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(57) ABSTRACT

Embodiments concern methods and compositions for treat-
ing or preventing a bacterial infection, particularly infection
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 Staphylo-
coccal protein A (SpA).
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1
COMPOSITIONS AND METHODS RELATED
TO ANTIBODIES TO STAPHYLOCOCCAL
PROTEIN A

This application is a national phase application under 35
U.S.C. §371 of International Application No. PCT/US2012/
050991 filed Aug. 15, 2012, which claims priority to U.S.
Provisional Patent Applications Ser. No. 61/523,751 filed on
Aug. 15, 2011, Ser. No. 61/615,083 filed on Mar. 23, 2012,
Ser. No. 61/618,417 filed on Mar. 30, 2012, and Ser. No.
61/674,135 filed on Jul. 20, 2012, all of which are incorpo-
rated herein by reference in their entirety.

This invention was made with government support under
AI52747 and A192711 from the National Institute of Allergy
and Infectious Diseases (NIAID) and 1-U54-AI-057153
awarded by the National Institutes of Health. The govern-
ment has certain rights in the invention.

FIELD OF THE INVENTION

The present invention relates generally to the fields of
immunology, microbiology, and pathology. More particu-
larly, it concerns methods and compositions involving anti-
bodies to bacterial proteins and bacterial peptides used to
elicit such antibodies. The proteins include Staphylococcal
protein A (SpA).

BACKGROUND

The number of both community acquired and hospital
acquired infections have increased over recent years with the
increased use of intravascular devices. Hospital acquired
(nosocomial) infections are a major cause of morbidity and
mortality, more particularly in the United States, where they
affect more than 2 million patients annually. The most
frequent nosocomial infections are urinary tract infections
(33% of the infections), followed by pneumonia (15.5%),
surgical site infections (14.8%) and primary bloodstream
infections (13%) (Emorl and Gaynes, 1993).

Staphylococcus aureus, Coagulase-negative Staphylo-
cocci (mostly Staphylococcus epidermidis), enterococcus
spp., Escherichia coli and Pseudomonas aeruginosa are the
major nosocomial pathogens. Although these pathogens
almost cause the same number of infections, the severity of
the disorders they can produce combined with the frequency
of antibiotic resistant isolates balance this ranking towards
S. aureus and S. epidermidis as being the most significant
nosocomial pathogens.

Staphylococcus can cause a wide variety of diseases in
humans and other animals through either toxin production or
invasion. Staphylococcal toxins are a common cause of food
poisoning, as the bacteria can grow in improperly-stored
food.

Staphylococcus epidermidis is a normal skin commensal,
which is also an important opportunistic pathogen respon-
sible for infections of impaired medical devices and infec-
tions at sites of surgery. Medical devices infected by S.
epidermidis include cardiac pacemakers, cerebrospinal fluid
shunts, continuous ambulatory peritoneal dialysis catheters,
orthopedic devices and prosthetic heart valves,

Staphylococcus aureus is the most common cause of
nosocomial infections with a significant morbidity and mor-
tality. It is the cause of some cases of osteomyelitis, endo-
carditis, septic arthritis, pneumonia, abscesses and toxic
shock syndrome.

S. aureus can survive on dry surfaces, increasing the
chance of transmission. Any S. aureus infection can cause
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the staphylococcal scalded skin syndrome, a cutaneous
reaction to exotoxin absorbed into the bloodstream. S.
aureus can also cause a type of septicemia called pyaemia
that can be life-threatening. Methicillin-resistant Staphylo-
coccus aureus (MRSA) has become a major cause of hos-
pital-acquired infections.

S. aureus and S. epidermidis infections are typically
treated with antibiotics, with penicillin being the drug of
choice, but vancomycin being used for methicillin resistant
isolates. The percentage of staphylococcal strains exhibiting
wide-spectrum resistance to antibiotics has increased, pos-
ing a threat to effective antimicrobial therapy. In addition,
the recent appearance of vancomycin-resistant S. aureus
strain has aroused fear that MRSA strains for which no
effective therapy is available are starting to emerge and
spread.

An alternative approach to antibiotics in the treatment of
staphylococcal infections has been the use of antibodies
against staphylococcal antigens in passive immunotherapy.
Examples of this passive immunotherapy involves admin-
istration of polyclonal antisera (WO00/15238, WOQ00/
12132) as well as treatment with monoclonal antibodies
against lipoteichoic acid (W098/57994).

The first generation of vaccines targeted against S. aureus
or against the exoproteins it produces have met with limited
success (Lee, 1996) and there remains a need to develop
additional therapeutic compositions for treatment of staphy-
lococcus infections.

SUMMARY OF THE INVENTION

Staphylococcus aureus is the most frequent cause of
bacteremia and hospital-acquired infection in the United
States. An FDA approved vaccine that prevents staphylo-
coccal disease is currently unavailable.

In certain embodiments there are antibody compositions
that inhibit, ameliorate, and/or prevent Staphylococcal
infection, In particular embodiments, there is a polypeptide
that is capable of binding a Staphylococcal SpA protein. The
term polypeptide is understood to mean one or more amino
acid or polypeptide chains. For example, the term polypep-
tide may refer to a single polypeptide chain comprising a
heavy or light chain or a coupled heavy and light chain. The
term polypeptide may also refer to an immunoglobulin (Ig)
monomer, comprising four polypeptide chains; two heavy
and two light chains, The term polypeptide may also refer to
dimeric, trimeric, tetrameric or pentameric Ig molecules.

Moreover, in certain embodiments, this SpA-binding
polypeptide is distinguished from other SpA antibodies
because it has properties that are based on being an antibody
or derived from an antibody generated using a SpA variant
as an antigen—not a SpA wild-type protein. The SpA variant
has 1, 2, 3, 4, 5 or more alterations in 1, 2, 3, 4 andor 5 of
the A, B, C, D, and/or E domains. Furthermore, as discussed
herein, these Spa binding polypeptides are capable of spe-
cifically binding such SpA variants, including but not lim-
ited to a KKAA (SEQ ID NO. 174) domain variation in all
five domains as discussed below.

Certain embodiments are directed to a recombinant pep-
tide comprising 1,2, 3,4, 5, 6, 7, 8, 9, 10 or more amino acid
segments comprising about, at least or at most 5, 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25
to 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 amino acids in
length, including all values and ranges there between, that
are at least 80, 85, 90, 95, 96, 97, 98, 99, or 100% identical
to amino acid segments of Staphylococcal SpA (SEQ ID
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NO:1). For example, the amino acid segment(s) from a
Staphylococcal SpA may be from a non-toxogenic SpA
mutant polypeptide SpAzx,.), PCT Publication No. WO
2011/005341 and PCT Appln. No. PCT/US 11/42845, each
incorporated herein by reference, provide a number of
non-toxigenic SpA mutant polypeptides and methods for
using the same. In further aspects, there are antibodies that
specifically bind one or more of these particular amino acid
segments.

Embodiments also provide for the use of SpA antibodies
in methods and compositions for the treatment of bacterial
and/or staphylococcal infection. In certain embodiments,
compositions are used in the manufacture of medicaments
for the therapeutic and/or prophylactic treatment of bacterial
infections, particularly staphylococcus infections. Further-
more, in some embodiments there are methods and compo-
sitions that can be used to treat (e.g., limiting staphylococcal
abscess formation and/or persistence in a subject) or prevent
bacterial infection.

Certain aspects are directed to methods of reducing
Staphylococcus infection or abscess formation comprising
administering to a patient having or suspected of having a
Staphylococcus infection an effective amount of one or more
purified polypeptides or proteins that specifically bind a
Staphylococcal SpA polypeptide. It is contemplated that this
polypeptide (or protein) may be referred to as an antibody by
virtue of it being a polypeptide or protein with amino acid
sequences of or derived from one or more CDR regions of
an antibody. Any embodiment discussed herein in the con-
text of an antibody may be implemented with respect to a
polypeptide or protein so long as the polypeptide or protein
has one or more amino acid regions that has at least 60%
identity or homology across the entire region of a CDR from
an antibody that is capable of specifically binding a SpA
variant lacking specific Ig-binding activity The Spa binding
polypeptide can be a purified polyclonal antibody, a purified
monoclonal antibody, a recombinant polypeptide, or a frag-
ment thereof. In certain aspects the polypeptide is an anti-
body that is humanized, which means the nonvariable por-
tion of the antibody has been altered in order to simulate the
constant regions found in human antibodies. Thus, it is
contemplated that a humanized antibody is one that has the
CDR sequences of a non-human antibody for at least amino
acid sequences that are derived from such sequences, i.e.,
are at least 80% identical).

In certain other embodiments, the antibody is a human
antibody. In still further aspects the antibody is a recombi-
nant antibody segment. In certain aspects a monoclonal
antibody includes one or more of SA10, 8E2, 3A6, 7E2, 3F6,
1F10, 6D11,3D11, 5A11, 1B10, 4C1, 2F2, 8D4, 7D11, 2C3,
4C5, 6B2, 4D5, 2B8 or 1H7 described in Tables 1-2 below
and in Table 5, incorporated herein by reference. An anti-
body or polypeptide can be administered at a close of 0.1,
0.5, 1, 5, 10, 50, 100 mg or pg/kg to 5, 10, 50, 100, 500 mg
or ng/kg. The recombinant antibody segment can be opera-
tively coupled to a second recombinant antibody segment. In
certain aspects the second recombinant antibody segment
binds a second Staphylococcal protein. The method can
further comprise administering a second antibody that binds
a second Staphylococcal protein. In certain aspects the
method further comprises administering an antibiotic.

Embodiments are directed to monoclonal antibody poly-
peptides, polypeptides having one 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 light chain variable region of SpA
specific antibodies. In a further aspect, a polypeptide can
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comprise an amino acid sequence that corresponds to a first,
second, and/or third complementary determining regions
(CDRs) from the light variable chain and/or heavy variable
chain of an antibody, e.g., a SpA-specific antibody. Addi-
tionally an antibody or binding polypeptide may have a
binding region comprising an amino acid sequence having,
having at least, or having at most 70, 71, 72, 73, 74, 75, 76,
77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
93, 94, 95, 96, 97, 98, 99, or 100% identity or homology
(substitution with a conserved amino acid) (or any range
derivable therein) with 1, 2, 3, 4, 5, or 6 CDR sequences
discussed herein, including any of SEQ ID NOs: 11-13,
21-23, 31-33, 41-43, 51-53, 61-63, 71-73, 81-83, 91-93,
96-98, 111-113, 116-118, 126-128, 131-133, 16-18, 26-28,
36-38, 46-48, 56-58, 66-68, 76-78, 86-88, 101-103, 106-
108, 121-123, 136-138, 141-143. In specific embodiments,
an antibody having all or part of one or more CDRs
disclosed herein has been humanized in non-CDR regions.
In further embodiments, the CDR regions disclosed herein
may be changed by 1,2 ,3 4, 5, 6, 7 or 8 amino acids per
CDR, which may be instead of or in addition to humaniza-
tion. In some embodiments, a change may be a deletion or
addition of 1, 2, or 3 amino acids, or it may be a substitution
of' any amino acid, which may or may not be with an amino
acid that is a conserved an amino acid.

In some embodiments, a SpA binding polypeptide or
antibody has one, two, three, four, five, six, or seven CDRs
that have 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 96,
97, 98, 99, 100% identity with a consensus sequence iden-
tified for that CDR, such as is shown in Tables 7-17. It is
contemplated that in some embodiments, a SpA binding
polypeptide or antibody has an amino acid sequence corre-
sponding to CDR1, CDR2, and CDR3 of a light chain
variable region and a CDR1, CDR2, and CDR3 of a heavy
chain variable region. As discussed herein the amino acid
sequence corresponding to a CDR may have a percent
identity or homology to a CDR discussed herein. In certain
embodiments, the consensus sequence is SEQ ID NO: 51,
SEQID NO: 52, SEQ ID NO:156, SEQ ID NO:157, SEQ ID
NO: 160, SEQ ID NO: 161, SEQ ID NO: 162, SEQ ID NO:
163, SEQ ID NO: 164, SEQ ID NO: 165, SEQ ID NO: 166,
SEQ ID NO: 167, SEQ ID NO: 168. In particular embodi-
ments, the SpA binding polypeptide or antibody has a
consensus sequence from a monoclonal antibody for CDR1,
CDR2, and/or CDR3 of the light chain variable region.
Alternatively or additionally, the SpA binding polypeptide
or antibody has a consensus sequence from a monoclonal
antibody for CDR1, CDR2, and/or CDR3 of a heavy chain
variable region. It is further contemplated that a SpA binding
polypeptide or antibody may have a mix of CDRs based on
consensus sequence(s) and/or sequences with identity or
homology to a particular CDR.

In some embodiments a SpA binding polypeptide or
antibody has one or more consensus sequences with respect
to 3F6. In particular embodiments, the SpA binding poly-
peptide or antibody has a consensus sequence from 3F6 for
CDR1, CDR2, and/or CDR3 of the light chain variable
region. Alternatively or additionally, the SpA binding poly-
peptide or antibody has a consensus sequence from 3F6 for
CDRI1, CDR2, and/or CDR3 of a heavy chain variable
region.

In certain embodiments, an SpA antibody or binding
polypeptide comprises an amino acid sequence that is at
least 40% identical to one or more antibody CDR domains
from a SpA-binding antibody wherein the polypeptide spe-
cifically binds at least two Spa Ig binding domains A, B, C,
D, and E of a a Staphylococcal protein A polypeptide variant
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that lacks non-specific Ig-binding activity. Further embodi-
ments of this aspect are contemplated below.

In yet other embodiments, a purified polypeptide that
specifically binds to a SpA variant polypeptide lacking
specific Ig-binding activity and wherein the polypeptide has
an association constant of 0.5x10°M" or greater for at least
two and up to five Spa IgG binding domains Az, ;. Bz s
Crraas Drraq and Egr, , is contemplated. Further embodi-
ments of this embodiment are contemplated below.

In certain aspects, a polypeptide comprises all or part of
an amino acid sequence corresponding to the MAb 3D11

variable (VDJ) heavy chain amino acid sequence
QSGPELMKPGASVKISCKASGYSFTSYYMH-
WVKQSHGKSLEWIGYIDPFNGGTSYNQK FKG-

KATLTVDKSSSTAYMHLSSLTSEDSAVYYCARYGY-
DGTFYAMDYWGQGTSVTVSS (SEQ ID NO: 84). CDRs
are indicated in bold underline. CDRs are regions within
antibodies where the antibody complements an antigen’s
shape. Thus, CDRs determine the protein’s affinity and
specificity for specific antigens. From amino to carboxy
terminus the CDRs are CDR1, CDR2, and CDR3. In certain
aspects, a polypeptide can comprise 1, 2, and/or 3 CDRs
from the variable heavy chain of MAb 3D11, for example,
SEQ ID NO:81, SEQ ID NO:82, and/or SEQ ID NO:83. In
further embodiments, an antibody may have CDRs that have
1, 2, and/or 3 amino acid changes (addition of 1 or 2 amino
acids, deletions or 1 or 2 amino acids or substitution) with
respect to these 1, 2, or 3 CDRs. In further embodiments, an
antibody may be alternatively or additionally humanized in
regions outside the CDR(s) and/or variable region(s). In
some aspects, a polypeptide comprises additionally or alter-
natively, an amino acid sequence that is at least 60, 65, 70,
75, 80, 85, 90, 95, 96, 97, 98, 99, or 100% identical or
homologous to the amino acid sequence of the variable
region that is not a CDR sequence, i.e., the variable region
framework.

In certain aspects, a polypeptide comprises all or part of
an amino acid sequence corresponding to the MAb 3D11
variable (VIJ) light chain amino acid sequence RIVLTQS-
PAITAASLGQKVTITCSASSSVSYMHWYQQ-
KSGTSPKPWIYEISKLASGVPARFSGSGSGTSYSLTIS-
SMEAEDAAIYYCQQWSYPFTFGSGTKLEIK (SEQ 1D
NO: 89). CDRs are indicated in bold underline. From amino
to carboxy terminus the CDRs are CDR1, CDR2, and
CDR3. In certain aspects, a polypeptide can comprise 1, 2,
and/or 3 CDRs from the variable light chain of MAb 3D11,
for example, SEQ ID NO:86, SEQ ID NO:87, and/or SEQ
1D NO:88. In further embodiments, a polypeptide may have
CDRs that have 1, 2, and/or 3 amino acid changes (addition
of 1 or 2 amino acids, deletions or 1 or 2 amino acids or
substitution) with respect to these 1, 2, or 3 CDRs. In further
embodiments, an antibody may be alternatively or addition-
ally humanized in regions outside the CDR(s) and/or vari-
able region(s). In some aspects, a polypeptide comprises
additionally or alternatively, an amino acid sequence that is
at least 60, 65, 70, 75, 80, 85, 90, 95, 96, 97, 98, 99, or 100%
identical or homologous to the amino acid sequence of the
variable region that is not a CDR sequence, i.e., the variable
region framework,

In other embodiments, a polypeptide or protein comprises
1,2,3,4,5, or 6 CDRs from the either or both of the light
and heavy variable regions of mAb 3D11, and 1, 2, 3, 4, 5,
or 6 CDRs may have 1, 2, and/or 3 amino acid changes with
respect to these CDRs. In some embodiments, parts or all of
the antibody sequence outside the variable region have been
humanized. A protein may comprise one or more polypep-
tides. In some aspects, a protein may contain one or two
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polypeptides similar to a heavy chain polypeptide and/or 1
or 2 polypeptides similar to a light chain polypeptide. In
further embodiments, a polypeptide may be a single chain
antibody or other antibody discussed herein so long as it at
least 70% sequence identity or homology to 1, 2, 3, 4, 5, or
6 CDRs of mAb 3D11.

In certain aspects, a polypeptide comprises all or part of
an amino acid sequence corresponding to the MAb 3F6
variable (VDJ) heavy chain amino acid sequence EVQL-
VETGGGLVQPKGSLKLSCAASGFTFNTNAM-
WVRQAPGKGLEWVARIRSKSNNYATYYADSVKDRF-
SISRDDSQNMLSLQMNNLKTEDTAIYYCVTEHYDY-
DYYVMDYWGQGTSVXSPQ (SEQ ID NO: 54). CDRs
are indicated in bold underline. From amino to carboxy
terminus the CDRs are CDR1, CDR2, and CDR3. In certain
aspects, a polypeptide can comprise 1, 2, and/or 3 CDRs
from the variable heavy chain of MAb 3F6, for example,
SEQ ID NO:51, SEQ ID NO:52, and/or SEQ ID NO:53. In
further embodiments, a polypeptide may have CDRs that
have 1, 2, and/or 3 amino acid changes (addition of 1 or 2
amino acids, deletions or 1 or 2 amino acids or substitution)
with respect to these 1, 2, or 3 CDRs. In further embodi-
ments, an antibody may be alternatively or additionally
humanized in regions outside the CDR(s) and/or variable
region(s). In some aspects, a polypeptide comprises addi-
tionally or alternatively, an amino acid sequence that is at
least 60, 65, 70, 75, 80, 85, 90, 95, 96, 97, 98, 99, or 100%
identical or homologous to the amino acid sequence of the
variable region that is not a CDR sequence, i.e., the variable
region framework.

In certain aspects, a polypeptide comprises all or part of
an amino acid sequence corresponding to the MAb 3F6
variable (VJ) light chain amino acid sequence IVLTQ-
PASLAVSLGQRATISCRASESVEYSGASLMQW-
YQHKPGQPPKLLIYAASNVESGVPARFSGSGSGTDF-
SLNIHPVEEDDIAMYFCQOSRKVPSTFGGGTKLEIK
(SEQ ID NO: 59). CDRs are indicated in bold underline.
From amino to carboxy terminus the CDRs are CDRI,
CDR2, and CDR3. In certain aspects, a polypeptide can
comprise 1, 2, and/or 3 CDRs from the variable light chain
of MAb 3F6, for example, SEQ ID NO:56, SEQ ID NO:57,
and/or SEQ ID NO:58. In further embodiments, a polypep-
tide may have CDRs that have 1, 2, and/or 3 amino acid
changes (addition of 1 or 2 amino acids, deletions or 1 or 2
amino acids or substitution) with respect to these 1, 2, or 3
CDRs. In further embodiments, an antibody may be alter-
natively or additionally humanized in regions outside the
CDR(s) and/or variable region(s). In some aspects, a poly-
peptide comprises additionally or alternatively, an amino
acid sequence that is at least 60, 65, 70, 75, 80, 85, 90, 95,
96, 97, 98, 99, or 100% identical or homologous to the
amino acid sequence of the variable region that is not a CDR
sequence, i.e., the variable region framework.

In other embodiments, a polypeptide or protein comprises
1,2,3,4,5, or 6 CDRs from the either or both of the light
and heavy variable regions of mAb 3F6, and 1, 2, 3, 4, 5, or
6 CDRs may have 1, 2, and/or 3 amino acid changes with
respect to these CDRs. In some embodiments, parts or all of
the antibody sequence outside the variable region have been
humanized. A protein may comprise one or more polypep-
tides. In some aspects, a protein may contain one or two
polypeptides similar to a heavy chain polypeptide and/or 1
or 2 polypeptides similar to a light chain polypeptide. In
further embodiments, a polypeptide may be a single chain
antibody or other antibody discussed herein so long as it at
least 70% sequence identity or homology to 1, 2, 3, 4, 5, or
6 CDRs of mAb 3F6.
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In certain aspects, a polypeptide comprises all or part of
an amino acid sequence corresponding to the MAb 5A10
variable (VDJ) heavy chain amino acid sequence
EVKLVESGGGLVKPGGSLKLSCAASGFAFSNYDMS-
WVRQTPEKRLEWVATISSGGTYPYYPDSVKGRFTIS-
RDNAKNTLYLQLSSLRSEDTALYYCARG-
GFLITTRDYYAMDYWGQGTSVTVSS (SEQ ID NO:
14). CDRs are indicated in bold underline. From amino to
carboxy terminus the CDRs are CDR1, CDR2, and CDR3.
In certain aspects, a polypeptide can comprise 1, 2, and/or 3
CDRs from the variable heavy chain of MAb 5A10, for
example, SEQ ID NO:11, SEQ ID NO:12, and/or SEQ ID
NO:13. In further embodiments, a polypeptide may have
CDRs that have 1, 2, and/or 3 amino acid changes (addition
of 1 or 2 amino acids, deletions or 1 or 2 amino acids or
substitution) with respect to these 1, 2, or 3 CDRs. In further
embodiments, an antibody may be alternatively or addition-
ally humanized in regions outside the CDR(s) and/or vari-
able region(s). In some aspects, a polypeptide comprises
additionally or alternatively, an amino acid sequence that is
at least 60, 65, 70, 75, 80, 85, 90, 95, 96, 97, 98, 99, or 100%
identical or homologous to the amino acid sequence of the
variable region that is not a CDR sequence, i.e., the variable
region framework.

In certain aspects, a polypeptide comprises all or part of
an amino acid sequence corresponding to the MAb SA-
10 variable (VJ) light chain amino acid sequence TIVLTQ-
SPAIMSASPGEKVTMTCSASSSVSYMYWYQ-
QKPGSSPRLLIYDTSNLASGVPVRFSGSGSGTSYSLTI-
SRMEAEDAATYYCQOWSSYPPTFGGGTKLEIK (SEQ
ID NO: 19). CDRs are indicated in bold underline. From
amino to carboxy terminus the CDRs are CDR1, CDR2, and
CDR3. In certain aspects, a polypeptide can comprise 1, 2,
and/or 3 CDRs from the variable light chain of MAb 5A10,
for example, SEQ ID NO:16, SEQ ID NO:17, and/or SEQ
NO:18. In further embodiments, a polypeptide may CDRs
that have 1, 2, and/or 3 amino acid changes (addition of 1 or
2 amino acids, deletions or 1 or 2 amino acids or substitu-
tion) with respect to these 1, 2, or 3 CDRs. In further
embodiments, an antibody may be alternatively or addition-
ally humanized in regions outside the CDR(s) and/or vari-
able region(s). In some aspects, a polypeptide comprises
additionally or alternatively, an amino acid sequence that is
at least 60, 65, 70, 75, 80, 85, 90, 95, 96, 97, 98, 99, or 100%
identical or homologous to the amino acid sequence of the
variable region that is not a CDR sequence, i.e., the variable
region framework.

In other embodiments, a polypeptide or protein comprises
1,2,3,4,5, or 6 CDRs from the either or both of the light
and heavy variable regions of mAb 5A10, and 1, 2, 3, 4, 5,
or 6 CDRs may have 1, 2, and/or 3 amino acid changes with
respect to these CDRs. In sonic embodiments, parts or all of
the antibody sequence outside the variable region have been
humanized. A protein may comprise one or more polypep-
tides. In some aspects, a protein may contain one or two
polypeptides similar to a heavy chain polypeptide and/or 1
or 2 polypeptides similar to a light chain polypeptide. In
further embodiments, a polypeptide may be a single chain
antibody or other antibody discussed herein so long as it at
least 70% sequence identity or homology to 1, 2, 3, 4, 5, or
6 CDRs of mAb 5A10.

In certain aspects, a polypeptide comprises all or part of
an amino acid sequence corresponding to the MAb 2F2-
variable (VDJ) heavy chain amino acid sequence VKLVES-
GGDLVKPGGSLKLSCAASRFTFSSYVMSWV-
RQTPEKRLEWVASIGSGGTTYYPDTVKGRFTISRDN-
ARNILYLQMSSLRSDDTAMYYCTRGRGYGFAWYFD-
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VWGAGTTVTVSS (SEQ ID NO: 99). CDRs are indicated
in bold underline. From amino to carboxy terminus the
CDRs are CDR1, CDR2, and CDR3. In certain aspects, a
polypeptide can comprise 1, 2, and/or 3 CDRs from the
variable heavy chain of MAb 2F2, for example, SEQ ID
NO:96, SEQ ID NO:97, and/or SEQ ID NO:98. In further
embodiments, a polypeptide may have CDRs that have 1, 2,
and/or 3 amino acid changes (addition of 1 or 2 amino acids,
deletions or 1 or 2 amino acids or substitution) with respect
to these 1, 2, or 3 CDRs. In further embodiments, an
antibody may be alternatively or additionally humanized in
regions outside the CDR(s) and/or variable region(s). In
some aspects, a polypeptide comprises additionally or alter-
natively, an amino acid sequence that is at least 60, 65, 70,
75, 80, 85, 90, 95, 96, 97, 98, 99, or 100% identical or
homologous to the amino acid sequence of the variable
region that is not a CDR sequence, i.e., the variable region
framework.

In certain aspects, a polypeptide comprises all or part of
an amino acid sequence corresponding to the MAb 2F2
variable (VJ) light chain amino acid sequence TIVLTQS-
PAIMSASPGEKVTMTCSASSSVSYMYWYQ-
QKPGSSPRLLIYDTSNLASGVPVRFSGSGSGTSYSLTI-
SRMEAEDAATYYCQQWSSYPPTFGGGTKLEIK (SEQ
ID NO: 104). CDRs are indicated in bold underline. From
amino to carboxy terminus the CDRs are CDR1, CDR2, and
CDR3. In certain aspects, a polypeptide can comprise 1, 2,
and/or 3 CDRs from the variable light chain of MAb 2F2, for
example, SEQ ID NO:101, SEQ ID NO:102, and/or SEQ ID
NO:103. In further embodiments, a polypeptide may have
CDRs that have 1, 2, and/or 3 amino acid changes (addition
of 1 or 2 amino acids, deletions or 1 or 2 amino acids or
substitution) with respect to these 1, 2, or 3 CDRs. In further
embodiments, an antibody may be alternatively or addition-
ally humanized in regions outside the CDR(s) and/or vari-
able region(s). In some aspects, a polypeptide comprises
additionally or alternatively, an amino acid sequence that is
at least 60, 65, 70, 75, 80, 85, 90, 95, 96, 97, 98, 99, or 100%
identical or homologous to the amino acid sequence of the
variable region that is not a CDR sequence, i.e., the variable
region framework.

In other embodiments, a polypeptide or protein comprises
1,2,3,4,5, or 6 CDRs from the either or both of the light
and heavy variable regions of mAb 2F2; and 1, 2, 3, 4, 5, or
6 CDRs may have 1, 2, and/or 3 amino acid changes with
respect to these CDRs. In some embodiments, parts or all of
the antibody sequence outside the variable region have been
humanized. A protein may comprise one or more polypep-
tides. In some aspects, a protein may contain one or two
polypeptides similar to a heavy chain polypeptide and/or 1
or 2 polypeptides similar to a light chain polypeptide. In
further embodiments, a polypeptide may be a single chain
antibody or other antibody discussed herein so long as it at
least 70% sequence identity or homology to 1, 2, 3, 4, 5, or
6 CDRs of mAb 2F2.

In certain aspects, a polypeptide comprises all or part of
an amino acid sequence corresponding to the MAb 4CS5
variable (VJ) light chain amino acid sequence DIVLTQS-
PASLAVSLGQRATISCRASESVEYYGASLM-
QWYQQKSGQPPKLLIYAASNVESGVPARFSGSGSGT-
DFSLNIHPVEEDDIAMYFCQQSRKVPNTFGGGT-
KLEIK (SEQ NO: 139). CDRs are indicated in bold under-
line. From amino to carboxy terminus the CDRs are CDR1,
CDR2, and CDR3. In certain aspects, a polypeptide can
comprise 1, 2, and/or 3 CDRs from the variable light chain
of MAb 4CS5, for example, SEQ ID NO:136, SEQ ID
NO:137, and/or SEQ ID NO:138. In further embodiments, a
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polypeptide may CDRs that have 1, 2, and/or 3 amino acid
changes (addition of 1 or 2 amino acids, deletions or 1 or 2
amino acids or substitution) with respect to these 1, 2, or 3
CDRs. In further embodiments, an antibody may be alter-
natively or additionally humanized in regions outside the
CDR(s) and/or variable region(s). In some aspects, a poly-
peptide comprises additionally or alternatively, an amino
acid sequence that is at least 60, 65, 70, 75, 80, 85, 90, 95,
96, 97, 98, 99, or 100% identical or homologous to the
amino acid sequence of the variable region that is not a CDR
sequence, i.e., the variable region framework.

In other embodiments, a polypeptide or protein comprises
1,2,3,4,5, or 6 CDRs from the either or both of the light
and heavy variable regions of mAb 4C5, and 1, 2, 3, 4, 5, or
6 CDRs may have 1, 2, and/or 3 amino acid changes with
respect to these CDRs. In some embodiments, parts or all of
the antibody sequence outside the variable region have been
humanized. A protein may comprise one or more polypep-
tides. In some aspects, a protein may contain one or two
polypeptides similar to a heavy chain polypeptide and/or 1
or 2 polypeptides similar to a light chain polypeptide. In
further embodiments, a polypeptide may be a single chain
antibody or other antibody discussed herein so long as it at
least 70% sequence identity or homology to 1, 2, 3, 4, 5, or
6 CDRs of mAb 4C5.

In certain aspects, a polypeptide comprises all or part of
an amino acid sequence corresponding to the MAb 4D5
variable (VJ) light chain amino acid sequence EIVLTQS-
PAITAASLGQKVTITCSASSSVSYMHWYHQ-
KSGTSPKCPWIYETSKLASGVPVRFSGSGSGTSYSLT-
ISSMEAEDAAIYYCQQWSYPFTFGSGTKLEIK  (SEQ
ID NO: 144). CDRs are indicated in bold underline. From
amino to carboxy terminus the CDRs are CDR1, CDR2, and
CDR3. In certain aspects, a polypeptide can comprise 1, 2,
and/or 3 CDRs from the variable light chain of MAb 4D8,
for example, SEQ ID NO:141, SEQ ID NO:142, and/or SEQ
ID NO:143. In further embodiments, a polypeptide may
have CDRs that have 1, 2, and/or 3 amino acid changes
(addition of 1 or 2 amino acids, deletions or 1 or 2 amino
acids or substitution) with respect to these 1, 2, or 3 CDRs.
In further embodiments, an antibody may be alternatively or
additionally humanized in regions outside the CDR(s) and/
or variable region(s). In some aspects, a polypeptide com-
prises additionally or alternatively, an amino acid sequence
that is at least 60, 65, 70, 75, 80, 85, 90, 95, 96, 97, 98, 99,
or 100% identical or homologous to the amino acid
sequence of the variable region that is not a CDR sequence,
i.e., the variable region framework.

In certain aspects, a polypeptide comprises all or part of
an amino acid sequence corresponding to the MAb 5A11
variable (VDJ) heavy chain amino acid sequence
EVQLVESGGGLVKPGGSLKLSCAASGFTFSDYYMY-
WVRQTPEKRLEWVATISDGGTYTYYPDSVKGRFTIS-
RDNAKNNLYLQMSSLKSEDTAMYYCARDRDDY-
DEGPYFDYWGQGTTLTVSS (SEQ ID NO: 94). CDRs
are indicated in bold underline. From amino to carboxy
terminus the CDRs are CDR1, CDR2, and CDR3. In certain
aspects, a polypeptide can comprise 1, 2, and/or 3 CDRs
from the variable heavy chain of MAb 5A11, for example,
SEQ ID NO:91, SEQ ID N0O:92, and/or SEQ IDNO:93. In
further embodiments, a polypeptide may have CDRs that
have 1, 2, and/or 3 amino acid changes (addition of 1 or 2
amino acids, deletions or 1 or 2 amino acids or substitution)
with respect to these 1, 2, or 3 CDRs. In further embodi-
ments, an antibody may be alternatively or additionally
humanized in regions outside the CDR(s) and/or variable
region(s). In some aspects, a polypeptide comprises addi-
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tionally or alternatively, an amino acid sequence that is at
least 60, 65, 70, 75, 80, 85, 90, 95, 96, 97, 98, 99, or 100%
identical or homologous to the amino acid sequence of the
variable region that is not a CDR sequence, i.e., the variable
region framework.

In certain aspects, a polypeptide comprises all or part of
an amino acid sequence corresponding to the MAb 6B2
variable (VJ) light chain amino acid sequence DIVLTQS-
PASLAVSLGQRATISCRASESVDYSGASLM-
QWYQHKPGQPPRLLIYAASNVESGVPARFSGSGSGT-
DFSLNIHPVEEDDIAMYFCQQSRKVPSTFGGGT-
KLEIK (SEQ ID NO: 124). CDRs are indicated in bold
underline From amino to carboxy terminus the CDRs are
CDR1, CDR2, and CDR3. In certain aspects, a polypeptide
can comprise 1, 2, and/or 3 CDRs from the variable light
chain of MAb 6B2, for example, SEQ ID NO:121, SEQ
NO:122, and/or SEQ ID NO:123. In further embodiments, a
polypeptide may have CDRs that have 1, 2, and/or 3 amino
acid changes (addition of 1 or 2 amino acids, deletions or 1
or 2 amino acids or substitution) with respect to these 1, 2,
or 3 CDRs. In further embodiments, an antibody may be
alternatively or additionally humanized in regions outside
the CDR(s) and/or variable region(s). in some aspects, a
polypeptide comprises additionally or alternatively, an
amino acid sequence that is at least 60, 65, 70, 75, 80, 85,
90, 95, 96, 97, 98, 99, or 100% identical or homologous to
the amino acid sequence of the variable region that is not a
CDR sequence, i.e., the variable region framework.

In certain aspects, a polypeptide comprises all or part of
an amino acid sequence corresponding to the MAb 8E2
variable (VDJ) heavy chain amino acid sequence
KVQLQQSGAGLVKPGASVKLSCKASGYTFTEYSIH-
WVKQSSGQGLEWIGWFYPGSGYIKYNEKFKDKATT -
TADKSSSTVYMEFSRLTSEDSAVYFCARHGYGNY V-
GYAMDYWGQGTSVTVSS (SEQ ID NO: 24). CDRs are
indicated in bold underline. From amino to carboxy termi-
nus the CDRs are CDR1, CDR2, and CDR3. In certain
aspects, a polypeptide can comprise 1, 2, and/or 3 CDRs
from the variable heavy chain of MAb 8E2, for example,
SEQ ID NO:21, SEQ ID NO:22, and/or SEQ ID NO:23. In
further embodiments, a polypeptide may have CDRs that
have 1, 2, and/or 3 amino acid changes (addition of 1 or 2
amino acids, deletions or 1 or 2 amino acids or substitution)
with respect to these 1, 2, or 3 CDRs. In further embodi-
ments, an antibody may be alternatively or additionally
humanized in regions outside the CDR(s) and/or variable
region(s). In some aspects, a polypeptide comprises addi-
tionally or alternatively, an amino acid sequence that is at
least 60, 65, 70, 75, 80, 85, 90, 95, 96, 97, 98, 99, or 100%
identical or homologous to the amino acid sequence of the
variable region that is not a CDR sequence, i.e., the variable
region framework.

In certain aspects, a polypeptide comprises all or part of
an amino acid sequence corresponding to the MAb 8E2
variable (VJ) light chain amino acid sequence DIQMTQS-
PASLSASVGETVTITCRASEIIYSYLAWYQ-
QKQGKSPQLLVYFAKTLAEGVPSRFSGSGSGTQFSL-
KINSLQPEDFGIYYCQHHYGTPYTFGGGTKLEIK
(SEQ ID NO: 29). CDRs are indicated in bold underline.
From amino to carboxy terminus the CDRs are CDRI,
CDR2, and CDR3. In certain aspects, a polypeptide can
comprise 1, 2, and/or 3 CDRs from the variable light chain
of MAb 8E2, for example, SEQ ID NO:26, SEQ ID NO:27,
and/or SEQ ID NO:28. In further embodiments, a polypep-
tide may have CDRs that have 1, 2, and/or 3 amino acid
changes (addition of 1 or 2 amino acids, deletions or 1 or 2
amino acids or substitution) with respect to these 1, 2, or 3
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CDRs. In further embodiments, an antibody may be alter-
natively or additionally humanized in regions outside the
CDR(s) and/or variable region(s). In some aspects, a poly-
peptide comprises additionally or alternatively, an amino
acid sequence that is at least 60, 65, 70, 75, 80, 85, 90, 95,
96, 97, 98, 99, or 100% identical or homologous to the
amino acid sequence of the variable region that is not a CDR
sequence, i.e., the variable region framework.

In other embodiments, a polypeptide or protein comprises
1,2,3,4,5, or 6 CDRs from the either or both of the light
and heavy variable regions of mAb 8E2, and 1, 2,3, 4, 5, or
6 CDRs may have 1, 2, and/or 3 amino acid changes with
respect to these CDRs. In some embodiments, parts or all of
the antibody sequence outside the variable region have been
humanized. A protein may comprise one or more polypep-
tides. In some aspects, a protein may contain one or two
polypeptides similar to a heavy chain polypeptide and/or 1
or 2 polypeptides similar to a light chain polypeptide. In
further embodiments, a polypeptide may be a single chain
antibody or other antibody discussed herein so long as it at
least 70% sequence identity or homology to 1, 2, 3, 4, 5, or
6 CDRs of mAb 8E2.

In certain aspects, a polypeptide comprises all or part of
an amino acid sequence corresponding to the MAb 3A6
variable (VDJ) heavy chain amino acid sequence
QIQLVQSGPELKKPGETVKISCKASGYNFTDYSMHW-
VKQAPGKGLKWVGWINTETAESTYADDFKGRFAFS-
LETSASTAYLQINSLKDEDTATFFCAHFDCWGQGT-
TLTVSS (SEQ ID NO: 34). CDRs are indicated in bold
underline. From amino to carboxy terminus the CDRs are
CDRI1, CDR2, and CDR3. In certain aspects, a polypeptide
can comprise 1, 2, and/or 3 CDRs from the variable heavy
chain of MAb 3A6, for example, SEQ NO:31, SEQ ID
NO:32, and/or SEQ ID NO:33. In further embodiments, a
polypeptide may have CDRs that have 1, 2, and/or 3 amino
acid changes (addition of 1 or 2 amino acids, deletions or 1
or 2 amino acids or substitution) with respect to these 1, 2,
or 3 CDRs. In further embodiments, an antibody may be
alternatively or additionally humanized in regions outside
the CDR(s) and/or variable region(s), In some aspects, a
polypeptide comprises additionally or alternatively, an
amino acid sequence that is at least 60, 65, 70, 75, 80, 85,
90, 95, 96, 97, 98, 99, or 100% identical or homologous to
the amino acid sequence of the variable region that is not a
CDR sequence, i.e., the variable region framework.

In certain aspects, a polypeptide comprises all or part of
an amino acid sequence corresponding to the MAb 3A6
variable (VJ) light chain amino acid sequence DVVMTQ-
ISLSLPVTLGDQASISCRASQSLVHSNGNT-
YLNWYLQKPGQSPKLLIHKVSNRFSGVPDRFSGSGS-
GTDFTLKISRVEAEDLGVYFCSQITYVPWTFGGGT-
KLEIK (SEQ ID NO: 39). CDRs are indicated in bold
underline. From amino to carboxy terminus the CDRs are
CDRI1, CDR2, and CDR3. In certain aspects, a polypeptide
can comprise 1, 2, and/or 3 CDR.s from the variable light
chain of MAb 3A6, for example, SEQ ID NO:36, SEQ ID
NO:37, and/or SEQ ID NO:38. In further embodiments, a
polypeptide may have CDRs that have 1, 2, and/or 3 amino
acid. changes (addition of 1 or 2 amino acids, deletions or 1
or 2 amino acids or substitution) with respect to these 1, 2,
or 3 CDRs, In further embodiments, an antibody may be
alternatively or additionally humanized in regions outside
the CDR(s) and/or variable region(s). In some aspects, a
polypeptide comprises additionally or alternatively, an
amino acid sequence that is at least 60, 65, 70, 75, 80, 85,
90, 95, 96, 97, 98, 99, or 100% identical or homologous to
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the amino acid sequence of the variable region that is not a
CDR sequence, i.e., the variable region framework.

In other embodiments, a polypeptide or protein comprises
1,2,3,4,5, or 6 CDRs from the either or both of the light
and heavy variable regions of mAb 3A6, and 1, 2, 3, 4, 5, or
6 CDRs may have 1, 2, and/or 3 amino acid changes with
respect to these CDRs. In some embodiments, parts or all of
the antibody sequence outside the variable region have been
humanized. A protein may comprise one or more polypep-
tides. In some aspects, a protein may contain one or two
polypeptides similar to a heavy chain polypeptide and/or 1
or 2 polypeptides similar to a light chain polypeptide. In
further embodiments, a polypeptide may be a single chain
antibody or other antibody discussed herein so long as it at
least 70% sequence identity or homology to 1, 2, 3, 4, 5, or
6 CDRs of mAb 3A6.

In certain aspects, a polypeptide comprises all or part of
an amino acid sequence corresponding to the MAb 6D11
variable (VDJ) heavy chain amino acid sequence
QVQLQQSGAELVRPGTSVKVSCKASGNAFTNYLIE-
WIKQRPGQGLEWIGVINPGSGITNYNEKFKGKATLT-
ADKSSNTAYMQLSSLSSDDSAVYFCSGSANWFAY-
WGQGTLVTVSA (SEQ ID NO: 74). CDRs are indicated in
bold underline. From amino to carboxy terminus the CDRs
are CDR1, CDR2, and CDR3. In certain aspects, a poly-
peptide can comprise 1, 2, and/or 3 CDRs from the variable
heavy chain of MAb 6D11, for example, SEQ ID NO:71,
SEQ ID NO:72, and/or SEQ ID NO:73. In further embodi-
ments, a polypeptide may have CDRs that have 1, 2, and/or
3 amino acid changes (addition of 1 or 2 amino acids,
deletions or 1 or 2 amino acids or substitution) with respect
to these 1, 2, or 3 CDRs. In further embodiments, an
antibody may be alternatively or additionally humanized in
regions outside the CDR(s) and/or variable region(s). In
some aspects, a polypeptide comprises additionally or alter-
natively, an amino acid sequence that is at least 60, 65, 70,
75, 80, 85, 90, 95, 96, 97, 98, 99, or 100% identical or
homologous to the amino acid sequence of the variable
region that is not a CDR sequence, i.e., the variable region
framework.

In certain aspects, a polypeptide comprises all or part of
an amino acid sequence corresponding to the MAb 6D11
variable (VJ) light chain amino acid sequence
HCAHPSPASLAVSLGQRASISCRASESVEYSGASLM-
QWYQHKPGQPPKLLIYAASNVESGVPVRFSGSGSGT-
DFSLNIHPVEEDDIAMYFCQQSRKVPSTFGGGT-
KLEIK (SEQ ID NO: 145). CDRs are indicated in bold
underline. From amino to carboxy terminus the CDRs are
CDR1, CDR2, and CDR3. In certain aspects, a polypeptide
can comprise 1, 2, and/or 3 CDRs from the variable light
chain of MAb 6D11, for example, SEQ ID NO:76, SEQ
ID:NO:77, and/or SEQ ID NO:78. In further embodiments,
a polypeptide may have CDRs that have 1, 2, and/or 3 amino
acid changes (addition of 1 or 2 amino acids, deletions or 1
or 2 amino acids or substitution) with respect to these 1, 2,
or 3 CDRs. In further embodiments, an antibody may be
alternatively or additionally humanized in regions outside
the CDR(s) and/or variable region(s). In some aspects, a
polypeptide comprises additionally or alternatively, an
amino acid sequence that is at least 60, 65, 70, 75, 80, 85,
90, 95, 96, 97, 98, 99, or 100% identical or homologous to
the amino acid sequence of the variable region that is not a
CDR sequence, i.e., the variable region framework.

In other embodiments, a polypeptide or protein comprises
1,2,3,4,5, or 6 CDRs from the either or both of the light
and heavy variable regions of mAb 6D11, and 1, 2, 3, 4, 5,
or 6 CDRs may have 1, 2, and/or 3 amino acid changes with
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respect to these CDRs. In some embodiments, parts or all of
the antibody sequence outside the variable region have been
humanized. A protein may comprise one or more polypep-
tides. In some aspects, a protein may contain one or two
polypeptides similar to a heavy chain polypeptide and/or 1
or 2 polypeptides similar to a light chain polypeptide. In
further embodiments, a polypeptide may be a single chain
antibody or other antibody discussed herein so long as it at
least 70% sequence identity or homology to 1, 2, 3, 4, 5, or
6 CDRs of mAb 6D11.

In certain aspects, a polypeptide comprises all or part of
an amino acid sequence corresponding to the MAb 8D4
variable (VDJ) heavy chain amino acid sequence
QVQLQQSGAELVRPGASVKISCKAFGSTFTNHHINW-
VKQRPGQGLDWIGYLNPYNDYTNYNQKFKGKATL-
TIDKSSSTAYLELSSLTSEDSAVYYCATITFDSQXQ
(SEQ ID NO: 114). CDRs are indicated in bold underline.
From amino to carboxy terminus the CDRs are CDRI,
CDR2, and CDR3. In certain aspects, a polypeptide can
comprise 1, 2, and/or 3 CDRs from the variable heavy chain
of MAb 8D4, for example, SEQ ID NO: 111, SEQ ID
NO:112, and/or SEQ ID NO:113. In further embodiments, a
polypeptide may have CDRs that have 1, 2, and/or 3 amino
acid changes (addition of 1 or 2 amino acids, deletions or 1
or 2 amino acids or substitution) with respect to these 1, 2,
or 3 CDRs. In further embodiments, an antibody may be
alternatively or additionally humanized in regions outside
the CDR(s) and/or variable region(s). In some aspects, a
polypeptide comprises additionally or alternatively, an
amino acid sequence that is at least 60, 65, 70, 75, 80, 85,
90, 95, 96, 97, 98, 99, or 100% identical or homologous to
the amino acid sequence of the variable region that is not a
CDR sequence, i.e., the variable region framework.

In certain aspects, a polypeptide comprises all or part of
an amino acid sequence corresponding to the MAb 1F10
variable (VDJ) heavy chain amino acid sequence KELIS-
SKSEEEKWPGTSVKVSCKASGNAFTNYLIEW-
IKQRPGQGLEWIGVINPGSGITNYNEKFKGKATTLTAD-
KSSNTAYMQLSSLSSDDSAVYFCSGSANWFAY-
WGQGTLVTVSA (SEQ ID NO: 64). CDRs are indicated in
bold underline. From amino to carboxy terminus the CDRs
are CDR1, CDR2, and CDR3. In certain aspects, a poly-
peptide can comprise 1, 2, and/or 3 CDRs from the variable
heavy chain of MAb 1F10, for example, SEQ ILD NO:61,
SEQ ID NO:62, and/or SEQ ID NO:63. In further embodi-
ments, a polypeptide may have CDRs that have 1, 2, and/or
3 amino acid changes (addition of 1 or 2 amino acids,
deletions or 1 or 2 amino acids or substitution) with respect
to these 1, 2, or 3 CDRs. In further embodiments, an
antibody may be alternatively or additionally humanized in
regions outside the CDR(s) and/or variable region(s). In
some aspects, a polypeptide comprises additionally or alter-
natively, an amino acid sequence that is at least 60, 65, 70,
75, 80, 85, 90, 95, 96, 97, 98, 99, or 100% identical or
homologous to the amino acid sequence of the variable
region that is not a CDR sequence, i.e., the variable region
framework.

In certain aspects, a polypeptide comprises all or part of
an amino acid sequence corresponding to the MAb 1F10
variable (VDJ) light chain amino acid sequence. CDRs are
indicated in  bold  underline  CSPSPASLAVS-
LGQRATISCRASESVEYSGASLMQWY-
QHKPGQPPKLLIYAASNVESGVPARFSGSGSGTDFSL-
NIHPVEEDDIAMYFCQQSRKVPSTFGGGTKLEIK
(SEQ ID NO: 146). From amino to carboxy terminus the
CDRs are CDR1, CDR2, and CDR3. In certain aspects, a
polypeptide can comprise 1, 2, and/or 3 CDRs from the
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variable light chain of MAb 1F10, for example, SEQ ID
NO:66, SEQ ID NO:67, and/or SEQ ID NO:68. In further
embodiments, a polypeptide may have CDRs that have 1, 2,
and/or 3 amino acid changes (addition of 1 or 2 amino acids,
deletions or 1 or 2 amino acids or substitution) with respect
to these 1, 2, or 3 CDRs. In further embodiments, an
antibody may be alternatively or additionally humanized in
regions outside the CDR(s) and/or variable region(s). In
some aspects, a polypeptide comprises additionally or alter-
natively, an amino acid sequence that is at least 60, 65, 70,
75, 80, 85, 90, 95, 96, 97, 98, 99, or 100% identical or
homologous to the amino acid sequence of the variable
region that is not a CDR sequence, i.e., the variable region
framework.

In other embodiments, a polypeptide or protein comprises
1,2,3,4,5, or 6 CDRs from the either or both of the light
and heavy variable regions of mAb 1F10, and 1, 2, 3, 4, 5,
or 6 CDRs may have 1, 2, and/or 3 amino acid changes with
respect to these CDRs. In some embodiments, parts or all of
the antibody sequence outside the variable region have been
humanized. A protein may comprise one or more polypep-
tides. In some aspects, a protein may contain one or two
polypeptides similar to a heavy chain polypeptide and/or 1
or 2 polypeptides similar to a light chain polypeptide. In
further embodiments, a polypeptide may be a single chain
antibody or other antibody discussed herein so long as it at
least 70% sequence identity or homology to 1, 2, 3, 4, 5, or
6 CDRs of mAb 1E10.

In certain aspects, a polypeptide comprises all or part of
an amino acid sequence corresponding to the MAb 4C1
variable (VJ) light chain amino acid sequence. CDRs are
indicated in  bold wunderline VLTQSPASLAVS-
LGQRATISCRASESVEYSGASLMQWYQHKPGQPPK-
LLIYAASNVESGVPARFSGSGSGTDFSLNIHPVEEDDI-
AMYFCQQSRKVPSTFGGGTKLEIK (SEQ ID NO: 109).
From amino to carboxy terminus the CDRs are CDRI,
CDR2, and CDR3. In certain aspects, a polypeptide can
comprise 1, 2, and/or 3 CDRs from the variable light chain
of MAb 4C1, for example, SEQ ID NO: 106, SEQ ID
NO:107, and/or SEQ ID NO:108. In further embodiments, a
polypeptide may have CDRs that have 1, 2, and/or 3 amino
acid changes (addition of 1 or 2 amino acids, deletions or 1
or 2 amino acids or substitution) with respect to these 1, 2,
or 3 CDRs. In further embodiments, an antibody may be
alternatively or additionally humanized in regions outside
the CDR(s) and/or variable region(s). In some aspects, a
polypeptide comprises additionally or alternatively, an
amino acid sequence that is at least 60, 65, 70, 75, 80, 85,
90, 95, 96, 97, 98, 99, or 100% identical or homologous to
the amino acid sequence of the variable region that is not a
CDR sequence, i.e., the variable region framework.

In certain aspects, a polypeptide comprises all or part of
an amino acid sequence corresponding to the MAb 2B8
variable (VJ) light chain amino acid sequence FFGVSLGQ-
RASISCRASESVEYSGASLIQWYQHKPG-
QPPKLLIYAASNVESGVPVRFSGSGSGTDFSLNIHPV-
EEDDIAMYFCQQSRKVPSTFGGGTKLEIK (SEQ ID
NO: 129). CDRs are indicated in bold underline. From
amino to carboxy terminus the CDRs are CDR1, CDR2, and
CDR3. In certain aspects, a polypeptide can comprise 1, 2,
and/or 3 CDRs from the variable light chain of MAb 2B8,
for example, SEQ ID NO:126, SEQ ID NO:127, and/or SEQ
ID NO:128. In further embodiments, a polypeptide may
have CDRs that have 1, 2, and/or 3 amino acid changes
(addition of 1 or 2 amino acids, deletions or 1 or 2 amino
acids or substitution) with respect to these 1, 2, or 3 CDRs.
In further embodiments, an antibody may be alternatively or
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additionally humanized in regions outside the CDR(s) and/
or variable region(s). In some aspects, a polypeptide com-
prises additionally or alternatively, an amino acid sequence
that is at least 60, 65, 70, 75, 80, 85, 90, 95, 96, 97, 98, 99,
or 100% identical or homologous to the amino acid
sequence of the variable region that is not a CDR sequence,
i.e., the variable region framework.

In certain aspects, a polypeptide comprises all or part of
an amino acid sequence corresponding to the MAb 2C3
variable (VDJ) heavy chain amino acid sequence
EVKLVESGGGLVKPGGSLKLSCAASGFTFSNYDMS-
WVRQTPEKRLEWVATISSGGTYPYYPDSVKGRFTIS-
RDNAENTLYLQLSSLRSEDTALYYCARG-
GFLITTRDYYAMDYWGQGTSVTVSS (SEQ ID NO:
134). CDRs are indicated in bold underline. From amino to
carboxy terminus the CDRs are CDR1, CDR2, and CDR3.
In certain aspects, a polypeptide can comprise 1, 2, and/or 3
CDRs from the variable heavy chain of MAb 2C3, for
example, SEQ IDNO:131, SEQ ID NO:132, and/or SEQ ID
NO:133. In further embodiments, a polypeptide may have
CDRs that have 1, 2, and/or 3 amino acid changes (addition
of 1 or 2 amino acids, deletions or 1 or 2 amino acids or
substitution) with respect to these 1, 2, or 3 CDRs. In further
embodiments, an antibody may be alternatively or addition-
ally humanized in regions outside the CDR(s) and/or vari-
able region(s). In some aspects, a polypeptide comprises
additionally or alternatively, an amino acid sequence that is
at least 60, 65, 70, 75, 80, 85, 90, 95, 96, 97, 98, 99, or 100%
identical or homologous to the amino acid sequence of the
variable region that is not a CDR sequence, i.e., the variable
region framework.

In certain aspects, a polypeptide comprises all or part of
an amino acid sequence corresponding to the MAb 7E2
variable (VDJ) heavy chain amino acid sequence
QIQLVQSGPELKKPGETVKISCKASGYTFTDYSVHW-
VKQAPGKGLKWMAWINTATGEPTFADDFKGRFAFS-
LETSARTAYLQINNLKNEDTATYFCAPQLTGPFAY-
WGHGTLVTVSA (SEQ ID NO: 44). CDRs are indicated in
bold underline. CDRs are regions within antibodies where
the antibody complements an antigen’s shape. Thus, CDRs
determine the protein’s affinity and specificity for specific
antigens. From amino to carboxy terminus the CDRs are
CDRI1, CDR2, and CDR3. In certain aspects, a polypeptide
can comprise 1, 2, and/or 3 CDRs from the variable heavy
chain of MAb 7E2, for example, SEQ ID NO:41, SEQ ID
NO:42, and/or SEQ ID NO:43. In further embodiments, a
polypeptide may have CDRs that have 1, 2, and/or 3 amino
acid changes (addition of 1 or 2 amino acids, deletions or 1
or 2 amino acids or substitution) with respect to these 1, 2,
or 3 CDRs. In further embodiments, an antibody may be
alternatively or additionally humanized in regions outside
the CDR(s) and/or variable region(s). In some aspects, a
polypeptide comprises additionally or alternatively, an
amino acid sequence that is at least 60, 65, 70, 75, 80, 85,
90, 95, 96, 97, 98, 99, or 100% identical or homologous to
the amino acid sequence of the variable region that is not a
CDR sequence, i.e., the variable region framework.

In certain aspects, a polypeptide comprises all or part of
an amino acid sequence corresponding to the MAb 7E2
variable (VJ) light chain amino acid sequence DIQMTQS-
PASLSASVGETVTITCRASENIHNYLAWYQ-
QKQGKSPQLLVYNAKTLTDGVPSRFSGSGSGTQFSL-
KINSLQAGDFGSYYCQHSWSIPYTFGGGTRLQIRR
(SEQ ID NO: 147). CDRs are indicated in bold underline.
From amino to carboxy terminus the CDRs are CDRI,
CDR2, and CDR3. In certain aspects, a polypeptide can
comprise 1, 2, and/or 3 CDRs from the variable light chain
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of MAb 7E2, for example, SEQ ID NO:46, SEQ ID NO:47,
and/or SEQ ID NO:48. In further embodiments, a polypep-
tide may have CDRs that have 1, 2, and/or 3 amino acid
changes (addition of 1 or 2 amino acids, deletions or 1 or 2
amino acids or substitution) with respect to these 1, 2, or 3
CDRs. In further embodiments, an antibody may be alter-
natively or additionally humanized in regions outside the
CDR(s) and/or variable region(s). In some aspects, a poly-
peptide comprises additionally or alternatively, an amino
acid sequence that is at least 60, 65, 70, 75, 80, 85, 90, 95,
96, 97, 98, 99, or 100% identical or homologous to the
amino acid sequence of the variable region that is not a CDR
sequence, i.e., the variable region framework.

In other embodiments, a polypeptide or protein comprises
1,2,3,4,5, or 6 CDRs from the either or both of the light
and heavy variable regions of mAb 7E2, and 1, 2, 3, 4, 5, or
6 CDRs may have 1, 2, and/or 3 amino acid changes with
respect to these CDRs. In some embodiments, parts or all of
the antibody sequence outside the variable region have been
humanized, A protein may comprise one or more polypep-
tides. In some aspects, a protein may contain one or two
polypeptides similar to a heavy chain polypeptide and/or 1
or 2 polypeptides similar to a light chain polypeptide. In
further embodiments, a polypeptide may be a single chain
antibody or other antibody discussed herein so long as it at
least 70% sequence identity or homology to 1, 2, 3, 4, 5, or
6 CDRs of mAb 7E2.

In still further aspects, a polypeptide of the embodiments
comprises one or more amino acid segments of the any of
the amino acid sequences disclosed herein. For example, a
polypeptide can comprise 1, 2, 3,4, 5, 6,7, 8,9, 10 or more
amino acid segments comprising about, at least or at most 5,
6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23, 24, 25 t0 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37,38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52,
53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68,
69, 70,71, 72,73, 74,75,76, 77, 78, 79, 80, 81, 82, 83, 84,
85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100,
101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112,
1113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124,
125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136,
137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148,
149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 160,
161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172,
173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184,
185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196,
197, 198, 199 or 200 amino acids in length, including all
values and ranges there between, that are at least 80, 85, 90,
95,96, 97, 98, 99, or 100% identical to any of the amino acid
sequences disclosed herein. In certain aspects the amino
segment(s) are selected from one of the amino acid
sequences of a SpA-binding antibody as provided in Table
5.

In still further aspects, a polypeptide of the embodiments
comprises an amino acid segment of the any of the amino
acid sequences disclosed herein, wherein the segment begins
at amino acid position 1, 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25 to 25, 26, 27,
28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43,
44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59,
60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73,74, 75,
76, 77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91,
92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105,
106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117,
118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129,
130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141,
142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153,
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154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165,
166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177,
178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189,
190, 191, 192, 193, 194, 195, 196, 197, 198, 199, or 200 in
any sequence provided herein and ends at amino acid 5
position 4, 5, 6,7, 8,9, 10,11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23, 24, 25 to 25, 26, 27, 28, 29, 30, 31, 32, 33,
34,35, 36,37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49,
50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65,
66, 67, 68, 69, 70, 71, 72,73, 74, 75,76, 77, 78, 79, 80, 81, 10
82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109,
110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121,
122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133,
134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 15
146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157,
158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169,
170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181,
182, 183, 184, 185, 186, 187, 188, 189, 190, 1911, 192, 193,
194, 195, 196, 197, 198, 199, or 200 in the same provided 20
sequence. In certain aspects the amino segment(s), or por-
tions thereof, are selected from one of the amino acid
sequences of a SpA-binding antibody as provided in Table

5.

In yet further aspects, a polypeptide of the embodiments 25
comprises an amino acid segment that is at least 80, 85, 90,
95, 96, 97, 98, 99, or 100% identical (or any range derivable
therein) to a V, VJ, VDJ, D, DJ, J or CDR domain of a
SpA-binding antibody (as provided in Table 5). For
example, a polypeptide may comprise 1, 2 or 3 amino acid 30
segment that are at least 80, 85, 90, 95, 96, 97, 98, 99, or
100% identical (or any range derivable therein) to CDRs 1,

2, and/or 3 a SpA-binding antibody as provided in Table 5.

In further aspects, a nucleic acid molecule of the embodi-
ments comprises one or more nucleic acid segments of the 35
any of the nucleic acid sequences disclosed herein. For
example, a nucleic acid molecule can comprise 1, 2, 3, 4, 5,

6, 7, 8, 9, 10 or more nucleic acid segments comprising
about, at least or at most 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24, 25 to 25, 26, 27, 28, 29, 40
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, 68, 69, 70, 71, 72,73, 74, 75,76, 77,
78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93,
94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 45
107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118,
119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130,
131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142,
143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154,
155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 50
167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178,
179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190,
191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202,
203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 214,
215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226, 55
227,228,229, 230, 231, 232, 233, 234, 235, 236, 237, 238,
239, 240, 241, 242, 243, 244, 245, 246, 247, 248, 249, 250,
300, 400, 500, 550, 1000 or more nucleotides in length,
including all values and ranges there between, that are at
least 80, 85, 90, 95, 96, 97, 98, 99, or 100% identical (or any 60
range derivable therein) to any of the nucleic acid sequences
disclosed herein. In certain aspects, the nucleic acid
segment(s) are selected from one of the nucleic acid
sequences encoding portions of SpA-binding antibodies as
provided in Table 5. 65

In yet further aspects, a nucleic acid molecule of the

embodiments comprises a nucleic acid segment that is at
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least 80, 85, 90, 95, 96, 97, 98, 99, or 100% identical (or any
range derivable therein) to a sequence encoding a V, VJ,
VDI, D, DI, J or CDR domain of a SpA-binding antibody as
provided in Table 5. For example, a nucleic acid molecule
may comprise 1, 2 or 3 nucleic acid acid segments that are
at least 80, 85, 90, 95, 96, 97, 98, 99, or 100% identical (or
any range derivable therein) to sequences encoding CDRs 1,
2, and/or 3 a SpA-binding antibody as provided in Table 5.

In still further aspects, some embodiments provide a
hybridoma cell line that produces a monoclonal antibody. In
certain embodiments the hybridoma cell line is a line that
produces the 5A10, 8E2, 3A6, 7E2, 3F6, 1F10, 6D11, 3D11,
5A11, 1B10, 4C1, 2F2, 8D4, 7D11, 2C3, 4C5, 6B2, 4D5,
2B8 or 11-17 monoclonal antibody, one or more of which
may be deposited. in a further aspect, 1, 2, and/or 3 CDRs
from the light and/or heavy chain variable region of a MAb
can be comprised in a humanized antibody or variant
thereof. In other embodiments, a bi-specific antibody is
contemplated in which a binding polypeptide is capable of
binding at least two different antigens.

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 Staphylococcus infection an effective
amount of a purified antibody or binding polypeptide that
specifically binds a Staphylococcal protein A.

In a further aspect methods are directed to treating a
subject at risk of a Staphylococcus infection comprising
administering to a patient at risk of a Staphylococcus infec-
tion an effective amount of an antibody or binding polypep-
tide that binds a Staphylococcal protein A polypeptide prior
to infection with Staphylococcus.

Antibodies or binding polypeptides that are contemplated
for use in these embodiments include those that are able to
reduce bacterial load, increase survival, reduce bacterial
abscess, confer protective immunity, reduce the number of
days on antibiotic, reduce the risk of sepsis or septicemia,
reduce the risk of shock, or provide some other protective
effect.

Certain embodiments are directed to a 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, 85, 90, 95, 96, 97, 98, 99, or 100% identical
(or any range derivable therein) to all or part of any
monoclonal antibody provided herein. In still further aspects
the isolated and/ or recombinant antibody or polypeptide
has, has at least, or has at most 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33,
34, 35,36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49,
50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65,
66, 67, 68, 69, 70, 71, 72,73, 74, 75,76, 77, 78, 79, 80, 81,
82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98, 99, 100 or more contiguous amino acids from any of the
sequences provided herein or a combination of such
sequences.

In additional embodiments, there are pharmaceutical
compositions comprising one or more polypeptides or anti-
bodies or antibody fragments that are discussed herein. Such
a composition may or may not contain additional active
ingredients.

In certain embodiments there is a pharmaceutical com-
position consisting essentially of a polypeptide comprising
one or more antibody fragments discussed herein. It is
contemplated that the composition may contain non-active
ingredients.
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Certain aspects are directed to nucleic acid molecules
encoding a heavy chain variable regions and/or light chain
variable regions of an antibody that specifically binds SpA
or a non-toxigenic SpA variant.

Other aspects are directed to pharmaceutical composi-
tions comprising an effective anti-bacterial amount of an
antibody that specifically binds to a peptide described above
and a pharmaceutically acceptable carrier.

The term “providing” is used according to its ordinary
meaning to indicate “to supply or furnish for use.” In some
embodiments, the protein is provided directly by adminis-
tering a composition comprising antibodies or fragments
thereof that are described herein.

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 SpA binding polypeptides
in amounts effective to achieve the intended purpose—
treatment 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 frag-
ments of immunoglobulin genes. More specifically, an effec-
tive amount means an amount of active ingredients neces-
sary to provide resistance to, amelioration of, or mitigation
of infection. In more specific aspects, an effective amount
prevents, alleviates or ameliorates symptoms of disease or
infection, or prolongs the survival of the subject being
treated. Determination of the effective amount is well within
the capability of those skilled in the art, especially in light
of the detailed disclosure provided herein. For any prepa-
ration used in the methods described herein, an effective
amount or dose can be estimated initially from in vitro, cell
culture, and/or animal model assays. For example, a dose
can be formulated in animal models to achieve a desired
response. Such information can be used to more accurately
determine useful doses in humans.

Compositions can comprise an antibody or a cell that
binds SpA. An antibody can be an antibody fragment, a
humanized antibody, a monoclonal antibody, a single chain
antibody or the like. In certain aspects, the SpA antibody is
elicited by providing a SpA peptide or antigen or epitope that
results in the production of an antibody that binds SpA in the
subject. The SpA antibody is typically formulated in a
pharmaceutically acceptable composition. The SpA anti-
body 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 limited to all or
a segment of Eap, Ebh, Emp, EsaC, EsxA, EsxB, IsdA, IsdB,
SdrC, SdrD, SdrE, CIfA, CIfB, Coa, Hla (e.g., H35 mutants),
IsdC, SasF, vWbp, SpA and variants thereof (See U.S.
Provisional Application Ser. Nos. 61/166,432, filed Apr. 3,
2009; 61/170,779, filed Apr. 20, 2009; and 61/103,196, filed
Oct. 6, 2009; each of which is incorporated herein by
reference in their entirety), 52kDa vitronectin binding pro-
tein (WO 01/60852), Aaa (GenBank CAC80837), Aap (Gen-
Bank accession AJ249487), Ant (GenBank accession
NP372518), autolysin glucosaminidase, autolysin amidase,
Cna, collagen binding protein (US6288214), EFB (FIB),
Elastin binding protein (EbpS), EPB, FbpA, fibrinogen
binding protein (US6008341). Fibronectin binding protein
(US5840846), FnbA, FnbB, GehD (US 2002/0169288),
HarA, HBP, Immunodominant ABC transporter, IsaA/PisA,
laminin receptor, Lipase GehD, MAP, Mg2+ transporter,
MHC 1I analogue (US5648240), MRPII, Npase, RNA III
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activating protein (RAP), SasA, SasB, SasC, SasD, SasK,
SBI, SArF(WO 00/12689), SdrG / Fig (WO 00/12689), SdrH
(WO 00/12689), SEA exotoxins (WO 00/02523), SEB exo-
toxins (WO 00/02523), SitC and Ni ABC transporter, SitC/
MntC/saliva binding protein (U.S. Pat. No. 5,801,234),
SsaA, SSP-1, SSP-2, and/or Vitronectin binding protein (see
PCT publications WQ02007/113222, W02007/113223,
W02006/032472, W0O2006/032475, WO2006/032500, each
of which is incorporated herein by reference in their
entirety). The staphylococcal antigen, or immunogenic frag-
ment or segment can be administered concurrently with the
SpA antibody. The staphylococcal antigen or immunogenic
fragment and the SpA antibody can be administered in the
same or different composition and at the same or different
times.

The SpA antibody composition can further comprise
antibodies, antibody fragments or antibody subfragments to
atleast1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17,
18, or 19 of more staphylococcal antigens or immunogenic
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, EsaC, EsxA, EsxB, IsdA, IsdB, SdrC,
SdrD, SdrE, CIfA, CIfB, Coa, Hla (e.g., H35 mutants), IsdC,
SasF, vWbp, SpA and variants thereof (See U.S. Provisional
Application Ser. No. 61/166,432, filed Apr. 3, 2009; 61/170,
779, filed Apr. 20, 2009; and 61/103,196, filed Oct. 6, 2009;
each of which is incorporated herein by reference in their
entirety), 52kDa vitronectin binding protein (WO
01/60852), Aaa (GenBank CAC80837), Aap (GenBank
accession  AJ249487), Ant (GenBank accession
NP_372518), autolysin glucosaminidase, autolysin amidase,
Cna, collagen binding protein (U.S. Pat. No. 6,288,214),
EFB (FIB), Elastin binding protein (EbpS), EPB, FbpA,
fibrinogen binding protein (U.S. Pat. No. 6,008,341),
Fibronectin binding protein (U.S. Pat. No. 5,840,846),
FnbA, FnbB, GehD (US 2002/0169288), HarA, HBP,
Immunodominant ABC transporter, IsaA/PisA, laminin
receptor, Lipase GehD, MAP, Mg2+ transporter, MHC 1I
analogue (U.S. Pat. No. 5,648,240), MRPII, Npase, RNA III
activating protein (RAP), SasA, SasB, SasC, SasD, SasK,
SBI, SArF(WO 00/12689), SdrG / Fig (WO 00/12689), SdrH
(WO 00/12689), SEA exotoxins (WO 00/02523), SEB exo-
toxins (WO 00/02523), SitC and Ni ABC transporter, SitC/
MntC/saliva binding protein (U.S. Pat. No. 5,801,234),
SsaA, SSP-1, SSP-2, and/or Vitronectin binding protein (see
PCT publications WQ02007/113222, W02007/113223,
W02006/032472, W0O2006/032475, WO2006/032500, each
of which is incorporated herein by reference in their
entirety). The antibodies, antibody fragments or antibody
subfragments to other staphylococcal antigens or immuno-
genic fragments thereof can be administered concurrently
with the SpA 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 SpA antibody and
at the same or different times.

As used herein, the term “modulate” or “modulation”
encompasses the meanings of the words “inhibit.” “Modu-
lation” of activity is a decrease in activity. As used herein,
the term “modulator” refers to compounds that effect the
function of a Staphylococcal bacteria, including potentia-
tion, inhibition, down-regulation, or suppression of a pro-
tein, nucleic acid, gene, organism or the like.

Embodiments include compositions that contain or do not
contain a bacterium. A composition may or may not include
an attenuated or viable or intact staphylococcal bacterium. In
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certain aspects, the composition comprises a bacterium that
is not a Staphylococci bacteriurn or does not contain Staphy-
lococci bacteria. In certain embodiments a bacterial com-
position comprises an isolated or recombinantly expressed
SpA antibody or a nucleic acid encoding the same. In still
further aspects, the SpA antibody is multimerized, e.g., a
dimer, a trimer, a tertramer, etc.

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.

The term “isolated” can refer to a nucleic acid or poly-
peptide that is substantially free of cellular material, bacte-
rial material, viral material, or culture medium (when pro-
duced by recombinant DNA techniques) of their source of
origin, or chemical precursors or other chemicals (when
chemically synthesized). Moreover, an isolated compound
refers to one that can be administered to a subject as an
isolated compound; in other words, the compound may not
simply be considered “isolated” if it is adhered to a column
or embedded in an agarose gel. Moreover, an “isolated
nucleic acid fragment™ or “isolated peptide” is a nucleic acid
or protein fragment that is not naturally occurring as a
fragment and/or is not typically in the functional state.

Compositions such as antibodies, peptides, antigens, or
immunogens may be conjugated or linked covalently or
noncovalently to other moieties such as adjuvants, proteins,
peptides, supports, fluorescence moieties, or labels. The
term “conjugate” or “immunoconjugate” 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 particularly not limited to
chemical “conjugation.” Recombinant fusion proteins are
particularly contemplated.

The term “SpA antibody” refers to polypeptides that bind
SpA proteins from staphylococcus bacteria.

In further aspects a composition may be administered
more than one time to the subject, and may be administered
1, 2,3, 4,5,6,7,8,9, 10, 15, 20 or more times. The
administration of the compositions include, but is not lim-
ited to oral, parenteral, subcutaneous and intravenous
administration, or various combinations thereof, including
inhalation or aspiration.

Compositions are typically administered to human sub-
jects, but administration to other animals that are capable of
providing a therapeutic benefit against a staphylococcus
bacterium are contemplated, particularly cattle, horses,
goats, sheep and other domestic animals, i.e., mammals. In
further aspects the staphylococcus bacterium is a Staphylo-
coccus aureus. In still further aspects, the methods and
compositions may be used to prevent, ameliorate, reduce, or
treat infection of tissues or glands, e.g., mammary glands,
particularly mastitis and other infections. Other methods
include, but are not limited to prophylatically reducing
bacterial burden in a subject not exhibiting signs of infec-
tion, particularly those subjects suspected of or at risk of
being colonized by a target bacteria, e.g., patients that are or
will be at risk or susceptible to infection during a hospital
stay, treatment, and/or recovery.

Still further embodiments include methods for providing
a subject a protective or therapeutic composition against a
staphylococcus bacterium comprising administering to the
subject an effective amount of a composition including (i) a
SpA antibody; or, (ii) a nucleic acid molecule encoding the
same, or (iii) administering an SpA antibody with any
combination or permutation of bacterial proteins described
herein.

10

15

20

25

30

35

40

45

50

55

60

65

22

The embodiments in the Example section are understood
to be embodiments that are applicable to all aspects of the
invention, including compositions and methods.

The use of the term “or” in the claims is used to mean
“and/or” unless explicitly indicated to refer to alternatives
only or the alternatives are mutually exclusive, although the
disclosure supports a definition that refers to only alterna-
tives and “and/or.” It is also contemplated that anything
listed using the term “or” may also be specifically excluded.

Throughout this application, the term “about” is used to
indicate that a value includes the standard deviation of error
for the device or method being employed to determine the
value.

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

As used in this specification and claim(s), the words
“comprising” (and any form of comprising, such as “com-
prise” and “comprises”), “having” (and any form of having,
such as “have” and “has”), “including” (and any form of
including, such as “includes” and “include”) or “containing”
(and any form of containing, such as “contains” and “con-
tain”) are inclusive or open-ended and do not exclude
additional, unrecited elements or method steps.

Other objects, features and advantages of the present
invention will become apparent from the following detailed
description. It should be understood, however, that the
detailed description and the specific examples, while indi-
cating specific embodiments of the invention, are given by
way of illustration only, since various changes and modifi-
cations within the spirit and scope of the invention will
become apparent to those skilled in the art from this

DESCRIPTION OF THE DRAWINGS

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

FIG. 1: SpAg,., ,-specific monoclonal antibodies (mAbs)
protect mice against MRSA infection. Cohorts of animals
(n=10) were immunized by intraperitoneal injection with
either isotype control (IgG,,) or SpAgry s mar 3F6) at 20
mg-kg™'. After 24 hours post immunization, animals were
challenged with 5x10° CFU of S. aureus MW2. (A) At 15
days post challenge, animals were euthanized to enumerate
the staphylococcal load in kidneys. (B) Serum samples of
mice infected for 15 days were analyzed for antibodies
against the staphylococcal antigen matrix (CIfA, Clumping
Factor A; CIfB, Clumping Factor B; FnBPA, Fibronectin
Binding Protein A; FnBPB, Fibronectin Binding Protein B;
IsdA, Iron surface determinant A; IsdB, Iron surface deter-
minant B; SdrD, Serine-Aspartic acid repeat protein D
SpAKKAA, Non-toxigenic staphylococcal protein A; Coa,
Coagulase; EsxA, Ess [ESAT-6 (Early Secreted Antigen
Target 6 kDa)]| secretion system| extracellular A; EsxB, Ess
[ESAT-6 (Early Secreted Antigen Target 6 kDa)] secretion
system]| extracellular B; Hla, alpha-hemolysin; LukD, Leu-
kocidin D; vWbp, von Willebrand binding protein). The
values represent the fold increase of samples from mAb 3F6



US 9,556,281 B2

23

treated animals over the isotype control animal sera samples
(n=7 for 1gG,,, n=8 for 3F6). Data are the means and error
bars represent +£SEM. Results in A-B are representative of
two independent analyses.

FIG. 2: Avidity of protein A specific monoclonal antibod-
ies. Monoclonal antibodies were incubated with increasing
concentration (0-4M) of ammonium thiocyan ate to perturb
the antigen-antibody specific interaction in (A) IgG, isotype
monoclonal antibodies, (B) IgG,, isotype monoclonal anti-
bodies and (C) IgG,, isotype monoclonal antibodies. Data
are the means and error bars represent +SEM. Results in A-C
are representative of three independent analyses.

FIG. 3: SpA 1, 4-specific mAbs bind wild-type protein A.
(A) ELISA examining the binding of immobilized wild-type
protein A (SpA) to isotype control antibodies (IgG,, 1gG,,
or 1gG,,) or SpA.,,-specific mAbs (5A10, 3F6 and
3D11). (B) Association of horse radish peroxidase (HRP)-
conjugated SpA ., ,~specific mAbs (SA10-HRP, 3F6-HRP
and 3D11-HRP) to immobilized SpA ., , was examined in
a plate reader experiment where SpA,.,, was first incu-
bated with isotype control antibodies (IgG |, IgG,,,, or IgG,,)
or three different SpA,, ,-specific mAbs (SA10, 3F6 and
3D11) to assess the possibility of competitive inhibition for
antibody that bind the same or closely related sites (n=3).
The values at OD,,s,,,, were measured and normalized to the
interaction of SpA,,,, and HRP-conjugated SpA specific
mAbs. Data are the means and error bars represent +SEM.
Data in panels A and B are representative of three indepen-
dent analyses. The asterisks denotes statistical significance
(P<0.05).

FIG. 4: SpA 1, ,-mAbs prevent the association of staphy-
lococcal protein A with immunoglobulin, (A) Isotype con-
trol antibodies or SpA,, ,-mAbs were used to perturb the
binding of human IgG toward proteins (wild-type SpA, or
variants that lack the ability to bind Fcy (SpAg,) or Fab
(SpA,) immobilized on ELISA plates. The values were
normalized to the protein A interaction with human IgG
without antibodies (n=4). (B) Staphylococci were grown to
mid-log phase and incubated with either isotype control
antibody or mAb 3F6 and followed by addition of 2 ng
wild-type Sbi, ,. Upon incubation, Sbi, , consumption was
measured by immunoblot using affinity purified o-SpA ., ,
rabbit antibody. The values were normalized to Sbi,_, sedi-
mentation without antibody (No Ab). (C) Affinity purified
SpA (200 pg) was injected into the peritoneal cavity of mice
pre-treated with 85 pg (5 mgkg™") of either isotype control
antibody or mAb 3F6. Animals were euthanized at indicated
time points to measure the amount of SpA in circulating
blood by immunoblot with affinity purified o-SpAg.,,
rabbit antibody (n=3 per time point). The values were
normalized to the total amount of SpA injected at 0 min,
Data are the means and error bars represent +SEM. Results
in A-C are representative of two independent analyses. The
asterisks denotes statistical significance (P<0.05).

FIG. 5: SpAjx,,-mAbs promote opsonophagocytic kill-
ing of S. aureus in mouse and human blood. (A) Lepirudin
anticoagulated mouse blood was incubated with 5x10°> CFU
S. aureus Newman in the presence of isotype mouse anti-
body controls or SpA -, ,-mAbs (2 ug-ml=") for 30 minutes
and survival measured (n=3). (B) Lepirudin anti-coagulated
human whole blood was incubated with 5x10° CFU S.
aureus MW2 in the presence of isotype mouse antibody
controls or SpA,,, ,-mAbs (10 pg'ml~) for 120 minutes
and survival measured (n=3). (C-H) At 60 minutes of
incubation of staphylococci in anticoagulated human blood,
clusters of extracellular staphylococci were detected in
samples incubated with mouse isotype antibody controls
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(gray arrowheads), whereas staphylococci were found
within neutrophils (black arrowheads) in samples with
SpAgx,,-mAbs. Data are the means and error bars represent
+SEM. Results in A-H are representative of three indepen-
dent analyses. The asterisks denotes statistical significance
(P<0.05).

FIG. 6: Generation of protein A specific immune response
by mAb 3F6, Protein A-specific antibody titers in animals
(n=5 per group) that had received a mixture of 20 pg of
protein A variants (SpA, SpAzz, SpA,,. SpAgr.s and
PBS) and 85 pg of mAb 3F6 (an IgG2a antibody) or its
isotype control were measured by ELISA. Immune titers
were normalized to their isotype control standards. Data are
the means and error bars represent +SEM. Results are
representative of two independent analyses.

FIG. 7: Interaction of human immunoglobulin fragments
with protein A variants. Association of immobilized protein
A variants (wild-type SpA, SpAgz, SpA,, or SpAgr..,)
with human immunoglobulin (hIgG), as well as its Fc or
F(ab), fragments were analyzed by ELISA and normalized
to the interaction of SpA and human IgG. Statistical signifi-
cance of SpA variants were compared against SpA binding
to each ligand (human IgG, Fc or F(ab), fragments, n=4).
Data are the means and error bars represent +SEM. Results
are representative of three independent analyses. The aster-
isks denotes statistical significance (P<0.05).

FIG. 8A-B: SpA ., , mAb CDR alignments. Amino Acid
sequences from CDRs (complimentarity determining
regions) Obtained from hybridoma cell line Immunoglobu-
lin genes were aligned using ClustalW2. An * (asterisk)
indicates positions which have a single, fully conserved
residue. : (colon) indicates conservation between groups of
strongly similar properties scoring >0.5 in the Gonnet PAM
250 matrix. . (period) indicates conservation between groups
of weakly similar properties—scoring =<0.5 in the Gonnet
PAM 250 matrix. mAb rank based on CFU reduction in the
murine renal abscess model appears in superscript in front of
mAb identifier. Mouse IgG isotype is indicated. AVFP-
MILW—Small (small+hydrophobic (incl.aromatic -Y)),
DE- Acidic, RK- Basic—H, STYHCNGQ- Hydroxyl+sulf-
hydryl+amine+G.

FIG. 9: SpA monoclonal antibody (Spa27) fails to elicit
protective immunity in mice, (A) ELISA examining the
association SpA-mAb (Spa27) and SpAg,,,-mAb (3F6)
with immobilized wild-type protein A (SpA) and variants
lacking immunoglobulin binding via Fey (SpAgz), Fab
(SpA ) or Fecy and Fab SpA(gx,,)(n=3). (B) Cohorts of
animals (n=9-15) were immunized by intraperitoneal injec-
tion with either mock (PBS), Spa27 at 5 mg'kg™1, or 3F6 at
5 or 50 mgkg™'. Twenty-four hours post immunization,
animals were challenged with 5x10° CFU of S. aureus
USA300. Four days post challenge, animals were euthanized
to enumerate the staphylococcal load in kidneys.

FIG.10A-E: mAb 358A76.1 specifically recognizes the E
domain of staphylococcal protein A. ELISA examining the
association of (A) mAbs 358A76.1 and (B) 3F6 with immo-
bilized non-toxigenic protein A variant (SpAgz,,), each
immunoglobulin binding domain (Exz, > Drgsss Axzias
Brras and Crp, ), and synthetic linear peptides derived
from the three helices (H1, H2, H3, H1+2, H2+3) of the
Exx ., immunoglobulin binding domain (IgBD). (C) Align-
ment of amino acid sequences of the five IgBDs of protein
A reveals amino acid residues in E domain that are different
from the conserved amino acid residues of the remaining
four IgBDs (dashed boxes). Amino acid residues substituted
within non-toxigenic protein A are identified by gray boxes,
(SEQ ID NOs.: 169-173)(D) Amino acid sequence homol-
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ogy level was compared using ClustalW and the numbers
represent the percent of amino acid homology between
immunoglobulin binding domains. (E) The binding of horse
radish peroxidase (HRP)-conjugated mAbs (358A76.1-HRP
and 3F6-HRP) to SpA.,.,, immobilized in an ELISA plate
was assessed in a plate reader experiment where SpA ., 4
was first incubated with isotype control antibody (IgG, ) or
mAbs (358A76.1 and 3F6) to identify competitive inhibition
of antibodies that bind the same or closely related sites.
Values at OD,s,,,, were recorded and normalized for the
interaction of SpA.,.,, and HRP-conjugated SpA specific
mAbs.

FIG. 11 A-B: SpA monoclonal antibody 358A76.1 fails to
elicit protective immunity in mice. (A) Cohorts of animals
(n=10) were immunized by intraperitoneal injection with
either mock (IgG,,, isotype control mAb), mAb 358A76.1 or
mAb 3F6 at 5 mgkg™"'. Twenty-four hours post immuniza-
tion, animals were challenged via intravenous inoculation
with 5x10° CFU of S. aureus USA300. Four days post
challenge, animals were euthanized to enumerate the staphy-
lococcal load in kidneys. (B) Anti-coagulated mouse blood
was incubated with 5x10° CFU S. aureus USA300 (LAC) in
the presence of IgG2a isotype control mAb, mAb 358A76.1
or mAb 3F6 (10 ug'ml™") for 30 minutes; staphylococcal
survival was measured. (C) Isotype control antibodies, mAb
358A76.1 or mAb 3F6 were used to perturb the binding of
human IgG to wild-type protein A (SpA) immobilized on
ELISA plates. The values were normalized to the protein A
interaction with human IgG in the absence of antibodies.

DETAILED DESCRIPTION OF THE
INVENTION

Staphylococcus aureus is a commensal of the human skin
and nares, and the leading cause of bloodstream, skin and
soft tissue infections (Klevens et al., 2007). Recent dramatic
increases in the mortality of staphylococcal diseases are
attributed to the spread of methicillin-resistant S. aureus
(MRSA) strains often not susceptible to antibiotics (Ken-
nedy et al., 2008). In a large retrospective study, the inci-
dence of MRSA infections was 4.6% of all hospital admis-
sions in the United States (Klevens et al., 2007). The annual
health care costs for 94,300 MRSA infected individuals in
the United States exceed $2.4 billion (Klevens et al., 2007).
The current MRSA epidemic 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 prevents S. aureus diseases is not
available.

The inventors describe here staphylococcal Protein
A-binding antibodies and the antigen binding determinants
thereof. In particular, an array of monoclonal antibodies
have been produced using a SpA mutant protein that lacks
both toxicity (Fcy interaction) and super antigen activity
against B-cells (Fab interaction). Many of the antibodies
were found to interact with SpA with high affinity and
specificity. Importantly, the antibodies are able to neutralize
the molecular mechanisms of staphylococcal protein A.,
Further, when administered to animals, the antibodies
reduced bacterial load and abscess formation following
challenge with virulent S. aureus. Because these molecules
are able to block the immunosuppressive effects of SpA,
such antibody may also enhance host immune response
following staphylococcal infection. Thus, the SpA-binding
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molecules of the embodiments offer a new and effective
avenue to treat or prevent staphylococcal disease.

1. SPA POLYPEPTIDES

Certain aspects of the embodiments concern SpA poly-
peptides, such as wild type SpA provided here as SEQ ID
NO: 1. In certain aspect, however, the embodiments concern
mutant or variant SpA polypeptides, such as polypeptides
that lacks B-cell super antigen activity and/or non-specific
immunoglogulin binding activity (i.e., binding the Ig that is
not dependent upon the CDR sequence of the Ig). In
particular, certain embodiments concern polypeptides (e.g.,
polypeptides comprising antibody CDR domains) that spe-
cifically bind to a SpA polypeptide that lacks B-cell super
antigen activity and/or non-specific immunoglobulin bind-
ing activity.

The N-terminal part of protein A is comprised of four or
five 56-61 amino acid residue immunoglobulin binding
domains (IgBD A-E); SpA variants for use according to the
embodiments can be, for example, full length SpA variant
comprising a variant A, B, C, D, and/or E domain, In certain
aspects, the SpA variant comprises or consists of the amino
acid sequence that is 80, 90, 95, 98, 99, or 100% identical
to the amino acid sequence of SEQ NO:7. In other embodi-
ments the SpA variant comprises a segment of SpA. The
SpA segment can comprise at least or at most 1, 2, 3,4, 5 or
more IgG binding domains. The IgG domains can be at least
or at most 1, 2, 3, 4, 5 or more variant A, B, C, D, or E
domains. In certain aspects the SpA variant comprises at
least or at most 1, 2, 3, 4, 5, or more variant A domains. In
a further aspect the SpA variant comprises at least or at most
1, 2, 3, 4, 5, or more variant B domains. In still a further
aspect the SpA variant comprises at least or at most 1, 2, 3,
4, 5, or more variant C domains. in yet a further aspect the
SpA variant comprises at least or at most 1, 2, 3, 4, 5, or
more variant D domains. In certain aspects the SpA variant
comprises at least or at most 1, 2, 3, 4, 5, or more variant F
domains. In a further aspect the SpA variant comprises a
combination of A, B, C, D, and E domains in various
combinations and permutations. The combinations can
include all or part of a SpA signal peptide segment, a SpA
region X segment, and/or a SpA sorting signal segment. In
other aspects the SpA variant does not include a SpA signal
peptide segment, a SpA region X segment, and/or a SpA
sorting signal segment. In certain aspects a variant A domain
comprises a substitution at position(s) 7, 8, 34, and/or 35 of
SEQ ID NO:4. In another aspect a variant B domain
comprises a substitution at position(s) 7, 8, 34, and/or 35 of
SEQ ID NO:6. In still another aspect a variant C domain
comprises a substitution at position(s) 7, 8, 34, and/or 35 of
SEQ ID NO:5. In certain aspects a variant D domain
comprises a substitution at position(s) 9, 10, 36, and/or 37 of
SEQ ID NO:2. In a further aspect a variant E domain
comprises a substitution at position(s) 6, 7, 33, and/or 34 of
SEQ ID NO:3.

In certain aspects, an SpA domain D variant or its
equivalent can comprise a mutation at position 9 and 36; 9
and 37; 9 and 10; 36 and 37; 10 and 36; 10 and 37; 9, 36,
and 37; 10, 36, and 37, 9, 10 and 36; or 9,10 and 37 of SEQ
ID NO:2. In a further aspect, analogous mutations can be
included in one or more of domains A, B. C, or E.

In further aspects, the amino acid glutamine (Q) at posi-
tion 9 of SEQ ID NO:2 (or its analogous amino acid in other
SpA domains) can be replaced with an alanine (A), an
asparagine (N), an aspartic acid (D), a cysteine (C), a
glutamic acid (E), a phenylalanine (F), a glycine (G), a
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histidine (H), an isoleucine (1), a lysine (K), a leucine (L), a
methionine (M), a proline (P), a serine (S), a threonine (T),
a valine (V), a tryptophane (W), or a tyrosine (Y). In some
aspects the glutamine at position 9 can be substituted with an
arginine (R). In a further aspect, the glutamine at position 9
of SEQ ID NO:2, or its equivalent, can be substituted with
a lysine or a glycine. Any 1, 2, 3,4, 5,6, 7, 8, 9, 10, or more
of the substitutions can be explicitly excluded.

In another aspect, the amino acid glutamine (Q) at posi-
tion 10 of SEQ ID NO:2 (or its analogous amino acid in
other SpA domains) can be replaced with an alanine (A), an
asparagine (N), an aspartic acid (D), a cysteine (C), a
glutamic acid (E), a phenylalanine (F), a glycine (G), a
histidine (H), an isoleucine (1), a lysine (K), a leucine (L), a
methionine (M), a proline (P), a serine (S), a threonine (T),
a valine (V), a tryptophane (W), or a tyrosine (Y). In some
aspects the glutamine at position 10 can be substituted with
an arginine (R). In a further aspect, the glutamine at position
10 of SEQ ID NO:2, or its equivalent, can be substituted
with a lysine or a glycine. Any 1, 2, 3,4, 5, 6,7, 8, 9, 10,
or more of the substitutions can be explicitly excluded.

In certain aspects, the aspartic acid (D) at position 36 of
SEQ NO:2 (or its analogous amino acid in other SpA
domains) can be replaced with an alanine (A), an asparagine
(N), an arginine (R), a cysteine (C), a phenylalanine (F), a
glycine (G), a histidine (H), an isoleucine (1), a lysine (K),
a leucine (L), a methionine (M), a proline (P), a glutamine
(Q), a serine (S), a threonine (T), a valine (V), a tryptophane
(W), or a tyrosine (Y). In some aspects the aspartic acid at
position 36 can be substituted with a glutamic acid (E). In
certain aspects, an aspartic acid at position 36 of SEQ ID
NO:2, or its equivalent, can be substituted with an alanine or
a serine. Any 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more of the
substitutions can be explicitly excluded.

In another aspect, the aspartic acid (D) at position 37 of
SEQ ID NO:2 (or its analogous amino acid in other SpA
domains) can be replaced with an alanine (A), a an aspara-
gine (N), an arginine (R), a cysteine (C), a phenylalanine (F),
a glycine (C), a histidine (H), an isoleucine (1), a lysine (K),
a leucine (L), a methionine (M), a proline (P), a glutamine
(Q), a serine (S), a threonine (T), a valine (V), a tryptophane
(W), or a tyrosine (Y). In some aspects the aspartic acid at
position 37 can be substituted with a glutamic acid (E). In
certain aspects, an aspartic acid at position 37 of SEQ ID
NO:2, or its equivalent, can be substituted with an alanine or
a serine. Any 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more of the
substitutions can be explicitly excluded.

In a particular embodiment the amino at position 9 of SEQ
NO:2 (or an analogous amino acid in another SpA domain)
is replaced by an alanine (A), a glycine (G), an isoleucine (1),
a leucine (L), a proline (P), a serine (S), or a valine (V), In
certain aspects the amino acid at position 9 of SEQ ID NO:2
is replaced by a glycine. In a further aspect the amino acid
at position 9 of SEQ ID NO:2 is replaced by a lysine.

In a particular embodiment the amino at position 10 of
SEQ ID NO:2 (or an analogous amino acid in another SpA
domain) is replaced by an alanine (A), a glycine (G), an
isoleucine (1), a leucine (L), a proline (P), a serine (S), or a
valine (V), In certain aspects the amino acid at position 10
of SEQ ID NO:2 is replaced by a glycine. In a further aspect
the amino acid at position 10 of SEQ ID NO:2 is replaced
by a lysine.

In a particular embodiment the amino at position 36 of
SEQ NO:2 (or an analogous amino acid in another SpA
domain) is replaced by an alanine (A), a glycine (C), an
isoleucine (1), a leucine (L), a proline (P), a serine (S), or a
valine (V), In certain aspects the amino acid at position 36
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of SEQ ID NO:2 is replaced by a serine. In a further aspect
the amino acid at position 36 of SEQ NO:2 is replaced by an
alanine.

In a particular embodiment the amino at position 37 of
SEQ ID NO:2 (or an analogous amino acid in another SpA
domain) is replaced by an alanine (A), a glycine (C), an
isoleucine (1), a leucine (L), a proline (P), a serine (S), or a
valine (V), In certain aspects the amino acid at position 37
of SEQ ID NO:2 is replaced by a serine. In a further aspect
the amino acid at position 37 of SEQ ID NO:2 is replaced
by an alanine.

In certain aspects the SpA variant includes a substitution
of (a) one or more amino acid substitution in an IgG Fc
binding sub-domain of SpA domain A, B, C, D, and/or E that
disrupts or decreases binding to IgG Fc, and (b) one or more
amino acid substitution in a V53 binding sub-domain of
SpA domain A, B, C, D, and/or E that disrupts or decreases
binding to V3. In still further aspects the amino acid
sequence of a SpA variant comprises an amino acid
sequence that is at least 50%, 60%, 70%, 80%, 90%, 95%,
or 100% identical, including all values and ranges there
between, to the amino acid sequence of SEQ ID NOs:2-6.

In a further aspect the SpA variant includes (a) one or
more amino acid substitution in an IgG Fc binding sub-
domain of SpA domain D, or at a corresponding amino acid
position in other IgG domains, that disrupts or decreases
binding to IgG Fc, and (b) one or more amino acid substi-
tution in a V43 binding sub-domain of SpA domain or at a
corresponding amino acid position in other IgG domains,
that disrupts or decreases binding to V3. In certain aspects
amino acid residue F5, Q9, Q10, S11, F13, Y14, .17, N28,
131, and/or K35 (SEQ ID NO:2, QQNNFNKDQQSA-
FYEILNMPNLNEAQRNGFIQSLKDDPSQSTNV-
LGEAKKLNES) of the IgG Fc binding sub-domain of
domain D are modified or substituted, In certain aspects
amino acid residue Q26, G29, P30, S33, D36, D37, Q40,
N43, and/or E47 (SEQ ID NO:2) of the V3 binding
sub-domain of domain D are modified or substituted such
that binding to Fc or V3 is attenuated. In further aspects
corresponding modifications or substitutions can be engi-
neered in corresponding positions of the domain A, B, C,
and/or E. Corresponding positions are defined by alignment
of the domain D amino acid sequence with one or more of
the amino acid sequences from other IgG binding domains
of SpA. In certain aspects the amino acid. substitution can be
any of the other 20 amino acids. In a further aspect conser-
vative amino acid substitutions can be specifically excluded
from possible amino acid substitutions. In other aspects only
non-conservative substitutions are included. In any event,
any substitution or combination of substitutions that reduces
the binding of the domain such that SpA toxicity is signifi-
cantly reduced is contemplated. The significance of the
reduction in binding refers to a variant that produces mini-
mal to no toxicity when introduced into a subject and can be
assessed using in vitro methods described herein.

In certain embodiments, a variant SpA comprises at least
oratmost 1, 2,3,4,5,6,7,8, 9, 10, or more variant SpA
domain D peptides. In certain aspects 1, 2, 3, 4, 5, 6, 7, 8,
9,10,11,12,13,14, 15,16, 17, 18, or 19 or more amino acid
residues of the variant SpA are substituted or modified—
including but not limited to amino acids F5, Q9, Q10, S11,
F13,Y14,1.17, N28, 131, and/or K35 (SEQ ID NO:2) of the
IgG Fc binding sub-domain of domain D and amino acid
residue Q26, G29, F30, S33, D36, D37, Q40, N43, and/or
E47 (SEQ ID NO:2) of the V3 binding sub-domain of
domain D. In one aspect glutamine residues at position 9
and/or 10 of SEQ ID NO:2 (or corresponding positions in
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other domains) are mutated. In another aspect, aspartic acid
residues 36 and/or 37 of SEQ ID NO:2 (or corresponding
positions in other domains) are mutated. In a further aspect,
glutamine 9 and 10, and aspartic acid residues 36 and 37 are
mutated. Purified non-toxigenic SpA or SpA-D mutants/
variants described herein are no longer able to significantly
bind (i.e., demonstrate attenuated or disrupted binding affin-
ity) Fcy or F(ab), V3 and also do not stimulate B cell
apoptosis.

It is contemplated that cariants of SpA may also include
the same variations in domains A, B, C, and/or E as in
domain D described above. In some embodiments, a SpA
binding polypeptide or antibody may bind to a SpA variant
that has a KKAA (SEQ ID NO. 174) variation described
herein in each of domains A, B, C, D, and E. In further
embodiments, that same SpA binding polypeptide or anti-
body may also bind to a variant that has a GGSS (SEQ ID
NO. 175) variation instead of the KKAA (SEO ID NO. 174)
in every domain. Additionally, in certain embodiments, a
SpA binding polypeptide or antibody may bind to a variant
Sbi antigen that is altered with respect to one or more of its
domains like in SpA. An example of this is shown in FIG.
4.

Moreover, it is contemplated that SpA binding polypep-
tides or antibodies described herein may be capable of
competing with SpA binding for immunoglobulin Fc or Fab
region or hinder SpA disruption of immunoglobulin func-
tion. Also it is contemplated that SpA binding polypeptides
or antibodies described herein may or be capable of per-
turbing SpA disruption of immunoglobulin function or SpA
binding to immunoglobulin Fc or Fab region. In certain
embodiments, this property(ies) allows the therapeutic com-
pound to be used to treat infection. Furthermore, methods
involve a SpA binding polypeptide or antibody that is
capable of neutralizing SpA disruption of immunoglobulin
function or SpA binding to immunoglobulin Fc or Fab
region.

Non-toxigenic Protein A variants can be used as subunit
vaccines and raise humoral immune responses and confer
protective immunity against S. aureus challenge. Compared
to wild-type full-length Protein A or the wild--type SpA-
domain D, immunization with SpA-D variants resulted in an
increase in Protein A specific antibody, Further SpA variants
and methods for using the same are provided in PCT
Publication No. WO 2011/0053411 and PCT Appln. No,
PCT/US11/42845, both incorporated herein by reference.

II. PROTEINACEOUS COMPOSITIONS

Substitutional variants typically contain the exchange of
one amino acid for another at one or more sites within the
protein, and may be designed to modulate one or more
properties of the polypeptide, with or without the loss of
other functions or properties. Substitutions may be conser-
vative, that is, one amino acid is replaced with one of similar
shape and charge. Conservative substitutions are well
known in the art and include, for example, the changes of:
alanine to serine; arginine to lysine; asparagine to glutamine
or histidine; aspartate to glutamate; cysteine to serine;
glutamine to asparagine; glutamate to aspartate; glycine to
proline; histidine to asparagine or glutamine; isoleucine to
leucine or valine; leucine to valine or isoleucine; lysine to
arginine; methionine to leucine or isoleucine; phenylalanine
to tyrosine, leucine or methionine; serine to threonine;
threonine to serine; tryptophan to tyrosine; tyrosine to
tryptophan or phenylalanine; and valine to isoleucine or
leucine. Alternatively, substitutions may be non-conserva-
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tive such that a function or activity of the polypeptide is
affected. Non-conservative changes typically involve sub-
stituting a residue with one that is chemically dissimilar,
such as a polar or charged amino acid for a nonpolar or
uncharged amino acid, and vice versa.

Proteins may be recombinant, or synthesized in vitro.
Alternatively, a non-recombinant or recombinant protein
may be isolated from bacteria. It is also contemplated that a
bacteria containing such a variant may be implemented in
compositions and methods. Consequently, a protein need not
be isolated.

The term “functionally equivalent codon” is used herein
to refer to codons that encode the same amino acid, such as
the six codons for arginine or serine, and also refers to
codons that encode biologically equivalent amino acids (see
Table, below).

Codon Table

Amino Acids Codons
Alanine Ala A GCA GCC GCG GCU
Cysteine Cys c UGC UGU
Aspartic acid Asp D GAC GAU
Glutamic acid Glu E GAA GAG
Phenylalanine Phe F uuc UUU
Glycine Gly G GGA GGC GGG GGU
Histidine His H CAC CAU
Isoleucine Ile I AUA AUC AUU
Lysine Lys K AAA ARG
Leucine Leu L UUA UUG CUA CUC CUG CUU
Methionine Met M AUG
Asparagine Asn N AAC AAU
Proline Pro P CCA CCC CCG CCU
Glutamine Gln Q CAA CAG
Arginine Arg R AGA AGG CGA CGC CGG CGU
Serine Ser S AGC AGU UCA UCC UCG UCU
Threonine Thr T ACA ACC ACG ACU
Valine Val v GUA GUC GUG GUU
Tryptophan Trp W UGG
Tyrosine Tyr Y UAC UAU

It also will be understood that amino acid and nucleic acid
sequences may include additional residues, such as addi-
tional 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, so 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 nucleic acid sequences that may, for example,
include various non-coding sequences flanking either of the
5" or 3' portions of the coding region.

The following is a discussion based upon changing of the
amino acids of a protein to create an equivalent, or even an
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improved, second-generation molecule. For example, cer-
tain amino acids may be substituted for other amino acids in
a protein structure without appreciable loss of interactive
binding capacity with structures such as, for example, anti-
gen-binding regions of antibodies or binding sites on sub-
strate molecules. Since it is the interactive capacity and
nature of a protein that defines that protein’s biological
functional activity, certain amino acid substitutions can be
made in a protein sequence, and in its underlying DNA
coding sequence, and nevertheless produce a protein with
like properties. It is thus contemplated by the inventors that
various changes may be made in the DNA sequences of
genes without appreciable loss of their biological utility or
activity.

In making such changes, the hydropathic index of amino
acids may be considered, The importance of the hydropathic
amino acid index in conferring interactive biologic function
on a protein is generally understood in the art (Kyte and
Doolittle, 1982). It is accepted that the relative hydropathic
character of the amino acid contributes to 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.

It also is understood in the art that the substitution of like
amino acids can be made effectively on the basis of hydro-
philicity. U.S. Pat. No. 4,554,101, incorporated herein by
reference, states that the greatest local average hydrophilic-
ity of a protein, 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 still produce a biologically equivalent and immunologi-
cally equivalent protein.

As outlined above, amino acid substitutions generally are
based on the relative similarity of the amino acid side-chain
substituents, for example, their hydrophobicity, hydrophi-
licity, charge, size, and the like. Exemplary substitutions that
take into consideration the various foregoing characteristics
are well known and include: arginine and lysine; glutamate
and aspartate; serine and threonine; glutamine and aspara-
gine; and valine, leucine and isoleucine.

It is contemplated that in compositions there is 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, 0.010, 0.050, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6,
0.7,08,0.9,1.0,1.5,2.0,2.5,3.0,3.5,4.0,4.5, 5.0, 5.5, 6.0,
6.5,7.0, 7.5, 8.0, 8.5, 9.0, 9.5, 10.0 mg/ml or more or any
range derivable therein). Of this, about, at least about, or at
most about 1, 2,3, 4, 5, 6,7, 8,9, 10, 11, 12, 13, 114, 15,
16,17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
32,33, 34,35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47,
48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63,
64, 65, 66, 67, 68, 69, 70,71, 72, 73,74, 75, 76, 77, 78, 79,
80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95,
96,97, 98, 99, 100% may be an antibody that binds SpA, and
may be used in combination with other staphylococcal
proteins or protein-binding antibodies described herein.

A. Polypeptides and Polypeptide Production

Embodiments involve polypeptides, peptides, and pro-
teins and immunogenic fragments thereof for use in various
aspects described herein. For example, specific antibodies
are assayed for or used in neutralizing or inhibiting Staphy-
lococcal infection. In specific embodiments, all or part of
proteins described herein can also be synthesized in solution
or on a solid support in accordance with conventional
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techniques. Various automatic synthesizers are commer-
cially available and can be used in accordance with known
protocols. See, for example, Stewart and Young, (1984);
Tam et al., (1983); Merrifield, (1986); and Barany and
Merrifield (1979), each incorporated herein by reference.
Alternatively, recombinant DNA technology may be
employed wherein a nucleotide sequence that encodes a
peptide or polypeptide is inserted into an expression vector,
transformed or transfected into an appropriate host cell and
cultivated under conditions suitable for expression.

One embodiment includes the use of gene transfer to cells,
including microorganisms, for the production and/or pre-
sentation of proteins. The gene for the protein of interest
may 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
elements included therein, are discussed herein, Alterna-
tively, the protein to be produced may be an endogenous
protein normally synthesized by the cell used for protein
production.

In a certain aspects an immunogenic SpA fragment com-
prises substantially all of the extracellular domain of a
protein which has at least 85% identity, at least 90% identity,
at least 95% identity, or at least 97-99% identity, including
all values and ranges there between, to a sequence selected
over the length of the fragment sequence.

Also included in immunogenic compositions are fusion
proteins composed of Staphylococcal proteins, or immuno-
genic fragments of staphylococcal proteins (e.g., SpA).
Alternatively, embodiments also include individual fusion
proteins of Staphylococcal proteins or immunogenic frag-
ments thereof, as a fusion protein with heterologous
sequences such as a provider of T-cell epitopes or purifica-
tion tags, for example: [3-galactosidase, glutathione-S-trans-
ferase, green fluorescent proteins (GFP), epitope tags such
as FLAG, myc tag, poly histidine, or viral surface proteins
such as influenza virus haemagglutinin, or bacterial proteins
such as tetanus toxoid, diphtheria toxoid, CRM197.

B. Antibodies and Antibody-Like Molecules

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 speci-
ficity for an SpA. These antibodies may be used in various
diagnostic or therapeutic applications described herein.

As used herein, the term “antibody” is intended to refer
broadly to any immunologic binding agent such as IgG,
IgM, IgA, IgD and IgE as well as polypeptides comprsing
antibody CDR domains that retain antigen binding activity.
Thus, the term “antibody” is 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 anticalins) or a nanobody.
For example, the nanobody can be antigen-specific VHH a
recombinant VHH) from a camelid IgG2 or IgG3, or a
CDR-displaying frame from such camelid Ig. The tech-
niques for preparing and using various antibody-based con-
structs 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)

“Mini-antibodies” or “minibodies” are also contemplated
for use with embodiments. Minibodies are sFv polypeptide
chains which include oligomerization domains at their C-ter-
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mini, separated from the sFv by a hinge region. Pack et al.
(1992). The oligomerization domain comprises self-associ-
ating a-helices, e.g., leucine zippers, that can be further
stabilized by additional disulfide bonds. The oligomerization
domain is designed to be compatible with vectorial folding
across a membrane, a process thought to facilitate in viva
folding of the polypeptide into a functional binding protein.
Generally, minibodies are produced using recombinant
methods well known in the art. See, e.g., Pack et al. (1992);
Cumber et al. (1992).

Antibody-like binding peptidomimetics are also contem-
plated in embodiments. Liu et al.(2003) describe “antibody
like binding peptidomimetics™ (ABiPs), which are peptides
that act as pared-down antibodies and have certain advan-
tages of longer serum half-life as well as less cumbersome
synthesis methods.

Alternative scaffolds for antigen binding peptides, such as
CDRs are also available and can be used to generate
SpA-binding molecules in accordance with the embodi-
ments. Generally, a person skilled in 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 is known that to be selected such
scaffolds must meet the greatest number of criteria as
follows (Skerra, 2000); good phylogenetic conservation;
known three-dimensional structure (as, for example, by
crystallography, NMR spectroscopy or any other technique
known to a person skilled in the art); small size; few or no
post-transcriptional modifications; and/or easy to produce,
express and purify.

The origin of such protein scaffolds can be, but is not
limited to, the structures selected among: fibronectin and
preferentially fibronectin type III domain 10, anticalin (Sk-
erra, 2001), protein Z arising from domain B of protein A of
Staphylococcus aureus, thioredoxin A or proteins with a
repeated motif such as the “ankyrin repeat” (Kohl et al.,
2003), the “armadillo repeat”, the “leucine-rich repeat” and
the “tetratricopeptide repeat”. For example, anticalins or
lipocalin derivatives are a type of binding proteins that have
affinities and specificities for various target molecules and
can be used as SpA binding molecules. Such proteins are
described in US Patent Publication Nos. 20100285564,
20060058510, 20060088908, 20050106660, and PCT Pub-
lication No. W0O2006/056464, incorporated herein by ref-
erence.

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.

Monoclonal antibodies (MAbs) are recognized to have
certain advantages, e.g., reproducibility and large-scale pro-
duction. Embodiments include monoclonal antibodies of the
human, murine, monkey, rat, hamster, rabbit and chicken
origin.

“Humanized” antibodies are also contemplated, as are
chimeric antibodies from mouse, rat, or other species, bear-
ing human constant and/or variable region domains, bispe-
cific antibodies, recombinant and engineered antibodies and
fragments thereof. As used herein, the term “humanized”
immunoglobulin refers to an immunoglobulin comprising a
human framework region and one or more CDR’s from a
non-human (usually a mouse or rat) immunoglobulin. The
non-human immunoglobulin providing the CDR’s is called
the “donor” and the human immunoglobulin providing the
framework is called the “acceptor”. A “humanized antibody”
is an antibody comprising a humanized light chain and a
humanized heavy chain immunoglobulin. In order to
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describe antibodies of some embodiments, the strength with
which an antibody molecule binds an epitope, known as
affinity, can be measured, The affinity of an antibody may be
determined by measuring an association constant (K,) or
dissociation constant(K ;). Antibodies deemed useful in cer-
tain embodiments may have an association constant of
about, at least about, or at most about 10%, 107, 10, 10° or
10'° M or any range derivable therein. Similarly, in some
embodiments antibodies may have a dissoaciation constant
of about, at least about or at most about 107%, 1077, 1075,
10™° or 107'°. M or any range derivable therein. These
values are reported for antibodies discussed herein and the
same assay may be used to evaluate the binding properties
of such antibodies

In certain embodiments, a polypeptide that specifically
binds to SpA is able to neutralize protein A and/or promote
opsonophagocytic killing of staphylococci. Moreover, in
some embodiments, the polypeptide that is used can pro-
vided protective immunity against S. aqureus disease. It is
contemplated that mAb 358A76.1 is excluded from these
embodiments.

1. Methods for Generating Antibodies

Methods for generating antibodies (e.g., monoclonal anti-
bodies and/or monoclonal antibodies) are known in the art.
Briefly, a polyclonal antibody is prepared by immunizing an
animal with a SpA polypeptide (e.g., a non-toxogenic SpA)
or a portion thereof in accordance with embodiments and
collecting antisera from that immunized animal.

A wide range of animal species can be used for the
production of antisera. Typically the animal used for pro-
duction of antisera is a rabbit, a mouse, a rat, a hamster, a
guinea pig or a goat. The choice of animal may be decided
upon the ease of manipulation, costs or the desired amount
of sera, as would be known to one of skill in the art. It will
be appreciated that antibodies can also be produced trans-
genically through the generation of a mammal or plant that
is transgenic for the immunoglobulin heavy and light chain
sequences of interest and production of the antibody in a
recoverable form therefrom. In connection with the trans-
genic production in mammals, antibodies can be produced
in, and recovered from, the milk of goats, cows, or other
mammals. See, e.g., U.S. Pat. Nos. 5,827,690, 5,756,687,
5,750,172, and 5,741,957.

As is also well known in the art, the immunogenicity of
a particular immunogen composition can be enhanced by the
use of non-specific stimulators of the immune response,
known as adjuvants. Suitable adjuvants include any accept-
able immunostimulatory compound, such as cytokines,
chemokines, cofactors, toxins, plasmodia, synthetic compo-
sitions or vectors encoding such adjuvants.

Adjuvants that may be used in accordance with embodi-
ments include, but are not limited to, IL-1, IL-2, IL-4, IL-7,
1IL-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 emulsion is also
contemplated. MHC antigens may even be used. Exemplary
adjuvants may include complete Freund’s adjuvant (a non-
specific stimulator of the immune response containing killed
Mycobacterium tuberculosis), incomplete Freund’s adju-
vants and/or aluminum hydroxide adjuvant.

In addition to adjuvants, it may be desirable to coadmin-
ister biologic response modifiers (BRM), which have been
shown to upregulate T cell immunity or downregulate sup-
pressor cell activity. Such BRMs include, but are not limited
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to, Cimetidine (CIM; 1200 mg/d) (Smith/Kline, PA); low-
dose Cyclophosphamide (CYP; 300 mg/m2) (Johnson/
Mead, NI), cytokines such as -interferon, IL.-2, or IL-2 or
genes encoding proteins involved in immune helper func-
tions, such as B-7.

The amount of immunogen composition used in the
production of antibodies 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
including but not limited to subcutaneous, intramuscular,
intradermal, intraepidermal, intravenous and intraperitoneal.
The production of antibodies may be monitored by sampling
blood of the immunized animal at various points following
immunization.

A second, booster dose (e.g., provided in an injection),
may also be given. The process of boosting and titering is
repeated until a suitable titer is achieved. When a desired
level of immunogenicity is obtained, the immunized animal
can be bled and the serum isolated and stored, and/or the
animal can be used to generate MAbs.

For production of rabbit polyclonal antibodies, the animal
can be bled through an ear 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 is for
various applications or else the desired antibody fraction
may be purified 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, among others.

MAbs may be readily prepared through use of well-
known techniques, such as those exemplified in U.S. Pat.
No. 4,196,265, incorporated herein by reference. Typically,
this technique involves immunizing a suitable animal with a
selected immunogen composition, e.g., a purified or partially
purified protein, polypeptide, peptide or domain, be it a
wild-type or mutant composition. The immunizing compo-
sition is administered in a manner effective to stimulate
antibody producing cells.

The methods for generating monoclonal antibodies
(MADs) generally begin along the same lines as those for
preparing polyclonal antibodies. 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 antibodies.
The use of rats is well known and may provide certain
advantages (Goding, 1986, pp. 60 61). Mice (e.g., BALB/c
mice)are routinely used and generally give a high percentage
of stable fusions.

The animals are injected with antigen, generally as
described above. The antigen may be mixed with adjuvant,
such as Freund’s complete or incomplete adjuvant. Booster
administrations with the same antigen or DNA encoding the
antigen may occur at approximately two-week intervals. As
discussed in the Examples, the antigen may be altered
compared to an antigen sequence found in nature. In some
embodiments, a variant or altered Protein A peptide or
polypeptide is employed to generate antibodies. In certain
embodiments, the SpA variant has 1, 2, 3, 4, 5, 6, 7, or 8
changes in 1, 2, 3, 4, or all 5 of the A, B, C, D, or E domains
of SpA.

Following immunization, somatic cells with the potential
for producing antibodies, specifically B lymphocytes (B
cells), are selected for use in the MAb generating protocol.
These cells may be obtained from biopsied spleens, tonsils
or lymph nodes, or from a peripheral blood sample. Gener-
ally, spleen cells are a rich source of antibody-producing
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cells that are in the dividing plasmablast stage. Typically,
peripheral blood cells may be readily obtained, as peripheral
blood is easily accessible.

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 lymphocytes
obtained by homogenizing the spleen with a syringe. Typi-
cally, a spleen from an immunized mouse contains approxi-
mately 5x107 to 2x10® lymphocytes.

The antibody producing B lymphocytes from the immu-
nized animal are then fused with cells of an immortal
myeloma cell, generally one of the same species as the
animal that was immunized. Myeloma cell lines suited for
use in hybridoma producing fusion procedures preferably
are non antibody producing, have high fusion efficiency, and
enzyme deficiencies that render then incapable of growing in
certain selective media which support the growth of only the
desired fused cells (hybridomas).

Any one of a number of myeloma cells may be used, as
are known to those of skill in the art (Goding, pp. 65 66,
1986; Campbell, pp. 75 83, 1984). cites). For example,
where the immunized animal is a mouse, one may use P3
X63/Ag8, X63 Ag8.653, NS1/1.Ag 4 1, Sp210 Agl4, FO,
NSO/U, MPC 11, MPC11 X45 GTG 1.7 and S194/5XX0
Bul; for rats, one may use R210.RCY3, Y3 An 123,
1R983F and 4B210; and LT 266, GM1500 GRG2, LICR
LON HMy2 and UC729 6 are all useful in connection with
human cell fusions. See Yoo et al. (2002), for a discussion
of myeloma expression systems.

One murine myeloma cell is the NS-1 myeloma cell line
(also termed P3-NS-1-Ag4d-1), which is readily available
from the NIGMS Human Genetic Mutant Cell Repository by
requesting cell line repository number GM3573. Another
mouse myeloma cell line that may be used is the 8 azagua-
nine resistant mouse murine myeloma SP2/0 non producer
cell line.

Methods for generating hybrids of antibody producing
spleen or lymph node cells and myeloma cells usually
comprise mixing somatic cells with myeloma cells in a 2:1
proportion, though the proportion may vary from about 20:1
to about 1:1, respectively, in the presence of an agent or
agents (chemical or electrical) that promote the fusion of cell
membranes. Fusion methods using Sendai virus have been
described by Kohler and Milstein (1975; 1976), and those
using polyethylene glycol (PEG), such as 37% (v/v) PEG,
by Gefter et al., (1977). The use of electrically induced
fusion methods is also appropriate (Goding pp. 71 74, 1986).

Fusion procedures usually produce viable hybrids at low
frequencies, about 1x107% to 1x10~%. However, this does not
pose a problem, as the viable, fused hybrids are differenti-
ated from the parental, unfused cells (particularly the
unfused myeloma cells that would normally continue to
divide indefinitely) by culturing in a selective medium. The
selective medium is generally one that contains an agent that
blocks the de novo synthesis of nucleotides in the tissue
culture media. Exemplary and preferred agents are aminop-
terin, methotrexate, and azaserine. Aminopterin and metho-
trexate block de novo synthesis of both purines and pyrimi-
dines, whereas azaserine blocks only purine synthesis.
Where aminopterin or methotrexate is used, the media is
supplemented with hypoxanthine and thymidine as a source
of nucleotides (HAT medium). Where azaserine is used, the
media is supplemented with hypoxanthine.

A selection medium is HAT. Only cells capable of oper-
ating nucleotide salvage pathways are able to survive in
HAT medium. The myeloma cells are defective in key
enzymes of the salvage pathway, e.g., hypoxanthine phos-
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phoribosyl transferase (HPRT), and they cannot survive. The
B cells can operate this pathway, but they have a limited life
span in culture and generally die within about two weeks.
Therefore, the only cells that can survive in the selective
media are those hybrids formed from myeloma and B cells.

This culturing provides a population of hybridomas from
which specific hybridomas are selected. Typically, selection
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 radioimmunoassays,
enzyme immunoassays, cytotoxicity assays, plaque assays,
dot immunobinding assays, and the like.

The selected 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 MAb production
in two basic ways. First, a sample of the hybridoma can be
injected (often into the peritoneal cavity) into a histocom-
patible animal of the type that was used to provide the
somatic and myeloma cells for the original fusion (e.g., a
syngeneic mouse). Optionally, the animals are primed with
a hydrocarbon, especially oils such as pristane (tetrameth-
ylpentadecane) prior to injection. The injected animal devel-
ops tumors secreting the specific monoclonal antibody pro-
duced by the fused cell hybrid. The body fluids 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 cultured in vitro, where the MAbs are
naturally secreted into the culture medium from which they
can be readily obtained in high concentrations.

Further, expression of antibodies (or other moieties there-
from) from production cell lines can be enhanced using a
number of known techniques. For example, the glutamine
synthetase and DHFR gene expression systems are common
approaches for enhancing expression under certain condi-
tions. High expressing cell clones can be identified using
conventional techniques, such as limited dilution cloning
and Microdrop technology. The GS system is discussed in
whole or part in connection with European Patent Nos. 0216
846, 0 256 055, and 0 323 997 and FEuropean Patent
Application No. 89303964.4.

MAbs produced by either means may be further purified,
if desired, using filtration, centrifugation and various chro-
matographic methods such as HPLC or affinity chromatog-
raphy. Fragments of the monoclonal antibodies can be
obtained from the monoclonal antibodies so produced by
methods which include digestion with enzymes, such as
pepsin or papain, and/or by cleavage of disulfide bonds by
chemical reduction. Alternatively, monoclonal antibody
fragments can be synthesized using an automated peptide
synthesizer.

It is also contemplated that a molecular cloning approach
may be used to generate monoclonal antibodies. In one
embodiment, combinatorial immunoglobulin phagemid
libraries are prepared from RNA isolated from the spleen of
the immunized animal, and phagemids expressing appropri-
ate antibodies are selected by panning using cells expressing
the antigen and control cells. The advantages of this
approach over conventional hybridoma techniques are that
approximately 104 times as many antibodies can be pro-
duced and screened in a single round, and that new speci-
ficities are generated by H and L chain combination which
further increases the chance of finding appropriate antibod-
ies.
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Another embodiment concerns producing antibodies, for
example, as is found in U.S. Pat. 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-mediated site-specific
recombination is disclosed. The method involves first trans-
fecting an antibody-producing cell with a homology-target-
ing vector comprising a lox site and a targeting sequence
homologous to a first DNA sequence adjacent to the region
of the immunoglobulin loci of the genomic sequence which
is to be converted to a modified region, so the first lox site
is inserted into the genomic sequence via site-specific
homologous recombination. Then the cell is transfected with
a lox-targeting vector comprising a second lox site suitable
for Cre-mediated recombination with the integrated lox site
and a modifying sequence to convert the region of the
immunoglobulin loci to the modified region. This conver-
sion is performed by interacting the lox sites with Cre in
vivo, so that the modifying sequence inserts into the
genomic sequence via Cre-mediated site-specific recombi-
nation of the lox sites.

Alternatively, monoclonal. antibody fragments can be
synthesized using an automated peptide synthesizer, or by
expression of full-length gene or of gene fragments in F.
coli.

It is further contemplated that monoclonal antibodies may
be further screened or optimized for properties relating to
specificity, avidity, half-life, immunogenicity, binding asso-
ciation, binding disassociation, or overall functional prop-
erties relative to heinga treatment for infection. Thus, it is
contemplated that monoclonal antibodies may have 1, 2, 3,
4,5, 6, or more alterations in the amino acid sequence of 1,
2,3, 4,5, or 6 CDRs of monoclonal antibodies 5SA10, 8E2,
3A6, 3F6, 1F10, 6D11, 3D11, 5A11, 1B10 or 4Cl1. it is
contemplated that the amino acid in position 1, 2, 3, 4, 5, 6,
7,8, 9, or 10 of CDR1, CDR2, CDR3, CDR4, CDRS5, or
CDRG6 of the VJ or VDI region of the light or heavy variable
region of monoclonal antibodies 5A10, 8E2, 3A6, 3F6,
1F10, 6D11, 3D11, 5A1l1, 1B10 or 4C1 may have an
insertion, deletion, or substitution with a conserved or
non-conserved amino acid. Such amino acids that can either
be substituted or constitute the substitution are disclosed
above.

In some embodiments, fragments of a whole antibody can
perform the function of binding antigens. Examples of
binding fragments are (i) the Fab fragment constituted with
the VL, VH, CL and CHI domains; (ii) the Fd fragment
consisting of the VH and CHI domains; (iii) the Fv fragment
constituted with the VL. and VH domains of a single anti-
body; (iv) the dAb fragment (Ward, 1989; McCafferty et al.,
1990; Holt et al., 2003), which is constituted with a VH or
a VL domain; (v) isolated CDR regions; (vi) F(ab")2 frag-
ments, a bivalent fragment comprising two linked Fab
fragments (vii) single chain Fv molecules (scFv) , wherein
a VH domain and a VL domain are linked by a peptide linker
which allows the two domains to associate to form an
antigen binding site (Bird et al., 1988; Huston et al., 1988);
(viii) bispecific single chain Fv dimers (PCT/US92/09965)
and (ix) “diabodies”, multivalent or multispecific fragments
constructed by gene fusion (W094/13804; Holliger et al.,
1993). Fv, scFv or diabody molecules may be stabilized by
the incorporation of disulphide bridges linking the VH and
VL domains (Reiter et al., 1996). Minibodies comprising a
scFv joined to a CH3 domain may also be made (Hu et al.
1996). The citations in this paragraph are all incorporated by
reference.
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Antibodies also include bispecific antibodies. Bispecific
or bifunctional antibodies form a second generation of
monoclonal antibodies in which two different variable
regions are combined in the same molecule (Holliger, P. &
Winter, G. 1999 Cancer and metastasis rev. 18:411-419,
1999). Their use has been demonstrated both in the diag-
nostic field and in the therapy field from their capacity to
recruit new effector functions or to target several molecules
on the surface of tumor cells. Where bispecific antibodies
are to be used, these may be conventional bispecific anti-
bodies, which can be manufactured in a variety of ways
(Holliger et al, PNAS USA 90:6444-6448, 1993), e.g. pre-
pared chemically or from hybrid hybridomas, or may be any
of the bispecific antibody fragments mentioned above.
These antibodies can be obtained by chemical methods
(Glennie et al., 1987 J. Immunol. 139, 2367-2375; Repp et
al., J. Hemat. 377-382, 1995) or somatic methods (Staerz U.
D. and Bevan M. J. PNAS 83, 1986; et al., Method Enzymol.
121:210-228, 1986) but likewise by genetic engineering
techniques which allow the heterodimerization to be forced
and thus facilitate the process of purification of the antibody
sought (Merchand et al. Nature Biotech, 16:677-681, 1998).
Examples of bispecific antibodies include those of the
BiTE™ technology in which the binding domains of two
antibodies with different specificity can be used and directly
linked via short flexible peptides. This combines two anti-
bodies on a short single polypeptide chain. Diabodies and
scFv can be constructed without an Fc region, using only
variable domains, potentially reducing the effects of anti-
idiotypic reaction. The citations in this paragraph are all
incorporated by reference.

Bispecific antibodies can be constructed as entire IgG, as
bispecific Fab'2, as Fab'PEG, as diabodies or else as bispe-
cific scFv. Further, two bispecific antibodies can be linked
using routine methods known in the art to form tetravalent
antibodies.

Bispecific diabodies, as opposed to bispecific whole anti-
bodies, may also be particularly useful because they can be
readily constructed and expressed in E. coli. Diabodies (and
many other polypeptides such as antibody fragments) of
appropriate binding specificities can be readily selected
using phage display (W094/13804) from libraries. If one
arm of the diabody is to be kept constant, for instance, with
a specificity directed against SpA, then a library can be made
where the other arm is varied and an antibody of appropriate
specificity selected. Bispecific whole antibodies may be
made by alternative engineering methods as described in
Ridgeway et al, (Protein Eng., 9:616-621, 1996), which is
hereby incorporated by reference.

C. Antibody and Polypeptide Conjugates

Embodiments provide antibodies and antibody-like mol-
ecules against SpA proteins, polypeptides and peptides that
are linked to at least one agent to form an antibody conjugate
or payload. In order to increase the efficacy of antibody
molecules as diagnostic or therapeutic agents, it is conven-
tional to link or covalently bind or complex at least one
desired molecule or moiety. Such a molecule or moiety may
be, but is not limited to, at least one effector or reporter
molecule. Effector molecules comprise molecules having a
desired activity, e.g., cytotoxic activity. Non-limiting
examples of effector molecules which have been attached to
antibodies include toxins, therapeutic enzymes, antibiotics,
radio-labeled nucleotides and the like. By contrast, a
reporter molecule is defined as any moiety 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, phospho-
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rescent molecules, chemiluminescent molecules, chro-
mophores, luminescent molecules, photoaffinity molecules,
colored particles or ligands, such as biotin.

Certain examples of antibody conjugates are those con-
jugates in which the antibody is linked to a detectable label.
“Detectable labels” are compounds and/or elements that can
be detected due to their specific functional properties, and/or
chemical characteristics, the use of which allows the anti-
body to which they are attached to be detected, and/or
further quantified if desired. A

Antibody conjugates are generally preferred for use as
diagnostic agents. Antibody diagnostics generally fall within
two classes, those for use in in vitro diagnostics, such as in
a variety of immunoassays, and/or those for use in vivo
diagnostic protocols, generally known as “antibody directed
imaging”. Many appropriate imaging agents are known in
the art, as are methods for their attachment to antibodies
(see, for e.g., U.S. Pat. Nos. 5,021,236; 4,938,948; and
4,472,509, each incorporated herein by reference). The
imaging moieties used can be paramagnetic ions; radioactive
isotopes; fluorochromes; NMR-detectable substances; X-ray
imaging.

In the case of paramagnetic ions, one might mention by
way of example ions such as chromium (III), manganese
(D), iron (III), iron (II), cobalt (II), nickel (II), copper (ID),
neodymium (II), samarium (III), ytterbium (III), gado-
linium (II), vanadium (1), terbium (III), dysprosium (III),
holmium (IIT) and/or erbium (III), with gadolinium being
particularly preferred. Ions useful in other contexts, such as
X-ray imaging, include but are not limited to lanthanum
(I1), gold (III), lead (II), and especially bismuth (III).

In the case of radioactive isotopes for therapeutic and/or
diagnostic application, one might use astatine®'!, carbon’®,
chromium®?, chlorine®®, cobalt®”, cobalt®®, copper®”, Eu'?,
gallium®’, hydroge®n, iodine'?*, iodine'*®, iodine’®!,
indium''?, iron>®, phosphorus®?, rhenium'®®, rhenium®®®,
selenium’?, sulphu®’r, technicium®™ and/or yttrium®®, '
is often used in certain embodiments, and technicium
and/or indium'** 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 sodium 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 technetium99m by ligand exchange process, for
example, by reducing pertechnate with stannous solution,
chelating the reduced technetium onto a Sephadex column
and applying the antibody to this column. Alternatively,
direct labeling techniques may be used, e.g., by incubating
pertechnate, a reducing agent such as SNCl,, a buffer
solution such as sodium-potassium phthalate solution, and
the antibody. Intermediary functional groups which are often
used to bind radioisotopes which exist as metallic ions to
antibody are diethylenetri.aminepentaacetic acid (DTPA) or
ethylene dianiinetetracetic acid (EDTA).

Among the fluorescent labels contemplated for use as
conjugates include Alexa 350, Alexa 430, AMCA, BODIPY
630/650, I30DIPY 650/665, BODIPY-EL, BODIPY-R6G,
BODIPY-TMR, BODIPY-TRX, Cascade Blue, Cy3, Cy5,6-
FAM. Fluorescein Isothiocyanate, HEX, 6-JOE, Oregon
Green 488, Oregon Green 500, Oregon Green 514, Pacific
Blue, REG, Rhodamine Green, Rhodamine Red, Reno-
graphin, ROX, TAMRA, TET, Tetramethylrhodamine, and/
or Texas Red, among others.
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Antibody conjugates include those intended primarily for
use in vitro, where the antibody is linked to a secondary
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, urease, alkaline phosphatase, (horseradish)
hydrogen peroxidase or glucose oxidase. Preferred second-
ary binding ligands 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 U.S. Pat.
Nos. 3,817,837; 3,850,752; 3,939,350; 3,996,345; 4,277,
437; 4,275,149 and 4,366,241; each incorporated herein by
reference.

Yet another known method of site-specific attachment of
molecules to antibodies comprises the reaction of antibodies
with hapten-based affinity labels. Essentially, hapten-based
affinity labels react with amino acids in the antigen binding
site, thereby destroying this site and blocking specific anti-
gen reaction. However, this may not be advantageous since
it results in loss of antigen binding by the antibody conju-
gate.

Molecules containing azido groups may also 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 identify nucleotide binding proteins
in crude cell extracts (Owens & Haley, 1987; Atherton et al.,
1985). The 2- and 8-azido nucleotides have also been used
to map nucleotide binding domains of purified proteins
(Khatoon et 1989; King et al., 1989: and Dholakia et al.,
1989) and may be used as antibody binding agents.

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 employing, for example, an organic chelating agent
such a diethylenetriaminepentaacetic acid anhydride
(DTPA); ethylenetriaminetetraacetic acid; N-chloro-p-tolu-
enesulfonamide; and/or tetrachloro-3 -6 -diphenylgly-
couril-3 attached to the antibody (U.S. Pat. Nos. 4,472,509
and 4,938,948, each incorporated herein by reference).
Monoclonal antibodies may also be reacted with an enzyme
in the presence of a coupling agent such as glutaraldehyde
or periodate. Conjugates with fluorescein markers are pre-
pared in the presence of these coupling agents or by reaction
with an isothiocyanate. In U.S. Pat. No. 4,938,948, imaging
of breast tumors is achieved using monoclonal antibodies
and the detectable imaging moieties are bound to the anti-
body using linkers such as methyl-p-hydroxybenzimidate or
N-succinimidyl-3-(4-hydroxyphenyl)propionate.

In some embodiments, derivatization of immunoglobulins
by selectively introducing sulthydryl groups in the Fc region
of' an immunoglobulin, using reaction conditions that do not
alter the antibody combining site are contemplated. Anti-
body 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 attachment of effector or reporter
molecules, wherein the reporter or effector molecule is
conjugated to a carbohydrate residue in the Fc region have
also been disclosed in the literature (O’Shannessy et al.,
1987). This approach has been reported to produce diagnos-
tically and therapeutically promising antibodies which are
currently in clinical evaluation.

In some embodiments, anti-SpA antibodies are linked to
semiconductor nanocrystals such as those described in U.S.
Pat. Nos, 6,048,616; 5,990,479; 5,690,807; 5,505,928;
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5,262,357 (all of which are incorporated herein in their
entireties); as well as PCT Publication No. 99/26299 (pub-
lished May 27, 1999). In particular, exemplary materials for
use as semiconductor nanocrystals in the biological and
chemical assays include, but are not limited to, those
described above, including group II-V1, III-V and group IV
semiconductors such as ZnS, ZnSe, ZnTe, CdS, CdSe, CdTe,
MgS, MgSe, MgTe, CaS, CaSe, CaTe, SrS, SrSe, SrTe, BaS,
BaSe, BaTe, GaN, GaP, GaAs, GaSb, InP, InAs, InSb, AlIS,
AIP, AlSb, PbS, PbSe, Ge and Si and ternary and quaternary
mixtures thereof. Methods for linking semiconductor nanoc-
rystals to antibodies are described in U.S. Pat. Nos. 6,630,
307 and 6,274,323.

III. NUCLEIC ACIDS

In certain embodiments, there are recombinant polynucle-
otides encoding the proteins, polypeptides, or peptides
described herein, Polynucleotide sequences contemplated
include those encoding antibodies to SpA or SpA binding
portions thereof.

As used in this application, the term “polynucleotide”
refers to a nucleic acid molecule that either is recombinant
or has been isolated free of total genomic nucleic acid.
Included within the term “polynucleotide” are oligonucle-
otides (nucleic acids 100 residues or less in length), recom-
binant vectors, including, for example, plasmids, cosmids,
phage, viruses, and the like, Polynucleotides include, in
certain aspects, regulatory sequences, isolated substantially
away from their naturally occurring genes or protein encod-
ing sequences. Polynucleotides may be single-stranded
(coding or antisen se) or double-stranded, and may be RNA,
DNA (genomic, cDNA or synthetic), analogs thereof, or a
combination thereof. Additional coding or non-coding
sequences may, but need not, be present within a polynucle-
otide.

In this respect, the term “gene,” “polynucleotide,” or
“nucleic acid” is used to refer to a nucleic acid that encodes
a protein, polypeptide, or peptide (including any sequences
required for proper transcription, post-translational modifi-
cation, or localization). As will be understood by those in the
art, this term encompasses genomic sequences, expression
cassettes, cDNA 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. It also is
contemplated that a particular polypeptide may be encoded
by nucleic acids containing variations having slightly dif-
ferent nucleic acid sequences but, nonetheless, encode the
same or substantially similar protein (see above).

In particular embodiments, there are isolated nucleic acid
segments and recombinant vectors incorporating nucleic
acid sequences that encode a polypeptide (e.g., an antibody
or fragment thereof) that binds to SpA. The term “recom-
binant” may be used in conjunction with a polypeptide or the
name of a specific polypeptide, and this generally refers to
a polypeptide produced from a nucleic acid molecule that
has been manipulated in vitro or that is a replication product
of such a molecule.

The nucleic acid segments, regardless of the length of the
coding sequence itself, 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 therefore contemplated
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that a nucleic acid fragment of almost any length may be
employed, with the total length 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 heter-
ologous coding sequences, for example to allow for purifi-
cation of the polypeptide, transport, secretion, post-transla-
tional modification, or for therapeutic benefits such as
targeting or efficacy. As discussed above, a tag or other
heterologous polypeptide may be added to the modified
polypeptide-encoding sequence, wherein ‘“heterologous”
refers to a polypeptide that is not the same as the modified
polypeptide.

In certain embodiments, there are polynucleotide variants
having substantial identity to the sequences disclosed herein;
those comprising at least 70%, 75%, 80%, 85%, 90%, 95%,
96%, 97%, 98%, or 99% or higher sequence identity, includ-
ing 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 comple-
mentary to said isolated polynucleotide.

A. Vectors

Polypeptides may be encoded by a nucleic acid molecule.
The nucleic acid molecule can be in the form of a nucleic
acid vector. The term “vector” is used to refer to a carrier
nucleic acid molecule into which a heterologous nucleic acid
sequence can be inserted for introduction into a cell where
it can be replicated and expressed. A nucleic acid sequence
can be “heterologous,” which means that it is in a context
foreign to the cell in which the vector is being introduced or
to the nucleic acid in which is incorporated, which includes
a sequence homologous to a sequence in the cell or nucleic
acid but in a position within the host cell or nucleic acid
where it is ordinarily not found. Vectors include DNAs,
RNAs, plasmids, cosmids, viruses (bacteriophage, animal
viruses, and plant viruses), and artificial chromosomes (e.g.,
YACs). One of skill in the art would be well equipped to
construct a vector through standard recombinant techniques
(for example Sambrook et al., 2001; Ausubel et al., 1996,
both incorporated herein by reference). Vectors may be used
in a host cell to produce an antibody that binds SpA.

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 translated into a protein, polypeptide, or
peptide. Expression vectors can contain a variety of “control
sequences,” which refer to nucleic acid sequences necessary
for the transcription and possibly translation of an operably
linked coding sequence in a particular host organism. In
addition to control sequences that govern transcription and
translation, vectors and expression vectors may contain
nucleic acid sequences that serve other functions as well and
are described herein.

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 elements at which regulatory proteins and
molecules may bind such as RNA polymerase and other
transcription factors. The phrases “operatively positioned,”
“operatively linked,” “under control,” and “under transcrip-
tional control” mean that a promoter is in a correct func-
tional location and/or orientation in relation to a nucleic acid
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sequence to control transcriptional initiation and expression
of that sequence. A promoter may or may not be used in
conjunction with an “enhancer,” which refers to a cis-acting
regulatory sequence involved in the transcriptional activa-
tion of a nucleic acid sequence.

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 polynucleotide in a targeted cell, preferably a
bacterial cell. Where a human cell is targeted, it is preferable
to position the polynucleotide coding region adjacent to and
under the control of a promoter that is capable of being
expressed in a human cell. Generally speaking, such a
promoter might include either a bacterial, human or viral
promoter.

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

Vectors can include a multiple cloning site (MCS), which
is a nucleic acid region that contains multiple restriction
enzyme sites, any of which can be used in conjunction with
standard recombinant technology to digest the vector. (See
Carbonelli ci at., 1999, Levenson et al., 1998, and Cocea,
1997, incorporated herein by reference.)

Most transcribed eukaryotic RNA molecules will undergo
RNA splicing to remove introns from the primary tran-
scripts. Vectors containing genomic eukaryotic sequences
may require donor and/or acceptor splicing sites to ensure
proper processing of the transcript for protein expression.
(See Chandler et al., 1997, incorporated herein by refer-
ence.)

The vectors or constructs will generally comprise at least
one termination signal. A “termination signal” or “termina-
tor” is comprised of the DNA sequences involved in specific
termination of an RNA transcript by an RNA polymerase.
Thus, in certain embodiments ID a termination signal that
ends the production of an RNA transcript is contemplated. A
terminator may be necessary in vivo to achieve desirable
message levels. In eukaryotic systems, the terminator region
may also comprise specific DNA sequences that permit
site-specific cleavage of the new transcript so as to expose
a polyadenylation site. This signals a specialized endog-
enous polymerase to add a stretch of about 200 A residues
(polyA) to the 3' end of the transcript. RNA molecules
modified with this polyA tail appear to more stable and are
translated more efficiently. Thus, in other embodiments
involving eukaryotes, 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 polyade-
nylation of the message.

In expression, particularly eukaryotic expression, one will
typically include a polyadenylation signal to effect proper
polyadenylation of the transcript.

In order to propagate a vector in a host cell, it may contain
one or more origins of replication sites (often termed “ori”
which is a specific nucleic acid sequence at which replica-
tion is initiated, Alternatively an autonomously replicating
sequence (ARS) can be employed if the host cell is yeast.

B. Host Cells

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

Some vectors may employ control sequences that allow it
to be replicated and/or expressed in both prokaryotic and
eukaryotic 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,
proteins, or peptides.

C. Expression Systems

Numerous expression systems exist that comprise at least
a part or all of the compositions discussed above. Prokary-
ote- and/or eukaryote-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.

The insect cell/baculovirus system can produce a high
level of protein expression of a heterologous nucleic acid
segment, such as described in U.S. Pat. Nos. 5,871,986,
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™ BACULOVI-
RUS EXPRESSION SYSTEM FROM CLONTECH®.

In addition to the disclosed expression systems, other
examples of expression systems include STRATAGENE®’s
COMPLETE CONTROL™ Inducible Mammalian Expres-
sion System, which involves a synthetic ecdysone-inducible
receptor, or its pET Expression System, an E. coli expression
system. Another example of an inducible expression system
is available from INVITROGEN®, which carries the
T-REX™ (tetracycline-regulated expression) System, an
inducible mammalian expression system that uses the full-
length CMV promoter, INVITROGEN® also provides a
yeast expression system called the Pichia methanolica
Expression System, which is designed for high-level pro-
duction of recombinant proteins in the methylotrophic yeast
Pichia methanolica. One of skill in the art would know how
to express a vector, such as an expression construct, to
produce a nucleic acid sequence or its cognate polypeptide,
protein, or peptide.

D. Methods of Gene Transfer

Suitable methods for nucleic acid delivery to effect
expression of compositions are believed to include virtually
any method by which a nucleic 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
include, but are not limited to, direct delivery of DNA such
as by injection (U.S. Pat. Nos. 5,994,624, 5,981,274, 5,945,
100, 5,780,448, 5,736,524, 5,702,932, 5,656,610, 5,589,466
and 5,580,859, each incorporated herein by reference),
including microinjection (Harland and Weintraub, 1985;
U.S. Pat. No. 5,789,215, incorporated herein by reference);
by electroporation (U.S. Pat. No. 5,384,253, incorporated
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herein by reference); by calcium phosphate precipitation
(Graham and Van Der Eb, 1973; Chen and Okayama, 1987;
Rippe et al., 1990); by using DEAE dextran followed by
polyethylene glycol (Gopal, 1985); by direct sonic loading
(Fechheimer et al., 1987); by liposome mediated transfec-
tion (Nicolau and Sene, 1982; Fraley et al., 1979; Nicolau et
al., 1987; Wong et al., 1980; Kaneda et al., 1989; Kato et al.,
1991); by microprojectile bombardment (PCT Application
Nos. WO 94/09699 and 95/06128; U.S. Pat. Nos. 5,610,042,
5,322,783, 5,563,055, 5,550,318, 5,538,877 and 5,538,880,
and each incorporated herein by reference); by agitation
with silicon carbide fibers (Kaeppler et al., 1990; U.S. Pat.
Nos. 5,302,523 and 5,464,765, each incorporated herein by
reference); by Agrobacterium mediated transformation (U.S.
Pat. Nos. 5,591,616 and 5,563,055, each incorporated herein
by reference); or by PEG mediated transformation of pro-
toplasts (Omirulleh et al., 1993; U.S. Pat. Nos. 4,684,611
and 4,952,500, each incorporated herein by reference); by
desiccation/inhibition mediated DNA uptake (Potrykus et
al., 1985). Through the application of techniques such as
these, organelle(s), cell(s), tissue(s) or organism(s) may be
stably or transiently transformed.

IV. METHODS OF TREATMENT

As discussed above, the compositions and methods of
using these compositions can treat a subject (e.g., limiting
bacterial load or abscess formation or persistence) having,
suspected of having, or at risk of developing an infection or
related disease, particularly those related to staphylococci.
One use of the compositions is to prevent nosocomial
infections by inoculating a subject prior to hospital treat-
ment.

As used herein the phrase “immune response” or its
equivalent “immunological response” refers to a humoral
(antibody mediated), cellular (mediated by antigen-specific
T cells or their secretion products) or both humoral and
cellular response directed against a protein, peptide, 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 administration of antibody, antibody containing material
or primed T-cells.

As used herein “passive immunity” refers to any immu-
nity conferred upon a subject by administration of immune
effectors including cellular mediators or protein mediators
(e.g., an polypeptide that binds to SpA 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 com-
position may include antibodies or polypeptides comprsing
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 antiserum. In
certain aspects the antibody or antibodies are affinity puri-
fied from an animal or second subject that has been chal-
lenged with an antigen(s). Alternatively, an antibody mixture
may be used, which is a mixture of monoclonal and/or
polyclonal antibodies to antigens present in the same,
related, or different microbes or organisms, such as gram-
positive bacteria, gram-negative bacteria, including but not
limited to staphylococcus bacteria.

Passive immunity may be imparted to a patient or subject
by administering to the patient immunoglobulins (Ig) or
fragments thereof and/or other immune factors obtained
from a donor or other non-patient source having a known
immunoreactivity. In other aspects, an antigenic composi-
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tion can be administered to a subject who then acts as a
source or donor for globulin, produced in response to
challenge from the composition (“hyperimmune globulin™),
that contains antibodies directed against Staphylococcus or
other organism. A subject thus treated would donate plasma
from which hyperimmune globulin would then be obtained,
via conventional plasma-fractionation methodology, and
administered to another subject in order to impart resistance
against or to treat staphylococcus infection. Hyperimmune
globulins are particularly useful for immune-compromised
individuals, for individuals undergoing invasive procedures
or where time does not permit the individual to produce their
own antibodies in response to vaccination. See U.S. Pat.
Nos. 6,936,258, 6,770,278, 6,756,361, 5,548,066, 5,512,
282, 4,338,298, and 4,748,018, each of which is incorpo-
rated herein by reference in its entirety, for exemplary
methods and compositions related to passive immunity.

For purposes of this specification and the accompanying
claims the terms “epitope” and “antigenic determinant” are
used interchangeably to refer to a site on an antigen to which
B and/or T cells respond or recognize. B-cell epitopes can be
formed both from contiguous amino acids or noncontiguous
amino acids juxtaposed by tertiary folding of a protein.
Epitopes formed from contiguous amino acids are typically
retained on exposure to denaturing solvents whereas
epitopes formed by tertiary folding are typically lost on
treatment with denaturing solvents. An epitope typically
includes at least 3, and more usually, at least 5 or 8-10 amino
acids in a unique spatial conformation. Methods of deter-
mining spatial conformation of epitopes include those meth-
ods described in Epitope Mapping Protocols (1996). T cells
recognize continuous epitopes of about nine amino acids for
CD8 cells or about 13-15 amino acids for CD4 cells. T cells
that recognize the epitope can be identified by in vitro 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
killing (cytotoxic T lymphocyte assay, Tigges et al., 1996) or
by cytokine secretion.

The presence of a cell-mediated immunological response
can be determined by proliferation assays (CD4 (+) T cells)
or CTL (cytotoxic T lymphocyte) assays. The relative con-
tributions of humoral and cellular responses to the protective
or therapeutic effect of an immunogen can be distinguished
by separately isolating IgG and T-cells from an immunized
syngeneic animal and measuring protective or therapeutic
effect in a second subject. As used herein and. in the claims,
the terms “antibody” or “immunoglobulin® are used inter-
changeably.

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

In one embodiment a method includes treatment for a
disease or condition caused by a staphylococcus pathogen.
In certain aspects embodiments include methods of treat-
ment of staphylococcal infection, such as hospital acquired
nosocomial infections. In some embodiments, the treatment
is administered in the presence of staphylococcal antigens.
Furthermore, in some examples, treatment comprises
administration of other agents commonly used against bac-
terial infection, such as one or more antibiotics.

The therapeutic compositions are administered in a man-
ner compatible with the dosage formulation, and in such
amount as will be therapeutically effective. The quantity to
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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 subse-
quent administrations.

The manner of application may be varied widely. Any of
the conventional methods for administration of a polypep-
tide 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 accord-
ing to the size and health of the subject.

In certain instances, it will be desirable to have multiple
administrations of the composition, e.g., 2, 3, 4, 5, 6 or more
administrations. The administrations can be at 1, 2, 3, 4, 5,
6,7,8,t05,6,7,8,9,10, 11, 12 twelve week intervals,
including all ranges there between.

A. Antibodies and Passive Immunization

Certain aspects are directed to methods of preparing an
antibody for use in prevention or treatment of staphylococ-
cal infection comprising the steps of immunizing a recipient
with a vaccine and isolating 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 SpA and a
pharmaceutically acceptable carrier is a further 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 com-
prising a step of administering to a patient an effective
amount of the pharmaceutical preparation is a further aspect.

Inocula for polyclonal antibody production are typically
prepared by dispersing the antigenic composition (e.g., a
peptide or antigen or epitope of SpA or a consensus thereof)
in a physiologically tolerable diluent such as saline or other
adjuvants suitable for human use to form an aqueous com-
position. An immunostimulatory amount of inoculum is
administered to a mammal and the inoculated mammal is
then maintained for a time sufficient for the antigenic
composition to induce protective antibodies. The antibodies
can be isolated to the extent desired by well known tech-
niques such as affinity chromatography Marlow and Lane,
Antibodies: A Laboratory Manual 1988). Antibodies can
include antiserum preparations from a variety of commonly
used animals e.g., goats, primates, donkeys, swine, horses,
guinea pigs, rats or man. The animals are bled and serum
recovered.

An antibody can include whole antibodies, antibody frag-
ments or subfragments. Antibodies can be whole immuno-
globulins of any class (e.g., IgG, IgM, IgA, IgD or IgE),
chimeric antibodies, human antibodies, humanized antibod-
ies, or hybrid antibodies 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 anti-
body also includes natural, synthetic or genetically engi-
neered proteins that act like an antibody by binding to
specific antigens with a sufficient affinity.

A vaccine can be administered to a recipient who then acts
as a source of antibodies, produced in response to challenge
from the specific vaccine. A subject thus treated would
donate plasma from which antibody would be obtained via
conventional plasma fractionation methodology. The iso-
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lated antibody would be administered to the same or differ-
ent subject in order to impart resistance against or treat
staphylococcal infection. Antibodies are particularly useful
for treatment or prevention of staphylococcal disease in
infants, immune compromised individuals or where treat-
ment is required and there is no time for the individual to
produce a response to vaccination.

An additional aspect is a pharmaceutical composition
comprising two of more antibodies or monoclonal antibod-
ies (or fragments thereof; preferably human or humanized)
reactive against at least two constituents of the immunogenic
composition, which could be used to treat or prevent infec-
tion by Gram positive bacteria, preferably staphylococci,
more preferably S. aureus or S. epidermidis.

B. Combination Therapy

The compositions and related methods, particularly
administration of an antibody that binds SpA or a peptide or
consensus peptide thereof to a patient/subject, may also be
used in combination with the administration of traditional
therapies. These include, but are not limited to, the admin-
istration of antibiotics such as streptomycin, ciprofloxacin,
doxycycline, gentamycin, chloramphenicol, trimethoprim,
sulfamethoxazole, ampicillin, tetracycline or various com-
binations of antibiotics.

In one aspect, it is contemplated that a therapy is used in
conjunction with antibacterial treatment. Alternatively, the
therapy may precede or follow the other agent treatment by
intervals ranging from minutes to weeks. In embodiments
where the other agents and/or a proteins or polynucleotides
are administered separately, one would generally ensure that
a significant period of time did not expire between the time
of each delivery, such that the therapeutic composition
would still be able to exert an advantageously combined
effect on the subject. In such instances, it is contemplated
that one may administer both modalities within about 12-24
h of each other and, more preferably, within about 6-12 h of
each other, in some situations, it 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 8) lapse between the respective adminis-
trations.

Various combinations of therapy may be employed, for
example antibiotic therapy is “A” and an antibody therapy
that comprises an antibody that binds SpA or a peptide or
consensus peptide thereof is “B”:

A/B/A B/A/B B/B/A A/A/B A/B/B B/A/A A/B/B/B B/A/B/B
B/B/B/A B/B/A/B A/A/B/B A/B/A/B A/B/B/A B/B/A/A
B/A/B/A B/A/A/B A/A/A/B B/A/A/A A/B/A/A A/A/B/A

Administration of the antibody compositions to a patient/
subject will follow general protocols for the administration
of such compounds, taking into account the toxicity, if any,
of the composition. it is expected that the treatment cycles
would be repeated as necessary. It is also contemplated that
various standard therapies, such as hydration, may be
applied in combination with the described therapy.

C. General Pharmaceutical Compositions

In some embodiments, 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 SpA
or a peptide or consensus peptide thereof may be adminis-
tered to the patient to protect against or treat infection by one
or more bacteria from the Staphylococcus genus. Alterna-
tively, an expression vector encoding one or more such
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antibodies or polypeptides or peptides may be given to a
patient as a preventative treatment. Additionally, such com-
positions can be administered in combination with an anti-
biotic. Such compositions will generally be dissolved or
dispersed in a pharmaceutically acceptable carrier or aque-
ous medium.

The phrases “pharmaceutically acceptable” or “pharma-
cologically acceptable” refer to molecular entities and com-
positions that do not produce an adverse, allergic, or other
untoward reaction when administered to an animal or
human. As used herein, “pharmaceutically acceptable car-
rier” includes any and all solvents, dispersion media, coat-
ings, antibacterial and antifungal agents, isotonic and
absorption delaying agents, and the like. The use of such
media and agents for pharmaceutical active substances is
well known in the art. Except insofar as any conventional
media or agent is incompatible with the active ingredients,
its use in immunogenic and therapeutic compositions is
contemplated. Supplementary active ingredients, such as
other anti-infective agents and vaccines, can also be incor-
porated into the compositions.

The active compounds can be formulated for parenteral
administration, e.g., formulated for injection via the intra-
venous, intramuscular, sub-cutaneous, or even intraperito-
neal routes. Typically, such compositions can be prepared as
either liquid solutions or suspensions; solid forms suitable
for use to prepare solutions or suspensions upon the addition
of a liquid prior to injection can also be prepared; and, the
preparations can also be emulsified.

The pharmaceutical forms suitable for injectable use
include sterile aqueous solutions or dispersions; formula-
tions including sesame oil, peanut oil, or aqueous propylene
glycol; and sterile powders for the extemporaneous prepa-
ration of sterile injectable solutions or dispersions. In all
cases the form must be sterile and must be fluid to the extent
that it may be easily injected. It also should be stable under
the conditions of manufacture and storage and must be
preserved against the contaminating action of microorgan-
isms, such as bacteria and fungi.

The proteinaceous 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 acetic, oxalic, tartaric, man-
clelic, and the like. Salts formed with the free carboxyl
groups can also be derived from inorganic bases such as, for
example, sodium, potassium, ammonium, calcium, or ferric
hydroxides, and such organic bases as isopropylamine,
trimethylamine, histidine, procaine and the like.

A pharmaceutical composition can include a solvent or
dispersion medium containing, for example, water, ethanol,
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 microorganisms can be brought about by
various antibacterial and antifungal agents, for example,
parabens, chlorobutanol, phenol, sorbic acid, thimerosal,
and the like. In many cases, it will be preferable to include
isotonic agents, for example, sugars or sodium chloride.
Prolonged absorption of the injectable compositions can be
brought about by the use in the compositions of agents
delaying absorption, for example, aluminum monostearate
and gelatin.
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Sterile injectable solutions are prepared by incorporating
the active compounds in the required amount in the appro-
priate solvent with various of the other ingredients enumer-
ated 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 medium
and the required other ingredients from those enumerated
above. In the case of sterile powders for the preparation of
sterile injectable solutions, the preferred methods of prepa-
ration are vacuum-drying and freeze-drying techniques,
which yield a powder of the active ingredient, plus any
additional desired ingredient from a previously sterile-fil-
tered solution thereof.

Administration of the compositions will typically be via
any common route. This includes, but is not limited to oral,
nasal, or buccal administration. Alternatively, administration
may be by orthotopic, intradermal, subcutaneous, intramus-
cular, intraperitoneal, intranasal, or intravenous injection, In
certain embodiments, a vaccine composition may be inhaled
(e.g., U.S. Pat. No. 6,651,655, which is specifically incor-
porated by reference). Such compositions would normally
be administered as pharmaceutically acceptable composi-
tions that include physiologically acceptable carriers, buffers
or other excipients.

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

Precise amounts of the composition also depend on the
judgment of the practitioner and are peculiar to each indi-
vidual. Factors affecting dose include physical and clinical
state of the subject, route of administration, intended goal of
treatment (alleviation of symptoms versus cure), and
potency, stability, and toxicity of the particular composition.

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

V. EXAMPLES

The following examples are given for the purpose of
illustrating various embodiments 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, ends and
advantages inherent herein, The present examples, along
with the methods described herein are presently represen-
tative of preferred embodiments, are exemplary, and are not
intended as limitations on the scope of the invention.
Changes therein and other uses which are encompassed
within the spirit of the invention as defined by the scope of
the claims will occur to those skilled in the art.
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EXAMPLE 1

MONOCLONAL ANTIBODIES TO
STAPHYLOCOCCUS AUREUS PROTEIN A

SpAgx.,-mAbs Protect Mice Against Staphylococcal
Disease

BALB/c mice were immunized with purified SpA.,,,
using a prime-booster regimen and antigen specific IgG
responses were quantified by ELISA. Animals were eutha-
nized and their splenocytes fused with myeloma cells. The
resulting hybridomas were screened for the production of
antigen--specific mAbs. Initially, protein A-specific mAbs
were screened using the functional assays as well as the
murine infection model (Table 1), After the initial screen, we
selected three mAbs (5A10, 3E6, and 3D11) for further
characterization as these antibodies displayed the best
immune protection in each isotype group (Table 1). BALB/c
Mice were immunized with affinity purified mAbs (5
mgkg™' body weight) and challenged by injecting 1x10”
CFU S. aureus Newman, a methicillin-sensitive clinical
isolate (MSSA) (Baba et al., 2007), into the periorbital
venous sinus of the right eye. The ability of staphylococci to
seed abscesses in renal tissues was examined by histopa-
thology four clays after challenge (Table 1). In homogenized
renal tissues of control mice (immunized with 5 mgkg™
isotype control mAbs), an average staphylococcal load of
5.02 log,,CFU-g }(IgG,), 4.64 log,,CFU¢* (IgG,,) and
5.24 log,,CFU-g™* (IgG.,,) was recovered (Table 1). Com-
pared to isotype mAb-treated controls, animals that received
protein A specific mAbs displayed a reduction in staphylo-
coccal load [2.80 log,, CFU-g™* (5A10), 2.28 log,, CFU-g~!
(3F6), and 2.72 log,;, CFU-g™! (3D11)] as well as abscess
formation (Table 1). Of note, not all SpA,,, ,-mAbs gen-
erated protection against staphylococcal disease (Table 1)
even though these antibodies bound with appreciable affinity
to their antigen (see for example 3A6 and 6D11 in Table 3).

TABLE 1

Passive immunization of mice with monoclonal
antibodies against SpA ey

Staphylococcal load and abscess formation in renal tissue

®log, CFU ‘P 9Reduc- °Number of ‘P
“Antibody g! value tion abscesses value
IeG,
Mock 5.02 £ 0.66 — — 2.00 = 0.94 —
5A10 222022  0.0019 2.80  0.00 £0.00 0.0350
8E2 3.01 £037  0.0629 2.01 0.20 £ 0.20 0.1117
3A6 398 047  0.3068 1.04  0.50 £ 0.50 0.1497
7TE2 5.01 £0.64  0.9396 0.01 2.00 £0.99 0.7461
IgGo,
Mock 4.64 = 0.49 — — 370 = 1.40 —
3F6 236 £ 036  0.0010 2.28  0.60 £0.50 0.0239
1F10 3.05 046  0.0299 1.59  0.70 £ 0.40 0.0812
6D11 3.88 £ 0.75 0.1967 0.76 090 £0.35 0.1793
IgGop
Mock 5.24 £ 0.51 — — 3.00 = 0.67 —
3D11 2.52 040  0.0010 272 056 £0.28 0.0068
5A11 3.26 £ 0.55 0.0171 1.98  0.80 £ 0.55 0.0286
1B10 331034  0.0113 1.93 0.50 £ 0.50 0.0070
4C1 338 £0.50  0.0228 1.86  0.10 £ 0.10 0.0016
2F2 349 £0.70  0.0232 1.75 0.40 £ 0.27 0.0424
8D4 3.83 £ 0.63 0.1198 1.41 0.80 £ 0.51 0.0283
7D11 4.23 £ 0.55 0.2729 1.01 0.90 £ 0.55 0.0424
2C3 4.24 £ 0.61 0.1733 1.00 1.40 £ 0.60  0.1623
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TABLE 1-continued

Passive immunization of mice with monoclonal
antibodies against SpA w4y

Staphylococcal load and abscess formation in renal tissue

®log,(CFU P 9Reduc- °Number of P
“Antibody gt value tion abscesses value
4C5 4.35 + 0.53 0.2410 0.89 1.90 £ 0.84 0.3270
6B2 442 + 0.62 0.4055 0.82 2.20 £1.00 0.3553
4D3 496 + 0.58 0.7912 0.28 3.80 +1.26 0.7884
2B8 5.00 = 0.66 0.8534 0.24  4.60 +2.89 0.6184
1H7 5.59 +0.43 0.5675 =035 2.89 +0.73  0.9008

“Affinity purified antibodies were injected into the peritoneal cavity of BALB/c mice at a
concentration of 5 mg kg’1 four hours prior to intravenous challenge with 1 x 10' CPU S.
qureus Newman.

"Means (+SEM) of staphylococcal load calculated as logyo CFU g’1 in homogenized renal
tissues 4 days following infection in cohorts of ten BALB/c mice per immunization. A
representative of three independent and reproducible animal experiments is shown.
“Statistical significance was calculated with the unpaired two-tailed Mann-Whitney test
and P-values recorded.

“Reduction in bacterial load calculated as logjo CFU g’l.

“Histopathology of hematoxylin-eosin stained, thin sectioned kidneys from ten animals;
the number of abscesses per kidney was recorded and averaged for the final mean (+SEM).

SpAgx,-mAbs Protect Mice Against MRSA Challenge

Cohorts of BALB/c mice were immunized with mAbs
5A10, 3F6, 3D11 (5 mg-kg™) or a combination of all three
mAbs (15 mgkg™') and challenged with strain MW2, a
highly virulent community acquired, MRSA isolate (Baba et
A, 2002). Compared to isotype mAb-treated controls, ani-
mals that received any one of the three mAbs (5A10, 3F6,
3D11) harbored a reduced bacterial load and fewer staphy-
lococcal abscesses in renal tissues (Table 2). Animals that
had been immunized with a mixture of all three mAbs (15
mgkg™!) displayed an even greater reduction in staphylo-
coccal load (2.03 log, ,CFU-g™! reduction; P<0.0002) and in
abscess formation (vaccine vs. mock, P<0.0004). It is likely
that enhanced protection is due to administration of
increased concentration of mAbs (15 mgkg™ vs. 5 mg
kg ™). We arrived at this hypothesis because the three
antibodies, although recognizing similar structural features,
do not appear to occupy identical binding sites on SpA (vide
infra). Further, increasing the concentration of only one of
the three mAbs (3F6) caused the same effect: increased
protection against staphylococcal disease (vide infra).

In addition to providing immediate protection against
staphylococcal challenge, SpA -, ,-specific mAbs may also
neutralize the B-cell superantigen activity of SpA (Goodyear
and Silverman, 2003), thereby enabling infected hosts to
generate antibody responses against many different staphy-
lococcal antigens (Kim . et al., 2010a). To examine this
possibility, BALB/c mice were passively immunized with
mAb 3F6 or its IgG.,,, isotype control (20 mg-kg™) prior to
intravenous challenge with S. aureus MW2. Fifteen days
after challenge, animals were euthanized and staphylococcal
load in organ tissue examined (FIG. 1A). Mice that had been
immunized with mAb 3F6 harbored a reduced staphylococ-
cal load (4.77 log,,CFU-g~* reduction, P=0.0013) as well as
a reduced number of abscesses [from 10.14 (£2.08) (IgG,)
to 3.00 (21.00) (3F6), P=0.0065; FIG. 1A]. Blood samples
withdrawn 15 days post-challenge were examined for serum
IgG reactive against fourteen staphylococcal antigens under
consideration as protective antigens for vaccine develop-
ment: Coa, CIfA, CIfB, EsxA, EsxB, FnBPA, FnBPB, Hla,
IsdA, IsdB, LukD, SdrD, SpAxx,, and vWbp (DeDent et
al., 2012). As observed previously with animals that had
been actively vaccinated with SpA -, ,, mice that had been
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immunized with mAb 3F6 developed higher serum IgG
titers against several different staphylococcal antigens (FIG.
1B) (Kim et al., 2010a). In particular, IgG levels against
Coa, CIfA, EsxA, EsxB, FnBPB, Hla, IsdA, LukD, SdrD
and vWbp were increased in serum samples of mAb 3F6-
immunized animals as compared to the control cohort.
Nevertheless, serum IgG against IsdB, the staphylococcal
hemoglobin hemophore (Mazmanian et al., 2003), was not
increased (FIG. 1B). The IgG titer against SpAg,,, was
sustained over fifteen days following passive transfer of
mAb 3F6 (FIG. 1B).

During staphylococcal infection, recognition of soluble
SpA by mAb 3F6 is expected to form immune complexes
(IC) that are then phagocytosed by immune cells. Phagocy-
tosed SpA is then processed by proteolytic enzymes in the
phagolysosome and peptide fragments are presented to T
and B cells to produce polyclonal antibodies. As a confir-
matory test, cohorts of animals received a mixture of affinity
purified recombinant protein A variants [SpA, SpAgz,
SpA 4, SpAgr. 4 and mock (PBS)] in the presence of mAb
3F6 or its isotype control at day O and 11. At day 21, animals
were euthanized and their ability to elicit different classes of
SpA-specific antibody was measured by ELISA All animals
failed to generate SpA-specific antibody responses without
mAb treatment (FIG. 6). In addition, animals that received
B cell superantigens (SpA and SpA,,; vide infra) failed to
generate SpA-specific IgG, and IgG, , antibodies even in the
presence of mAb 3F6 (FIG. 6). However, mice treated with
SpA variants lacking B cell superantigen activity (SpA_,
and SpA ., ,; vide infra) were able to generate a significant
amount of IgG, (FIG. 6). Although the estimated amount of
soluble protein A during infection (5~10 ng per 107 CFU) is
well below the dose of affinity purified protein A injected in
these experiments into animals, the data in FIG. 6 suggest a
potential role of SpA-specific T/B cells in neutralizing B cell
superantigen activity. Taken together, the inventors presume
that active vaccination with SpA.,-,, (Kim et al., 2010a),
but not passive immunzation of S. aureus infected mice with
neutralizing mAbs (vide infra) can raise a significant level of
protein A-specific antibodies.

TABLE 2
Immunization with SpA gz, ,mAbs protects
mice against MRSA challenge
Staphylococcal load and abscess formation in renal tissue
®log,(CFU P 9Reduc- °Number of P

“Antibody g! value tion abscesses value
IgG,
Mock 7.42 £ 0.20 — — 223 63 —
5A10 6.00 =0.21  0.0009 142 102 £2.5  0.0482
IgGo,
Mock 7.15 £ 0.18 — — 11.8 £ 2.0 —
3F6 5.80 £ 0.21  0.0009 1.35 64 =07 0.0323
IgGo,
Mock 7.13 £ 0.11 — — 14.0 = 1.8 —
3D11 5.81 £ 0.25  0.0006 1.32 7719 0.0489
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TABLE 2-continued

Immunization with SpAgx,,-mAbs protects
mice against MRSA challenge

Staphylococcal load and abscess formation in renal tissue

®log,,CFU P 9Reduc- °Number of P
“Antibody gt value tion abscesses value
IgG, +
IgGy, + 18Gyp
Mock 7.75 = 0.06 — — 17.4 = 1.7 —
5A10/3F6/ 572 +0.12  0.0002 203 6.7=0.6 0.0004
3D11

2 Affinity purified antibodies were injected into the Iperitoneal cavity of BALB/c mice at a
concentration of individual antibody at 5 mg - kg™ or combinations of three monoclonal
antibodies at 15 mg - kg’1 twenty four hours prior to intravenous challenge with 1 x 107
CFEU S. aureus MW2,

"Means (+SEM) of staphylococcal load calculated as log;(CFU - g’1 in homogenized renal
tissues 4 days following infection in cohorts of ten BALB/c mice per immunization with
limit of detection at 1.99 log;oCFU - g™'. A representative of two independent and
reproducible animal experiments is shown.

“Statistical significance was calculated with the two-tailed Mann-Whitney test and
P-values recorded.

Reduction in bacterial load calculated as log;oCFU - g’l.

“Histopathology of hematoxylin-eosin stained, thin sectioned kidneys from ten animals;
the number of abscesses per kidney was recorded and averaged for the final mean (+SEM).

mAb Spa27 Does Not Recognize SpA,.,, and Fails to
Elicit Protective Immunity in Mice

Spa27 is a commercially available protein A-specific
monoclonal antibody (Sigma) that has been used over the
past two decades for the detection of staphylococcal protein
A (Perry et al., 2002). The Spa27 hybridoma was generated
from mice that had been immunized with wild-type staphy-
lococcal protein A purified from S. aureus strain Cowan |
(Sjoquist et al., 1972). Previous work demonstrated that
wild-type protein A triggers the clonal expansion and col-
lapse of B cell populations (Forsgren et al., 1976, Goodyear
et al., 2003), thereby ablating protein A-specific immune
response in mice (Goodyear et al., 2004), and that wild-type
protein A encompasses binding sites for both Fcy and Fab
V3 (Graille et al., 2000, Stahlenheim et al., 1970). We
therefore wondered whether Spa27 recognizes wild-type
protein A as an antigen. To address this question, we used
ELISA with purified recombinant protein A (SpA) or its
variants that lack either the ability to specifically bind Fey
(SpAgx), the Fab domain of V3 (SpA,,) or both
(SpAgry) (FIG. 7). The data revealed strong binding of
Spa27 to wild-type SpA and SpA,., but not to SpA_, or
SpAgr, 4 (FIG. 9B). Spa27 is a mouse IgG, isotype anti-
body, which explains its inability to bind protein A via Fey
(Kronvall et al., 1970). The weak association between Spa27
and SpA,, or SpAgz,, could be due to the seemingly
remote possibility that SpA27 requires residues D36/D37 in
each of the five IgBDs for antigen recognition or, more
likely to us, that Spa27 binds SpA via its Fab domain,
assuming the antibody belongs to the V3 or a related class
of antibody.

We examined the biological function of Spa27 by inject-
ing for pairwise comparison mAbs 3E6 or Spa27 (5 mg-
kg™) into the peritoneal cavity of BALB/c mice. These
animals were then challenged with S. aureus USA300
(LAC), the highly virulent community-acquired MRSA
strain epidemic in the United States (Diep et al., 2006). At
4 days post challenge, animals were euthanized and the
bacterial load in the kidneys of infected animals were
determined (FIG. 9B). Compared to mock (PBS) treatment,
animals that received mAb 3F6 harbored a reduced bacterial
load (1.38 log,, CFU-g"" reduction, P=0.0011). In contrast
to the protective immunity elicited by 3F6, mAb Spa27
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failed to reduce the bacterial load in kidneys of infected
animals (0.20 log,, CFU-g™! reduction, P=0.2111). These
data reveal that mAb Spa27 does not provide protection
against staphylococcal disease. Further, the experiments
with Spa27 illustrate that immunization of mice with wild-
type protein A may not elicit monoclonal antibodies that can
neutralize the immune-modulatory attributes of protein A by
binding this molecule as an antigen.

Recognition of SpA,., , by mAbs

Microtiter dishes were coated with SpA .-, , and ELISA
was used to determine the affinity constant (K,=[mAb-Ag]/
[mAb]|x[Ag]) of purified mAbs. mAb 3F6 displayed the
highest affinity (K, 22.97x10° M) followed by mAb 5A10
(K, 8.47x10° M~') and mAb 3D11 (K, 3.93x10° M~*, Table
3). Each of the five 1gBDs alone (Exry 4, Drryss Axzaas
Brryy and Crr, ) or peptides encompassing helix 1, 2 or 3
as well as helices 142 and 2+3 of the IgBD E, ., , domain
were examined for antibody binding (Table 3). mAbs 5A10
and 3F6 bound all five IgBDs with the same affinity as
SpAgxys mADb SA10 did not bind to the helical peptides,
whereas mAb 3F6 displayed weak affinity for the helix 1+2
peptide. mAb 3D11 bound to By, , and C-, , and weakly
t0 Apg o butnotto Egp, , and Deg, . In sum, SpA., -
mAbs that afforded the highest levels of protection against
staphylococcal disease in mice bound some or all of the five
1gBDs, but not the peptides encompassing only one or two
of three helices of IgBDs. These data suggest that protective
mAbs recognize conformational epitopes of the triple-heli-
cal bundle for each IgBD.

To examine whether the avidities of mAbs play a signifi-
cant role in immune protection, ELISA was performed in the
presence of increasing concentrations of the chaotropic
reagent ammonium thiocyanate (FIG. 2). The measured
avidity of mAb 3F6 was significantly higher than that of
mAb 5A10 and 3D11 (FIG. 2). Of note, 3D11 displayed
relatively low avidity, which may be due to its specific
interaction with only two of the five IgBDs (FIG. 2 and
Table 3). From this we conclude that the avidities of mAbs
may not be a major determinant of their immune protection
in mice.

United States Patent Application Publications US 2008/
0118937 and US 2010/0047252 describe a murine
hybridoma cell line that was derived from a mouse follow-
ing immunization with wild-type protein A. The correspond-
ing antibody, mAb 358A76.1.1, was reported to associate
with wild-type protein A; however, the molecular nature of
this association has not yet been revealed. To further explore
the nature of B cell responses to wild-type protein A, mAb
358A76.1.1 was isolated and examined for its functional
attributes. Unlike SpAKKAA-mAbs, the 358A76.1 anti-
body bound only to the E domain of SpA, but not any of the
four other I1gBDs (D, A, B and C). Furthermore, mAb
358A76.1 neither neutralized protein A nor promoted
opsonophagocytic killing of staphylococci, and passive
transfer of mAb 358A76.1 did not protect mice against S.
aureus disease.

Monoclonal Antibody 358A76.1 Weakly Binds to Only
the E domain of SpA

To determine the affinity constant (K, =[mAb-Ag]/
[mAb]|x[Ag]) of mAb 358A76.1 for binding to protein A,
microtiter plates were coated with either SpA,.,,, indi-
vidual 1gBDs (Exz s Drrags Axrags Brras O Crrys), a8
well as synthetic peptides encompassing individual helixes
(H1, H2, and H3) or two helices (H1+2 and H2+3) of the
E x4 triple helical bundle. mAb 3F6 is a SpA -, ,~derived
mouse monoclonal antibody with high affinity for full-length
SpAgr., (K, 22.97x10° M™) and each of the five IgBDs
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(K, 12.41-27.46x10° M™"). Compared to mAb 3F6, mAb
358A76.1 displayed much weaker affinity for SpA,., , (K,
1.00x10° M™%, FIG. 10A-B). Of note, mAb 358A76.1 bound
only to Egp,, (K, 0.21x10° M) but not to any of the other
four IgBDs (Drr s Agrass Brray O Crryy Table 6).
Furthermore, mAb 358A76.1 did not recognize any of the
synthetic peptides encompassing one or two helices of the
Exr., 1gBD (H1, H2, H3, H1+2, and H2+3). In contrast,
mAb 3F6 displayed weak affinity for helix 1+2 peptide
(Table 6). An alignment of the amino acid sequences of all
five IgBDs revealed that the E domain is the most dissimilar
domain (Sjodahl, 1977). Nevertheless, the E domain, just
like the other four IgBDs, associates with human and animal
immunoglobulin and the significance of its dissimilarity has
not yet been appreciated (Moks et al., 1986) (FIG. 10C-D).
It is possible that mAb 358A76.1 specifically binds a con-
formational epitope involving the non-conserved amino
acids of helix 1 and 3 of the E domain (FIG. 10C-D).

To examine whether mAbs 3F6 and 358A76.1 share
epitope binding sites on SpAzx,, (Exryy), We performed
competitive ELISA using increasing concentrations of IgG,,,
isotype control, mAb 358A76.1 or mAb 3F6. At 30 ug'ml™*
concentration, isotype control antibody (IgG,, did not
interfere with the binding of HRP-conjugated mAb
358A76.1 or mAb 3F6 to SpA,, , (FIG. 10E). As expected,
mAb 358A76.1 competed with HRP-conjugated mAb
358A76.1 for binding to SpAg.,,, however it did not
interfere with the binding of HRP-conjugated mAb 3F6
(FIG. 10E). Of note, mAb 3F6 was able to completely block
the association of HRP-conjugated mAb 358A76.1 to
SpAgiss (96.4% inhibition, FIG. 10E), whereas mAb
358A76.1 generated only 88.0% inhibition (mAb 3F6 vs.
mAb 358A76.1, P=0.0007).

Monoclonal Antibody 358A76.1 Does Not Elicit Protec-
tive Immunity in Mice

Cohorts of BALLB/c mice were injected into the intrap-
eritoneal cavity with 5 mg-kg™' mAb 358A76.1 or mAb 3F6.
Passively immunized animals were challenged with S.
aureus USA300 (LAC), the highly virulent community-
associated MRS A strain that is epidemic in the United States
(Diep et al., 2006, Kennedy et al., 2008). Compared to
IgG2a isotype mAb-treated controls, animals that received
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mADb 3F6 harbored a reduced bacterial load in renal tissues
(1.26 log, ,CFU-g™* reduction; P=0.0021, FIG, 11A). Inter-
estingly, animals that received mAb 358A76.1 displayed
only a small reduction in bacterial load, which failed to
achieve statistical significance (0.42 log,,CFU-g™* reduc-
tion; P=0.0948, FIG. 11A). Compared to mAb 358A76.1,
passive transter of mAb 3F6 generated increased protection
against CA-MRSA strain USA300 in immunized mice (0.84
log,,CFU-g™! reduction; P=0.0011, FIG. 11A).

Opsonophagocytic killing of invasive microbes is a key
defense strategy of infected hosts and also represents a
correlate of protective immunity for many different bacterial
vaccines (Robbins et al., 1987, Robbins et al., 1990). Using
an assay of opsonophagocytic killing in fresh mouse blood,
we asked whether mAb 358A76.1 can promote
opsonophagocytic killing of MRSA strain USA300. Briefly,
anti-coagulated blood obtained from naive 6 week old
BALB/c mice was incubated with S. aureus USA300 in the
presence or absence of 10 ug-ml~' mAb 358A76.1, mAb 3F6
or mAb IgG2a isotype control. Blood samples were lysed,
plated on agar medium and staphylococcal load enumerated.
In contrast to mAb 3F6, which reduced the staphylococcal
load in blood by 49%, mAbs 358A76.1 and IgG2a-control
failed to activate opsonophagocytic killing of staphylococci
(mAb 3F6 vs. PBS, P<0.0001; mAb 3F6 vs. 358A76.1,
P=0.0007; FIG. 11B).

During infection, protein A captures and decorates the
surface of staphylococci with immunoglobulin. By associ-
ating with the Fcy domain of immunoglobulin, SpA blocks
complement activation, engagement Fc receptors and
opsonization of staphylococci by phagocytes. Furthermore,
SpA molecules that are released from the bacterial surface
crosslink V3-type B cell receptors to activate lymphocytes,
eventually triggering their apoptotic demise and interfering
with the development of adaptive immune responses against
staphylococci. We used ELISA to determine whether mAb
35876.1 can neutralize the immunoglobulin binding activi-
ties of protein A. As controls, at 6 ug-ml~ and 30 pugmil™
mAb 3F6 neutralized the ability of protein A to bind human
IgG binding, whereas the 1gG2a isotype control mAb did not
(FIG. 11C). Furthermore, at a concentration of 6 pg-ml~" or
30 ug'ml~' mAb 358A76.1 did not block the association of
the human IgG to protein A (FIG. 11C).

TABLE 3

Association constants of mAb binding to SpAz,,, and its fragments

Association constant (nM~1)

SpA IgG binding domains

Helix motif of SpA-E

“Antibody  SpAgxis E D A B C H1 H2 H3 H1+2 H2+3
I1eG,
SA10 8.47 9.40 8.19 8.08 7.03 10.12 < < < < <
8E2 1.56 1.40 1.51 1.52 1.14 1.26 < < < 0.29 <
3A6 1.37 1.38 < 2.05 0.64 0.04 0.06 < 0.01 0.44 <
7TE2 0.31 0.29 0.30 0.36 0.32 0.28 < < < < <
18Go,
3F6 22.97 17.69 12.41 20.15 27.46 26.46 < 0.01 < 0.41 0.01
1F10 2.46 2.21 1.80 2.12 2.85 2.70 < < < 0.63 <
6D11 5.37 4.34 242 2.23 3.34 4.75 0.27 0.01 < 5.22 0.00
IgGoy
3DI11 3.93 < < 0.87 3.92 3.60 0.02 < < < <
SAl1 8.75 5.10 5.75 6.61 5.03 6.04 < < < 0.02 <
1B10 4.31 4.35 2.78 2.74 2.30 4.21 < < < < 0.01
4C1 4.68 2.38 2.56 3.02 3.21 2.99 0.07 0.01 0.01 1.95 0.04
2F2 1.90 1.72 1.76 1.37 1.13 1.8 < < < < <
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Association constants of mAb binding to SpA g, 4 and its fragment:

Association constant (nM~1)

SpA IgG binding domain Helix motif of SpA-E

aAntibody  SpAggss  E D A B C H1 H2 H3 HI+2 H2+3
8D4 10.47 765 985 1194 007 < 3.20 < < 4.88 <
7D11 5.46 314 351 415 462 602 < < < < <
203 6.84 535 341 425 390 633 < < < < <
4C5 442 < 1.76 457 18 2.11 < < < < <
6B2 447 3.2 2.52 419 455 423 005 023 < 454 <
4D5 6.17 < < 530 489 524 < < < < <
2B8 4.79 233 225 305 3.68  3.06 < 0.23 < 3.37 <
117 2.86 242 217 237 257 443 < < < < <

“Affinity purified antibodies (1 mg ml’l) were serially diluted across the ELISA plate coated with cognate antigens (100 nM) to measure the

association constant by Prism (GraphPad Software, Inc.).

TABLE 6

Assoclation constants for the binding of mAbs 358A76 and 3F6
to SpAxrss and its fragments
“mAb Association constant (x10° M!) for antigen or antigen fragment

IgG binding domains
of protein A

Segments of the Egxgyy
triple-helical bundle

196Gy, SPRxrsq4 Exzxas Drrxasa PBrrxas Brxrxaqa Crxrxaqy H1 H2 H3 H1 + 2 H2 + 3
358A76 1.00 0.21 < < < < < < < < <
3F6 22.97 17.69 12.41 20.15 27.46 26.46 < 0.01 < 0.41 0.01

paffinity purified antibodies (100 ug-mll) were serially diluted across ELISA plates coated
with antigens (20 nM for SpAgggy and 100 nM for IgG binding domains) to calculate the
association constant using Prism ® (GraphPad Software, Inc.). To study the binding of
antibodies to protein A antigen, we used the SpAgpy variant (residues 1-291 of mature SpA
harboring six N-terminal histidyl residues) with four amino acid substitutions in each of the
five immunoglobulin binding domains (IgBD) of protein A [E (residues 1-56), D (residues
57-117), A (residues 118-B (residues 176-233) and C (residues 234-291)]. In each IgBD, the
glutamines at position 9 and 10 (amino acid residues from IgBD-E) were reglaced with lysine
(QQK, QIOK) and aspartic acids 36 and 37 were substituted with alanine (D3 A, D37A). The same
substitutions were introduced into proteins spanning individual IgBDs: Egggq. Drrdd. BEK44: BEKAA
and Cgggq (all expressed and purified with an N-terminal six histidyl tag). SpRAggyq4 and
individual IgBDs were purified by affinity chromatography from E. coli extracts. Peptides H1,
H2, H3, H1 + 2, and H2 + 3 were synthesized on a peptide synthesizer and purified via HPLC.
The peptides encompass helices 1 (H1: NH,-AQHDEAKKNAPYQVLNMPNLNA-COOH) (SEQ ID NO: 148), 2
(H2: NHy-NMPNLNADQRNGFIQSLKAAPSQ-COOH) (SEQ ID NO: 149), 3 (H3: NH)-AAPSQSANVLGEAQKLNDSQAPK-
COCH) (SEQ ID NO: 150), 1 + 2 (H1 + 2: NHp-

AQHDEAKKNAFYQVLNMPNLNADQRNGFIQSLKAAPSQ-COOH) (SEQ ID NO: 151) or 2 + 3 (H2 + 3: NHy-
NMPNLNADQRNGFIQSLKAAPSQSANVLGEAQKLNDSQAPK-COOH) (SEQ ID NO: 152) of the triple helical bundle
of the Eggyy IgBD (residues 1-56 of SpAgpyy NH)- AQHDEAKKNAFYQVLNMPNLNADQRNGFIQSLKAAPSQSANV-
LGEAQKLNDSQAPK-COOH) (SEQ ID NO: 153).

The symbol < signifies measurements that were too low to permit the determination of the

assoclation constant.

mAb 3F6 Binds Sbi

Sbi, a secreted protein of S. aureus, is comprised of five
distinct domains (Zhang et al., 1998). Two N-terminal
domains (1 and 2) are homologous to the IgBDs of SpA
(Zhang et al., 1999). Domains 3 and 4 associate with
complement components C3 and factor H and the C-termi-
nal domain has been proposed to retain some secreted Sbi
molecules in the staphylococcal envelope by binding to
lipoteichoic acids (Burman et al., 2008, Smith et al., 2012).
Domains 1 and 2 bind to the Fey portion of immunoglobu-
lins (Atkins et al., 2008); this activity, in concert with the C3
and factor H binding attributes of domains 3 and 4, promotes
the futile consumption of fluid complement components
(Haupt et al., 2008). Sbi does not seen to exert B cell
superantigen activity, as its two IgBDs (domains 1 and 2)
lack the canonical two aspartic acid residues at position 36
and 37 (Graille et al., 2000, Lim et al 2011). His-Sbi, ,, a
recombinant protein encompassing both IgBDs and the
complement binding domains, retained human IgG in an
affinity chromatography experiment. His-Sbi; ,zz,, 1S a
variant with lysine (K) substitutions of conserved glutamine
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residues (Q°*°* and Q'°*!°%) in domains 1 and 2, i.e. the
predicted Fey binding sites of the Shi IgBDs, and alanine (A)
substitutions of arginine (R**!) and aspartic acid (D**®)
residues of the complement binding domain (Haupt et al.,
2008), His-Sbi, 4 zr,, did not retain human IgG during
affinity chromatography. When examined by ELISA, His-
Sbi,_, bound to mouse as well as human IgG and to both the
Fc and Fab domains of human IgG, whereas His-Sbi; 2z 44
did not. mAbs 5A10 and 3D11 did not bind to His-
Sbi, 4 xx .44, however 3F6 bound to the protein. Thus, mAb
3F6 may neutralize Sbhi or remove secreted Sbi from circu-
lation, thereby preventing the consumption of complement
factor C3 by staphylococci.

Binding site competition experiments with SpAg,, ,-
mAbs. ELISA studies revealed that the three mAbs 5A10,
3F6 and 3D11 bound with similar affinities to wild-type SpA
(FIG. 3A). Compared to 5A10, the IgG, control antibodies
displayed little affinity for SpA. Further, the affinity of the
1gG,,, control antibody was reduced compared to that of
mAb 3D11. Compared to 3F6, the I1gG,, control antibody
bound SpA with slightly reduced affinity. In a competitive
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ELISA assay with horseradish peroxidase conjugated mAbs purified Shi, ,. Antibody-mediated co-sedimentation led to
(5A10-HRP, 3F6-HRP and 3D11-HRP), isotype control the depletion of soluble Sbi, , from the supernatant, which
antibodies did not interfere with the binding of HRP- was analyzed as a measure for the availability of Fcy sites on
conjugated mAbs to SpA (FIG. 3B). The addition of equimo- the bacterial surface. Incubation of staphylococci with the
lar amounts of each mAb reduced the binding of the corre- 5 control mAb, which can only associate with SpA in a
sponding HRP-conjugate (FIG. 3B). mAb 3D11 did not non-immune fashion, caused a modest reduction of soluble
prevent the association of HRP-5A10 or HRP-3F6 with Sbi, , (FIG. 4B). In contrast, incubation of staphylococci
SpA, however mAbs 5SA10 and 3F6 interfered with HRP- with mAb 3F6 depleted soluble Sbi,_,, indicating that mnAb
3D11 binding to SpA. mAb 3F6 caused some reduction in 3F6 bound SpA antigen on the bacterial surface while
the binding of HRP-5A10 to SpA (FIG. 3B). Finally, mAb 10 presenting its Fcy domain for association with (FIG. 4B).

5A10 was a weak competitor for the binding of 3F6-HRP to To test whether the binding of mAb 3F6 to SpA does
SpA (FIG. 3B). These data suggest that the binding sites for occur in vivo, BALB/c mice were immunized with mAb 3F6
the three mAbs on the surface of the triple-helical bundles of or the isotype control antibody. Following the injection of

SpA may be in close proximity to one another or even purified SpA into the peritoneal cavity, its abundance in
partially overlap (Table 3). 15 circulation was assessed by sampling blood over the next 30

SpAgx, ,-mAbs Prevent the Association of Immuno- minutes. Compared to animals treated with control mAb,
globulin with Protein A injection of mAb 3F6-treated animals caused accelerated

Mouse antibodies of clan V3 related families (e.g. 7183, clearance of SpA from the bloodstream (FIG. 4C). It is
J606 and S107) bind SpA via their Fab portion, whereas presumed that immune recognition of SpA by mAb 3F6
those of other VH families (J558, Q52, Sm7, VH10, VH11 20 provides for its Fcy domain to mediate Fe-receptor mediated
and VH12) do not (Cary et al., 1999). The amino acid removal of antigen-antibody complexes from the blood
sequence of the complementarity determining region (CDR) stream.
of SpA .+, ,- specific mAbs was determined by sequencing SpAgx,,-mAbs Promote Opsonopagocytic Killing of
c¢DNA derived from hybridoma transcripts. The data showed Staphylococci in Human and Mouse Blood
that mAb 5A10 belongs to the clan V,,3 7183 family; its Fab 25  Eliciting adaptive immune responses that promote
domain likely displays affinity for SpA (Table 4). mAbs 3F6 opsonophagocytic killing of pathogens is a universal goal

and 3D11 are members of the VH10 and J558 families, for vaccine development and licensure (Robbins et al.,

respectively (Table 4); Fab domains of these antibody fami- 1996). This has not been achieved for S. aureas, as this

lies are not known to associate with SpA. pathogen is armed against opsonic antibodies via its surface
TABLE 4

Amino acid sequencegs of CDR regions of monoclonal antibodies

Amino acid sequencing data of protein A gpecific monoclonal antibodies

MouseVH
“mAb family CDR1 CDR2 CDR3
5A10 7183 ...88VSY... (SEQ ID NO: 154) ...DTS... ...QQWSSYPPT... (SEQ ID NO: 155)
3F6 VH10 ...ESVEYSGASL... (SEQ ID NO: 156) ...AAS... ...QQSRKVPST... (SEQ ID NO: 157)
3D11 1558 ...88VSY... (SEQ ID NO: 154) ...EIS... ...QQWSYPFT... (SEQ ID NO: 158)

“amplified PCR products from cDNA which was synthesized from total RNA extracted from hybridoma cells were
sequenced and analyzed using IMGT Vquest.

Wild-type SpA and its variants SpAg.,,, SpAg. and exposed and secreted SpA and Sbi molecules (Kim et al.,
SpA ,, were purified and used for ELISA binding studies 45 2011). To test whether SpAgg,,-mAbs can promote
with human IgG. As expected, SpA bound to IgG or its Fey opsonophagocytosis, an assay of bacterial killing in fresh
and F(ab), fragments, whereas SpA,.,, did not (FIG. 7). blood developed by Rebecca Lancefield was employed
The SpA .« variant (harboring lysine substitutions at all 10 (Lancefield, 1928). Lepirudin anti-coagulated blood from
glutamine residues) was impaired in its ability to bind Fcy naive 6 week old BALB/c mice was incubated with MSSA
but not F(ab), fragments, whereas the SpA variant (harbor- 50 strain Newman in the presence or absence of 2 ug-ml™!
ing alanine substitutions at all 10 aspartic acid residues) mAbs 5A10, 3F6 and 3D11 or their isotype controls. Blood
bound to Fcy but not F(ab), (FIG. 7). The binding of human samples were lysed, plated on agar medium and staphylo-
IgG to SpA was blocked by all three mAbs (5SA10, 3F6 and coccal load enumerated (FIG. 5A). All three mAbs triggered
3D11) in a manner that exceeded the competition of isotype opsonophagocytic killing of staphylococci, which ranged
control mAbs (FIG. 4A). All three antibodies interfered with 55 from 37% of the inoculum (3D11, P=0.0025), to 33% (3F6,
the binding of human IgG to SpA . (Fab binding) or to P=0.0478) and 16% (5A10, P=0.0280). As a test for
SpA,, (Fab binding) (FIG. 4A). Thus, SpAgx,,-specific opsonophagocytic killing of staphylococci in human blood,

mAbs prevent the non-immune association of SpA with the inventors recruited healthy human volunteers and exam-
immunoglohulin. Based on these data, we presume that ined their serum for antibodies specific for SpAg.,,. As
protein A-specific mAbs interact with conformational 60 reported before, none of the volunteers harbored serum
epitopes involving helix 2 of I1gBDs, a structural element antibodies directed against protein A (data not shown)(Kim
involved in the Fcy and Fab interactions of SpA. et al., 2010a). Anti-coagulated fresh human blood samples

If mAb 3F6 binds wild-type SpA as an antigen on the were incubated with MRSA strain USA400 (MW2) in the
staphylococcal surface, its Fcy domain should be available presence or absence of 10 pg-ml™ mAbs 5A10, 3F6 and
for recognition by complement or Fc receptors on the 65 3D11 or their isotype controls (FIG. 5B). All three mAbs
surface of immune cells. To test this prediction, S. aureus triggered opsonophagocytic killing of staphylococci, which
was incubated with 3F6, its isotype control and affinity ranged from 52% of the inoculum (3D11, P=0.0002), to 44%
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(3F6, P=0.0001) and 34% (5A10, P=0.0035). Blood samples
were spread on glass slides, stained with Giemsa and ana-
lyzed by microscopy. Blood samples incubated in the pres-
ence of mAbs 5A10, 3F6 and 3D11 harbored staphylococci
that were associated with neutrophils, i.e. they may be
associated with these leukocytes or located within cells
(FIG. 5C-E). Blood samples incubated with isotype control
mAbs harbored dusters of extracellular staphylococci (red
arrowheads) as well as staphylococci that were associated
with leukocytes (blue arrowheads, (FIG. SF-H).

Discussion

Monoclonal antibodies offer unique opportunities to
investigate the biological attributes of humoral adaptive
immune responses to microbial surface products, revealing
both the molecular nature of microbial immune evasion and
of protective immunity (Fischetti, 1989). For example,
group A streptococcal M protein, a key virulence factor and
a-helical coiled-coil surface protein (Phillips et al., 1981),
confers resistance to opsonophagocytic clearance, which
may be overcome by humoral adaptive immune responses
during infection (Lancefield, 1962; Scott et al., 1986). mAbs
that bind to the a-helical coiled-coil of M protein cannot
induce opsonophagocytic killing of group A streptococci,
which is however achieved by mAbs directed against the
N-terminal, random coil domain (Jones and Fischetti, 1988;
Jones et al., 1986). The N-terminal domain of M proteins is
highly variable between clinical isolates, which represents
the molecular basis for type-specific immunity (Hollings-
head et al., 1987; Lancefield, 1962).

Similar to streptococcal M protein, protein A also func-
tions as the protective antigen of S. aureus (Stranger-Jones
et al.,, 2006). Virtually all clinical isolates of S. aureus
express protein A, however the amino acid sequence of its
1gBDs is highly conserved (McCarthy and Lindsay, 2010).
Staphylococcal infections in mice or humans do not elicit
protein A-specific humoral immune responses (Kim et al.,
2010a), which is explained by the B cell superantigen
activity of this molecule (Silverman and Goodyear, 2006).
Immunization with protein A variants, in particular the
SpAgy,, molecule, elicits humoral immune responses in
mice and rabbits; these antibodies crossreact with wild--type
protein A and provide protection against staphylococcal
disease in mice (Kim et al., 2010a). Affinity purified poly-
clonal rabbit antibodies can block the B cell superantigen
activity of the wild-type protein A in mice and enhance the
opsonophagocytic capacity of mouse neutrophils when incu-
bated in anti-coagulated mouse blood. In addition, S. aureus
mutants lacking the structural gene for protein A (spa)
display significant defects in virulence, and also permit the
development of humoral immune responses against many
different staphylococcal antigens as well as the development
of protective immunity (Cheng et al., 2009; Kim et al.,
2011). Thus, antibodies that neutralize the immune-modu-
latory attributes of SpA may not only provide protection
against acute staphylococcal infection, but may also enable
the development of protective immune responses against
other staphylococcal antigens and prevent recurrent S.
aureus infections. The inventors tested this prediction by
raising mAbs against SpAz,,. All monoclonal antibodies
that elicited protective immunity in mice recognized con-
formational epitopes of protein A and interacted with the
triple-helical fold of its IgBDs. Importantly, these monoclo-
nal antibodies with strong affinity and cross-reactivity for
multiple or all IgBDs of SpA .., , recognized also wild-type
protein A. When tested in vitro, mAbs, in particular 5A10,
3F6 and 3D11, prevented protein A association with the Fcy
and the Fab domains of immunoglobulins and triggered
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opsonophagocytic killing of S. aureus by phagocytes in
mouse and human blood. When injected into the peritoneal
cavity of mice, mAbs elicited significant immune protection
against both MSSA and MRSA S. aureus isolates. Further,
SpAgx,,-mAb mediated neutralization of SpA in vivo
stimulated humoral immune responses against several dif-
ferent S. aureus antigens, supporting the hypothesis that
SpAg4.-antibodies inhibit the B cell superantigen activi-
ties of staphylococci.

Of note, the magnitude of antibody responses toward
staphylococcal antigens in passively immunized mice were
much lower than the immune responses elicited in mice
actively immunized with SpA,,,,. The main difference
between active and passive immunization strategies lies in
the development of antigen specific T/B cell populations
governing host immune responses, which are the conse-
quence of active immunization strategies. Future studies are
warranted to determine if the protein A specific T/B cells are
critical in raising appropriate systemic immune responses
such as T,1/17 mediated recruitment of functional phago-
cytes against S. aureus infections (Spellberg et al., 2012).

Previous work demonstrated superantigen activity of pro-
tein A towards V3-type B cell receptors in mice (Goodyear
et al.,, 2003). Of note, only 5-10% of mouse B cells are
V3-clonal and susceptible to protein A superantigen (Sil-
verman et al., 2006). Nevertheless, protein A mutant staphy-
lococci display a profound defect in the pathogenesis of
abscess formation in mouse models for this disease (Cheng
et al., 2009, Kim et al., 2011). In contrast to mice, human
V3 clonal B cells comprise up to 50% of the total B cell
population (Berberian et al., 1993, Huang et al 1992),
suggesting that the impact of protein A superantigen activity
during staphylococcal infection is likely greater for human
B cell populations (Silverman et al., 2006). If so, protein
A-mediated B cell activation may trigger biased use of V3
B cell clones and the development of non-physiological B
cell populations. Ultimately, staphylococcal protein A is
expected to human hosts of V3 positive B cells and
V3-type antibodies. A similar scenario is encountered with
the HIV envelope glycoprotein gpl120, which also interacts
with V3 clonal B cells, causing a clonal deficit of V,3 B
cells (antibody genes) in AIDS patients (Berberian et al.,
1993, Berberian et al 1991). These events are likely key
factors in the prevention of neutralizing antibody responses
during HIV and S. aureus infection (Kim et al., 2012b).

Work by others has sought to isolate monoclonal anti-
bodies against protein A. One such antibody, SPA27 (Sigma,
St. Louis, Mo.) was typed as mouse IgGG1, an antibody class
whose Fcy domain does not interact with protein A (Kronvall
et al., 1970). Nevertheless, even 1gG1 sub-type antibodies
can be bound by protein A via pseudo-immune association
assuming these antibodies harbor VH3-type Fab domains
(Cary etal., 1999, Sasso et al., 1989). We recently developed
reagents that can distinguish between these possibilities. For
example, wild-type protein A (SpA) binds immunoglobulins
via the Fey and the VH3-type Fab domains (Silverman et al.,
2006). SpAj, associates only with the Fab domains of
VH3-type antibodies, whereas SpA , , binds only to the Fey
domain of IgG but not to the Fab domain of VH3-type
immunoglobulin (Kim et al., 2012a). Using these reagents,
we observed that SPA27 binds to wild-type SpA and SpA ...,
but not to SpA,, or SpAzx,, (Kim et al., 2012a). Thus,
SPA27, which was isolated from a hybridoma following
immunization of mice with wild-type protein A from S.
aureus Cowanl, does not specifically recognize protein A
(Kim et al., 2012a). Rather, SPA27 is bound by protein A
(Kim et al.,, 2012a). As could be expected from these
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observations, SPA27 cannot neutralize the IgG or IgM
binding activities of protein A and it does not provide
protection in mice that are subsequently challenged via S.
aureus infection (Kim et al., 2012a).

We wondered whether the inability of the host immune
system to produce neutralizing antibodies during S. aureus
infection or following immunization with wild-type protein
A represents a general phenomenon (Kim et al., 2012a, Kim
et al 2012b). To test this model, we purified mAb 358A76.1,
an antibody that was isolated following immunization of
mice with wild-type protein A from S. aureus Cowanl
(Sjoquist et al, 1972) (United States patent US2008/
0118937 A1 and US2010/0047252 A1). Unlike mAb SPA27,
mAb 358A76.1 displayed immune reactivity with SpA,
SpAzs, SpA,, and SpAg.,, (Kim et al., 2012a). We
observed that the specific binding site of mAb 358A76.1 is
restricted to Eg., , domain, and that the antibody does not
recognize the Dyr, 4, Agry s Brryy and Cpp, , domains.
On the basis of amino acid dissimilarity between E.,-, , and
the other four IgBDs, we presume that mAb 358A76.1
recognizes a conformational epitope on the surface of the
E-IgBD domain. The association between mAb 358A76.1
and the E domain of protein A cannot neutralize the other
four IgBDs (D, A, B and C). Not surprisingly, passive
transfer of mAb 358A76.1 into naive mice does not confer
protection against S. aureus challenge and does not trigger
the opsonophagocytic killing of staphylococci in blood.
Based on these observations we propose that only the
immunization with non-toxigenic protein A, for example
SpAgx, 4, can elicit the development of antibodies that
neutralize all IgBDs of protein A and that confer protection
against S. aureus disease.

Data presented herein provide corroborating evidence for
the general hypothesis that the neutralization of the Fcy and
Fab binding activities of SpA represent a correlate for
protective immunity against S. aureus: such antibodies are
expected to trigger the opsonophagocytic killing of the
pathogen in blood and to elicit antibodies that neutralize the
secreted virulence factors of staphylococci (Mazmanian et
al., 1999).

Sequence Analysis

Wildtype S. aureus Protein A interacts with human IgG
through 2 non-antigenic binding sites. The first is with the Fc
constant region and the second is with the Fab heavy chain
of the human VH3 clan (the Fab binding also occurs with
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IgA and IgM). Thus, the mAbs that belong to the mouse clan
that corresponds to the human VH3 likely have three pos-
sible, and perhaps competing binding affinities with the
wildtype antigen, one for Fc, one for Fab, and the third the
antigen specific binding mediated via the CDRs. Hybridoma
cell lines that generate SpA.,., ,-specific monoclonal anti-
bodies were subjected to CDR sequencing analysis. Each
individual antibody included two antigen recognitions sites
(Fab fragments) wherein each Fab portion comprised three
CDRs in the light chain and three CDRs in the heavy
chain. The mAbs identified as conferring protection against
S. aureus infection include 5A10, 3F6, 3D11, 5A11, 1B10
and 4C1.

3F6, which provided significant protection, presented the
most distinctive sequence among a panel of SpA., , mAbs
. Despite sharing the same CDR sequence of the light chain
with 1F10 and 6D11,3F6 has a unique CDR sequence in the
heavy chain that distinguishes it from 1F10 and 6D11.
Finally, 1F10 and 6D11 shared common heavy and light
chain CDR sequences, suggesting they are sibling mAbs.
Both the 1F10 and 6D11 antibodies failed to generate
significant immune protection in mice. The three mAbs that
produced the most promising protective effects and that have
been further characterized (5A10, 3F6, and 2F2) are indi-
cated in bold

Three main groups of light chain sequences were identi-
fied, united by similar sequences. A first group comprised
3F6, 1F10, 6D11, 4Cl1, 6B2, 2B8, and 4C5, all of which
shared common fight chain CDR sequences, with the excep-
tion of one amino acid difference in 6B2 and two amino acid
differences in 4C5. Despite sharing light chain sequences,
these mAbs produced a variety of protective effects, sug-
gesting that specific differences in the heavy chain
sequences may significantly influence the functional effects
of these mAbs. A second group shared a net of light chain
CDR sequences (the heavy chain CDR sequences differed)
and comprised 5A10 and 2F2, including one of the main
protective antibodies, SA10.

The percent identity of the corresponding CDRs of all
antibodies were calculated and are presented in Tables 7-15
in a matrix format. The antibodies that had greater than 40%
individual CDR sequence identity with respect to the indi-
vidual CDRs of 3F6, 5A10, or 3D11 are summarized in
Table 16. Consensus sequences for each set of CDRs that
were greater than 40% identical to the corresponding CDRs
of 3F6 are presented in Table 17.



TABLE 5

Antibody seguences.

‘Hea Chain Sequence

Light Chain Sequence

CDR1 CDR2 CDR3
Amino acid sequence

CDR1 CDR2 CDR3
Amino acid sequence

°CFU reduction/Abcess

“mAb 5y clan Nucleotide sequence Nucleotide sequence Formation P values
IgGl

5A10 Vg3 GFAFSNYD ISSGGTYP ARGGFLITTRDYYAMDY SSVSY DTS QQWSSYPPT 0.0019/0.035
(SEQ ID NO: 11) (SEQ ID NO: 12) (SEQ ID NO: 13) (SEQ ID NO: 16) (SEQ ID NO: 17) (SEQ ID NO: 18)
EVKLVESGGGLVKPGGSLKLSCAASGFAFSNYDMSWVRQTPEKR TIVLTQSPAIMSASPGEKVTMTCSASSSVSYMYWYQQKPG
LEWVATISSGGTYPYYPDSVKGRFTISRDNAKNTLYLQLSSLRS SSPRLLIYDTSNLASGVPVRFSGSGSGTSYSLTISRMEAE
EDTALYYCARGGFLITTRDYYAMDYWGQGTSVTVSS DAATYYCQQWSSYPPTFGGGTKLEIK (SEQ ID NO: 19)
(SEQ ID NO: 14)
Gaagtgaagctggtggagtctgggggaggettagtgaagectgyg Acaattgttctcacccagtcetcecagcaatcatgtetgeat
agggtccectgaaactctectgtgeagectetggattegetttea ctccaggggagaaggtcaccatgacctgecagtgecagete
gtaactatgacatgtcttgggttegecagacteeggagaagagyg aagtgtaagttacatgtactggtaccagcagaagccagga
ctggagtgggtegeaaccattagtagtggtggtacttaccecta tccteccccagactectgatttatgacacateccaacetygg
ctatccagacagtgtgaagggeegtttcaccatetecagagaca cttetggagteectgttegettecagtggecagtgggtetgg
atgccaagaacaccctgtacctgecaattgagecagtetgaggtet gacctcttactetetcacaatcagecgaatggaggetgaa
gaggacacggccttgtattactgtgcaagagggggatttttgat gatgctgccacttattactgccagcagtggagtagttace
tacgacacgggattactatgectatggactactggggtcaaggaa cacccacgtteggaggggggaccaagetggaaataaaac
cctcagtcaccgtctectcag (SEQ ID NO: 15) (SEQ ID NO: 20

8E2 Vgl GYTFTEYS FYPGSGYI ARHGYGNYVGYAMDY EIIYSY FAK QHHYGTPYT 0.0620/0.1117
(SEQ ID NO: 21) (SEQ ID NO: 22) (SEQ ID NO: 23) (SEQ ID NO: 26) (SEQ ID NO: 27) (SEQ ID NO: 28
KVQLQQOSGAGLVKPGASVKLSCKASGYTFTEYS THWVKQSSGQG DIQMTQSPASLSASVGETVTITCRASEITYSYLAWYQQKQ
LEWIGWFYPGSGYIKYNEKFKDKATLTADKSSSTVYMEFSRLTS GKSPQLLVYFAKTLAEGVPSRFSGSGSGTQFSLKINSLQP
EDSAVYFCARHGYGNYVGYAMDYWGQGTSVTVSS EDFGIYYCQHHYGTPYTFGGGTKLEIK (SEQ ID NO: 29
(SEQ ID NO: 24)
Aaggtccagetgcageagtetggagetgggetggtgaaaccegyg Aaggtccagetgcaacagtetggagetgggetggtgaaac
ggcatcagtgaagctgtectgcaaggettetggetacaccttea ceggggcatcagtgaagetgtectgecaaggettetggeta
ctgaatatagtatacactgggtaaaacagagctctggacagggt caccttcactgaatatagtatacactgggtaaaacagage
cttgagtggattgggtggttttacectggaagtggttatataaa tctggacagggtettgagtggattgggtggttttacectyg
gtacaatgagaaattcaaggacaaggccacattgactgeggaca gaagtggttatataaagtacaatganaaattcaaggacaa
aatcctccagecacagtectatatggagtttagtagattgacatet ggccacattgactgeggacaaatcectecancacagtetat
gaagactctgcggtctacttetgtgcaagacacggatatggtaa atggagtttagtagattgacatctgaagactetgeggnet
ctacgtggggtatgetatggactactggggtcaaggaacctcag acttctgtgcaagacacggatatggtaactacgtggggta
tcaccgtetecteag tgctatggactactggggtcaaggaacctcaatcacegte
(SEQ ID NO: 25) tccte (SEQ ID NO: 30

346 Vgl GYNFTDYS INTETAES AHFDC QSLVHSNGNTY Kvs SQITYVPWT 0.3068/0.1497
(SEQ ID NO: 31) (SEQ ID NO: 32) (SEQ ID NO: 33) (SEQ ID NO: 36) (SEQ ID NO: 37) (SEQ ID NO: 38

QIQLVQSGPELKKPGETVKISCKASGYNFTDYSMHWVKQAPGKG
LKWVGWINTETAESTYADDFKGRFAFSLETSASTAYLQINSLKD
EDTATFFCAHFDCWGQGTTLTVSS

(SEQ ID NO: 34)
Cagatccagttggtgecagtetggacctgagetgaagaagectygg
agagacagtcaagatctectgcaaggettetggttataatttca

DVVMTQISLSLPVTLGDQASISCRASQSLVHSNGNTYLNW
YLOKPGQSPKLLIHKVSNRFSGVPDRFSGSGSGTDFTLKI
SRVEAEDLGVYFCSQITYVPWTFGGGTKLEIK

(SEQ ID NO: 39)
Gatgttgtgatgacccaaatttcactcteectgectgtea
ctcttggagatcaagectecatetettgecagagetagtea

L9
T4 18779556 SN

89



TABLE 5-continued

Antibody seguences.
‘Hea Chain Sequence Light Chain Sequence
CDR1 CDR2 CDR3 CDR1 CDR2 CDR3
Amino acid sequence Amino acid sequence °CFU reduction/Abcess

“mAb 5y clan Nucleotide sequence Nucleotide sequence Formation P values
cagactattcaatgcactgggtgaagcaggctccaggaaagggt gagecttgtacacagtaatggaaacacctatttaaattgg
ttaaagtgggtgggctggataaacactgagactgctgagtcaac tacctgcagaagccaggccagtcetecaaagetectgatec
atatgcagatgacttcaagggacggtttgecttcetetttggaaa acaaagtctccaaccgattttetggggteccagacaggtt
cctetgecageactgectatttgecagatcaacagectcaaagat cagtggcagtggatcagggacagatttcacactcaagatce
gaggacacggctacatttttetgtgeccactttgactgttgggy agcagagtggaggctgaggatctgggagtttatttetget
ccaaggcaccactctcacagtctcectca (SEQ ID NO: 35) ctcaaattacatatgttcecgtggacgttceggtggaggcac

caagctggaaatcaaac
(SEQ ID NO: 40)

TE2 Vgl GYTFTDYS INTATGEP APQLTGPFAY ENIHNY NAK QHSWSIPYT 0.9396/0.7461
(SEQ ID NO: 41) (SEQ ID NO: 42) (SEQ ID NO: 43) (SEQ ID NO: 46) (SEQ ID NO: 47) (SEQ ID NO: 48
QIQLVQSGPELKKPGETVKISCKASGYTFTDYSVHWVKQAPGKG DIQMTQSPASLSASVGETVTITCRASENTIHNYLAWYQQKQ
LKWMAWINTATGEPTFADDFKGRFAFSLETSARTAYLQINNLKN GKSPQLLVYNAKTLTDGVPSRFSGSGSGTQFSLKINSLQA
EDTATYFCAPQLTGPFAYWGHGTLVTVSA GDFGSYYCQHSWSIPYTFGGGTRLQIR
(SEQ ID NO: 44) (SEQ ID NO: 49
Cagatccagttggtacagtctggacctgagttgaagaagectgy Gacatccagatgactcagtctecagecteectatetgeat
agagacagtcaagatctectgcaaggcttetggttataccttea ctgtgggagaaactgtcaccatcacatgtcgagcaagtga
cagactattcagtgcactgggtgaagcaggctccaggaaagggt gaatattcacaattatttagcatggtatcagcagaaacag
ttaaagtggatggcctggataaacactgcgactggtgagccaac ggaaaatctectcagetectggtctataatgcaaaaacct
atttgcagatgacttcaagggacggtttgecttcetetttggaaa taacagatggtgtgccatcaaggttcagtggcagtggatce
cctetgecagaactgectatttgecagatcaacaacctcaaaaat aggaacacaattttctctcaaaatcaacagectgecagget
gaggacacggctacatatttetgtgetecccagttaactggece ggagattttgggagttattactgtcaacattcttggagta
ttttgcttactggggccacgggactetggtecactgtetetgea taccgtacacgtttggaggggggaccaggctacaaataag
(SEQ ID NO: 45) ac

(SEQ ID NO: 50)
I9Go,

3F6 Vgl GFTFNTNA IRSKSNNYAT VTEHYDYDYYVMDY ESVEYSGASL AAS QQSRKVPST 0.0010/0.0239

(SEQ ID NO: 51) (SEQ ID NO: 52) (SEQ ID NO: 53) (SEQ ID NO: 56) (SEQ ID NO: 57) (SEQ ID NO: 58)

EVQLVETGGGLVQPKGSLKLSCAASGFTFNTNAMNWVRQ
APGKGLEWVARIRSKSNNYATYYADSVKDRFSISRDDSQ
NMLSLOMNNLKTEDTAIYYCVTEHYDYDYYVMDYWGQGT
SVXSPQ (SEQ ID NO: 54)
Gaggtgcagcttgttgagactggtggaggattggtgcag
cctaaagggtcattgaaactcetecatgtgeagectetgga
ttcaccttcaataccaatgecatgaactgggtecgecay
getecaggaaagggtttggaatgggttgetegeataaga
agtaaaagtaataattatgcaacatattatgccgattca
gtgaaagacaggttctccatetecagggatgattecacaa
aacatgctctetetgcaaatgaacaacttgaaaactgag
gacacagccatctattactgtgtgacagaacactatgat
tacgattactatgttatggactactggggtcaaggaace
tcagtcanntctcctcage (SEQ ID NO: 55)

IVLTQSPASLAVSLGQRATISCRASESVEY SGASLMQW
YOHKPGQPPKLLIYAASNVESGVPARFSGSGSGTDFSL
NIHPVEEDDIAMYFCQQSRKVPSTFGGGTKLEIK
(SEQ ID NO: 59)
Attgtgctcacccaatctccagettetttggetgtgte
tcttgggcagagagecaccatctectgecagagecagtyg
aaagtgttgaatattctggegcaagtttaatgcagtgg
taccaacacaaaccaggacagccacccaaactecteat
ctatgetgcatccaacgtagaatctggggtecctgeca
ggtttagtggcagtgggtctgggacagacttcagecte
aacatccatcctgtggaggaggatgatattgcaatgta
tttetgtcagcaaagtaggaaggttecttecacgtteg
gaggggggaccaagctggaaataaaac

(SEQ ID NO: 60)
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TABLE 5-continued

Antibody seguences.
‘Hea Chain Sequence Light Chain Sequence
CDR1 CDR2 CDR3 CDR1 CDR2 CDR3
Amino acid sequence Amino acid sequence °CFU reduction/Abcess
“mAb 5y clan Nucleotide sequence Nucleotide sequence Formation P values
1F10 Vgl GNAFTNYL INPGSGIT SGSANWFAY ESVEYSGASL AAS QQSRKVPST 0.0299/0.0812
(SEQ ID NO: 61) (SEQ ID NO: 62) (SEQ ID NO: 63) (SEQ ID NO: 66) (SEQ ID NO: 67) (SEQ ID NO: 68
KELISSKSEEEKWPGTSVKVSCKASGNAFTNYLIEWIKQ DIVLTQSPASLAVSLGQRATISCRASESVEYSGASLMQ
RPGQGLEWIGVINPGSGITNYNEKFKGKATLTADKSSNT WYQHKPGQPPKLLIYAASNVESGVPARFSGSGSGTDFS
AYMQLSSLSSDDSAVYFCSGSANWFAYWGQGTLVTVSA LNIHPVEEDDIAMYFCQQSRKVPSTFGGGTKLEIK
(SEQ ID NO: 64) (SEQ ID NO: 69
Aaggaactcatcagttccaaatctgaagaagagaaatgg Gacattgtgctcacccaatctecagettetttggetgt
cctgggacttecagtgaaggtgtectgeaaggettetgga gtctettgggcagagagecaccatetectgeagageca
aacgccttcactaattatttaatagagtggataaaacag gtgaaagtgttgaatattctggcegcaagtttaatgecag
aggcctggacagggecttgagtggattggagtgattaat tggtaccaacacaaaccaggacagccacccaaactect
cctggaagtggaattactaactacaatgagaagttcaag catctatgctgeatecaacgtagaatetggggtecetyg
ggcaaggcaacactgactgcagacaaatcctccaacact ccaggtttagtggeagtgggtetgggacagacttecage
gcctacatgecagetcagecagectgteatetgatgactet ctcaacatccatectgtggaggaggatgatattgeaat
geggtetatttetgttcaggateggecaactggtttget gtatttctgtcagcaaagtaggaaggttecttecacgt
tactggggecaggggactetggtcacegtetetgea tceggaggggggaccaagetggaaataaaac
(SEQ ID NO: 65) (SEQ ID NO: 70
6D11 Vgl GNAFTNYL INPGSGIT SGSANWFAY ESVEYSGASL AAS QQSRKVPST 0.1967/0.1793
(SEQ ID NO: 71) (SEQ ID NO: 72) (SEQ ID NO: 73) (SEQ ID NO: 76) (SEQ ID NO: 77) (SEQ ID NO: 78)
QVQOLOQSGAELVRPGTSVKVSCKASGNAFTNYLIEWIKQ DIVLTQSPASLAVSLGQRASISCRASESVEYSGASLMQ
RPGQGLEWIGVINPGSGITNYNEKFKGKATLTADKSSNT WYQHKPGQPPKLLIYAASNVESGVPVRFSGSGSGTDFS
AYMQLSSLSSDDSAVYFCSGSANWFAYWGQGTLVTVSA LNIHPVEEDDIAMYFCQQSRKVPSTFGGGTKLEIK
(SEQ ID NO: 74) (SEQ ID NO: 79)
Caggtccagetgecagecagtectggagetgaactggtaagg Gacattgtgctcacccaatctecagettetttggetgt
cctgggacttecagtgaaggtgtectgeaaggettetgga gtctettgggcagagagecagcatetectgeagageca
aacgccttcactaattatttaatagagtggataaaacag gtgaaagtgttgaatattcaggcgcaagtttaatgecag
aggcctggacagggecttgagtggattggagtgattaat tggtaccaacacaaaccaggacagccacccaaactect
cctggaagtggaattactaactacaatgagaagttcaag catctatgctgeatecaacgtagaatetggggtecetyg
ggcaaggcaacactgactgcagacaaatcctccaacact tcaggtttagtggcagtgggtetgggacagacttcage
gcctacatgecagetcagecagectgteatetgatgactet ctcaacatccatectgtggaggaggatgatattgeaat
geggtetatttetgttcaggateggecaactggtttget gtatttctgtcagcaaagtaggaaggttcecctctacgt
tactggggeccaagggactetggtecactgtetetgea tceggaggggggaccaagetggaaataaaac
(SEQ ID NO: 75) (SEQ ID NO: 80
19G2,
3D11 Vgl GYSFTSYY IDPFNGGT ARYGYDGTFYAMDY SSVSY EIS QQWSYPFT 0.0010/0.0068

(SEQ ID NO: 81) (SEQ ID NO: 82) (SEQ ID NO: 83)
QSGPELMKPGASVKI SCKASGYSFTSYYMHWVKQSHGKS
LEWIGYIDPFNGGTSYNQKFKGKATLTVDKSSS TAYMHL
SSLTSEDSAVYYCARYGYDGTFYAMDYWGQGTSVTVSS

(SEQ ID NO: 84)
Cagtctggacctgagetgatgaagectggggettecagtyg
aagatatcctgcaaggettetggttactecattcactage
tactacatgcactgggtgaagcagagccatggaaagage

(SEQ ID NO: 86) (SEQ ID NO: 87) (SEQ ID NO: 88)
RIVLTQSPAITAASLGQKVTITCSASSSVSYMHWYQQK
SGTSPKPWIYEISKLASGVPARFSGSGSGTSYSLTISS
MEAEDAAIYYCQOWSYPFTFGSGTKLEIK

(SEQ ID NO: 89)
Agaattgtgctcactcagtcetcecagecatcacagetge
atctctggggcaaaaggtcaccatcacctgecagtgeca
gctcaagtgtaagttacatgcactggtaccaacagaag
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TABLE 5-continued

Antibod:

sequences .

‘Hea Chain Sequence

Light Chain Sequence

CDR1 CDR2 CDR3
Amino acid sequence

CDR1 CDR2 CDR3
Amino acid sequence

°CFU reduction/Abcess

“mAb 5y clan Nucleotide sequence Nucleotide sequence Formation P values
cttgagtggattggatatattgatcctttcaatggtggt tcaggcaccteccccaaaccatggatttatgaaatate
actagctacaaccagaaattcaagggcaaggccacattyg caaactggcttetggagteccagetegettecagtggea
actgtagacaaatcttccagcacagectacatgcatete gtgggtctgggacctettactetcetcacaatcagecage
agcagcctgacatctgaggac atggaggctgaagatgctgccatttattactgccagea
(SEQ ID NO: 85) gtggagttatccattcacgtteggetcggggacaaagt

tggaaataaaac
(SEQ ID NO: 90)

5A11 Vg3 GFTFSDYY ISDGGTYT ARDRDDYDEGPYFDY 0.0171/0.0286

(SEQ ID NO: 91) (SEQ ID NO: 92) (SEQ ID NO: 93)
EVQLVESGGGLVKPGGSLKLSCAASGFTFSDYYMYWVRQ
TPEKRLEWVATISDGGTYTYYPDSVKGRFTISRDNAKNN
LYLOMSSLKSEDTAMYYCARDRDDYDEGPYFDYWGQGTT
LTVSS (SEQ ID NO: 94)
Gaagtgcagctggtggagtctgggggaggettagtgaag
cctggagggtecectgaaactcetectgtgecagectetgga
ttcactttcagtgactattacatgtattgggttcgecag
acaccggaaaagaggctggagtgggtcegcaaccattagt
gatggtggtacttacacctactatccagacagtgtgaag
gggcgattcaccatctecagagacaatgccaagaacaac
ctgtacctgcaaatgagcagtctgaagtctgaggacaca
gccatgtattactgtgcaagagatcgggatgattacgac
gaggggccectactttgactactggggecaaggcaccact

ctcacagtctcctcag (SEQ ID NO: 95

2F2 Vg3 RFTFSSYV IGSGGTTY RGRGYGFAWYFDV SSVSY DTS QQWSSYPPT 0.0002/0.018
(SEQ ID NO: 96) (SEQ ID NO: 97) (SEQ ID NO: 98) (SEQ ID NO: 101) (SEQ ID NO: 102) (SEQ ID NO: 103)
VKLVESGGDLVKPGGSLKLSCAASRFTFSSYVMSWVRQT TIVLTQSPAIMSASPGEKVTMTCSASSSVSYMYWYQQK
PEKRLEWVASIGSGGTTYYPDTVKGRFTISRDNARNILY PGSSPRLLIYDTSNLASGVPVRFSGSGSGTSYSLTISR
LOMSSLRSDDTAMYYCTRGRGYGFAWYFDVWGAGTTVTV MEAEDAATYYCQOWSSYPPTFGGGTKLEIK
SS (SEQ ID NO: 99) (SEQ ID NO: 104)
Agtgaagctggtggagtctgggggagacttagtgaagee Acaattgttctcacccagtctccagcaatcatgtetge
tggagggtccectgaaactetectgtgcagectetegatt atctecaggggagaaggtcaccatgacctgecagtgeca
cactttcagtagctatgtcatgtettgggttegecagac gctcaagtgtaagttacatgtactggtaccagcagaag
tccagagaagaggctggagtgggtegcatecattggtag ccaggatccteccccagactectgatttatgacacate
tggtggtaccacctactatccagacaccgtgaagggecyg caacctggcttetggagtecctgttegettcagtggea
attcaccatcteccagagataatgccagaaacatcctgta gtgggtctgggacctecttactetcetcacaatcagecga
cctgcaaatgagcagtetgaggtetgatgacacggecat atggaggctgaagatgctgccacttattactgccagea
gtattactgtacaagaggccgaggttatggtttegectyg gtggagtagttacccacccacgttcggaggggggacca
gtacttcgatgtectggggcgcagggaccacggtcacegt agctggaaataaaac (SEQ ID NO: 105)
ctcctcag (SEQ ID NO: 100)

4C1 ESVEYSGASL AAS QQSRKVPST 0.0228/0.0016

(SEQ ID NO: 106) (SEQ ID NO: 107) (SEQ ID NO: 108)

VLTQSPASLAVSLGQRATISCRASESVEYSGASLMQWY
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TABLE 5-continued

Antibod:

sequences .

‘Hea Chain Sequence

Light Chain Sequence

CDR1 CDR2 CDR3
Amino acid sequence

CDR1 CDR2 CDR3
Amino acid sequence

°CFU reduction/Abcess

“mAb 5y clan Nucleotide sequence Nucleotide sequence Formation P values
QHKPGQPPKLLIYAASNVESGVPARFSGSGSGTDFSLN
IHPVEEDDIAMYFCQQSRKVPSTFGGGTKLEIK
(SEQ ID NO: 109)
Tgtgctcacccaatctecagettetttggetgtgtete
ttgggcagagagccaccatctectgecagagecagtgaa
agtgttgaatattctggegeaagtttaatgcagtggta
ccaacacaaaccaggacagccacccaaactecteatet
atgctgcatccaacgtagaatctggggtecctgecagg
tttagtggcagtgggtetgggacagacttcagectcaa
catccatectgtggaggaggatgatattgecaatgtatt
tctgtcagcaaagtaggaaggttecttecacgttegga
ggggggaccaagctggaaataaaac (SEQ ID NO: 110)
8D4 Vgl GSTFTNHH LNPYNDYT ATITFDS 0.0026/0.028
(SEQ ID NO: 111) (SEQ ID NO: 112) (SEQ ID NO: 113)
QVQOLOQSGAELVRPGASVKISCKAFGSTFTNHHINWVKQ
RPGQGLDWIGYLNPYNDYTNYNQKFKGKATLTIDKSSST
AYLELSSLTSEDSAVYYCATITFDSQXQ
(SEQ ID NO: 114)
Caggtccagetgecageagtctggggetgagetggtgagg
cctggggectecagtgaagatttectgeaaggettttgge
tccaccttcacaaaccatcatataaattgggtgaageag
aggcctggacagggectggactggattggatatettaat
ccttataatgattatactaactacaaccagaagttcaag
ggcaaggccacattgactatagacaaatcctccageaca
gcctatcetggagettagecagectgacatetgaggactet
gcagtgtattactgtgcaaccataacttttgacagccag
gnncaagg (SEQ ID NO: 115)
1B10 Vg3 GFTFSNYD ISSGGTYP ARGGFLITTRDYYAMDY 0.0113/0.0070

(SEQ ID NO: 116) (SEQ ID NO: 117) (SEQ ID NO: 118)
EVKLVESGGGLVKPGGSLKLSCAASGFTFSNYDMSWVRQ
TPEKRLERVATISSGGTYPYYPDSVKGRFTISRDNAENT
LYLQLSSLRSEDTALYYCARGGFLITTRDYYAMDYWGQG
TSVTVSS (SEQ ID NO: 119)
GAAGTGAAACTGGTGGAGT CTGGGGGAGGCTTAGTGAAG
CCTGGAGGGTCCCTGAAACTCTCCTGTGCAGCCTCTGGA
TTCACTTTCAGTAACTATGACATGTCTTGGGTTCGCCAG
ACTCCGGAGAAGAGGCTGGAGCGGGTCGCAACCATTAGT
AGTGGTGGTACTTACCCCTACTATCCAGACAGTGTGAAG
GGCCGTTTCACCATCTCCAGAGACAATGCCGAGAACACC
CTGTACCTGCAATTGAGCAGTCTGAGGTCTGAGGACACG
GCCCTGTATTACTGTGCAAGAGGGGGATTTTTGATTACG
ACACGGGACTACTATGCTATGGACTACTGGGGTCAAGGA
ACCTCAGTCACCGTCTCCTCA (SEQ ID NO: 120)
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TABLE 5-continued

Antibod:

sequences .

“mAb

5y clan

‘Hea Chain Sequence

Light Chain Sequence

CDR1 CDR2 CDR3
Amino acid sequence
Nucleotide sequence

CDR1 CDR2 CDR3
Amino acid sequence
Nucleotide sequence

°CFU reduction/Abcess
Formation P values

6B2

7D11

2B8

2C3

Vi3

GFTFSNYD ISSGGTYP
(SEQ ID NO: 131) (SEQ ID
NO: 132)
EVKLVESGGGLVKPGGSLKLSCAASGFTFSNYDMSWVRQ
TPEKRLEWVATISSGGTYPYYPDSVKGRFTISRDNAENT
LYLQLSSLRSEDTALYYCARGGFLITTRDYYAMDYWGQG
TSVTVSS (SEQ ID NO: 134)
Gaagtgaaactggtggagtctgggggaggcttagtgaag

DYYAMDY

ARGGFLITTR

(SEQ ID NO: 133)

ESVDYSGASL AAS QQSRKVPST
(SEQ ID (SEQ ID (SEQ ID
NO: 121) NO: 122) NO: 123)
DIVLTQSPASLAVSLGQRATISCRASESVDYSGASLMQ
WYQHKPGQPPRLLIYAASNVESGVPARFSGSGSGTDFS
LNIHPVEEDDIAMYFCQQSRKVPSTFGGGTKLEIK

(SEQ ID NO: 124)
Gacattgtgctcacccaatctecagettetttggetgt
gtctettgggcagagagecaccatetectgeagageca
gtgaaagtgttgattattctggcegcaagtttaatgecag
tggtaccaacacaaaccaggacagccacccagactect
catctatgctgeatecaacgtagaatetggggtecetyg
ccaggtttagtggeagtgggtetgggacagacttecage
ctcaacatccatectgtggaggaggatgatattgeaat
gtatttctgtcagcaaagtaggaaggttecttecacgt
tceggaggggggaccaagetggaaataaaac

(SEQ ID NO: 125)

ESVEYSGASL AAS QQSRKVPST
(SEQ ID (SEQ ID (SEQ ID
NO: 126) NO: 127) NO: 128)
FFGVSLGQRASISCRASESVEYSGASLIQWYQHKPGQP
PKLLIYAASNVESGVPVRFSGSGSGTDFSLNIHPVEED
DIAMYFCQQSRKVPSTFGGGTKLEIK

(SEQ ID NO: 129)
Cttetttggtgtgtetettgggecagagagecageatet
cctgcagagecagtgaaagtgttgaatattcaggegea
agtttaatacagtggtaccaacacaaaccaggacagcec
acccaaactcectecatctatgetgeateccaacgtagaat
ctggggtecctgteaggtttagtggeagtgggtetggg
acagacttcagectcaacatecatectgtggaggagga
tgatattgcaatgtatttctgtcagea

(SEQ ID NO: 130)

0.062/0.4119

0.111/0.0684

0.122/0.869

0.1318/0.204

LL

8L
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TABLE 5-continued

Antibody seguences.
‘Hea Chain Sequence Light Chain Sequence
CDR1 CDR2 CDR3 CDR1 CDR2 CDR3
Amino acid sequence Amino acid sequence °CFU reduction/Abcess
“mAb 5y clan Nucleotide sequence Nucleotide sequence Formation P values
cctggagggtecectgaaactcetectgtgecagectetgga
ttcactttcagtaactatgacatgtettgggttcegecag
actceggagaagaggctggagtgggtegcaaccattagt
agtggtggtacttaccectactatccagacagtgtgaag
ggcegtttcaccatctecagagacaatgecgagaacace
ctgtacctgcaattgagcagtctgaggtctgaggacacy
gcectgtattactgtgcaagagggggatttttgattacg
acacgggactactatgctatggactactggggtcaagga
acctcagtcaccgtctectcag (SEQ ID NO: 135)
1H7 0.1116/0.4007
4C5 ESVEYYGASL AAS QQSRKVPNT 0.114/0.2489
(SEQ ID (SEQ ID (SEQ ID
NO: 136) NO: 137) NO: 138)
DIVLTQSPASLAVSLGQRATISCRASESVEYYGASLMQ
WYQQKSGQPPKLLIYAASNVESGVPARFSGSGSGTDFS
LNIHPVEEDDIAMYFCQQSRKVPNTFGGGTKLEIK
(SEQ ID NO: 139)
Gacattgtgctcacccaatctecagettetttggetgt
gtctctagggcagagagccaccatctectgcagageca
gtgaaagtgttgaatattatggcgcaagtttaatgcag
tggtaccaacagaaatcaggacagccacccaaactect
catctatgctgecatccaacgtagaatctggggtceecty
ccaggtttagtggcagtgggtctgggacagacttcage
ctcaacatccaccctgtggaggaggatgatattgeaat
gtatttctgtcagcaaagtaggaaggttccgaacacgt
tcggaggggggaccaagctggaaataaaac (SEQ ID
NO: 140)
4D5 SSVSY ETS QQWSYPFT 0.126/0.069
(SEQ ID (SEQ ID (SEQ ID
NO: 141) NO: 142) NO: 143)

EIVLTQSPAITAASLGQKVTITCSASSSVSYMHWYHQK
SGTSPKPWIYETSKLASGVPVRFSGSGSGTSYSLTISS
MEAEDAAIYYCQOWSYPFTFGSGTKLEIK

(SEQ ID NO: 144)

“Mouse monoclonal identifier.

MAbs were purified from isoclated hybridoma clones.

BImmunoglobulin variable heavy (IGHV) chain gene subgroup categorization based on nucleotide similarity. Mouse gene (Mus musculus) Vy clans were compared to Homo sapiens
and are represented as such. S. aureus protein A has specificity for binding to the human variable region of the Fab heavy chain Vg3 family that represent nearly half
of inherited Vy genes and their homologues in other mammalian species.

¢and “Total RNA from Mab hybridoma cells was isolated via standard protocol. cDNA was synthesized and amplified by RT-PCR with Ig Primer sets designed for amplification
from Ig conserved regions adjacent to the Vy and Vp hypervariable complementarity defining regions (CDRs). Positive products were sequenced and analyzed using IMGT vquest
(http://imgt.cines.fr/IMGT vguest) Amino acid, nucleotide, and specific CDR sequences are designated, with CDRs bolded and underlined within the full amino acid sequence.

°P values indicating significant reduction (P < 0.05) in CFU following S. aureus

renal abscess challenge in mice.

/B values indicating significant reduction (P < 0.05) in abscesses in kidneys as determined by histopathological analysis.

6L

08

T4 18779556 SN
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EXAMPLE 2

MATERIALS AND METHODS

Bacterial Strains and Growth Conditions

S. aureus strains Newman and MW2 were grown in
tryptic soy broth (TSB) at 37° C. Escherichia coli strains
DH5a. and BL21 (DE3) were grown in Luria-Bertani (LB)
broth with 100 ug-ml ~* ampicillin at 37° C.

Monoclonal Antibodies

Mouse monoclonal antibodies were generated by the
conventional method (Kéhler, G., and C. Milstein. 1975).
Briefly, BALB/c mice (8 week old, female, Jackson Labo-
ratory) were immunized by intraperitoneal injection with
100 pg purified SpAg,,, emulsified 1:1 with Complete
Freund’s Adjuvant (CFA, DIFCO). On days 21 and 42, mice
were boosted by intraperitoneal injection with 100 pg of the
same antigen emulsified 1:1 with Incomplete Freund’s Adju-
vant (IFA, DIFCO). On days 31 and 52, mice were bled and
serum samples screened by ELISA for specific antibodies.
Seventy-nine days following initial immunization, mice that
demonstrated strong antigen-immunoreactivity by ELISA
were boosted with 25 ng of the same antigen. Three days
later, spienocytes were harvested and fused with the mouse
myeloma cell line SP2/mll.-6, an interleukin 6 secreting
derivative of the SP2/0 myeloma cell line. Supernatants
from resulting hybridomas were screened by ELISA and
antigen-specific clones were further subcloned by limiting
dilution to yield monoclonal antibody-secreting hybridomas
arising from single cells. Antibodies were purified from the
spent culture supernatant of cell lines. Spa27 monoclonal
antibody was purchased from Sigma. Hybridoma cell line
358A76.1.1 was purchased from American Type Culture
Collection (ATCC accession number PTA-7938) and
expanded at the Fitch monoclonal antibody facility (Uni-
versity of Chicago).

Purification of Recombinant Proteins

Polypeptides derived from the amino acid sequence of the
SpA-E ., , domain were synthesized by CPC Scientific Inc
(Sunnyvale, USA). Lyophilized peptide samples were solu-
bilized using either distilled water or dimethyl sulfoxide
(DMSO), then aliquoted and frozen at —-80° C. The use of
plasmids for wild-type SpA and SpAj,,, has been previ-
ously described (Kim et al., 2010a). Oligonucleotides for the
synthesis of SpA ., (Q°K, Q*°K substitutions in each of the
five IgBDs), SpA,,, (D*°A, D*’ A substitutions in each of
the five IgBDs), individual 1gBDs (E, D, A, B and C) of
SpAgx,4 Were synthesized by Integrated DNA Technolo-
gies, Inc (USA). PCR products of SpA,,,, variants were
cloned into the pET15b vector generating N-terminal Hisg-
tagged recombinant proteins. The coding sequence of Sbi,
was PCR amplified with two primers,
5'-AAAAAAGCTAGCTGGTCTCATCCTCAATTYGA-
GAAGACGCAACAAACTTCAACTAAG-3' (SEQ 1D
NO:8) and 5'-AAAAAACTCGAGTTTCCAGAATGA-
TAATAAATTAC-3' (SEQ NO:9) from S. aureus Newman
chromosomal DNA with engineered N-terminal Strep tag
(WSHPQFEK (SEQ ID NO:10)). PCR product of was
cloned into pET24b vector generating C-terminal Hisg-
tagged recombinant protein with engineered N-terminal
Strep tag (WSHPQFEK (SEQ ID NO:10)). All plasmids
were transformed into BL21(DE3) for affinity purification.
Overnight cultures of recombinant E. coli strains were
diluted 1:100 into fresh media and grown at 37° C. to A4y,
0.5, at which point cultures were induced with 1 mM
isopropyl f-D-1-thiogalatopyranoside (IPTG) and grown for
an additional three hours. Bacterial cells were sedimented by
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centrifugation, suspended in column buffer (50 mM Tris-
HCI (pH 7.5), 150 mM NaCl) and disrupted with a French
pressure cell at 14,000 psi. Lysates were cleared of mem-
brane and insoluble components by ultracentrifugation at
40,000 xg. Proteins in the cleared lysate were subjected to
nickel-nitrilotriacetic acid (Ni-NTA) affinity chromatogra-
phy. Proteins were eluted in column buffer containing suc-
cessively higher concentrations of imidazole (100-500 mM).
Protein concentrations were determined by bicinchonic acid
(BCA) assay (Thermo Scientific).

Enzyme Linked Immunosorbent Assay

To determine SpA specific serum IgG, affinity purified
SpAgx44 Was used to coat ELISA plates (NUNC Maxisorp)
at 1 ug'ml~ in 0.1 M carbonate buffer (pH 9.5 at 4° C.)
overnight. The following day, plates were blocked and
incubated with dilutions of hyperimmune sera and devel-
oped using OptEIA reagent (BD Biosciences), For the
determination of binding affinity of SpA-specific mAbs,
ELISA plates were coated with affinity purified individual
immunoglobulin binding domains or synthetic peptides (H1,
H2, H3, H1+3 and H2+3) whose sequences were derived
from the sequence of SpA-E,.,, Peptides were used for
plate coating at a concentration of 100 nM in 0.1 M
carbonate buffer, pH 9.5 at 4° C. overnight. The following
day, plates were blocked with 1% BSA solution in PBS-T
and incubated with variable concentrations of SpA-specific
mAbs. To determine the avidity of specific mAbs, antibody-
antigen interactions were perturbed with increasing concen-
tration (0-4 M) of ammonium thiocyanate. For SpA and Sbi
binding assays, affinity purified SpA and Sbi were coated
onto ELISA plate at 1 ug-ml~" in 0.1 M carbonate buffer (pH
9.5 at 4° C.) overnight. The following day, plates were
blocked and incubated with dilutions of peroxidase-conju-
gated human I1gG, Fc and F(ab), (The Jackson Laboratory)
or dilutions of isotype control antibodies and SpA ., -
specific mAbs; assays were developed using OptEIA
reagent. To measure the inhibition of immune association
between human IgG and SpA, plates were incubated with
either 20 pg-ml-1 isotype control antibodies or SpA gz, 4-
specific mAbs prior to ligand binding. For competition
assay, plates were coated with 10 ng-ml~' SpA,,,,in0.1 M
carbonate buffer (pH 9.5) at 4° C. overnight. The following
day, plates were blocked and incubated with 30 pg-ml~"' of
isotype control antibodies or SpA -, ,-specific mAbs prior
to the incubation with HRP-conjugated SpA-specific mAbs
(Innova Biosciences) or human IgG at a final concentration
of 100-200 ng-ml~".

Mouse renal abscess model. Affinity purified antibodies in
PBS were injected at a concentration 5, 15, 20, or 50
mgkg™" of experimental animal weight into the peritoneal
cavity of BALB/c mice (6 week old, female, Charles River
Laboratories) 4-24 hours prior to challenge with S. aureus.
Overnight cultures of S. aureus strains were diluted 1:100
into fresh TSB and grown for 2 hours at 37° C. Staphylo-
cocci were sedimented, washed and suspended in PBS to the
desired bacterial concentration. Inocula were quantified by
spreading sample aliquots on TSA and enumerating the
colonies that formed upon incubation. BALB/c 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 injection with 1x107 CFU of
S. aureus Newman or 5x10° CFU of S. aureus USA300
(LAC) or USA400 (MW?2) into the periorbital venous sinus
of the right eye. On day 4 or 15 following challenge, mice
were killed by CO, inhalation. Both kidneys were removed,
and the staphylococcal load in one organ was analyzed by
homogenizing renal tissue with PBS, 0.1% Triton X-100.
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Serial dilutions of homogenate were spread on TSA and
incubated for colony formation. The remaining organ was
examined by histopathology. Briefly, kidneys were fixed in
10% formalin for 24 hours at room temperature. Tissues
were embedded in paraffin, thin-sectioned, stained with
hematoxylin-eosin, and inspected by light microscopy to
enumerate abscess lesions. Immune serum samples collected
at 15 days post infection were examined by immunoblotting
against 14 affinity purified staphylococcal antigens immo-
bilized onto nitrocellulose membrane at 2 pug. Signal inten-
sities were quantified as previously described (Kim et al.,
2010b). All mouse experiments were performed in accor-
dance with the institutional guidelines following experimen-
tal protocol review and approval by the Institutional Bio-
safety Committee (IBC) and the Institutional Animal Care
and Use Committee (IACUC) at the University of Chicago.

Staphylococcal Survival in Blood

Whole blood was collected from BALB/c mice by cardiac
puncture and coagulation inhibited with 10 pg-ml~'lepiru-
din. 50 pl of 5x10° CFU-mlI™* of S. aureus Newman were
mixed with 950 pl of mouse blood in the presence of 2
pg'ml~' of mAbs. Samples were incubated at 37° C. with
slow rotation for 30 minutes and then incubated on ice with
1% saponin/PBS. For human blood studies, 50 pl of 5x10°
CFU ml™ of S. aureus MW2 were mixed with 950 ul of
freshly drawn human blood in the presence of 10 ug-ml=" of
mAbs. The tubes were incubated at 37° C. with slow rotation
for 120 minutes. Aliquots were incubated on ice with 1%
saponin/PBS to lyse blood cells. Dilutions of staphylococci
were plated on agar for colony formation. Experiments with
blood from human volunteers were performed with proto-
cols that had been reviewed, approved, and supervised by
the University of Chicago’s Institutional Review Board
(MB).

Spa-Specific Serum IgG

BALB/c mice were injected into the peritoneum with 20
ng affinity purified SpA variants in the presence of 85 ng
mAb 3F6 or its isotype control at day 0 and 11. At day 21,
whole blood was collected from BALB/c mice to obtain
hyperimmun sera.

Measuring the Abundance SpA in Circulation

Passively immunized BALB/c mice were injected into the
peritoneum with 200 pg affinity purified wild-type SpA. At
indicated time intervals, whole blood was collected from
BALB/c mice with 10 ug:ml=" of lepirudin anticoagulant.
All samples were kept on ice with 1% saponin/PBS for 10
minutes. Lysed samples were then diluted in 1:10 PBS and
mixed with SDS-PAGE sample buffer in 1:1. Samples were
boiled for 5 minutes at 90° C. prior to SDS-PAGE gel
electrophoresis. Samples were transferred to PDVF and
analyzed by immunoblotting with affinity-purified rabbit
A-SpA x4 antibody.

Sbi Consumption Assay

Overnight cultures of S. aureus Newman were diluted
1:100 into fresh TSB, grown for 2 hours and A600 adjusted
to 0.4 (1x10® CFU-ml™") with pre-chilled TSB. Cells were
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washed and incubated with either 100 ul of isotype control

or mAb 3F6 at a final concentration of 100 pg-ml~! for an

hour at 4° C. Following incubation, stapylococci were

washed with pre-chilled TSB and incubated with 2 pg of
5 affinity-purified wild-type Sbi for one hour at 4° C. Staphy-
lococci were sedimented by centrifugation at 13,000 xg for
one minute, supernatants were removed and mixed with
sample buffer (1:1). Samples were boiled for 5 minutes at
90° C. prior to SDS-PAGE gel electrophoresis. Samples
were electrotransferred to PDVF membraneand analyzed by
immunoblotting with affinity-purified rabbit a-SpA..,,
antibody.

Sequencing of Monoclonal Antibodies

Total RNA samples from hybridoma cells were isolated
using a standardized protocol. Briefly, 1.4x10” hybridoma
cells cultured in DMEM-10 medium with 10% FBS were
washed with PBS, sedimented by centrifugation and lysed in
TRIzol (Invitrogen). Samples were mixed with 20% chlo-
roform and incubated at room temperature for three minutes
and centrifuged at 10,000 xg for fifteen minutes at 4° C.
RNAs in the aqueous layer were removed and washed with
70% isopropanol. RNA was sedimented by centrifugation
and washed with 75% diethylpyrocarbonate (DEPC)-etha-
nol. Pellets were dried and RNA dissolved in DEPC. cDNA
was synthesized with the cDNA synthesis kit (Novagen) and
PCR amplified using the PCR Reagent System (Stratagene),
independent primers (5 pmol each) and a mouse variable
heavy and light chain specific primer set (Novagen). PCR
products were sequenced and analyzed using IMGT Vquest
(available at imgt.cines.fr/IMGT_vquest).

Statistical Analysis

Bacterial loads and number of abscesses in the experi-
mental animal model for S. aureus infection were analyzed
with the two-tailed Mann-Whitney test to measure statistical
significance. Unpaired two-tailed. Student’s t-tests were
performed to analyze the statistical significance of ELISA
data, immunoblotting signals, and ex vivo blood survival
data. All data were analyzed by Prism (GraphPad Software,

0 Inc.) and P values less than 0.05 were deemed significant.
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TABLE 7

(Variable Light chain CDR percent identity matrix)

45 1: 5A10 100 29 29 29 41 41 41 69 100 41 41 41 35
2: 8E2 29 100 17 56 28 28 28 25 29 28 28 28 28
3: 3A6 29 17 100 22 32 32 32 31 29 32 32 32 32
4: TE2 29 56 22 100 28 28 28 19 29 28 28 28 28
5: 3F6 41 28 32 28 100 100 100 38 41 100 95 100 91
6: 1F10 41 28 32 28 100 100 100 38 41 100 95 100 91
7: 6DI1 41 28 32 28 100 100 100 38 41 100 95 100 91
50 8 3DI1 69 25 31 19 38 38 38 100 69 38 38 38 31

9: 2F2 100 29 29 29 41 41 41 69 100 41 41 41 35
10: 4C1 41 28 32 28 100 100 100 38 41 100 95 100 91
11: 6B2 41 28 32 28 95 95 95 38 41 95 100 95 86
12: 2B8 41 28 32 28 100 100 100 38 41 100 95 100 91
13: 4C5 35 28 32 28 91 91 91 31 35 91 8 91 100

55

TABLE 8

(Variable Heavy chain CDR percent identity matrix)

5A10 1BI10

2C3  8E2 3A6 7E2 3F6 1F10 6DI1 3D11 5A11 2F2 8D4

SA10 100 97
1B10 97 100
2C3 97 100
8E2 42 45
3A6 24 24
7E2 27 31

[ T NV R

97 42 24 27 38 32 32 40 45 38 26
100 45 24 31 41 28 28 40 48 41 30
100 45 24 31 41 28 28 40 48 41 30
45 100 33 38 33 40 40 53 28 25 30
24 33 100 62 19 30 30 33 29 14 24
31 38 62 100 24 32 32 32 31 24 26
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(Variable Heavy chain CDR percent identity matrix)

5A10 1B10 2C3 8E2 3A6 7E2 3F6 1F10 6D11 3D11 5Al11 2F2 8D4
7: 3F6 38 41 41 33 19 24 100 17 17 28 30 24 27
8: 1F10 32 28 28 40 30 32 17 100 100 36 32 25 33
9: 6DI11 32 28 28 40 30 32 17 100 100 36 32 25 33
10: 3D11 40 40 40 53 33 32 28 36 36 100 32 22 35
11: 5A11 45 48 48 28 29 31 30 32 32 32 100 41 30
12: 2F2 38 41 41 25 14 24 24 25 25 22 41 100 9
13: 8D4 26 30 30 30 24 26 27 33 33 35 30 9 100
TABLE 9 TABLE 9-continued
15
(Variable Light and Heavy chain CDR percent identity) (Variable Light and Heavy chain CDR percent identity)
5A10 8E2 3A6 7E2 3F6 1F10 6D11 3D11 2F2 5A10 8E2 3A6 7E2 3F6 1F10 6D11 3D11 2F2
1: 5A10 100 38 26 28 39 33 33 54 61 6: 1F10 33 33 30 29 57 100 100 38 34
2: 8E2 38 100 26 45 31 33 33 46 27 5, 7. 6DIl 33 33 30 29 57 100 100 38 34
3: 3A6 26 26 100 44 26 30 30 32 21 8: 3DI11 54 46 32 29 33 38 38 100 44
4: 7TE2 28 45 44 100 25 29 29 29 26 9: 2F2 61 27 21 26 30 34 34 44 100
5 3F6 39 31 26 25 100 57 57 33 30
TABLE 10
(Variable Light Chain CDR1 percent identity matrix)
5A10 8E2 3A6 7E2 3F6 1F10 6DI11 3DI11 2F2 4Cl 6B2 2B8 4C3
1: 5A10 100 0 40 0 60 60 60 100 100 60 60 60 60
2: 8E2 0 100 17 50 17 17 17 0 0 17 17 17 33
3: 3A6 40 17 100 17 20 20 20 40 40 20 20 20 20
4: TE2 0 50 17 100 17 17 17 0 0 17 17 17 33
5: 3F6 60 17 20 17 100 100 100 60 60 100 90 100 90
6: 1F10 60 17 20 17 100 100 100 60 60 100 90 100 90
7: 6D11 60 17 20 17 100 100 100 60 60 100 90 100 90
8: 3D11 100 0 40 0 60 60 60 100 100 60 60 60 60
9: 2F2 100 0 40 0 60 60 60 100 100 60 60 60 60
10: 4C1 60 17 20 17 100 100 100 60 60 100 90 100 90
11: 6B2 60 17 20 17 90 90 90 60 60 90 100 90 30
12: 2Bg 60 17 20 17 100 100 100 60 60 100 90 100 90
13: 4C5 60 33 20 33 90 90 90 60 60 90 30 90 100
TABLE 11
(Variable Light Chain CDR2 percent identity matrix)
5A10 8E2 3A6 7E2 3F6 1F10 6DI11 3DI11 2F2 4Cl 6B2 2B8 4C3
1: 5A10 100 0 33 0 33 33 33 33 100 33 33 33 33
2: 8E2 0 100 0 67 33 33 33 0 0 33 33 33 33
3: 3A6 33 0 100 0 33 33 33 33 33 33 33 33 33
4: TE2 0 67 0 100 33 33 33 0 0 33 33 33 33
5: 3F6 33 33 33 33 100 100 100 33 33 100 100 100 100
6: 1F10 33 33 33 33 100 100 100 33 33 100 100 100 100
7: 6D11 33 33 33 33 100 100 100 33 33 100 100 100 100
8: 3D11 33 0 33 0 33 33 33 100 33 33 33 33 33
9: 2F2 100 0 33 0 33 33 33 33 100 33 33 33 33
10: 4C1 33 33 33 33 100 100 100 33 33 100 100 100 100
11: 6B2 33 33 33 33 100 100 100 33 33 100 100 100 100
12: 2Bg 33 33 33 33 100 100 100 33 33 100 100 100 100
13: 4C5 33 33 33 33 100 100 100 33 33 100 100 100 100
TABLE 12
(Variable Light Chain CDR3 percent identity matrix)
5A10 8E2 3A6 7E2 3F6 1F10 6DI11 3DI11 2F2 4Cl 6B2 2B8 4C3
1: 5A10 100 25 33 50 44 44 44 38 100 44 44 44 44
2: 8E2 25 100 25 56 25 25 25 25 25 25 25 25 25
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TABLE 12-continued

(Variable Light Chain CDR3 percent identity matrix)

5A10 8E2 3A6 7E2 3F6 1F10 6DI11 3D11 2F2 4Cl 6B2 2B8 4C5
3: 3A6 33 25 100 25 44 44 44 38 33 44 44 94 44
4: 7TE2 50 56 25 100 25 25 25 50 50 25 25 25 25
5: 3F6 44 25 44 25 100 100 100 50 44 100 100 100 89
6: 1F10 44 25 44 25 100 100 100 50 44 100 100 100 89
7: 6DI11 44 25 44 25 100 100 100 50 44 100 100 100 89
8: 3D11 88 25 38 50 50 50 50 100 88 50 50 50 50
9: 2F2 100 25 33 50 44 44 44 88 100 44 44 44 44
10: 4C1 44 25 44 25 100 100 100 50 44 100 100 100 89
11: 6B2 44 25 44 25 100 100 100 50 44 100 100 100 89
12: 2B8 44 25 44 25 100 100 100 50 44 100 100 100 89
13: 4C3 44 25 44 25 89 89 89 50 44 89 89 89 100
TABLE 13
(Variable Heavy Chain CDRI1 percent identity matrix)
5A10 8E2 3A6 7E2 3F6 1F10 6DI11 3D11 2F2 1B10 2C3 5Al11 8D4
1: 5A10 100 38 38 38 38 62 62 38 50 38 38 62 38
2: 8E2 38 100 75 38 38 50 50 62 38 50 50 50 50
3: 3A6 38 75 100 88 25 50 50 62 25 38 38 50 38
4: 7TE2 38 38 88 100 38 50 50 62 38 50 50 62 50
5: 3F6 38 38 25 38 100 25 25 25 38 50 50 50 38
6: 1F10 62 50 50 50 25 100 100 50 25 50 50 38 50
7: 6DI11 62 50 50 50 25 100 100 50 25 50 50 38 50
8: 3D11 38 62 62 62 25 50 50 100 38 38 38 50 38
9: 2F2 50 38 25 38 38 25 25 38 100 62 62 62 25
10: 1B10 38 50 38 50 50 50 50 38 62 100 100 75 50
11: 2C3 38 50 38 50 50 50 50 38 62 100 100 75 50
12: 5A11 62 50 50 62 50 38 38 50 62 75 75 100 38
13: 8D4 38 50 38 50 38 50 50 38 25 50 50 38 100
TABLE 14
(Variable Heavy Chain CDR2 percent identity matrix)
5A10 8E2 3A6 7E2 3F6 1F10 6DI11 3D11 2F2 1B10 2C3 5Al11 8D4
1: 5A10 100 25 12 25 25 25 25 20 62 100 100 75 20
2: 8E2 25 100 0 12 22 50 50 40 12 25 25 25 20
3: 3A6 12 0 100 62 12 25 25 40 12 12 12 12 20
4: 7TE2 25 12 62 100 12 38 38 40 12 25 25 12 20
5: 3F6 25 22 12 12 100 25 25 0 38 25 25 12 0
6: 1F10 25 50 25 38 25 100 100 40 25 25 25 38 40
7: 6DI11 25 50 25 38 25 100 100 40 25 25 25 38 40
8: 3D11 20 40 40 40 0 40 40 100 20 20 20 20 33
9: 2F2 62 12 12 12 38 25 25 20 100 62 62 50 0
10: 1B10 100 25 12 25 25 25 25 20 62 100 100 75 20
11: 2C3 100 25 12 25 25 25 25 20 62 100 100 75 20
12: 5A11 75 25 12 12 12 38 38 20 50 75 75 100 60
13: 8D4 20 20 20 20 0 40 40 33 0 20 20 60 100
TABLE 15
(Variable Heavy Chain CDR3 percent identity matrix)
5A10 8E2 3A6 7E2 3F6 1F10 6DI11 3D11 2F2 1B10 2C3 5Al11 8D4
1: 5A10 100 42 0 12 43 0 0 36 15 100 100 12 0
2: 8E2 42 100 0 10 44 33 33 67 25 42 42 30 0
3: 3A6 0 0 100 0 40 0 0 20 20 0 0 0 50
4: 7TE2 12 10 0 100 20 33 33 20 0 12 1220 0
5: 3F6 43 44 40 20 100 20 20 43 9 43 43 20 29
6: 1F10 0 33 0 33 20 100 100 20 0 0 0o 22 0
7: 6DI11 0 33 0 33 20 100 100 20 0 0 0o 22 0
8: 3D11 36 67 20 20 43 20 20 100 27 36 36 20 29
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TABLE 15-continued

(Variable Heavy Chain CDR3 percent identity matrix)

SA10 8E2 3A6 7E2 3F6 1F10 6D11 3D11 2F2 1B10 2C3 S5A11 8D4

9: 2F2 15 25 20 0 9 0 0 27 100 15 15 14 14
10: 1B10 100 42 0 12 43 0 0 36 15 100 100 12 0
11: 2C3 100 42 0 12 43 0 0 36 15 100 100 12 0
12: 5A11 12 30 0 20 20 22 22 20 14 12 12 100 0
13: 8D4 0 0 50 0 29 0 0 29 14 0 0 0 100
TABLE 16 REFERENCES
List of antibodiels in Which the lind.icated CDR has 40% or greater The following references, to the extent that they provide
sequence identity to the indicated reference antibody. 1 .
exemplary procedural or other details supplementary to
5A10 40% or greater identity with reference to 5A10: those set forth herein, are specifically incorporated herein by
L CDR1  3AS6, 3F6, 1F10, 6D11, 3D11, 2F2, 4C1, 6B2, 2B8, 4C5 reference.
L CDR2 2F2 U.S. Pat. No. 3,817,837
L CDR3  7E2, 3F6, 1F10, 6D11, 3D11, 2F2, 4C1, 6B2, 2B8,4C5  ,,  U.S. Pat. No. 3,850,752
H  CDRLIFI0, 6D11, 2F2, 110, 2C3, 5All U.S. Pat. No. 3,939,350
H CDR3 82, 3F6, 1B10, 2C3 U.S. Pat. No. 3,996,345
3F6 40% or greater identity with reference to 3F6: U.S. Pat. No. 4,196,265
U.S. Pat. No. 4,275,149
[ CDR2 1FI0 DIl 4L B2 2B, 405 o a5 US Pt No.4.277.437
L CDR3  5A10, 3A6, 1F10, 6D11, 3D11, 2F2, 4C1, 6B2, 2B8, 4C5 U.S. Pat. No. 4,338,298
H CDRI1 1B10, 2C3, 5A11 U.S. Pat. No. 4,366,241
H CDR2 — U.S. Pat. No. 4,472,509
H CD;%H 2(1;/10, 8E2, 3A§33D.11, 1Bﬂ110,f2C3 D11 U.S. Pat. No. 4,472,509
o or greater identity with reference to H 30 U.S. Pat. No. 4,554,101
L CDRI 5AL0, 3A6, 3F6, 1F10, 6D11, 2F2, 4C1, 6B2, 2B8, 4C5 U.S. Pat. No. 4,684,611
L CDR2 — U.S. Pat. No. 4,748,018
H o CDRI 852 A6, 750 TFI0 DIL AL U.S. Pat. No. 4,879,236
H  CDR2 &E2, 3A6, 7E2, 1F10, 6DI11 U.S. Pat. No. 4,938,948
H CDR3 8E2, 3F6 35 U.S. Pat. No. 4,938,948

U.S. Pat. No. 4,952,500
U.S. Pat. No. 5,021,236

TABLE 17

(Consensus sequences for the CDRs of antibodies with 40% or
greater identity with respect to 3F6)

Light Chain CDR1 100%  ESVEYSGASL (SEQ ID NO: 156)
90%  ESV[E,D]YSGASL (SEQ ID NO: 160)
60%  [E,-][s, -]V, -][E, -1[¥, -]S[G, s][&, V]S[L, Y]
(SEQ ID NO: 161)
overall [E,S]SV[E,D,S]Y[S,Y]GASL (SEQ ID NO: 162)
consensus

Light Chain CDR2 100% AAS

Light Chain CDR3 100%  QQSRKVPST (SEQ ID NO: 157)
89%  QQOSRKVP[S,N|T (SEQ ID NO: 163)
50%  QQ[s,W][R, S][K, Y][V, P][P, -][S, FIT
(SEQ ID NO: 164)
44%  [Q,s]o[s, W, I][R, S, TIK, Y, S][V, Y]P[SS, P, W|T
(SEQ ID NO: 165)
overall [Q,S]Q[S,W,I]R,S,T]K,S,Y]|[V,Y]P[S,P,W,F,N|T
congensus (SEQ ID NO: 166)

Heavy Chain CDR1 100%  GFTENTNA (SEQ ID NO: 51)
50%  GFTF[N, S][T,N,D][N, Y][&,D,Y] (SEQ ID NO: 167)
overall GFTF[N,S][T,N,D]|[N,Y|[A,D,Y] (SEQ ID NO: 167)
consensus

Heavy Chain CDR2 100%  IRSKSNNYAT (SEQ ID NO: 52)
Heavy Chain CDR3 Overall RH[A,C][R,Y]G[V,G,N,A|T,F,R|E,L,A, Y][HI,G]

consensus [Y,T,F][D, T|[Y,R, C,G][D,V, T][Y, G, FIY[V, A]MDY
(SEQ ID NO: 168)
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SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 175
<210> SEQ ID NO 1
<211> LENGTH: 520
<212> TYPE: PRT
<213> ORGANISM: Staphylococcus aureus
<400> SEQUENCE: 1
Met Leu Thr Leu Gln Ile His Thr Gly Gly Ile Asn Leu Lys Lys Lys
1 5 10 15
Asn Ile Tyr Ser Ile Arg Lys Leu Gly Val Gly Ile Ala Ser Val Thr
20 25 30
Leu Gly Thr Leu Leu Ile Ser Gly Gly Val Thr Pro Ala Ala Asn Ala
35 40 45
Ala Gln His Asp Glu Ala Gln Gln Asn Ala Phe Tyr Gln Val Leu Asn
50 55 60
Met Pro Asn Leu Asn Ala Asp Gln Arg Asn Gly Phe Ile Gln Ser Leu
65 70 75 80
Lys Asp Asp Pro Ser Gln Ser Ala Asn Val Leu Gly Glu Ala Gln Lys
85 90 95
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Leu

Asn

Leu

Pro

145

Ser

Ala

Asn

Leu

Asp

225

Leu

Lys

Glu

Glu

305

Ala

Lys

Lys

Lys

385

Lys

Lys

Asp

Ile

Gln
465

Asn

Gly

Asn

Lys

Asn

130

Ser

Gln

Phe

Gly

Leu

210

Asn

Leu

Lys

Leu

Gln

290

Glu

Ser

Pro

Pro

Pro

370

Pro

Pro

Pro

Thr

Ala
450
Glu

Lys

Thr

Asp

Asp

115

Glu

Gln

Ala

Tyr

Phe

195

Ser

Lys

Pro

Asp

Asn

275

Gln

Gln

Lys

Lys

Gly

355

Gly

Gly

Gly

Gly

Val

435

Ala

Leu

Ala

Thr

Ser

100

Gln

Ala

Ser

Pro

Glu

180

Ile

Glu

Phe

Asn

Asp

260

Asp

Asn

Arg

Glu

Glu

340

Lys

Lys

Lys

Lys

Lys

420

Asn

Asp

Val

Gln

Val
500

Gln

Gln

Gln

Thr

Lys

165

Ile

Gln

Ala

Asn

Leu

245

Pro

Ala

Ala

Asn

Ile

325

Glu

Glu

Glu

Glu

Glu

405

Glu

Asp

Asn

Val

Ala
485

Phe

Ala

Ser

Arg

Asn

150

Ala

Leu

Ser

Lys

Lys

230

Asn

Ser

Gln

Phe

Gly

310

Leu

Asp

Asp

Asp

Asp

390

Asp

Asp

Ile

Lys

Asp

470

Leu

Gly

Pro

Ala

Asn

135

Val

Asp

Asn

Leu

Lys

215

Glu

Glu

Gln

Ala

Tyr

295

Phe

Ala

Asn

Asn

Asn

375

Gly

Asn

Gly

Ala

Leu
455
Lys

Pro

Gly

Lys

Phe

120

Gly

Leu

Asn

Met

Lys

200

Leu

Gln

Glu

Ser

Pro

280

Glu

Ile

Glu

Asn

Asn

360

Asn

Asn

Asn

Asn

Lys

440

Ala

Lys

Glu

Leu

Ala

105

Tyr

Phe

Gly

Asn

Pro

185

Asp

Asn

Gln

Gln

Ala

265

Lys

Ile

Gln

Ala

Lys

345

Lys

Lys

Lys

Lys

Gly

425

Ala

Asp

Gln

Thr

Ser
505

Asp

Glu

Ile

Glu

Phe

170

Asn

Asp

Glu

Asn

Arg

250

Asn

Ala

Leu

Ser

Lys

330

Pro

Pro

Pro

Pro

Pro

410

Val

Asn

Lys

Pro

Gly

490

Leu

Ala

Ile

Gln

Ala

155

Asn

Leu

Pro

Ser

Ala

235

Asn

Leu

Asp

His

Leu

315

Lys

Gly

Gly

Gly

Gly

395

Gly

His

Gly

Asn

Ala
475

Glu

Ala

Gln

Leu

Ser

140

Lys

Lys

Asn

Ser

Gln

220

Phe

Gly

Leu

Asn

Leu

300

Lys

Leu

Lys

Lys

Lys

380

Lys

Lys

Val

Thr

Met
460
Asn

Glu

Leu

Gln

Asn

125

Leu

Lys

Glu

Glu

Gln

205

Ala

Tyr

Phe

Ala

Lys

285

Pro

Asp

Asn

Glu

Glu

365

Glu

Glu

Glu

Val

Thr

445

Ile

His

Asn

Gly

Asn

110

Met

Lys

Leu

Gln

Glu

190

Ser

Pro

Glu

Ile

Glu

270

Phe

Asn

Asp

Asp

Asp

350

Asp

Asp

Asp

Asp

Lys

430

Ala

Lys

Ala

Pro

Ala
510

Asn

Pro

Asp

Asn

Gln

175

Gln

Ala

Lys

Ile

Gln

255

Ala

Asn

Leu

Pro

Ala

335

Gly

Asn

Asn

Asn

Gly

415

Pro

Asp

Pro

Asp

Phe
495

Ala

Phe

Asn

Asp

Glu

160

Asn

Arg

Asn

Ala

Leu

240

Ser

Lys

Lys

Thr

Ser

320

Gln

Asn

Lys

Asn

Lys

400

Asn

Gly

Lys

Gly

Ala
480

Ile

Leu
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Leu Ala Gly Arg Arg Arg Glu Leu
515 520

<210> SEQ ID NO 2

<211> LENGTH: 54

<212> TYPE: PRT

<213> ORGANISM: Staphyloccocus sp.

<400> SEQUENCE: 2

Gln Gln Asn Asn Phe Asn Lys Asp Gln Gln Ser Ala Phe Tyr Glu Ile
1 5 10 15

Leu Asn Met Pro Asn Leu Asn Glu Ala Gln Arg Asn Gly Phe Ile Gln
20 25 30

Ser Leu Lys Asp Asp Pro Ser Gln Ser Thr Asn Val Leu Gly Glu Ala
35 40 45

Lys Lys Leu Asn Glu Ser
50

<210> SEQ ID NO 3

<211> LENGTH: 51

<212> TYPE: PRT

<213> ORGANISM: Staphylococcus sp.

<400> SEQUENCE: 3

Gln His Asp Glu Ala Gln Gln Asn Ala Phe Tyr Gln Val Leu Asn Met
1 5 10 15

Pro Asn Leu Asn Ala Asp Gln Arg Asn Gly Phe Ile Gln Ser Leu Lys
20 25 30

Asp Asp Pro Ser Gln Ser Ala Asn Val Leu Gly Glu Ala Gln Lys Leu
35 40 45

Asn Asp Ser
50

<210> SEQ ID NO 4

<211> LENGTH: 52

<212> TYPE: PRT

<213> ORGANISM: Staphylococcus sp.

<400> SEQUENCE: 4

Asn Asn Phe Asn Lys Glu Gln Gln Asn Ala Phe Tyr Glu Ile Leu Asn
1 5 10 15

Met Pro Asn Leu Asn Glu Glu Gln Arg Asn Gly Phe Ile Gln Ser Leu
20 25 30

Lys Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ser Glu Ala Lys Lys
35 40 45

Leu Asn Glu Ser
50

<210> SEQ ID NO 5

<211> LENGTH: 52

<212> TYPE: PRT

<213> ORGANISM: Staphylococcus sp.

<400> SEQUENCE: 5

Asn Lys Phe Asn Lys Glu Gln Gln Asn Ala Phe Tyr Glu Ile Leu His
1 5 10 15

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

Lys Asp Asp Pro Ser Val Ser Lys Glu Ile Leu Ala Glu Ala Lys Lys
35 40 45
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100

Leu Asn Asp Ala

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

<400>

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

<400>

50

Lys

Pro

Asp

Asn
50

PRT

SEQUENCE :

52

SEQ ID NO 6
LENGTH:
TYPE :
ORGANISM: Staphylococcus sp.

6

Phe Asn Lys Glu Gln Gln Asn

5

Asn Leu Asn Glu Glu Gln Arg

20

25

Asp Pro Ser Gln Ser Ala Asn

35

Asp

Ala

PRT

SEQUENCE :

Ala Gln His Asp

1

Met

Lys

Leu

Asn

65

Leu

Pro

Ser

Ala

Asn

145

Leu

Asp

Leu

Lys
225

Glu

Pro

Ala

Asn

50

Lys

Asn

Ser

Gln

Phe

130

Gly

Leu

Asn

Leu

Lys
210

Leu

Lys

Asn

Ala

35

Asp

Asp

Glu

Gln

Ala

115

Tyr

Phe

Ser

Lys

Pro

195

Ala

Asn

Lys

Leu

20

Pro

Ser

Lys

Ala

Ser

100

Pro

Glu

Ile

Glu

Phe

180

Asn

Ala

Asp

Asn

SEQ ID NO 7
LENGTH:
TYPE :
ORGANISM: Staphylococcus sp.

291

7

Glu

5

Asn

Ser

Gln

Lys

Gln

85

Thr

Lys

Ile

Gln

Ala

165

Asn

Leu

Pro

Ala

Ala
245

Ala

Ala

Gln

Ala

Ser

70

Arg

Asn

Ala

Leu

Ser

150

Lys

Lys

Asn

Ser

Gln
230

Phe

Lys

Asp

Ser

Pro

55

Ala

Asn

Val

Asp

Asn

135

Leu

Lys

Glu

Glu

Gln
215

Ala

Tyr

40

Lys

Gln

Ala

40

Lys

Phe

Gly

Leu

Asn

120

Met

Lys

Leu

Lys

Glu
200
Ser

Pro

Glu

Asn

Arg

Asn

Ala

Tyr

Phe

Gly

105

Asn

Pro

Ala

Asn

Lys

185

Gln

Ala

Lys

Ile

Ala Phe Tyr

10

Asn Gly Phe

Leu Leu Ala

Ala

10

Asn

Val

Asp

Glu

Ile

Glu

Phe

Asn

Ala

Glu

170

Asn

Arg

Asn

Ala

Leu
250

Phe

Gly

Leu

Ala

Ile

75

Gln

Ala

Asn

Leu

Pro

155

Ser

Ala

Asn

Leu

Asp
235

His

Tyr

Phe

Gly

Gln

60

Leu

Ser

Lys

Lys

Asn

140

Ser

Gln

Phe

Gly

Leu
220

Asn

Leu

Glu

Ile

Glu
45

Gln

Ile

Glu

45

Gln

Asn

Leu

Lys

Glu

125

Glu

Gln

Ala

Tyr

Phe

205

Ala

Lys

Pro

Ile
Gln
30

Ala

Val

Gln

30

Ala

Asn

Met

Lys

Leu

110

Lys

Glu

Ser

Pro

Glu

190

Ile

Glu

Phe

Asn

Leu
15

Ser

Lys

Leu

15

Ser

Gln

Asn

Pro

Ala

Asn

Lys

Gln

Ala

Lys

175

Ile

Gln

Ala

Asn

Leu
255

His

Leu

Lys

Asn

Leu

Lys

Phe

Asn

80

Ala

Glu

Asn

Arg

Asn

160

Ala

Leu

Ser

Lys

Lys

240

Thr
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-continued

Glu Glu Gln Arg Asn Gly Phe Ile Gln Ser Leu Lys Ala Ala Pro Ser
260 265 270

Val Ser Lys Glu Ile Leu Ala Glu Ala Lys Lys Leu Asn Asp Ala Gln
275 280 285

Ala Pro Lys
290

<210> SEQ ID NO 8

<211> LENGTH: 57

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 8

aaaaaagcta gctggtcetca tectcaattt gagaagacgce aacaaacttc aactaag 57

<210> SEQ ID NO 9

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 9

aaaaaactcg agtttccaga atgataataa attac 35

<210> SEQ ID NO 10

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 10

Trp Ser His Pro Gln Phe Glu Lys
1 5

<210> SEQ ID NO 11

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 11

Gly Phe Ala Phe Ser Asn Tyr Asp
1 5

<210> SEQ ID NO 12

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 12

Ile Ser Ser Gly Gly Thr Tyr Pro
1 5

<210> SEQ ID NO 13

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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-continued

<223> OTHER INFORMATION: Synthetic peptide
<400> SEQUENCE: 13

Ala Arg Gly Gly Phe Leu Ile Thr Thr Arg Asp Tyr Tyr Ala Met Asp
1 5 10 15

Tyr

<210> SEQ ID NO 14

<211> LENGTH: 124

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 14

Glu Val Lys Leu Val Glu Ser Gly Gly Gly Leu Val Lys Pro Gly Gly
1 5 10 15

Ser Leu Lys Leu Ser Cys Ala Ala Ser Gly Phe Ala Phe Ser Asn Tyr
20 25 30

Asp Met Ser Trp Val Arg Gln Thr Pro Glu Lys Arg Leu Glu Trp Val
35 40 45

Ala Thr Ile Ser Ser Gly Gly Thr Tyr Pro Tyr Tyr Pro Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Leu Tyr Tyr Cys

Ala Arg Gly Gly Phe Leu Ile Thr Thr Arg Asp Tyr Tyr Ala Met Asp
100 105 110

Tyr Trp Gly Gln Gly Thr Ser Val Thr Val Ser Ser
115 120

<210> SEQ ID NO 15

<211> LENGTH: 373

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 15

gaagtgaagce tggtggagtc tgggggaggce ttagtgaage ctggagggtc cctgaaactce 60
tcectgtgcag cctetggatt cgectttcagt aactatgaca tgtettgggt tcegecagact 120
ccggagaaga ggctggagtg ggtcgcaacce attagtagtg gtggtactta cccctactat 180
ccagacagtg tgaagggccg tttcaccatce tccagagaca atgccaagaa caccctgtac 240
ctgcaattga gcagtctgag gtctgaggac acggecttgt attactgtge aagaggggga 300
tttttgatta cgacacggga ttactatgct atggactact ggggtcaagg aacctcagte 360
accgtectect cag 373

<210> SEQ ID NO 16

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 16

Ser Ser Val Ser Tyr
1 5
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-continued

106

<210> SEQ ID NO 17

<211> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 17

Asp Thr Ser
1

<210> SEQ ID NO 18

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 18
Gln Gln Trp Ser Ser Tyr Pro Pro Thr

1 5

<210> SEQ ID NO 19

<211> LENGTH: 106

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 19

Thr Ile Val Leu Thr Gln Ser Pro Ala Ile Met Ser Ala Ser Pro Gly
1 5 10 15

Glu Lys Val Thr Met Thr Cys Ser Ala Ser Ser Ser Val Ser Tyr Met
20 25 30

Tyr Trp Tyr Gln Gln Lys Pro Gly Ser Ser Pro Arg Leu Leu Ile Tyr
35 40 45

Asp Thr Ser Asn Leu Ala Ser Gly Val Pro Val Arg Phe Ser Gly Ser
50 55 60

Gly Ser Gly Thr Ser Tyr Ser Leu Thr Ile Ser Arg Met Glu Ala Glu
65 70 75 80

Asp Ala Ala Thr Tyr Tyr Cys Gln Gln Trp Ser Ser Tyr Pro Pro Thr
85 90 95

Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys
100 105

<210> SEQ ID NO 20

<211> LENGTH: 319

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 20

acaattgttc tcacccagte tccagcaate atgtetgeat ctceccagggga gaaggtcacce
atgacctgca gtgccagete aagtgtaagt tacatgtact ggtaccagca gaagccagga
tcctecccca gactectgat ttatgacaca tccaacctgg cttetggagt ccetgttege
ttcagtggca gtgggtctgg gacctcettac tctctcacaa tcagecgaat ggaggctgaa

gatgctgceca cttattactg ccagcagtgg agtagttacce cacccacgtt cggagggggyg

accaagctgg aaataaaac

60

120

180

240

300

319
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108

<210>
<211>
<212>
<213>
<220>
<223>

PRT

<400> SEQUENCE:

SEQ ID NO 21
LENGTH: 8
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

21

Synthetic peptide

Gly Tyr Thr Phe Thr Glu Tyr Ser

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

PRT

SEQUENCE :

5

SEQ ID NO 22
LENGTH: 8
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

22

Synthetic peptide

Phe Tyr Pro Gly Ser Gly Tyr Ile

1

<210>
<211>
<212>
<213>
<220>
<223>

PRT

<400> SEQUENCE:

1

<210>
<211>
<212>
<213>
<220>
<223>

PRT

<400> SEQUENCE:

Gly

Lys
65

Ala

Gly

14

5

SEQ ID NO 23
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

23

SEQ ID NO 24
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

122

24

Val Gln Leu Gln

Val

Ile

Trp

Asp

Glu

Arg

Gln

Lys

His

35

Phe

Lys

Phe

His

Gly
115

Leu

20

Trp

Tyr

Ala

Ser

Gly
100

Thr

5

Ser

Val

Pro

Thr

Arg

85

Tyr

Ser

<210> SEQ ID NO 25

<211> LENGTH:

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

367

Gln

Cys

Lys

Gly

Leu

70

Leu

Gly

Val

Synthetic peptide

10

Synthetic peptide

Ser

Lys

Gln

Ser

Thr

Thr

Asn

Thr

Gly

Ala

Ser

40

Gly

Ala

Ser

Tyr

Val
120

Ala

Ser

25

Ser

Tyr

Asp

Glu

Val
105

Ser

Gly

10

Gly

Gly

Ile

Lys

Asp

90

Gly

Ser

Leu

Tyr

Gln

Lys

Ser

75

Ser

Tyr

Val

Thr

Gly

Tyr

60

Ser

Ala

Ala

Lys

Phe

Leu

45

Asn

Ser

Val

Met

Arg His Gly Tyr Gly Asn Tyr Val Gly Tyr Ala Met Asp Tyr
5

Pro

Thr

30

Glu

Glu

Thr

Tyr

Asp
110

Gly

15

Glu

Trp

Lys

Val

Phe
95

Tyr

Ala

Tyr

Ile

Phe

Tyr

80

Cys

Trp
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-continued
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic primer
<400> SEQUENCE: 25
aaggtccage tgcagecagte tggagetggg ctggtgaaac ceggggcate agtgaagetg 60
tcctgcaagg cttetggeta caccttcact gaatatagta tacactgggt aaaacagagce 120
tctggacagyg gtettgagtg gattgggtgg ttttaccctg gaagtggtta tataaagtac 180
aatgagaaat tcaaggacaa ggccacattg actgeggaca aatcctccag cacagtctat 240
atggagttta gtagattgac atctgaagac tctgeggtet acttcetgtge aagacacgga 300
tatggtaact acgtggggta tgctatggac tactggggtce aaggaacctce agtcaccgte 360
tcectcag 367

<210> SEQ ID NO 26

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 26

Glu Ile Ile Tyr Ser Tyr
1 5

<210> SEQ ID NO 27

<211> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 27

Phe Ala Lys
1

<210> SEQ ID NO 28

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 28

Gln His His Tyr Gly Thr Pro Tyr Thr
1 5

<210> SEQ ID NO 29

<211> LENGTH: 107

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 29

Asp Ile Gln Met Thr Gln Ser Pro Ala Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Glu Thr Val Thr Ile Thr Cys Arg Ala Ser Glu Ile Ile Tyr Ser Tyr
20 25 30

Leu Ala Trp Tyr Gln Gln Lys Gln Gly Lys Ser Pro Gln Leu Leu Val
35 40 45

Tyr Phe Ala Lys Thr Leu Ala Glu Gly Val Pro Ser Arg Phe Ser Gly
50 55 60
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112

Ser Gly Ser Gly Thr Gln Phe Ser Leu Lys Ile Asn Ser Leu Gln Pro

65 70 75

80

Glu Asp Phe Gly Ile Tyr Tyr Cys Gln His His Tyr Gly Thr Pro Tyr

85 90

Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys
100 105

<210> SEQ ID NO 30

<211> LENGTH: 365

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (186)..(186)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (230)..(230)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (278)..(278)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 30

aaggtccage tgcaacagte tggagetggg ctggtgaaac
tcctgcaagyg cttetggeta caccttcact gaatatagta
tctggacagyg gtettgagtg gattgggtgg ttttaccctg
aatganaaat tcaaggacaa ggccacattg actgcggaca
atggagttta gtagattgac atctgaagac tctgeggnet
tatggtaact acgtggggta tgctatggac tactggggte

teccte

<210> SEQ ID NO 31

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 31

Gly Tyr Asn Phe Thr Asp Tyr Ser
1 5

<210> SEQ ID NO 32

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 32

Ile Asn Thr Glu Thr Ala Glu Ser
1 5

<210> SEQ ID NO 33

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

ceggggeate
tacactgggt
gaagtggtta
aatcctccan
acttctgtge

aaggaacctce

95

agtgaagctyg
aaaacagagc
tataaagtac
cacagtctat
aagacacgga

aatcaccgtce

60

120

180

240

300

360

365
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114

<400> SEQUENCE: 33

Ala His Phe
1

<210> SEQ I
<211> LENGT.
<212> TYPE:

Asp Cys
5

D NO 34
H: 112
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Synthet

<400> SEQUENCE: 34

Gln Ile Gln
1

Thr Val Lys
Ser Met His
35

Gly Trp Ile
50

Lys Gly Arg
65

Leu Gln Ile

Ala His Phe

<210> SEQ I
<211> LENGT.
<212> TYPE:

Leu Val Gln Ser Gly

Ile Ser Cys Lys Ala

20

Trp Val Lys Gln Ala

40

Asn Thr Glu Thr Ala

55

Phe Ala Phe Ser Leu

70

Asn Ser Leu Lys Asp

85

Asp Cys Trp Gly Gln

100

D NO 35
H: 336
DNA

ic peptide

Pro Glu Leu
10

Ser Gly Tyr
25

Pro Gly Lys

Glu Ser Thr

Glu Thr Ser

75

Glu Asp Thr
90

Gly Thr Thr
105

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Synthet

<400> SEQUE:

cagatccagt

tcctgcaagy

ccaggaaagg

gcagatgact

ttgcagatca

tgttggggcc

<210> SEQ I
<211> LENGT.
<212> TYPE:

NCE: 35

tggtgcagtce

cttctggtta

gtttaaagtyg

tcaagggacyg

acagcctcaa

aaggcaccac

D NO 36

H: 11
PRT

tggacctgag

taatttcaca

ggtgggctgg

gtttgectte

agatgaggac

tctecacagte

ic primer

ctgaagaagc
gactattcaa
ataaacactg
tctttggaaa
acggctacat

tcctceca

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Synthet

<400> SEQUE:

NCE: 36

ic peptide

Gln Ser Leu Val His Ser Asn Gly Asn Thr Tyr

1

<210> SEQ I
<211> LENGT.
<212> TYPE:

5

D NO 37
H: 3
PRT

10

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Synthet

ic peptide

Lys Lys Pro Gly Glu
15

Asn Phe Thr Asp Tyr
30

Gly Leu Lys Trp Val
45

Tyr Ala Asp Asp Phe
60

Ala Ser Thr Ala Tyr
80

Ala Thr Phe Phe Cys
95

Leu Thr Val Ser Ser
110

ctggagagac agtcaagatc
tgcactgggt gaagcaggct
agactgctga gtcaacatat
cctetgecag cactgectat

ttttctgtge ccactttgac

60

120

180

240

300

336
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116

<400> SEQUENCE: 37

Lys Val Ser
1

<210> SEQ ID NO 38

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 38

Ser Gln Ile Thr Tyr Val Pro Trp Thr
1 5

<210> SEQ ID NO 39

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 39

Asp Val Val Met Thr Gln Ile Ser Leu Ser Leu Pro Val Thr Leu Gly
1 5 10 15

Asp Gln Ala Ser Ile Ser Cys Arg Ala Ser Gln Ser Leu Val His Ser
20 25 30

Asn Gly Asn Thr Tyr Leu Asn Trp Tyr Leu Gln Lys Pro Gly Gln Ser
35 40 45

Pro Lys Leu Leu Ile His Lys Val Ser Asn Arg Phe Ser Gly Val Pro
50 55 60

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys Ile
65 70 75 80

Ser Arg Val Glu Ala Glu Asp Leu Gly Val Tyr Phe Cys Ser Gln Ile
85 90 95

Thr Tyr Val Pro Trp Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys
100 105 110

<210> SEQ ID NO 40

<211> LENGTH: 337

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 40

gatgttgtga tgacccaaat ttcactctee ctgectgtcea ctettggaga tcaagectec
atctcttgca gagctagtca gagecttgta cacagtaatg gaaacaccta tttaaattgg
tacctgcaga agccaggcca gtctccaaag ctectgatec acaaagtete caaccgattt
tctggggtee cagacaggtt cagtggcagt ggatcaggga cagatttcac actcaagatce
agcagagtgg aggctgagga tctgggagtt tatttctget ctcaaattac atatgttcceg

tggacgttcg gtggaggcac caagctggaa atcaaac

<210> SEQ ID NO 41

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

60

120

180

240

300

337
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118

<400> SEQUENCE: 41

Gly Tyr Thr Phe Thr Asp Tyr Ser
1 5

<210> SEQ ID NO 42

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 42

Ile Asn Thr Ala Thr Gly Glu Pro
1 5

<210> SEQ ID NO 43

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 43

Ala Pro Gln Leu Thr Gly Pro Phe Ala Tyr
1 5 10

<210> SEQ ID NO 44

<211> LENGTH: 117

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 44

Gln Ile Gln Leu Val Gln Ser Gly Pro Glu Leu Lys Lys Pro Gly Glu
1 5 10 15

Thr Val Lys Ile Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asp Tyr
20 25 30

Ser Val His Trp Val Lys Gln Ala Pro Gly Lys Gly Leu Lys Trp Met
Ala Trp Ile Asn Thr Ala Thr Gly Glu Pro Thr Phe Ala Asp Asp Phe
50 55 60

Lys Gly Arg Phe Ala Phe Ser Leu Glu Thr Ser Ala Arg Thr Ala Tyr
65 70 75 80

Leu Gln Ile Asn Asn Leu Lys Asn Glu Asp Thr Ala Thr Tyr Phe Cys
85 90 95

Ala Pro Gln Leu Thr Gly Pro Phe Ala Tyr Trp Gly His Gly Thr Leu
100 105 110

Val Thr Val Ser Ala
115

<210> SEQ ID NO 45

<211> LENGTH: 351

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 45
cagatccagt tggtacagte tggacctgag ttgaagaage ctggagagac agtcaagatce

tcctgcaagg cttetggtta taccttcaca gactattcag tgcactgggt gaagcaggcet

60

120
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120

ccaggaaagg dgtttaaagtg gatggectgg ataaacactg cgactggtga gccaacattt
gcagatgact tcaagggacg gtttgectte tctttggaaa cctctgecag aactgectat
ttgcagatca acaacctcaa aaatgaggac acggctacat atttctgtge tccccagtta

actggeectt ttgcttactg gggecacggg actctggteca ctgtctetge a

<210> SEQ ID NO 46

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 46

Glu Asn Ile His Asn Tyr
1 5

<210> SEQ ID NO 47

<211> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 47

Asn Ala Lys
1

<210> SEQ ID NO 48

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 48

Gln His Ser Trp Ser Ile Pro Tyr Thr
1 5

<210> SEQ ID NO 49

<211> LENGTH: 107

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 49

Asp Ile Gln Met Thr Gln Ser Pro Ala Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Glu Thr Val Thr Ile Thr Cys Arg Ala Ser Glu Asn Ile His Asn Tyr
20 25 30

Leu Ala Trp Tyr Gln Gln Lys Gln Gly Lys Ser Pro Gln Leu Leu Val
35 40 45

Tyr Asn Ala Lys Thr Leu Thr Asp Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Gln Phe Ser Leu Lys Ile Asn Ser Leu Gln Ala
65 70 75 80

Gly Asp Phe Gly Ser Tyr Tyr Cys Gln His Ser Trp Ser Ile Pro Tyr
85 90 95

Thr Phe Gly Gly Gly Thr Arg Leu Gln Ile Arg
100 105

180

240

300

351
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-continued
<210> SEQ ID NO 50
<211> LENGTH: 322
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic primer
<400> SEQUENCE: 50
gacatccaga tgactcagtce tccagectcee ctatctgcat ctgtgggaga aactgtcacce 60
atcacatgtc gagcaagtga gaatattcac aattatttag catggtatca gcagaaacag 120
ggaaaatctce ctcagctcct ggtctataat gcaaaaacct taacagatgg tgtgccatca 180
aggttcagtg gcagtggatc aggaacacaa ttttctcteca aaatcaacag cctgcaggcet 240
ggagattttyg ggagttatta ctgtcaacat tcttggagta taccgtacac gtttggaggg 300
gggaccaggc tacaaataag ac 322

<210> SEQ ID NO 51
<211> LENGTH: 8

<212> TYPE:

PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 51

Gly Phe Thr Phe Asn Thr Asn Ala

1

5

<210> SEQ ID NO 52
<211> LENGTH: 10

<212> TYPE:

PRT

Synthetic peptide

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 52

Synthetic peptide

Ile Arg Ser Lys Ser Asn Asn Tyr Ala Thr

1

5

<210> SEQ ID NO 53
<211> LENGTH: 14

<212> TYPE:

PRT

10

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 53

Synthetic peptide

Val Thr Glu His Tyr Asp Tyr Asp Tyr Tyr Val Met Asp Tyr

1

5

<210> SEQ ID NO 54
<211> LENGTH: 123

<212> TYPE:

PRT

10

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (120)
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 54

.. (120)

Synthetic peptide

Glu Val Gln Leu Val Glu Thr Gly Gly Gly Leu Val Gln Pro Lys Gly

1

5

10

15

Ser Leu Lys Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Asn Thr Asn
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20

Ala Met Asn Trp Val Arg Gln Ala

35

Ala Arg Ile

50

Ser Val Lys

65

40

Arg Ser Lys Ser Asn

55

Asp Arg Phe Ser Ile

70

Leu Ser Leu Gln Met Asn Asn Leu

Tyr Cys Val

85

Thr Glu His Tyr Asp

100

Trp Gly Gln Gly Thr Ser Val Xaa

115

<210> SEQ ID NO 55
<211> LENGTH: 370

<212> TYPE

: DNA

120

25

Pro Gly Lys

Asn Tyr Ala

Ser Arg Asp
75

Lys Thr Glu
90

Tyr Asp Tyr
105

Ser Pro Gln

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthet
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(359) .

. (360)

<223> OTHER INFORMATION: n is a,

<400> SEQUENCE: 55

gaggtgcage
tcatgtgcag
ccaggaaagg
tattatgeceg
ctectetetge
gaacactatg

tctecteage

ttgttgagac

cctetggatt

gtttggaatg

attcagtgaa

aaatgaacaa

attacgatta

<210> SEQ ID NO 56
<211> LENGTH: 10

<212> TYPE:

PRT

tggtggagga
caccttcaat
ggttgctege
agacaggttc
cttgaaaact

ctatgttatg

ic primer

ttggtgcage
accaatgcca
ataagaagta
tccatcteca
gaggacacag

gactactggyg

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthet

<400> SEQUENCE: 56

ic peptide

Glu Ser Val Glu Tyr Ser Gly Ala Ser Leu

1

5

<210> SEQ ID NO 57
<211> LENGTH: 3

<212> TYPE:

PRT

10

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthet

<400> SEQUENCE: 57

Ala Ala Ser

1

<210> SEQ ID NO 58
<211> LENGTH: 9

<212> TYPE:

PRT

ic peptide

<213> ORGANISM: Artificial Sequence

30

Gly Leu Glu
45

Thr Tyr Tyr
60

Asp Ser Gln

Asp Thr Ala

Tyr Val Met
110

ctaaagggtce
tgaactgggt
aaagtaataa
gggatgatte
ccatctatta

gtcaaggaac

Trp Val

Ala Asp

Asn Met

80

Ile Tyr

Asp Tyr

attgaaactc
cegecagget
ttatgcaaca
acaaaacatg
ctgtgtgaca

ctcagtcann

60

120

180

240

300

360

370



125

US 9,556,281 B2

-continued

126

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 58

Gln Gln Ser Arg Lys Val Pro Ser Thr

1

5

<210> SEQ ID NO 59
<211> LENGTH: 110

<212> TYPE:

PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 59

Ile Val Leu
1

Arg Ala Thr
Ala Ser Leu
35

Leu Leu Ile
50

Phe Ser Gly
65

Val Glu Glu

Val Pro Ser

<210> SEQ I
<211> LENGT.
<212> TYPE:

Thr Gln Ser Pro Ala

Ile Ser Cys Arg Ala

20

Met Gln Trp Tyr Gln

40

Tyr Ala Ala Ser Asn

55

Ser Gly Ser Gly Thr

70

Asp Asp Ile Ala Met

Thr Phe Gly Gly Gly

100

D NO 60
H: 331
DNA

Ser

Ser

25

His

Val

Asp

Tyr

Thr
105

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 60

attgtgctca

tcctgecagag

cacaaaccag

gtcectgeca

gtggaggagg
tteggagggy
<210> SEQ I

<211> LENGT.
<212> TYPE:

cccaatctcec

ccagtgaaag

gacagccace

ggtttagtgg

atgatattge

ggaccaagct

D NO 61

H: 8
PRT

agcttetttyg

tgttgaatat

caaactcctce

cagtgggtct

aatgtatttc

ggaaataaaa

Leu

10

Glu

Lys

Glu

Phe

Phe

90

Lys

Synthetic peptide

Synthetic peptide

Ala

Ser

Pro

Ser

Ser

75

Cys

Leu

Synthetic primer

getgtgtete

tctggegcaa

atctatgetg

gggacagact

tgtcagcaaa

C

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 61

Gly Asn Ala Phe Thr Asn Tyr Leu

1

<210> SEQ I
<211> LENGT.
<212> TYPE:

5

D NO 62
H: 8
PRT

<213> ORGANISM: Artificial Sequence

Synthetic peptide

Val Ser Leu Gly Gln
15

Val Glu Tyr Ser Gly
30

Gly Gln Pro Pro Lys
45

Gly Val Pro Ala Arg
60

Leu Asn Ile His Pro
80

Gln Gln Ser Arg Lys
95

Glu Ile Lys
110

ttgggcagag agccaccatce
gtttaatgca gtggtaccaa
catccaacgt agaatctggg
tcagcctcaa catccatect

gtaggaaggt tccttccacg

60

120

180

240

300

331



US 9,556,281 B2
127

-continued

128

<220> FEATURE:
<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 62
Ile Asn Pro Gly Ser Gly Ile Thr

1 5

<210> SEQ ID NO 63

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 63
Ser Gly Ser Ala Asn Trp Phe Ala Tyr

1 5

<210> SEQ ID NO 64

<211> LENGTH: 116

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide
<400> SEQUENCE: 64

Lys Glu Leu Ile Ser Ser Lys Ser Glu Glu Glu Lys Trp Pro Gly Thr
1 5 10 15

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Asn Ala Phe Thr Asn Tyr
Leu Ile Glu Trp Ile Lys Gln Arg Pro Gly Gln Gly Leu Glu Trp Ile
35 40 45

Gly Val Ile Asn Pro Gly Ser Gly Ile Thr Asn Tyr Asn Glu Lys Phe
50 55 60

Lys Gly Lys Ala Thr Leu Thr Ala Asp Lys Ser Ser Asn Thr Ala Tyr
65 70 75 80

Met Gln Leu Ser Ser Leu Ser Ser Asp Asp Ser Ala Val Tyr Phe Cys

Ser Gly Ser Ala Asn Trp Phe Ala Tyr Trp Gly Gln Gly Thr Leu Val
100 105 110
Thr Val Ser Ala
115

<210> SEQ ID NO 65

<211> LENGTH: 348

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 65

aaggaactca tcagttccaa atctgaagaa gagaaatgge ctgggactte agtgaaggtg
tcctgcaagg cttetggaaa cgecttcact aattatttaa tagagtggat aaaacagagg
cctggacagg gecttgagtg gattggagtg attaatectg gaagtggaat tactaactac
aatgagaagt tcaagggcaa ggcaacactg actgcagaca aatcctccaa cactgectac

atgcagctca gcagectgte atctgatgac tctgeggtet atttetgtte aggatceggece

aactggtttyg cttactgggg ccaggggact ctggtcaccg tctetgca

<210> SEQ ID NO 66

60

120

180

240

300

348
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130

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 66

Glu Ser Val Glu Tyr Ser Gly Ala Ser Leu
1 5 10

<210> SEQ ID NO 67

<211> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 67

Ala Ala Ser
1

<210> SEQ ID NO 68

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 68

Gln Gln Ser Arg Lys Val Pro Ser Thr
1 5

<210> SEQ ID NO 69

<211> LENGTH: 111

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 69

Asp Ile Val Leu Thr Gln Ser Pro Ala Ser Leu Ala Val Ser Leu Gly
1 5 10 15

Gln Arg Ala Thr Ile Ser Cys Arg Ala Ser Glu Ser Val Glu Tyr Ser
20 25 30

Gly Ala Ser Leu Met Gln Trp Tyr Gln His Lys Pro Gly Gln Pro Pro
35 40 45

Lys Leu Leu Ile Tyr Ala Ala Ser Asn Val Glu Ser Gly Val Pro Ala
50 55 60

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Ser Leu Asn Ile His

Pro Val Glu Glu Asp Asp Ile Ala Met Tyr Phe Cys Gln Gln Ser Arg
85 90 95

Lys Val Pro Ser Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys
100 105 110

<210> SEQ ID NO 70

<211> LENGTH: 334

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 70

gacattgtgce tcacccaatc tccagettet ttggetgtgt ctettgggeca gagagecacc

60



131

US 9,556,281 B2

-continued

132

atctecetgea

caacacaaac

ggggtCCCtg

cectgtggagg

gagccagtga
caggacagcc
ccaggtttag

aggatgatat

aagtgttgaa

acccaaactce

tggcagtggg

tgcaatgtat

tattctggeg

ctcatctatg

tctgggacag

ttctgtcage

caagtttaat gcagtggtac

ctgcatccaa cgtagaatct

acttcagect caacatccat

aaagtaggaa ggttccttee

acgttceggag gggggaccaa gctggaaata aaac

<210> SEQ ID NO 71

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 71

Gly Asn Ala Phe Thr Asn Tyr Leu
1 5

<210> SEQ ID NO 72

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 72

Ile Asn Pro Gly Ser Gly Ile Thr
1 5

<210> SEQ ID NO 73

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 73

Ser Gly Ser Ala Asn Trp Phe Ala Tyr
1 5

<210> SEQ ID NO 74

<211> LENGTH: 116

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 74

Gln Val Gln Leu Gln Gln Ser Gly Ala Glu Leu
1 5 10

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Asn
20 25

Leu Ile Glu Trp Ile Lys Gln Arg Pro Gly Gln
35 40

Gly Val Ile Asn Pro Gly Ser Gly Ile Thr Asn
50 55

Lys Gly Lys Ala Thr Leu Thr Ala Asp Lys Ser
65 70 75

Met Gln Leu Ser Ser Leu Ser Ser Asp Asp Ser
85 90

Ser Gly Ser Ala Asn Trp Phe Ala Tyr Trp Gly

Val

Ala

Gly

Tyr

60

Ser

Ala

Gln

Arg

Phe

Leu

45

Asn

Asn

Val

Gly

Pro

Thr

30

Glu

Glu

Thr

Tyr

Thr

Gly

15

Asn

Trp

Lys

Ala

Phe

95

Leu

Thr

Tyr

Ile

Phe

Tyr

80

Cys

Val

120

180

240

300

334
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100 105 110
Thr Val Ser Ala
115
<210> SEQ ID NO 75
<211> LENGTH: 348
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic primer
<400> SEQUENCE: 75
caggtccage tgcagcagtc tggagctgaa ctggtaagge ctgggacttce agtgaaggtg 60
tcctgcaagg cttetggaaa cgccttcact aattatttaa tagagtggat aaaacagagg 120
cctggacagg gecttgagtyg gattggagtg attaatcctyg gaagtggaat tactaactac 180
aatgagaagt tcaagggcaa ggcaacactg actgcagaca aatcctccaa cactgectac 240
atgcagctca gcagectgte atctgatgac tcetgeggtet atttetgtte aggatcggece 300
aactggtttg cttactgggg ccaagggact ctggtcactg tctcectgca 348

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 76
H: 10
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

<400> SEQUE:

RE:

NCE: 76

Synthetic peptide

Glu Ser Val Glu Tyr Ser Gly Ala Ser Leu

1

<210> SEQ I
<211> LENGT.
<212> TYPE:

5

D NO 77
H: 3
PRT

10

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

<400> SEQUE:

Ala Ala Ser
1

<210> SEQ I
<211> LENGT.
<212> TYPE:

RE:

NCE: 77

D NO 78
H: 9
PRT

Synthetic peptide

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

<400> SEQUE:

RE:

NCE: 78

Synthetic peptide

Gln Gln Ser Arg Lys Val Pro Ser Thr

1

<210> SEQ I
<211> LENGT.
<212> TYPE:

5
D NO 79
H: 111

PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUE:

NCE: 79

Synthetic peptide

Asp Ile Val Leu Thr Gln Ser Pro Ala Ser Leu Ala Val Ser Leu Gly

1

5

10

15
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Gln Arg Ala
Gly Ala Ser
35

Lys Leu Leu
50

Arg Phe Ser
65

Pro Val Glu

Lys Val Pro

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ser Ile Ser Cys Arg

20

Leu Met Gln Trp Tyr

40

Ile Tyr Ala Ala Ser

55

Gly Ser Gly Ser Gly

70

Glu Asp Asp Ile Ala

Ser Thr Phe Gly Gly

100

D NO 80
H: 334
DNA

Ala Ser Glu

Gln His Lys

Asn Val Glu

Thr Asp Phe

75

Met Tyr Phe
90

Gly Thr Lys
105

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Synthet

<400> SEQUENCE: 80

gacattgtge
atctecetgea
caacacaaac
ggggtcecty
cectgtggagg
acgttecggag
<210> SEQ I

<211> LENGT.
<212> TYPE:

tcacccaatce

gagccagtga

caggacagcc

tcaggtttag

aggatgatat

gggggaccaa

D NO 81
H: 8
PRT

tccagettet

aagtgttgaa

acccaaactce

tggcagtggg

tgcaatgtat

getggaaata

ic primer

ttggetgtgt
tattcaggeg
ctcatctatg
tctgggacag
ttctgtcage

aaac

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Synthet

<400> SEQUENCE: 81

Gly Tyr Ser Phe Thr Ser Tyr Tyr

1

5

<210> SEQ ID NO 82
<211> LENGTH: 8

<212> TYPE:

PRT

ic peptide

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthet

<400> SEQUENCE: 82

Ile Asp Pro Phe Asn Gly Gly Thr

1

5

<210> SEQ ID NO 83
<211> LENGTH: 14

<212> TYPE:

PRT

ic peptide

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthet

<400> SEQUENCE: 83

ic peptide

Ser Val Glu
30

Pro Gly Gln
45

Ser Gly Val
60

Ser Leu Asn

Cys Gln Gln

Leu Glu Ile
110

ctcttgggea
caagtttaat
ctgcatccaa
acttcagect

aaagtaggaa

Ala Arg Tyr Gly Tyr Asp Gly Thr Phe Tyr Ala Met Asp Tyr

1

5

10

Tyr Ser

Pro Pro

Pro Val

Ile His

80

Ser Arg
95

Lys

gagagccage
gcagtggtac
cgtagaatct
caacatccat

ggttcectet

60

120

180

240

300

334
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<210> SEQ ID NO 84

<211> LENGTH: 116

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 84

Gln

1

Cys

Lys

Phe

Leu

65

Leu

Asp

Thr

Ser Gly Pro Glu Leu Met Lys Pro Gly Ala Ser Val Lys Ile Ser
Lys Ala Ser Gly Tyr Ser Phe Thr Ser Tyr Tyr Met His Trp Val
20 25 30

Gln Ser His Gly Lys Ser Leu Glu Trp Ile Gly Tyr Ile Asp Pro
35 40 45

Asn Gly Gly Thr Ser Tyr Asn Gln Lys Phe Lys Gly Lys Ala Thr
50 55 60

Thr Val Asp Lys Ser Ser Ser Thr Ala Tyr Met His Leu Ser Ser
70 75 80

Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys Ala Arg Tyr Gly Tyr
85 90 95

Gly Thr Phe Tyr Ala Met Asp Tyr Trp Gly Gln Gly Thr Ser Val
100 105 110

Val Ser Ser
115

<210> SEQ ID NO 85

<211> LENGTH: 255

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 85

cagtctggac ctgagetgat gaagectggg gettcagtga agatatcetg caaggettet

ggttactcat tcactagcta ctacatgcac tgggtgaage agagccatgg aaagagectt

gagtggattg gatatattga tcctttcaat ggtggtacta gctacaacca gaaattcaag

ggcaaggcca cattgactgt agacaaatct tccagcacag cctacatgca tctcageage

ctgacatctyg aggac

<210> SEQ ID NO 86

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 86

Ser
1

Ser Val Ser Tyr
5

<210> SEQ ID NO 87

<211> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 87

Glu
1

Ile Ser

60

120

180

240

255
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 88

LENGTH: 8

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic peptide

SEQUENCE: 88

Gln Gln Trp Ser Tyr Pro Phe Thr

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

5

SEQ ID NO 89

LENGTH: 105

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic peptide

SEQUENCE: 89

Arg Ile Val Leu Thr Gln Ser Pro Ala Ile Thr Ala Ala Ser Leu Gly

1

5 10 15

Gln Lys Val Thr Ile Thr Cys Ser Ala Ser Ser Ser Val Ser Tyr Met

20 25 30

His Trp Tyr Gln Gln Lys Ser Gly Thr Ser Pro Lys Pro Trp Ile Tyr

35 40 45

Glu Ile Ser Lys Leu Ala Ser Gly Val Pro Ala Arg Phe Ser Gly Ser

50

55 60

Gly Ser Gly Thr Ser Tyr Ser Leu Thr Ile Ser Ser Met Glu Ala Glu

70 75 80

Asp Ala Ala Ile Tyr Tyr Cys Gln Gln Trp Ser Tyr Pro Phe Thr Phe

85 90 95

Gly Ser Gly Thr Lys Leu Glu Ile Lys

<210>
<211>
<212>
<213>
<220>
<223>

<400>

100 105

SEQ ID NO 90

LENGTH: 316

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic primer

SEQUENCE: 90

agaattgtge tcactcagte tccagecate acagetgeat ctetggggca aaaggtcace

atcacctgca gtgccagete aagtgtaagt tacatgecact ggtaccaaca gaagtcaggce

acctccccca aaccatggat ttatgaaata tccaaactgg cttetggagt cccagetege

ttcagtggca gtgggtctgg gacctcettac tctctcacaa tcagcageat ggaggctgaa

gatgctgcca tttattactg ccagcagtgg agttatccat tcacgttegg cteggggaca

aagttggaaa taaaac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 91

LENGTH: 8

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic peptide

SEQUENCE: 91

Gly Phe Thr Phe Ser Asp Tyr Tyr

1

5

60

120

180

240

300

316
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<210> SEQ ID NO 92
<211> LENGTH: 8
<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 92

1

<210> SEQ ID NO 93
<211> LENGTH: 15
<212> TYPE: PRT

Ile Ser Asp Gly Gly Thr Tyr Thr
5

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 93

1

<210> SEQ ID NO 94
<211> LENGTH: 122
<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 94

Glu Val Gln Leu Val Glu Ser Gly

1 5

Ser Leu Lys Leu Ser Cys Ala Ala

20

Tyr Met Tyr Trp Val Arg Gln Thr

35

40

Ala Thr Ile Ser Asp Gly Gly Thr

50

Lys Gly Arg Phe Thr Ile Ser Arg

65 70

Leu Gln Met Ser Ser Leu Lys Ser

85

Ala Arg Asp Arg Asp Asp Tyr Asp

100

Gly Gln Gly Thr Thr Leu Thr Val

115

<210> SEQ ID NO 95
<211> LENGTH: 367
<212> TYPE: DNA

120

Gly

Ser

25

Pro

Tyr

Asp

Glu

Glu

105

Ser

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 95

gaagtgcagce tggtggagte

tcctgtgecag cctetggatt

ccggaaaaga ggctggagtg

ccagacagtg tgaaggggcg

tgggggaggce

cactttcagt

ggtegcaace

attcaccatc

10

Gly

10

Gly

Glu

Thr

Asn

Asp

90

Gly

Ser

Synthetic peptide

Synthetic peptide

Synthetic peptide

Leu

Phe

Lys

Tyr

Ala

75

Thr

Pro

Synthetic primer

ttagtgaagc

gactattaca

attagtgatg

tccagagaca

Ala Arg Asp Arg Asp Asp Tyr Asp Glu Gly Pro Tyr Phe Asp Tyr
5

Val Lys Pro

Thr Phe Ser
30

Arg Leu Glu
45

Tyr Pro Asp
60

Lys Asn Asn

Ala Met Tyr

Tyr Phe Asp
110

ctggagggtc

tgtattgggt
gtggtactta

atgccaagaa

15

Gly Gly
15

Asp Tyr

Trp Val

Ser Val

Leu Tyr
80

Tyr Cys
95

Tyr Trp

cctgaaactce
tcgecagaca
cacctactat

caacctgtac

60

120

180

240
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ctgcaaatga gcagtctgaa gtctgaggac acagecatgt attactgtge aagagatcgg
gatgattacg acgaggggcc ctactttgac tactggggee aaggcaccac tctcacagte

tccteag

<210> SEQ ID NO 96

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 96

Arg Phe Thr Phe Ser Ser Tyr Val
1 5

<210> SEQ ID NO 97

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 97

Ile Gly Ser Gly Gly Thr Thr Tyr
1 5

<210> SEQ ID NO 98

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 98

Arg Gly Arg Gly Tyr Gly Phe Ala Trp Tyr Phe Asp Val
1 5 10

<210> SEQ ID NO 99

<211> LENGTH: 119

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 99

Val Lys Leu Val Glu Ser Gly Gly Asp Leu Val Lys Pro Gly Gly Ser
1 5 10 15

Leu Lys Leu Ser Cys Ala Ala Ser Arg Phe Thr Phe Ser Ser Tyr Val
20 25 30

Met Ser Trp Val Arg Gln Thr Pro Glu Lys Arg Leu Glu Trp Val Ala
35 40 45

Ser Ile Gly Ser Gly Gly Thr Thr Tyr Tyr Pro Asp Thr Val Lys Gly
50 55 60

Arg Phe Thr Ile Ser Arg Asp Asn Ala Arg Asn Ile Leu Tyr Leu Gln
65 70 75 80

Met Ser Ser Leu Arg Ser Asp Asp Thr Ala Met Tyr Tyr Cys Thr Arg
85 90 95

Gly Arg Gly Tyr Gly Phe Ala Trp Tyr Phe Asp Val Trp Gly Ala Gly
100 105 110

Thr Thr Val Thr Val Ser Ser
115

300

360

367
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<210> SEQ ID NO 100
<211> LENGTH: 359
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic primer
<400> SEQUENCE: 100
agtgaagctyg gtggagtectg ggggagactt agtgaagect ggagggtece tgaaactcete 60
ctgtgcagece tctegattcea ctttecagtag ctatgtecatg tettgggtte gecagactece 120
agagaagagg ctggagtggg tcgcatccat tggtagtggt ggtaccacct actatccaga 180
caccgtgaag ggccgattca ccatctecag agataatgec agaaacatce tgtacctgca 240
aatgagcagt ctgaggtctg atgacacgge catgtattac tgtacaagag gccgaggtta 300
tggtttegee tggtactteg atgtetgggg cgcagggace acggtcacceg tctectcag 359

<210> SEQ ID NO 101

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 101

Ser Ser Val Ser Tyr
1 5

<210> SEQ ID NO 102

<211> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 102

Asp Thr Ser
1

<210> SEQ ID NO 103

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 103

Gln Gln Trp Ser Ser Tyr Pro Pro Thr
1 5

<210> SEQ ID NO 104

<211> LENGTH: 106

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 104

Thr Ile Val Leu Thr Gln Ser Pro Ala Ile Met Ser Ala Ser Pro Gly
1 5 10 15

Glu Lys Val Thr Met Thr Cys Ser Ala Ser Ser Ser Val Ser Tyr Met
20 25 30

Tyr Trp Tyr Gln Gln Lys Pro Gly Ser Ser Pro Arg Leu Leu Ile Tyr
35 40 45
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Asp Thr Ser Asn Leu Ala Ser Gly Val Pro Val Arg Phe Ser Gly Ser

50 55

60

Gly Ser Gly Thr Ser Tyr Ser Leu Thr Ile Ser Arg Met Glu Ala Glu

65 70 75

Asp Ala Ala Thr Tyr Tyr Cys Gln Gln Trp Ser
85 90

Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys
100 105

<210> SEQ ID NO 105

<211> LENGTH: 319

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 105

acaattgtte tcacccagte tccagcaate atgtetgeat
atgacctgca gtgccagete aagtgtaagt tacatgtact
tcctecccca gactectgat ttatgacaca tccaacctgg
ttcagtggca gtgggtctgg gacctcettac tctctcacaa
gatgctgeca cttattactg ccagcagtgg agtagttacc

accaagctgg aaataaaac

<210> SEQ ID NO 106

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 106

Glu Ser Val Glu Tyr Ser Gly Ala Ser Leu
1 5 10

<210> SEQ ID NO 107

<211> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 107

Ala Ala Ser
1

<210> SEQ ID NO 108

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 108

Gln Gln Ser Arg Lys Val Pro Ser Thr
1 5

<210> SEQ ID NO 109

<211> LENGTH: 109

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

80

Ser Tyr Pro Pro Thr

ctccagggga

ggtaccagca

cttetggagt

tcagccgaat

cacccacgtt

95

gaaggtcacc

gaagccagga

cecctgttege

ggaggctgaa

¢ggagggggy

60

120

180

240

300

319
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<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 109

Val Leu Thr
1

Ala Thr Ile
Ser Leu Met
35

Leu Ile Tyr
50

Ser Gly Ser
65

Glu Glu Asp

Pro Ser Thr

<210> SEQ I
<211> LENGT.
<212> TYPE:

Gln Ser Pro Ala Ser

5

Ser Cys Arg Ala Ser

20

Gln Trp Tyr Gln His

Ala Ala Ser Asn Val

55

Gly Ser Gly Thr Asp

70

Asp Ile Ala Met Tyr

85

Phe Gly Gly Gly Thr

100

D NO 110
H: 329
DNA

Leu

Glu

25

Lys

Glu

Phe

Phe

Lys
105

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

<400> SEQUE:

tgtgctcace

ctgcagagec

caaaccagga

cectgecagy

ggaggaggat

¢ggagyggggy
<210> SEQ I

<211> LENGT.
<212> TYPE:

RE:

NCE: 110

caatctccag

agtgaaagtg

cagccaccca

tttagtggca

gatattgcaa

accaagctygg

D NO 111

H: 8
PRT

cttetttgge

ttgaatattc

aactcctcat

gtgggtctgg

tgtatttctyg

aaataaaac

Ala

10

Ser

Pro

Ser

Ser

Cys

90

Leu

Synthetic peptide

Val

Val

Gly

Gly

Leu

75

Gln

Glu

Synthetic primer

tgtgtctett

tggcgcaagt

ctatgcetgea

gacagacttce

tcagcaaagt

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUE:

NCE: 111

Gly Ser Thr Phe Thr Asn His His

1

<210> SEQ I
<211> LENGT.
<212> TYPE:

5

D NO 112
H: 8
PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUE:

NCE: 112

Leu Asn Pro Tyr Asn Asp Tyr Thr

1

<210> SEQ I
<211> LENGT.
<212> TYPE:

5

D NO 113
H: 7
PRT

<213> ORGANISM: Artificial Sequence

Synthetic peptide

Synthetic peptide

Ser Leu Gly
Glu Tyr Ser
30

Gln Pro Pro
45

Val Pro Ala
60

Asn Ile His

Gln Ser Arg

Ile Lys

gggcagagag
ttaatgcagt
tccaacgtag

agcctcaaca

aggaaggttce

Gln Arg
15

Gly Ala

Lys Leu

Arg Phe

Pro Val

80

Lys Val
95

ccaccatcte
ggtaccaaca
aatctggggt
tccatectgt

ctteccacgtt

60

120

180

240

300

329
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<220> FEATURE:
<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 113

Ala Thr Ile Thr Phe Asp Ser
1 5

<210> SEQ ID NO 114

<211> LENGTH: 106

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (105)..(105)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 114

Gln Val Gln Leu Gln Gln Ser Gly Ala Glu Leu Val Arg Pro Gly Ala
1 5 10 15

Ser Val Lys Ile Ser Cys Lys Ala Phe Gly Ser Thr Phe Thr Asn His
20 25 30

His Ile Asn Trp Val Lys Gln Arg Pro Gly Gln Gly Leu Asp Trp Ile
35 40 45

Gly Tyr Leu Asn Pro Tyr Asn Asp Tyr Thr Asn Tyr Asn Gln Lys Phe
50 55 60

Lys Gly Lys Ala Thr Leu Thr Ile Asp Lys Ser Ser Ser Thr Ala Tyr
65 70 75 80

Leu Glu Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys
85 90 95

Ala Thr Ile Thr Phe Asp Ser Gln Xaa Gln
100 105

<210> SEQ ID NO 115

<211> LENGTH: 320

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (314)..(315)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 115

caggtccage tgcagcagtc tggggctgag ctggtgagge ctggggecte agtgaagatt 60
tcctgcaagg cttttggete caccttcaca aaccatcata taaattgggt gaagcagagg 120
cctggacagg gectggactg gattggatat cttaatcctt ataatgatta tactaactac 180
aaccagaagt tcaagggcaa ggccacattg actatagaca aatcctccag cacagectat 240
ctggagcetta gcagectgac atctgaggac tctgcagtgt attactgtge aaccataact 300
tttgacagcce aggnncaagg 320

<210> SEQ ID NO 116

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 116
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Gly Phe Thr Phe Ser Asn Tyr Asp
1 5

<210> SEQ ID NO 117

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 117

Ile Ser Ser Gly Gly Thr Tyr Pro
1 5

<210> SEQ ID NO 118

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 118

Ala Arg Gly Gly Phe Leu Ile Thr Thr Arg Asp Tyr Tyr Ala Met Asp
1 5 10 15

Tyr

<210> SEQ ID NO 119

<211> LENGTH: 124

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 119

Glu Val Lys Leu Val Glu Ser Gly Gly Gly Leu Val Lys Pro Gly Gly
1 5 10 15

Ser Leu Lys Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Asn Tyr
20 25 30

Asp Met Ser Trp Val Arg Gln Thr Pro Glu Lys Arg Leu Glu Arg Val
35 40 45

Ala Thr Ile Ser Ser Gly Gly Thr Tyr Pro Tyr Tyr Pro Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Glu Asn Thr Leu Tyr
65 70 75 80

Leu Gln Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Leu Tyr Tyr Cys
85 90 95

Ala Arg Gly Gly Phe Leu Ile Thr Thr Arg Asp Tyr Tyr Ala Met Asp
100 105 110

Tyr Trp Gly Gln Gly Thr Ser Val Thr Val Ser Ser
115 120

<210> SEQ ID NO 120

<211> LENGTH: 372

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 120

gaagtgaaac tggtggagtc tgggggaggce ttagtgaage ctggagggtce cctgaaactc

tcctgtgeag cctetggatt cactttcagt aactatgaca tgtettgggt tcegecagact

60

120
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ccggagaaga ggctggagceg ggtcgcaacce attagtagtg gtggtactta cccctactat 180
ccagacagtg tgaagggccg tttcaccatce tccagagaca atgccgagaa caccctgtac 240
ctgcaattga gcagtctgag gtctgaggac acggccctgt attactgtge aagaggggga 300
tttttgatta cgacacggga ctactatgct atggactact ggggtcaagg aacctcagte 360
accgtectect ca 372

<210> SEQ ID NO 121

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 121

Glu Ser Val Asp Tyr Ser Gly Ala Ser Leu
1 5 10

<210> SEQ ID NO 122

<211> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 122

Ala Ala Ser
1

<210> SEQ ID NO 123

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 123

Gln Gln Ser Arg Lys Val Pro Ser Thr
1 5

<210> SEQ ID NO 124

<211> LENGTH: 111

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 124

Asp Ile Val Leu Thr Gln Ser Pro Ala Ser Leu Ala Val Ser Leu Gly
1 5 10 15

Gln Arg Ala Thr Ile Ser Cys Arg Ala Ser Glu Ser Val Asp Tyr Ser
20 25 30

Gly Ala Ser Leu Met Gln Trp Tyr Gln His Lys Pro Gly Gln Pro Pro
35 40 45

Arg Leu Leu Ile Tyr Ala Ala Ser Asn Val Glu Ser Gly Val Pro Ala
50 55 60

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Ser Leu Asn Ile His
65 70 75 80

Pro Val Glu Glu Asp Asp Ile Ala Met Tyr Phe Cys Gln Gln Ser Arg
85 90 95

Lys Val Pro Ser Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys
100 105 110
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<210> SEQ ID NO 125
<211> LENGTH: 334
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic primer
<400> SEQUENCE: 125
gacattgtge tcacccaatc tccagettcet ttggetgtgt ctettgggca gagagccacce 60
atctectgca gagccagtga aagtgttgat tattctggeg caagtttaat gcagtggtac 120
caacacaaac caggacagcc acccagactce ctcatctatg ctgcatccaa cgtagaatct 180
ggggtccectyg ccaggtttag tggcagtggg tcectgggacag acttcagect caacatccat 240
cctgtggagg aggatgatat tgcaatgtat ttetgtcage aaagtaggaa ggttecttcee 300
acgttcggag gggggaccaa gctggaaata aaac 334

<210> SEQ ID NO 126

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 126

Glu Ser Val Glu Tyr Ser Gly Ala Ser Leu
1 5 10

<210> SEQ ID NO 127

<211> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 127

Ala Ala Ser
1

<210> SEQ ID NO 128

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 128

Gln Gln Ser Arg Lys Val Pro Ser Thr
1 5

<210> SEQ ID NO 129

<211> LENGTH: 102

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 129

Phe Phe Gly Val Ser Leu Gly Gln Arg Ala Ser Ile Ser Cys Arg Ala

1 5 10

15

Ser Glu Ser Val Glu Tyr Ser Gly Ala Ser Leu Ile Gln Trp Tyr Gln

20 25

30

His Lys Pro Gly Gln Pro Pro Lys Leu Leu Ile Tyr Ala Ala Ser Asn
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35 40 45
Val Glu Ser Gly Val Pro Val Arg Phe Ser Gly Ser Gly Ser Gly Thr
50 55 60
Asp Phe Ser Leu Asn Ile His Pro Val Glu Glu Asp Asp Ile Ala Met
65 70 75 80
Tyr Phe Cys Gln Gln Ser Arg Lys Val Pro Ser Thr Phe Gly Gly Gly
85 90 95

Thr Lys Leu Glu Ile Lys

100
<210> SEQ ID NO 130
<211> LENGTH: 255
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic primer
<400> SEQUENCE: 130
cttetttggt gtgtetettyg ggcagagage cagcatctee tgcagagceca gtgaaagtgt 60
tgaatattca ggcgcaagtt taatacagtg gtaccaacac aaaccaggac agccacccaa 120
actcctcate tatgetgcat ccaacgtaga atctggggte cctgtcaggt ttagtggcag 180
tgggtetggg acagacttca gectcaacat ccatcctgtyg gaggaggatg atattgcaat 240
gtatttctgt cagca 255
<210> SEQ ID NO 131
<211> LENGTH: 8
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic peptide
<400> SEQUENCE: 131

Gly Phe Thr Phe Ser Asn Tyr Asp

1

<210>
<211>
<212>
<213>
<220>
<223>

PRT

<400> SEQUENCE:

5

SEQ ID NO 132
LENGTH: 8
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

132

Ile Ser Ser Gly Gly Thr Tyr Pro

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

PRT

SEQUENCE :

17

5

SEQ ID NO 133
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

133

Synthetic peptide

Synthetic peptide

Ala Arg Gly Gly Phe Leu Ile Thr Thr Arg Asp Tyr Tyr Ala Met Asp

1

Tyr

5

<210> SEQ ID NO 134

<211> LENGTH:

<212> TYPE:

PRT

124

10

15
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<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 134

Glu Val Lys
1

Ser Leu Lys
Asp Met Ser
35

Ala Thr Ile
50

Lys Gly Arg
65

Leu Gln Leu

Ala Arg Gly

Tyr Trp Gly
115

<210> SEQ I
<211> LENGT.
<212> TYPE:

Leu Val Glu Ser Gly

5

Leu Ser Cys Ala Ala

20

Trp Val Arg Gln Thr

40

Ser Ser Gly Gly Thr

55

Phe Thr Ile Ser Arg

70

Ser Ser Leu Arg Ser

85

Gly Phe Leu Ile Thr

100

Gln Gly Thr Ser Val

D NO 135
H: 373
DNA

120

Gly

Ser

25

Pro

Tyr

Asp

Glu

Thr

105

Thr

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 135

gaagtgaaac
tcctgtgeag
ccggagaaga
ccagacagtyg
ctgcaattga
tttttgatta
accgtetect
<210> SEQ I

<211> LENGT.
<212> TYPE:

tggtggagtc

cctetggatt

ggctggagtg

tgaagggccg

gcagtctgag

cgacacggga
cag
D NO 136

H: 10
PRT

tgggggaggce

cactttcagt

ggtegcaace

tttcaccatc

gtctgaggac

ctactatgcet

Gly

10

Gly

Glu

Pro

Asn

Asp

90

Arg

Val

Synthetic peptide

Leu

Phe

Lys

Tyr

Ala

75

Thr

Asp

Ser

Synthetic primer

ttagtgaagc

aactatgaca

attagtagtg

tccagagaca

acggcectgt

atggactact

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

<400> SEQUE:

RE:

NCE: 136

Glu Ser Val Glu Tyr Tyr Gly Ala Ser Leu

1

<210> SEQ I
<211> LENGT.
<212> TYPE:

5

D NO 137
H: 3
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

<400> SEQUE:

Ala Ala Ser
1

RE:

NCE: 137

10

Synthetic peptide

Synthetic peptide

Val Lys Pro
Thr Phe Ser
30

Arg Leu Glu
45

Tyr Pro Asp
60

Glu Asn Thr

Ala Leu Tyr

Tyr Tyr Ala

110

Ser

ctggagggte
tgtettgggt
gtggtactta
atgccgagaa
attactgtge

ggggtcaagg

Gly Gly
15

Asn Tyr

Trp Val

Ser Val

Leu Tyr

80

Tyr Cys
95

Met Asp

cctgaaactce
tcgecagact
ccectactat
caccctgtac

aagaggggga

aacctcagte

60

120

180

240

300

360

373
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164

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 138

LENGTH: 9

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic peptide

SEQUENCE: 138

Gln Gln Ser Arg Lys Val Pro Asn Thr

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

5

SEQ ID NO 139

LENGTH: 111

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic peptide

SEQUENCE: 139

Asp Ile Val Leu Thr Gln Ser Pro Ala Ser Leu Ala Val Ser Leu Gly

1

5 10 15

Gln Arg Ala Thr Ile Ser Cys Arg Ala Ser Glu Ser Val Glu Tyr Tyr

20 25 30

Gly Ala Ser Leu Met Gln Trp Tyr Gln Gln Lys Ser Gly Gln Pro Pro

35 40 45

Lys Leu Leu Ile Tyr Ala Ala Ser Asn Val Glu Ser Gly Val Pro Ala

50

55 60

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Ser Leu Asn Ile His

Pro Val Glu Glu Asp Asp Ile Ala Met Tyr Phe Cys Gln Gln Ser Arg

85 90 95

Lys Val Pro Asn Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys

<210>
<211>
<212>
<213>
<220>
<223>

<400>

100 105 110

SEQ ID NO 140

LENGTH: 334

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic primer

SEQUENCE: 140

gacattgtge tcacccaatc tccagettet ttggetgtgt ctectagggca gagagecacc

atctcctgeca gagccagtga aagtgttgaa tattatggeg caagtttaat gcagtggtac

caacagaaat caggacagcc acccaaactce ctcatctatg ctgcatccaa cgtagaatct

ggggtcectyg ccaggtttag tggcagtggyg tctgggacag acttcagect caacatccac

cctgtggagyg aggatgatat tgcaatgtat ttetgtcage aaagtaggaa ggttccgaac

acgttceggag gggggaccaa gctggaaata aaac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 141

LENGTH: 5

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic peptide

SEQUENCE: 141

Ser Ser Val Ser Tyr

1

5

60

120

180

240

300

334
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<210> SEQ ID NO 142

<211> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 142

Glu Thr Ser
1

<210> SEQ ID NO 143

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 143

Gln Gln Trp Ser Tyr Pro Phe Thr
1 5

<210> SEQ ID NO 144

<211> LENGTH: 105

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 144

Glu Ile Val Leu Thr Gln Ser Pro Ala Ile Thr Ala Ala Ser Leu Gly
1 5 10 15

Gln Lys Val Thr Ile Thr Cys Ser Ala Ser Ser Ser Val Ser Tyr Met
20 25 30

His Trp Tyr His Gln Lys Ser Gly Thr Ser Pro Lys Pro Trp Ile Tyr
35 40 45

Glu Thr Ser Lys Leu Ala Ser Gly Val Pro Val Arg Phe Ser Gly Ser
50 55 60

Gly Ser Gly Thr Ser Tyr Ser Leu Thr Ile Ser Ser Met Glu Ala Glu
65 70 75 80

Asp Ala Ala Ile Tyr Tyr Cys Gln Gln Trp Ser Tyr Pro Phe Thr Phe
85 90 95

Gly Ser Gly Thr Lys Leu Glu Ile Lys
100 105

<210> SEQ ID NO 145

<211> LENGTH: 110

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Peptide

<400> SEQUENCE: 145

His Cys Ala His Pro Ser Pro Ala Ser Leu Ala Val Ser Leu Gly Gln
1 5 10 15

Arg Ala Ser Ile Ser Cys Arg Ala Ser Glu Ser Val Glu Tyr Ser Gly
20 25 30

Ala Ser Leu Met Gln Trp Tyr Gln His Lys Pro Gly Gln Pro Pro Lys
35 40 45

Leu Leu Ile Tyr Ala Ala Ser Asn Val Glu Ser Gly Val Pro Val Arg
50 55 60
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168

Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Ser Leu Asn Ile

65

70

75

Val Glu Glu Asp Asp Ile Ala Met Tyr Phe Cys Gln Gln Ser

85

90

Val Pro Ser Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys

Synthetic Peptide

Val

10

Val

Gly

Gly

Leu

Gln

90

Glu

Ser

Glu

Gln

Val

Asn

75

Gln

Ile

Synthetic Peptide

100 105

<210> SEQ ID NO 146

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 146

Cys Ser Pro Ser Pro Ala Ser Leu Ala

1 5

Thr Ile Ser Cys Arg Ala Ser Glu Ser
20 25

Leu Met Gln Trp Tyr Gln His Lys Pro

35 40
Ile Tyr Ala Ala Ser Asn Val Glu Ser
50 55

Gly Ser Gly Ser Gly Thr Asp Phe Ser

65 70

Glu Asp Asp Ile Ala Met Tyr Phe Cys

85

Ser Thr Phe Gly Gly Gly Thr Lys Leu
100 105

<210> SEQ ID NO 147

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 147

Asp Ile Gln Met Thr Gln Ser Pro Ala

1 5

Glu Thr Val Thr Ile Thr Cys Arg Ala
20 25

Leu Ala Trp Tyr Gln Gln Lys Gln Gly

35 40
Tyr Asn Ala Lys Thr Leu Thr Asp Gly
50 55

Ser Gly Ser Gly Thr Gln Phe Ser Leu

65 70

Gly Asp Phe Gly Ser Tyr Tyr Cys Gln

85

Thr Phe Gly Gly Gly Thr Arg Leu Gln
100 105

<210> SEQ ID NO 148

<211> LENGTH: 22

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

Ser

10

Ser

Lys

Val

Lys

His

90

Ile

Leu

Glu

Ser

Pro

Ile

75

Ser

Arg

Synthetic Peptide

Leu

Tyr

Pro

Pro

60

Ile

Ser

Lys

Ser

Asn

Pro

Ser

60

Asn

Trp

Arg

Gly

Ser

Pro

45

Ala

His

Arg

Ala

Ile

Gln

45

Arg

Ser

Ser

110

Gln

Gly

Lys

Arg

Pro

Lys

Ser

His

30

Leu

Phe

Leu

Ile

His Pro

Arg Lys
95

Arg Ala
15

Ala Ser

Leu Leu

Phe Ser

Val Glu
80

Val Pro
95

Val Gly
15

Asn Tyr

Leu Val

Ser Gly

Gln Ala
80

Pro Tyr
95
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<400> SEQUENCE: 148

Ala Gln His Asp Glu Ala Lys Lys Asn Ala Phe Tyr Gln Val Leu Asn
1 5 10 15

Met Pro Asn Leu Asn Ala
20

<210> SEQ ID NO 149

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Peptide

<400> SEQUENCE: 149

Asn Met Pro Asn Leu Asn Ala Asp Gln Arg Asn Gly Phe Ile Gln Ser
1 5 10 15

Leu Lys Ala Ala Pro Ser Gln
20

<210> SEQ ID NO 150

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Peptide

<400> SEQUENCE: 150

Ala Ala Pro Ser Gln Ser Ala Asn Val Leu Gly Glu Ala Gln Lys Leu
1 5 10 15

Asn Asp Ser Gln Ala Pro Lys
20

<210> SEQ ID NO 151

<211> LENGTH: 38

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Peptide

<400> SEQUENCE: 151

Ala Gln His Asp Glu Ala Lys Lys Asn Ala Phe Tyr Gln Val Leu Asn
1 5 10 15

Met Pro Asn Leu Asn Ala Asp Gln Arg Asn Gly Phe Ile Gln Ser Leu
20 25 30

Lys Ala Ala Pro Ser Gln
35

<210> SEQ ID NO 152

<211> LENGTH: 41

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Peptide

<400> SEQUENCE: 152

Asn Met Pro Asn Leu Asn Ala Asp Gln Arg Asn Gly Phe Ile Gln Ser
1 5 10 15

Leu Lys Ala Ala Pro Ser Gln Ser Ala Asn Val Leu Gly Glu Ala Gln
20 25 30

Lys Leu Asn Asp Ser Gln Ala Pro Lys
35 40
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<210> SEQ ID NO 153
<211> LENGTH: 56

<212> TYPE:

PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Peptide

<400> SEQUENCE: 153

Ala Gln His Asp Glu Ala Lys Lys Asn Ala Phe Tyr Gln Val Leu Asn

5 10 15

Met Pro Asn Leu Asn Ala Asp Gln Arg Asn Gly Phe Ile Gln Ser Leu

20 25 30

Lys Ala Ala Pro Ser Gln Ser Ala Asn Val Leu Gly Glu Ala Gln Lys

35

40 45

Leu Asn Asp Ser Gln Ala Pro Lys

50

55

<210> SEQ ID NO 154
<211> LENGTH: 5

<212> TYPE:

PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Peptide

<400> SEQUENCE: 154

Ser Ser Val Ser Tyr

1

5

<210> SEQ ID NO 155
<211> LENGTH: 9

<212> TYPE:

PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Peptide

<400> SEQUENCE: 155

Gln Gln Trp Ser Ser Tyr Pro Pro Thr

1

5

<210> SEQ ID NO 156
<211> LENGTH: 10

<212> TYPE:

PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Peptide

<400> SEQUENCE: 156

Glu Ser Val Glu Tyr Ser Gly Ala Ser Leu

1

5 10

<210> SEQ ID NO 157
<211> LENGTH: 9

<212> TYPE:

PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Peptide

<400> SEQUENCE: 157

Gln Gln Ser Arg Lys Val Pro Ser Thr

1

5

<210> SEQ ID NO 158
<211> LENGTH: 8

<212> TYPE:

PRT

<213> ORGANISM: Artificial Sequence
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<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Peptide

<400> SEQUENCE: 158

Gln Gln Trp Ser Tyr Pro Phe Thr
1 5

<210> SEQ ID NO 159

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Peptide

<400> SEQUENCE: 159

Phe Tyr Pro Gly Ser Gly Tyr Ile Ala
1 5

<210> SEQ ID NO 160

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Peptide
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: X is Glu or Asp

<400> SEQUENCE: 160

Glu Ser Val Xaa Tyr Ser Gly Ala Ser Leu
1 5 10

<210> SEQ ID NO 161

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Peptide
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: X is Glu or absent
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: X is Ser or absent
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: X is Val or absent
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: X is Glu or absent
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: X is Tyr or absent
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (7)..(7)

<223> OTHER INFORMATION: X is Gly or Ser
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: X is Ala or Val
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (10)..(10)

<223> OTHER INFORMATION: X is Leu or Tyr

<400> SEQUENCE: 161
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Xaa Xaa Xaa Xaa Xaa Ser Xaa Xaa Ser Xaa
1 5 10

<210> SEQ ID NO 162

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Peptide
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: X is Glu or Ser
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: X is Glu, Asp, or Ser
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: X is Ser or Tyr

<400> SEQUENCE: 162

Xaa Ser Val Xaa Tyr Xaa Gly Ala Ser Leu
1 5 10

<210> SEQ ID NO 163

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Peptide
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: X 1is Ser or Asn

<400> SEQUENCE: 163

Gln Gln Ser Arg Lys Val Pro Xaa Thr
1 5

<210> SEQ ID NO 164

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Peptide
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: X is Ser or Trp
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: X is Arg or Ser
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: X is Lys or Tyr
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: X is Val or Pro
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (7)..(7)

<223> OTHER INFORMATION: X is Pro or absent
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: X is Ser or Phe

<400> SEQUENCE: 164
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Gln Gln Xaa Xaa

1

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

5

SEQ ID NO 165

Xaa Xaa Xaa Xaa Thr

LENGTH: 9

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic Peptide
FEATURE:

NAME/KEY: MISC_FEATURE

LOCATION: (1)..(1)

OTHER INFORMATION: X is
FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (3)..(3)
OTHER INFORMATION: X is
FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (4)..(4)
OTHER INFORMATION: X is
FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (5)..(5)
OTHER INFORMATION: X is
FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (6)..(6)
OTHER INFORMATION: X is
FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (8)..(8)
OTHER INFORMATION: X is

SEQUENCE: 165

Gln or Ser

Ser, Trp or Iso

Arg, Ser or Thr

Lys, Tyr, or Ser

Val or Tyr

Ser, Pro or Trp

Xaa Gln Xaa Xaa Xaa Xaa Pro Xaa Thr

1

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

5

SEQ ID NO 166
LENGTH: 9
TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Peptide
FEATURE:

NAME/KEY: MISC_FEATURE

LOCATION: (1)..(1)

OTHER INFORMATION: X is
FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (3)..(3)
OTHER INFORMATION: X is
FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (4)..(4)
OTHER INFORMATION: X is
FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (5)..(5)
OTHER INFORMATION: X is
FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (6)..(6)
OTHER INFORMATION: X is
FEATURE:

NAME/KEY: MISC_FEATURE
LOCATION: (8)..(8)
OTHER INFORMATION: X is

SEQUENCE: 166

Gln or Ser

Ser, Trp or Iso

Arg, Ser or Thr

Lys, Ser or Tyr

Val or Tyr

Ser, Pro, Trp, Phe, or Asn

Xaa Gln Xaa Xaa Xaa Xaa Pro Xaa Thr

1

5
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<210> SEQ ID NO 167

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Peptide
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: X is Asn or Ser
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: X is Thr, Asn, or Asp
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (7)..(7)

<223> OTHER INFORMATION: X is Asn or Tyr
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: X is Ala, Asp or Tyr

<400> SEQUENCE: 167

Gly Phe Thr Phe Xaa Xaa Xaa Xaa
1 5

<210> SEQ ID NO 168

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Peptide
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: X is Ala or Gly

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: X is Arg or Tyr

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: X is Val, Gly, Asn, or Ala
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (7)..(7)

<223> OTHER INFORMATION: X is Thr, Phe, or Arg
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: X is Glu, Leu, Ala, or Tyr
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: X is His, Iso or Gly
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (10)..(10)

<223> OTHER INFORMATION: X is Tyr, Thr, or Phe
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (11)..(11)

<223> OTHER INFORMATION: X is Asp or Thr

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (12)..(12)

<223> OTHER INFORMATION: X is Tyr, Arg, Cys, or Gly
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (13)..(13)

<223> OTHER INFORMATION: X is Asp, Val or Thr
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (14)..(14)

<223> OTHER INFORMATION: X is Tyr, Gly or Phe



US 9,556,281 B2
181

-continued

182

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (16)..(16)

<223> OTHER INFORMATION: X is Val or Ala

<400> SEQUENCE: 168

Arg His Xaa Xaa Gly Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Tyr Xaa
1 5 10 15

Met Asp Tyr

<210> SEQ ID NO 169

<211> LENGTH: 54

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Peptide

<400> SEQUENCE: 169

His Asp Glu Ala Gln Gln Asn Ala Phe Tyr Gln Val Leu Asn Met Pro
1 5 10 15

Asn Leu Asn Ala Asp Gln Arg Asn Gly Phe Ile Gln Ser Leu Lys Asp
20 25 30

Asp Pro Ser Gln Ser Ala Asn Val Leu Gly Glu Ala Gln Lys Leu Asn
35 40 45

Asp Ser Gln Ala Pro Lys
50

<210> SEQ ID NO 170

<211> LENGTH: 54

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Peptide

<400> SEQUENCE: 170

Phe Asn Lys Asp Gln Gln Ser Ala Phe Tyr Glu Ile Leu Asn Met Pro
1 5 10 15

Asn Leu Asn Glu Ala Gln Arg Asn Gly Phe Ile Gln Ser Leu Lys Asp
20 25 30

Asp Pro Ser Gln Ser Thr Asn Val Leu Gly Glu Ala Lys Lys Leu Asn
35 40 45

Glu Ser Gln Ala Pro Lys
50

<210> SEQ ID NO 171

<211> LENGTH: 54

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Peptide

<400> SEQUENCE: 171

Phe Asn Lys Glu Gln Gln Asn Ala Phe Tyr Glu Ile Leu Asn Met Pro
1 5 10 15

Asn Leu Asn Glu Glu Gln Arg Asn Gly Phe Ile Gln Ser Leu Lys Asp
20 25 30

Asp Pro Ser Gln Ser Ala Asn Leu Leu Ser Glu Ala Lys Lys Leu Asn
35 40 45

Glu Ser Gln Ala Pro Lys
50
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-continued

<210> SEQ ID NO 172

<211> LENGTH: 54

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Peptide

<400> SEQUENCE: 172

Phe Asn Lys Glu Gln Gln Asn Ala Phe Tyr Glu Ile Leu
1 5 10

Asn Leu Asn Glu Glu Gln Arg Asn Gly Phe Ile Gln Ser
20 25

Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu Ala Lys
35 40 45

Asp Ala Gln Ala Pro Lys
50

<210> SEQ ID NO 173

<211> LENGTH: 54

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Peptide

<400> SEQUENCE: 173

Phe Asn Lys Glu Gln Gln Asn Ala Phe Tyr Glu Ile Leu
1 5 10

Asn Leu Thr Glu Glu Gln Arg Asn Gly Phe Ile Gln Ser
20 25

Asp Pro Ser Val Ser Lys Glu Ile Leu Ala Glu Ala Lys
35 40 45

Asp Ala Gln Ala Pro Lys
50

<210> SEQ ID NO 174

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Peptide

<400> SEQUENCE: 174

Lys Lys Ala Ala
1

<210> SEQ ID NO 175

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Peptide

<400> SEQUENCE: 175

Gly Gly Ser Ser
1

Leu Pro
15

Lys Asp

Leu Asn

Leu Pro
15

Lys Asp

Leu Asn

What is claimed is:

1. A method of treating or inhibiting Staphylococcus
aureus infection in a patient comprising administering to
said patient an effective amount of a purified Staphylococcal
protein A (SpA) binding polypeptide that specifically binds

at least two SpA IgG binding domains A, B, C, D and E of 65

a SpA variant that lacks non-specific Ig-binding activity,
wherein the binding polypeptide comprises CDR1, CDR2

6o and CDR3 of both the light and heavy chains of a SA10

monoclonal antibody (SEQ ID NO: 16-18, 11-13, respec-
tively), 8E2 monoclonal antibody (SEQ ID NO: 26-28,
21-23, respectively), 3F6 monoclonal antibody (SEQ ID
NO: 56-58, 51-53, respectively), 1F10 monoclonal antibody
(SEQ ID NO: 66-68, 61-63, respectively), 3D11 monoclonal
antibody (SEQ ID NO: 86-88, 81- 83, respectively) or 2F2
monoclonal antibody (SEQ ID NO: 101-103, 96-98, respec-
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tively), wherein each of CDR1 CDR2 and CDR3 have up to
one amino acid substitution.

2. The method of claim 1, wherein the purified SpA
binding polypeptide binds to at least two and up to five Spa
IgG binding domains Agz, s, Brrsss Crrass Drray and
Erxas

3. The method of claim 2, wherein the purified Spa
binding polypeptide has an association constant of 0.5x
10°M™" or greater for at least two and up to five Spa IgG
binding domains Az, 4, Brryss Crrasr Drray a0d Expry

4. The method claim 1, wherein treating a Staphylococcus
aureus infection comprises reducing abscess formation or
reducing bacterial load in the patient.

5. The method of claim 1, wherein the SpA polypeptide
that lacks non-specific Ig-binding activity is SpAg, .

6. The method of claim 1, wherein the purified Spa
binding polypeptide competes for binding to a SpAgx,,
polypeptide with the 5A10, 8E2, 3F6, 1F10, 3D11, or 2F2,
monoclonal antibodies.

7. The method of claim 1, wherein the binding polypep-
tide has an association constant for the SpA ..., , polypeptide
of between about 0.5 and 100x10°M™', 1.0 and 100x10°
M, or 2.0 and 100x10°M™" as measured by ELISA.

8. The method of claim 1, further comprising administer-
ing an effective amount of two or more purified SpA binding
polypeptides.

9. The method claim 1, wherein the purified SpA binding
polypeptide is recombinant.
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10. The method of claim 9, wherein the recombinant
polypeptide is a single domain antibody.

11. The method of claim 1, wherein the purified SpA
binding polypeptide is a humanized antibody.

12. The method of claim 1, wherein the purified binding
polypeptide is a recombinant polypeptide comprising six
CDR domains from a SpA-binding antibody.

13. The method of claim 12, wherein the recombinant
polypeptide comprises six CDR domains from among the
VH and VL domains of the 5A10, 8E2, 3F6, 1F10, 3D11, or
2F2 monoclonal antibodies.

14. The method of claim 12, wherein the recombinant
polypeptide comprises six CDR domains from a SpA-
binding antibody and a scaffold from a polypeptide selected
from the group consisting of an immunoglobulin, a fibronec-
tin, a lipocalin or a S. aureus protein 7.

15. The method of claim 9, wherein the recombinant
antibody segment is operatively coupled to a second recom-
binant antibody segment.

16. The method of claim 1, wherein the binding polypep-
tide is the 5A10, 8E2, 3F6, 1F10, 3D11, or 2F2 monoclonal
antibody.

17. The method of claim 1, further comprising adminis-
tering a second antibody that binds a second Staphylococcal
protein.



