59, and SEQ 1D NO:60, respectively.

77.  The purified polypeptide of claum 53, wherein the polypeptide further comprises a
second CDRI, CDR2, and CDR3 that arc at least 80% identical in sequence to SEQ D
NO:1Z, SEQ D NG:13, and SEQ 1D NO: 14, respectively.

78.  The purificd polypeptide of claira 54, wherein the polypeptide further comprises a
second CDR1, CBR2, and CDR3 that are at least 8G% identical im sequence to SEQ ID
NO:IR, SEQ 1D NO:9, and SEQ 1D NO:20, respectively.
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79.  The purified polypeptide of claim 55, wherein the polypeptide comprises a CDR1,
CDR2, and CDR3 that arc at least 80% identical in sequence to SEQ 1D NG 12, SEQ ID
N3, and SEQ 1D NO:23, respectively.

80.  The purified polypeptide of claim 36, wherein the polypeptide further comprises a
second CDR1, CDRZ, and CDR3 that are at least 80% identical in sequence to SEQ ID
NG:27, SEQ ID NG:28, and SEQ 1D NO:29, respectively.

8§1.  The purtfied polypeptide of claim 57, wherein the polypeptide further comprises a
second CDRI, CDR2, and CDR3 that arc at least 80% identical in sequence to SEQ D
NO:1Z, SEQ D NG:31, and SEQ 1D NO:32, respectively.

82.  The purificd polypeptide of claira 538, wherein the polypeptide further comprises a
second CDR1, CBR2Z, and CDR3 that are at least 8G% identical in sequence to SEQ ID
NO:37, SEQ 1D NO:38, and SEQ 1D NOG:39, respectively.

83.  The purified polypeptide of claim 39, wherein the polypeptide further comprises a
second CDRI, CDR2, and CDR3 that are at least 80% identical in sequence to SEQ 1D
NO:41, SEQ ID NG38, and SEQ 1D NO:42, respectively.

84.  The purified polypeptide of claim 60, wherein the polypeptide further comprises a
second CDR1, CDR2Z, and CDR3 that are at least 80% 1dentical in sequence to SEQ ID
N{k41, SEQ D NO:43, and SEQ D NO:38, respectively.

85.  The purified polypeptide of claim 61, wherein the polypeptide comprises a CDRI,
CDR2, and CDR3 that are at least 80% tdentical in sequence to SEQ D NG46, SEQ ID
NG:47, and SEQ 1D NO:48, respectively.

86.  The purified polypeptide of claim 101, wherein the polypeptide further comprises a
second CDRI, CDR2, and CDR3 that arc at least 80% identical in sequence to SEQ D
NO:50, SEQ D NG:ST, and SEQ 1D NO:32, respectively.

87.  The purificd polypeptide of claira 102, wherein the polypeptide further comprises a
second CDR1, CBR2Z, and CDR3 that are at least 8G% identical in sequence to SEQ ID
NO:53, SEQ 1D NO:54, and SEQ 1D NO:SS, respectively.
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88.  The purified polypeptide of claim 103, wherein the polypeptide further comprises a
second CDRI, CDR2, and CDR3 that are at least 80% identical in sequence to SEQ 1D
N{¥58, SEQ 1D NO:59, and SEQ 3 NO:66, respectively.

89.  The purified polypeptide of claim 65, wherein the polypeptide comprises the
sequences of SEQ ID NO:S, SEQ 1D NO:10, and SEQ 2 NG 11 from the light chain
variable region of 4H9.20 and SEQ 1D NO:12, SEQ ID N{:13, and SEQ ID NO: 14 from the

heavy chain variable region of 4H9.20.

90.  The purified polypeptide of claim 66, wherein the polypeptide comprises the
sequences of SEQ 1D NO: LS, SEQ D NO:16, and SEQ 1D NG:17 from the light chain
variable region of 3D5.4 and SEQ 1D NO: 18, SEQ D NO:19, and SEQ 1D NO:20 from the

heavy chain variable region of SD5 .4

91, The purified polypeptide of claim 67, wherein the polypeptide comprises the
sequences of SEQ 1D NG9, SEQ ID N(:21, and SEQG 1D NO:22 from the light chain
variable region of 4B10.44 and SEQ 1D NG: 12, SEQ ID NO:13, and SEQ ID NG:23 from the

heavy chain variable region of 4810.44.

92, The purified polypeptide of claim 68, wherein the polypeptide comprises the
sequences of SEQ 1D NO:24, SEQ 1D NO:2S, and SEQ 1D NG:26 from the light chain
variable region of 3B3.14 and SEQ ID NG:27, SEQ 1D NG:28, and SEQ ID NG:29 from the

heavy chain variable region of 3B3.14.

93, The purified polypeptide of claim 69, wherein the polypeptide comprises the
sequences of SEQ 1D NO:O, SEQ ID NO:21, and SEQ ID NG:30 from the light chain
variable region of 7TH4.25 and SEQ 1D NO: 12, SEQ D NOG:31, and SEQ 1D NG:32 from the

heavy chain variable region of 7TH4.25.

94.  The purificd polypeptide of claim 70, wherein the polypeptide comprises the
sequences of SEQ 1D NG:33, SEQ ID NO:34, and SEQ 1D NO:35 from the light chain
variable region of 2A3.1 and SEQ ID NO:37, SEQ 1D NO:35, and SEQ 1D NO:39 from the

heavy chain variable region of 2A3. 1.

95.  The purified polypeptide of claim 71, wherein the polypeptide comprises the

sequences of SEQ 1D NO:40, SEQ 2 NG:34, and SEQ) 1D NG:36 from the light chain
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variabie region of 2ZH10.12 and SEQ 1D NG:41, SEQ ID NG:3R, and SEQ 1D NO:42 from

the heavy chain varigble region of 2H10.12.

96.  The purified polypeptide of clatm 72, wherein the polypeptide comprises the
sequences of SEQ 1D NO:40, SEQ 2 NG:34, and SEQ 1D NG:35 from the light chain
variabie region of 6D1.22 and SEQ 1D NO:41, SEQ 1D NG:43, and SEQ 1D NG:38 from the

heavy chain variable region of 6D1.22.

97.  The purificd polypeptide of claim 73, wherein the polypeptide comprises the
sequences of SEQ 1D NG44, SEQ ID NO:34, and SEQ 1D NO:45 from the light chain
variable region of 6C4.15 and SEQ 1D NO:46, SEQ 1D NG:47, and SEQ 1D NOG:4R from the

heavy chain variable region of 6C4.15.

9%.  The purified polypeptide of claim 74, wherein the polypeptide comprises the
sequences of SEQ ID NO:56, SEQ 1D NO:2S, and SEQ ID NG:57 from the light chain
variabie region of 6C10.19 and SEQ 1D NO:50, SEQ 1D N5, and SEQ 1D NO:52 from the

heavy chain variable region of 6C10.19.
¥ £

99, The purified polypeptide of claim 75, wherein the polypeptide comprises the
sequences of SEQ 1D NO:40, SEQ 1D NO:34, and SEQ 1D NG:35 from the light chain
variabie region of 8C2.9 and SEQ 1D NO:53, 8EQ ID NO:54, and SEQ 1D NO:55 from the

heavy chain variable region of 8C2.9.

100.  The purified polypeptide of claim 76, wherein the polypeptide comprises the
sequences of SEQ 1D NG:49, SEQ ID N34, and SEQ 1D NG:35 from the light chain
variable region of 4F1.7 and SEQ 1D NO:58, SEQ 1D NG:59, and SEQ 1D NO:60 from the

heavy chain variable region of 4F1.7.

1801, The purified polypeptide of any of claims 25 to 61, wherein the polypeptide does vot
consist of the mouse monoclonal antibody that 1s 4H9.20, 53054, 4B10.44, 383,14, TH4.25,
2A3.1, 2H10.12,6D31.22, 6C4.15, 6C10.19, RC2.9, and 4F1.7.

102, The purified polypeptide of any of clairns 25 to 101, wherein the polypeptide 1s not an

isolated mouse monoclonal antibody.
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103, The purified polypeptide of any of claims 25 to 102, wherein the polypeptide is

humanized or chimeric.

104, The polypeptide of claim 235, wherein the Coa binding polypeptide competes for
binding of a Staphylococcal Coa polypeptide with the 4H9.20, 4B10.44, 3B3.14, 4F1.7,
8C2.9, 2A3.1, 5C3.2, 2H10.12, 6D1.22, 5D5 4 or TH4.25 monoclonal antibody.

185, The polypeptide of claim 25, wherein the polypeptide has an association constant for
a Staphylococeal Coa polypeptide of between about 0.1 and 20 nM™, 0.5 and 10 aM™, or 1.9
and 10 oM™ as measured by ELISA.

106.  The polypeptide of claim 25, wherein the polypeptide comprises a single domain

antibody Coa binding polypeptide.

107, The polypeptide of claim 235, wherein the polypeptide comprises a humanized or

chimeric antibody.
108, The polypeptide of claim 25, wheretn the polypeptide is recorabinant.

169, The polypeptide of claim 108, wherein the recombinant polypeptide comprises at least
80% of one or more CDR domains from the VH or VL domain of the 4H9.20, 4810.44,
AB3.14, 4F1.7,8C2.9, 2A3.1, 5C3.2, 2ZH10.12, 611 22, 5354 or 7H4.25 monoclonal

antibodies.

110, The polypeptide of claim 109, wherein the recombinant polypeptide comprises two or
more CDR domains from the VH or VL domain of the 4H9 .20, 4B10.44, 3B3.14, 4F1.7,
RC2.9, 2A3.1,5C3.2, 2H16.12, 6031.22, 505 4 or 7TH4.25 monoclonal antibodies.

111, The polypeptide of claim 109, wheretn the recombinant polypeptide comprises three
CDR domains from the VH or VL domain of the 4H9.20, 4B10.44, 3B3.14, 4F1.7, 8C2.9,
2A3.1,8C3.2, 2H16.12, 6D21.22, 3135 4 or TH4.25 monoclonal antibodies.

112, The polypeptide of claim 25, wherein the recombinant polypeptide comprises a
sequence at least 90% identical to VH or VL domain of the 4H9.20, 4B10.44, 3B3.14, 4F1.7,
QC2.9, 2A3.1,5C3.2, 2H10.12, 6D1.22, 5D5.4 or 7H4.25 monoclonal antibodics.
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113, The polypeptide of claim 111, wherein the recombinant polypeptide comprises the six
CDR domains from the VH and VL domains of the 4HO.20, 4B10.44, 3B3.14, 4F1.7, 8C2.9,

2A3, 5C3.2, 2H10.12, 6131.22, S5 4 or TH4 .25 monoclonal antibodies.

114, The polypeptide of claim 113, wherein the recombinant polypeptide comprises the
VH domain of the 4H9.20, 4B10.44, 3B3.14, 4F1.7, 8C2.9, 2A3.1, 5C3.2, ZH10.12, 601 .22,

5135.4 or TH4.25 monoclonal antibody.

115, The polypeptide of claim 113, wherein the recombinant polypeptide comprises the VL
domain of the 4H%.20, 4B10.44, 3B3.14, 4F1.7, 8C2.9, 2A3.1, 5C3.2, ZH10.12, 601 .22,

S5D3.4 or 7TH4.25 wovoclonal antibody.

116, The polypeptide of claim 109, wherein the recombinant polypeptide comprises one or
more TR domain from an anttbody that specifically binds to Domains 1-2 of a
Staphylococcal Coa polypeptide and a scaffold from a polypeptide sclected from the group

consisting of an immunoglobulin, a fibronectin or a 8. aureus protein Z,

117.  The polypeptide of claim 108, wherein the recorabinant polypeptide 1s operatively
coupled to a recombinant polypeptide that specifically binds fo a second Staphylococcal

protein.

118, The polypeptide of claim 108, wherein the polypeptide is an antibody coraprising (a)
a heavy chain comprising said VH region, and a buman hinge, CH1, CHZ, and CH3 regions
from an IgGl, 1gG2, IgG3 or 1gG4 subtype; and (b) a hight chain comprising said VL region,

and etther a human kappa CL or human lambda CL.

119, A purified monoclonal antibody that specifically binds to a Staphylococcal Coa
polypeptide, wherein the purified monoclonal antibody is the SA10, 8EZ, 3A6, 7EZ, 3F¢,
IF10, 6011, 3D11, SATL IBIO, 4C1, 2F2, 8D4, 7D11, 2C3, 4035, 6B2, 4DS, 2BS, 1H7,

6C10.19 or 6C4.15 monoclonal antibody.

120. A pharmaceutical composition comprising the purified polypeptide of any of claims

2510 118,

121, The pharmaceutical corposition of claim 120, comprising a single untt dose of the

purtfied polypeptide in a sealed container.
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122.  The pharmaceutical composition of claim 120 or 121, comprising at least a second

anti-bacterial agent.

123, The pharroaccutical composition of claim 122, wherein the sccond anti-bacterial agent
is an antibiotic, a Staphvlococcal vaccine composition or a polypeptide that specifically binds

to a second Staphylococcal protein.

124, A polymucleotide comprising a nucleic acid sequence encoding a polypeptide

according to any of claims 25 to 118,

125, An expression vector comprising a nucleic acid sequence encoding a polypeptide

according to any of claims 23 to 118 operably linked to an expression control sequence.
126. A host cell comprising the expression vector of claim 125,

127. A method of manufacturing a polypeptide of any of claims 25- to 118 comprising
expressing a nucleic acid sequence encoding the polypeptide operably linked to an expression

control sequence in a host cell.

128. A method of treating a patient having or at risk for Staphylococcus infection
comprising administering to the patient an effective amount of a compesition comprising the

Coa binding polypeptide of any of claims 25 to 118,
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FIG. 8

Alignment of Coa from five S. aureus strains
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ATGAAAAAGCAAATAATTTCGCTAGGCGCATTAGCAGTTGCATCTAGCTTATTTACATGG
ATGAAARAAGCAAATAATTTCGCTAGGCGCATTAGCAGTTGCATCTAGCTTATTTACATGG
ATGARAAAGCARATAATTTCGCTAGGCGCATTAGCAGTTGCATCTAGCTTATTTACATGG
ATGAAAAAGCAAATAATTTCGCTAGGCGCATTAGCAGTTGCATCTAGCTTATTTACATGG

GATAACAAAGCAGATGCGATAGTAACAAAGGATTATAGTGGGAAATCACAAGTTAATGCT
GATAACAAAGCAGATGCGATAGTAACAARAGGATTATAGTAAAGAATCAAGAGTGAATGAG
GATAACAAAGCAGATGCGATAGTAACTAAAGATTATAGTAAAGAATCAAGAGTGAATGAG
GATAACAAAGCAGATGCGATAGTAACAARAGGATTATAGTGGGAAATCACAAGTTAATGCT
------------------ ATAGTAACAAAGGATTATAGTGGGARATCACAAGTTAATGCT

kx Ak khkd hkd hkhthkhhkhad * ok kK ok *hk Akokok

GGGAGTAAAAATGGGAC-ATTAAT---AGATAGCAGATATTTAAATTCAGCTCTATATTA
AAAAGTAAARAGGGAGCTACTGTTTC-AGATTATTACTATTGGAARATAATT---GATAG
AACAGTAAATACGATAC-ACCAATTCCAGATTG---GTATCTAGGTAGTATTTTARACAG
GGGAGTAAARATGGGAA-ACAAATTGCAGATGGATATTATTGGGGAATAATT--~GARAA
GGGAGTAARAATGGGAA-ACAAATTGCAGATGGATATTATTGGGGAATAATT~-~GAAAA

khkdhhk x ok * * * ok kk %k * *

TTTGGAAGACTATATAATTTAT----GCTATAGGATTARCTAATARATATGARTATGGAG
TTTAGAGG=~=-=-CACAATTTACTGGAGCAATAGACTTATTGGAAGATTATAAATATGGAG
ATTAGGGGATCAAATATACTAC----GCTAAGGAATTAACTAATAAATACGAATATGGTG
TCTAGAAAARCCA~-=-GTTTTAC-AATATTTTTCATTTACTGGATCAGCATAAATATGCAG
TCTAGAGARCCA---GTTTTAC-AATATTTTTCATTTATTGGATCAGCATAAATATGCAG

* % * % * k& * * * s d ok ke kN *

ATAATATTTATAAAGAAGCTAAAGATAGGTTGTTGGAAAAGGTATTAAGGGAAGATCAAT
ATCCTATCTATAAAGAAGCGAAAGATAGATTGATGACAAGAGTATTAGGAGAAGACCAGT
AGARAGAGTATAAGCAAGCGATAGATARATTGATGACTAGAGTTTTGGGAGAAGATCATT
ABRARAGAATATAAAGATGCAGTAGATAAATTAAAAACTAGAGTTTTAGAGGAAGACCAAT

AARARAGAATATAAAGATGCATTAGATARATTAAAAACTAGAGTTTTAGAGGAAGACCAAT
* Akrkh & Ak FhhAkx  hk * kA kA ddkkd hk

ATCTTTTGGAGAGAAAGAAATCTCAATATGAAGATTATARACAATGGTATGCAAATTATA
ATTTATTAAAGAAAAAGATTGATGAATATGAGCTTTATAAAARAGTGGTATAAAAGTT~CA
ATCTATTAGARAAAAAAGAAAGCACAATATGAAGCATACAARAAATGGTTTGAAAAACATA
ACCTGCTAGARAGAAAAAAAGARARATACGAAATTTATARAGAACTATATARAAAATACA
ACCTGCTAGAAAGAAAAAAAGAAAAATACGAAATTTATAAAGAACTATATAAAARATACA

* * * * Ok KkKR Kk THEKK KK Th KKK K * K * * *

ARAAAGAARATCCTCGTACAGATTTARARATGGCTAATTTTCATAAATATAATTTAGARG
AARTAAGAACACT---—-—-——-———-—--— AATATGCTTACTTTCCATAAATATAATCTTTACA
ARAGTGAAAATCCACATTCTAGTTTAAARAAGATTAAATTTGACGATTTTGATTTATATA
AAAAAGAGAATCCTAATACTCAAGTTAAAATGAAAGCATTTGATAAATACGATCTTGGCG
AARAAAGAGAATCCTAATACTCAGGTTAARATGAARAGCATTTGATAAATACGATCTTGGCG

* % * * * LS 2R T * % * *  x *k

AACTTTCGATGAAAGAATACAATGAACTACAGGATGCATTARAGAGAGCACTGGATGATT
ATTTAACAATGAATGAATATAACGATATTTTTAACTCTTTGAAAGATGCAGTTTATCART
GATTAACGAAGAAAGAATACAATGAGTTACATCAATCATTARAAGAAGCTGTTGATGAGT
ATTTAACTATGGAAGAATACAATGACTTATCAARATTATTAACARARAGCATTGGATAACT
ATTTAACTATGGAAGRATACAATGACTTATCAAAATTATTAACARAAGCATTGGATAACT

* * ok ok ok kk Ak kA Kk h ko * * * kK * % * *k Kk Kk

TTCACAGAGAAGTTAAAGATATTAAGGATAAGAATTCAGACTTGARAACTTTTAATGCAG
TTAATAAAGAAGTTAARAGAAATAGAGCATAAAARATGTTGACTTGAAGCAGTTTGATAARG
TTAATAGTGAAGTGAAAAATATTCAATCTAAACAAAAGGATTTATTACCTTATGATGAAG
TTAAGTTAGAAGTAAAGAAAATTGARTCAGAGAATCCAGATTTAAAACCATATTCTGAAA
TTAAGTTAGAAGTAAAGAAAATTGAATCAGAGAATCCAGATTTAAGACCATATTCTGAAA

*k * Th A E N * ok k * * * CE I 2 * * I *

CAGAAGAAGATAAAGCAACTAAGGAAGTATACGATCTCGTATCTGAAATTGATACATTAG
ATGGAGAAGACAAGGCAACTARAGAAGTTTATGACCTTGTTTCTGAAATTGATACATTAG
CAACTGAAAATCGAGTAACAAATGGAATATATGATTTTGTTTGCGAGATTGACACATTAT
GCGAAGAAAGAACAGCATATGGTAAARATAGATTCACTTGTTGATCAAGCATATAGTGTAT
GTGAAGAGAGAACAGCATATGGTAAAATAGATTCACTTGTTGATCAAGCATATAGTGTAT

* % *  * *  * * * kW * * * o

TTGTATCATATTATGGTGATAAGGATTATGGGGAGCACGCGAAAGAGTTACGAGCARAAC
TTGTAACTTATTATGCTGATAAGGATTATGGGGAGCATGCGAAAGAGT TACGAGCARAAC
ACGCAGCATATTTTAATCATAGCCAATATGGTCATAATGCTAAAGAATTAAGAGCAAAGC
ATTTTGCCTACGTTACAGATGCACAACATAAAACAGAAGCATTAAATCTTAGGGCGAAAA
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ATTTTGCCTACGTTACAGATGCTCAACATARAACAGAAGCATTAAATCTTAGGGCAAAAA

* Fx > x* * * * * ¥ * * * * o x Kok

TGGACTTAATCCTTGGAGATACAGACAATCCACATAAAATTACAAATGAACGTATTAAAA
TGGACTTAATCCTTGGAGATACAGACAATCCACATAAAATTACAAATGAGCGTATAAAAA
TAGATATAATTCTTGGTGATGCTARAGATCCTGTTAGAARTTACGAATGAARAGAATAAGAA
TTGATTTGATTTTAGGTGATGAAAAAGATCCAATTAGAGTTACGAATCAACGTACTGARA
TAGATTTGATTTTAGGTGATGAAAAAGATCCAATTAGAGTGACGAATCAACGTACTGAAA

x hx * H Rk * Ex A EK * * ok dk *k ok k kx kk*k ¥ * ok * %

AAGAAATGATTGATGACTTAAATTCAATTATTGATGATTTCTTTATGGAAACTAAACA-A
AAGAAATGATCGATGACTTAAATTCAATTATAGATGATTTCTTTATGGAGACTARACA-A
AAGAAATGATGGATGATTTAAATTCTATTATTGATGATTTCTTTATGGATAC-AAACATG
AAGAAATGATTAAAGATTTAGAATCTATTATTGATGATTTCTTCATTGAARCCAAGTT-G
AAGAAATGATTAAAGATTTAGAATCTATTATTGATGATTTCTTCATTGAAACARAGTT-G

*ok ok okokok hk ok k * ok khkk ok kk kkkhkk kkhkkhhkhkhh kk kk kk Ak

ARTAGACCGAAATCTATAACGAAATATAATCCTACAACACATAACTATAARACAAATAGT
AATAGACCGAATTCTATAACAAAATATGATCCARCAARACACAATTTTARAGAGAAGAGT

AATAGACCATTAAACATAACTAAATTTAATCCGAATATTCATGACTATACTAATAAGCCT
AATAGACCTAAACACATTACTAGGTATGATGGAACTAARACATGATTACCA--------~ T
AATAGACCTCAACACATTACTAGATATGATGGARCTARACATGATTACCA-~~~===~= T

koo od o dok wk ek * * % *k * * * % * x *

GATAATAAACCTAATTTTGATAAATTAGTTGAAGAAACGAAARAAGCAGTTAAAGAAGCA
GARAATAAACCTAATTTTGATAAATTAGTTGAAGAARACAAAAAAAGCAGTTAAAGAAGCA
GAAAATAGAGATAACTTCGATAAATTAGTCAAAGAAACAAGAGAAGCAATCGCAAACGLT
AAACATAAAGATGGATTTGATGCTCTAGTTAAAGAARCAAGAGAAGCGGTTGCAAAGGCT
AAACATARAGATGGATTTGATGCTTTAGTTAAAGAAACAAGAGAAGCGGTTTCTAAGGCT

* * kK K * *Fk khk * ke hk Fhkkhkdkhk * Kk *kxkkx * * kK

GATGATTCTTGGAAAAAGAAAACTGTCAAAAAATACGGAGAAACTGAARACAAAATCGCCA
GACGAATCTTGGAAARATAAAACTGTCARAAAATACGAGGARACTGTAACAAAATCTCCT
GACGAATCTTGGARAACAAGAACCGTCAAAAATTACGGTGAATCTGAAACAAAATCTCCT
GACGAATCTTGGAARARATAAAACTGTCARAAAATACGAGGARACTGTAACAAAATCTCCA
GACGAATCTTGGAAAACTAARACTGTCARAAAATACGGGGAAACTGAAACAARATATCCT

*k hk XX kA kN kR T kkk kb kkhkhd ko k ok *hkhk hhkw FhkhkhhArk **

GTAGTAAAAGAAGAGAAGAAAGTTGAAGAACCTCAAGCACCTAAAGTTGATAACCAACAA
GTTGTAAAAGAAGAGAAGAAAGTTGAAGAACCTCAATTACCTAAAGTTGGAAACCAGCAR
GTTGTAAAAGAAGAGAAGAAAGTTGAAGAACCTCAATTACCTAAAGTTGGAAACCAGCAA
GTTGTAAAAGAAGAGAAGAAAGTTGAAGAACCTCAATCACCTARATTTGATAACCAACAA
GTTGTAAAAGAAGAGAAGAAAGTTGAAGAACCTCAATCACCTAAAGTTTCTGAAAAAGTG

LRSS LR R RS RE RS EEER SRSl RS SRS S Trkkrkdk *¥ * *

GAGGTTAAAACTACGGCTGGTAARGCTGAAGARACARCACAACCAGTTGCACAACCATTA
GAGGTTAAAACTACGGCTGGTAAAGCTGAAGARACAACACAACCAGTGGCACAGCCATTA
GAGGATAAAATTACAGTTGGTACAACTGAAGAAGCACCATTACCAATTGCGCAACCACTA
GAGGTTAAAATTACAGTTGATAAAGCTGAAGARACAACACAACCAGTGGCACAGCCATTA
GATGTTCAGGAAACGGTTGGTACAACTGAAGAAGCACCATTACCAATTGCGCAACCACTA

*x ok kK *Ek ok *k hkk Kk F*hkhkkhkk *k k% *kkk Kk *k kk KhEhkk ok

GTTAARATTCCACAGGGCACAATTACAGGTGARATTGTARAAGGTCCGGAATATCCAACG
GTAAAAATTCCACAAGAAACAATCTATGGTGARACTGTAAAAGGTCCAGAATATCCAACG
GTTAAAATTCCACAGGGCACAATTCAAGGTGAAATTGTAARAAGGTCCGGAATATCTAACG
GTTAARATTCCACAGGGCACAATTACAGGTGAAATTGTAARAGGTCCGGAATATCCAACG
GTTAAATTACCACAAATTGGGACTCAAGGCGAAATTGTAARAGGTCCCGACTATCCAACT

Tk kkk ok Ak dkh ok * *k KFhhkk kkhkkhkkhkhkkhhk Ak hhkhk hkk

ATGGAAAATAAAACGGTACAAGGTGAAATCGTTCAAGGTCCCGATTTTCTAACAATGGAA
ATGGAARATAARACGTTACAAGGTGARATCGTTCAAGGTCCCGATTTTCTAACAATGGAA
ATGGAAAATAAAACGTTACAAGGTGAAATCGTTCAAGGTCCAGATTTCCCAACAATGGAA
ATGGAAAATAAAACGTTACAAGGTGAAATCGTTCAAGGTCCAGATTTCCCAACAATGGAA
ATGGAAAATAAARACGTTACAAGGTGTAATTGTTCAAGGTCCAGATTTCCCAACAATGGAA

A ESE R R ERE SRS S LRSS LSS EELEEELEEESEE S SR IEEEE LIRS EEESEEES]

CAAAGCGGCCCATCATTAAGCAATAATTATACAAACCCA-~~==~—m——m=m—m——————
CAAAACAGACCATCTTTAAGCGATAATTATACTCAACCG-———————=——————————
CAABRACAGACCATCTTTAAGCGATAATTATACTCAACCG-—————————————————--—
CAAAACAGACCATCTTTAAGCGATAATTATACTCAARCCG-———————————=————————
CARAACAGACCATCTTTAAGTGACAATTATACACAACCATCTGTGACT TTACCGTCAATT

XA F Ok EEHEF kEk A FF * Ak EFhokk * A

------------ CCGTTAACGAACCCTATTTTAGAAGGTCTTGAAGGTAGCTCATCTAAA
------------ ACGACACCGAACCCTATTTTAGAAGGTCTTGAAGGTAGCTCATCTAAA
———————————— ACGACACCGAACCCTATTTTAAAARGGTATTGAAGGAAACTCAACTAAA
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------------ ACGACACCGAACCCTATTTTAGAAGGTCTTGAAGGTAGCTCATCTAAA
ACAGGTGAAAGTACACCAACGAACCCTATTTTAARAGGTATTGAAGGAAACTCATCTAAA

> L R A A R R

CTTGAAATAAAACCACAAGGTACTGAATCAACGTTAAAAGGTACTCAAGGAGAATCAAGT
CTTGAAATAAAACCACAAGGTACTGAATCAARCGTTGAAAGGTATTCAAGGAGAATCAAGT
CTTGAAATAAAACCACAAGGTACTGAATCARCGTTAAAAGGTACTCAAGGAGAATCAAGT
CTTGARATARAACCACAAGGTACTGAATCAACGTTAAAAGGTACTCAAGGAGARTCAAGT
CTTGAAATAAARCCACAAGGTACTGAATCAARCGTTGAARGGTATTCAAGGAGAATCAAGT

ISR S e R R e e R R R A A T R R S S R RS X R

GATATTGAAGTTARACCTCAAGCAACTGARACAACAGAAGCTTCTCAATATGGTCCGAGA
GATATTGAAGTTAAACCTCAAGCAACTGARARCAACAGAAGCTTCTCAATATGGTCCGAGA
GATATTGAAGTTAAACCTCAAGCAACTGARACAACAGAAGCATCACATTATCCAGCGAGA
GATATTGAAGTTRAACCTCAAGCATCTGAARACAACAGAAGCATCACATTATCCAGCAAGA
GATATTGAAGTTARACCTCAAGCAACTGARACAACAGAAGCATCACATTATCCAGCGAGA

kT hkrkkhdhhhhkrhkrrhbhrdhdhkdt Ihhkhkrdhhrhhrhihd k& *&h *hd * kkh

CCGCAATTTAACAAAACACCTAAATATGTTAAATATAGAGATGCTGGTACAGGTATCCGT
CCGCAATTTAACAARACACCTAAGTATGTGAAATATAGAGATGCTGGTACAGGTATCCGT
CCTCAATTTAARCAAAACACCTAAGTATGTGAAATATAGAGATGCTGGTACAGGTATCCGT
CCTCAATTTAACAAAACACCTAAATATGTTAAATATAGAGATGCTGGTACAGGTATCCGT
CCGCAATTTAARCAAAACACCTAAATATGTGAAATATAGAGATGCTGGTACAGGTATTCGT

tA A AR E R ESE R R SRS AL EELE S EEEE I EEEELEEEEEELEEER R EEE L S

GAATACAACGATGGAACATTTGGATATGAAGCGAGACCAAGATTCAATAAGCCA--~-~~~
GAATACAACGATGGAACATTTGGATATGARGCGAGACCAAGATTCAACAAGCCAAGTGAA
GAATACAACGATGGAACATTTGGATATGAAGCGAGACCAAGATTCAACAAGCCARG-~-~
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