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PROTEINS COMPRISING MRSA PBP2A AND FRAGMENTS THEREOF,
NUCLEIC ACIDS ENCODING THE SAME, AND COMPOSITIONS AND THEIR USE
TO PREVENT AND TREAT MRSA INFECTIONS

FIELD OF THE INVENTION

The present invention relates to consensus antigenic MRSA PBP2a proteins and
fragments thereon and nucleic acid molecules which encode the same; to improved MRSA
vaccines that include such proteins and/or nucleic acid molecules; and methods for using the

vaccines for inducing immune responses and preventing MRSA infection and/or treating

individuals infected with MRSA.

BACKGROUND OF THE INVENTION

Methicillin-Sensitive Staphylococcus aureus (MSSA) refers to all of the
antibiotic-sensitive strains of Staphylococcus aureus. Accordingly, MSSA refers to the common
type of Staphylococcus aureus (Staph. aureus) that causes most Staph. aureus infections and that
can be treated with penicillin-type antibiotics. By contrast, Methicillin-Resistant Staphylococcis
aureus (MRSA) refers to a subgroup of Staph. aureus that 1s resistant to a range of penicillin
antibiotics, including Methicillin. MRSA first appeared 1n 1961 soon after the introduction of
the antibiotic Methicillin. Both MSSA and MRSA have virulence/pathogenicity factors that
allow for adhesion to cell surfaces and immune evasion/killing. Studies conducted comparing
the pathogenicity of MRSA and MSSA have resulted 1n some conflicting data. What 1s clear,
however, 1s that perhaps the most significant difference between MRSA and MSSA 1s MRSA’s
resistance to Methicillin. MRSA’s resistance arises from the presence of the penicillin-binding
protein 2a (PBP2a) protein on the surface of the bacteria. PBP2a protein 1s encoded by the mecA
gene.

Staph. aureus infections, including MRSA (Methicillin Resistant Staph. aureus), occur
most frequently among persons 1n hospitals and other healthcare facilities, such as for example

nursing homes and dialysis centers. These healthcare-associated Staph infections include,
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among others, surgical wound infections, urinary tract infections, bloodstream infections, and
pncumonia. MRSA can cause skin infections that may look like a pimple or boil and can be red,
swollen, painful, or have pus or other drainage. More serious infections may cause pneumonia,
bloodstream infections, or surgical wound: infections. The most recent estimate of the number
of people developing a serious MRSA 1nfection (i.e., mvasive) 1s about 94,360 patients.
Approximately 18,650 persons died during a hospital stay as the result of a serious MRSA
infection (~20% mortality).

Attempts at developing DNA vaccines against MRSA using plasmids with nucleic acid
sequences that encode PBP2a or fragments thercof have bee reported. Ohwada A, et al. DNA
vaccination by mecA sequence evokes an antibacterial immune response against methicillin-
resistant Staphylococcus aureus, J Antimicrob Chemother. 1999 Dec; 44(6):767-74, describes
the intramuscular injection of a DNA plasmid that comprises the PBP2a protemn-encoding mecA
gene cloned from the N315 MRSA 1solate. Roth DM, et al. Evaluation of the humoral immune
response in BALB/c mice immunized with a naked DNA vaccine anti-methicillin-resistant
Staphylococcus aureus, Genet Mol Res. 2006 Aug 31,5(3):503-12, and Senna JP, ¢t al.
Protective immune response against methicillin resistant Staphylococcus aureus 1n a murine
model using a DNA vaccine approach. Vaccine. 2003 Jun 2;21(19-20):2661-6 report
intramuscular 1njection was used to deliver a DNA plasmid that comprised only a 249 base pair
fragment of the mecA gene cloned from the HSP-03 clinical MRSA 1solate.

There remains a need for a vaccine usetul to prevent or treat MRSA 1nfections. There
remains a need for nucleotide sequences that encode MRSA PBP2a or fragments therecof which
can be expressed 1n high levels when incorporated into a vaccine such that effective immune
responses against MRSA Staph. aureus that expresses PBP2a. are induced, thereby providing

therapeutic effects 1n infected individuals or long-term protection against MRSA infection.

SUMMARY OF THE INVENTION

Nucleic acid molecules are provided which encode a protein that comprises an MRSA

PBP2a protein or a fragment thereof which comprise at least 245 amino acids. In some
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embodiments the protein comprises a signal peptide linked to the MRSA PBP2a protem or a
fragment thercof. In some embodiments, the signal peptide 1s an IgE signal peptide.

Nucleic acid molecules are provided which comprise a fragment of a nucleic acid
sequence that 1s at least 98% homologous to SEQ ID NO:1 and that encodes a protein at least
98% homologous to SEQ ID NO:2. The fragment encodes an immunogenic fragment of a
protein that 18 98% homologous to a fragment of SEQ ID NO:2 and comprises at least 245 amino
acids, such as for example, an immunogenic fragment of SEQ ID NO:2 having at lcast 245
amino acids. In some embodiments, the fragment comprises a fragment of SEQ ID NO:1, such
as for example, SEQ ID NO:3 or SEQ ID NO:5. Fragments are in some embodiments free of
coding sequences that encode an MRSA PBP2a transmembrane domain. Fragments in some
embodiments are operably linked to a coding sequence that encodes a signal peptide sequence,
such as for example an IgE signal peptide sequence SEQ ID NO:13. Fragments in some
embodiments comprising SEQ ID NO:9 or SEQ ID NO:11.

Nucleic acid molecules are provided which comprise a nucleic acid sequence that 1s at
least 98% homologous to SEQ ID NO:1 and that encodes a protein at least 98% homologous to
SEQ ID NO:2, such as for example a protein comprising SEQ ID NO:2. In some embodiments,
nucleic acid molecules are provided which comprise SEQ ID NO:1, a synthetic coding sequence
for MRSA PBP2a protein. Nucleic acid coding sequences in some embodiments are operably
linked to a coding sequence that encodes a signal peptide sequence, such as for example an IgE
signal peptide sequence SEQ ID NO:13. Nucleic acid molecules in some embodiments
comprising SEQ ID NO:7.

The nucleic acid molecules that include nucleic acid sequence that encode an MRSA
PBP2a protein or a fragment thercof which comprises at least 245 amino acid as set forth above
may be plasmids, nucleic acid molecule 18 incorporated into a viral particle, or other expression
vectors.

Compositions are provided which include plasmids or other nucleic acid molecule
formulated for delivery to an individual using electroporation.

Compositions are provided which include nucleic acid sequences that encode one or more

proteins sclected from the group consisting of: IL-12, IL-15 and IL-28.
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Proteins are provided. Proteins which are at least 98% homologous to proteins
comprising SEQ ID NO:2 are provided as are proteins which comprise an immunogenic
fragment of a protein that 1s at Ieast 98% homologous to a fragment of SEQ ID NO:2 and that
comprises at least 245 amino acids. In some embodiments, protein comprise SEQ ID NO:4 or
SEQ ID NO:6.

Methods of inducing an immune response against MRSA PBP2a are provided. Some
methods comprise administering nucleic acid molecule which encodes a MRSA PBP2a protein,
or a fragment thercof which comprises at least 245 amino acid, to an individual 1n an amount
cftective to induce an immune response in the individual. Some methods comprise
administering the protein to an individual 1n an amount effective to induce an immune response
in the individual.

Method of treating an individual who has been diagnosed with MRSA are provided.
Some methods comprise administering nucleic acid molecules which encode an MRSA PBP2a
protein or a fragment thereof which comprises at least 245 amino acid to an individual 1n a
therapeutically amount. Some methods comprise administering a therapeutically effective
amount of the protein to an individual.

Method of preventing MRSA 1infection 1n an individual are provided. Some methods
comprise administering nucleic acid molecules which encode an MRSA PBP2a protein or a
fragment therecof which comprises at least 245 amino acid to an individual 1n a prophylactically
amount. Some methods comprise administering a prophylactically effective amount of protein to

an 1ndividual.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 18 an 1llustration depicting the PBP2a protein as found on the surface of Staph.
aureus. The protein 1s anchored 1n a cell membrane by 1ts “Transmembrane Domain’ which 18
located 1n the cell membrane and both the “N Terminal Extension and the Non-Penicillin
Binding Domain” and the “Transpeptidase Domain™ are exposed on the outside of the cell in the
extracellular space. Figure 1 also shows a depiction of two versions of the PBP2a protein which

arc examples of PBP2a protein sequences which are included in the protein encoded by nucleic
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acid molecules disclosed herein. The version designated “Full” includes the full length PBP2a
protein including “Transmembrane Domain”, the “N Terminal Extension and the Non-Penicillin
Binding Domain” and the “Transpeptidase Domain”. The version designated “No Anchor” 1s a
fragment of the full length PBP2a protein including the “N Terminal Extension and the Non-
Penicillin Binding Domain™ and the “Transpeptidase Domain”.

Figure 2 shows data of titers of PBP2a-specific antibodies in mice immunized with a
DNA vaccine that encodes a “Short” PBP2a Protein fragment compared to PBP2a-specific
antibodies 1n mice immunized with a DNA vaccine that encodes a “No Anchor” PBP2a Protein
fragment.

Figure 3 shows a diagram of backbone plasmid pVax1 with insert of PBP2a coding
sequences cloned to be operably linked to the CMV promoter and BGH polyA site.

Figure 4 shows results from expression experiments comparing protein expression levels
using pVax as a control and constructs which encode Full and No Anchor versions of the PBP2a
protein.

Figure 5 shows composite data of anti-PBP2a IgG titers at day 0, day 14 and day 28 from
naive/control mice or mice vaccinated with Full or No Anchor vaccine mice at day 0 and day 14.

Figure 6 shows individual data of anti-PBP2a IgG titers at day 0, day 14 and day 28 from
naive/control mice (left) or mice vaccinated with No Anchor (center) or Full (right) vaccine
mice at day 0 and day 14.

Figure 7 shows a comparison of data from naive/control mice or mice vaccinated with
Full or No Anchor using point to point (left) and best fit (center) graphing of data of titers of IgG
in sera dilutions and endpoint titers of reciprocal dilutions (right)

Figure 8 shows separate titers at day 0 and day 28 for IgG1 (left) and IgG2a (right) from
naive/control mice or mice vaccinated with Full or No Anchor at day 0 and day 14.

Figure 9 depicts IgG titers taken from Guinea Pigs immunized intradermally (ID) with

the Full or No Anchor variants.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Coding sequences are provided which encode a protein which comprises a consensus
MRSA PBP2a or an immunogenic fragment thercof. The coding sequences provide for
improved transcription and translation, including having one or more of the following: low GC
content leader sequence to increase transcription; mRNA stability and codon optimization;
climinating to the extent possible cis-acting sequence motifs (1.¢., internal TATA-boxes). In
some embodiments, the coding sequences which encode a protein which comprises a consensus
MRSA PBP2a or an immunogenic fragment thereof are operably linked to coding sequences that
encode a signal peptide, such as for example the IgE signal peptide. Proteins which comprise a
consensus MRSA PBP2a or an immunogenic fragment thercof linked to coding sequences that
encode a signal peptide, such as for example the IgE signal peptide are provided. Expression of
the coding sequences 1n cells of an individual or administration of the proteins induce immune
responses which recognize MRSA PBP2a protein including MRSA PBP2a protein on the cell
surtace of Staph. aureus.

In some aspects of the invention, the immune responses against MRSA PBP2a provide a
broad immune response against multiple strains of bacteria. In some embodiments, proteins
comprise full-length MRSA PBP2a sequences and nucleic acid molecules that encode MRSA
PBP2a proteins comprise coding sequences that encode full-length MRSA PBP2a sequences. In
some embodiments, proteins comprise fragments of MRSA PBP2a sequences and nucleic acid
molecules that encode MRSA PBP2a proteins comprise coding sequences that encode fragments
of MRSA PBP2a sequences. MRSA PBP2a proteins sequences may be generated from MRSA
PBP2a sequences derived from multiple sources, strains, subtypes, subspecies, etc.. In some
embodiments, the MRSA PBP2a sequence 18 a computer generated sequences that 18 a consensus
sequence of multiple MRSA PBP2a sequences wherein the consensus sequence utilizes the most
commonly occurring amino acid at each position. In some embodiments, the MRSA PBP2a 1s
provides immune responses with increased cross-reactivity between strains.

1. Definitions.

The terminology used herein 1s for the purpose of describing particular embodiments only

and 18 not intended to be limiting. As used 1n the specification and the appended claims, the
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singular forms “a,” “an” and “the” include plural referents unless the context clearly dictates
otherwise.

For recitation of numeric ranges herein, each intervening number there between with the
same degree of precision is explicitly contemplated. For example, for the range of 6-9, the
numbers 7 and & are contemplated in addition to 6 and 9, and for the range 6.0-7.0, the numbers

6.0,6.1,6.2,6.3,64,65,6.6,6.7, 6.8, 6,9, and 7.0 arc explicitly contemplated.
a. Adjuvant

“Adjuvant” as used herein may mean any molecule added to the DNA plasmid vaccines
described herein to enhance immune responses against MRSA PBP2a encoded by the DNA

plasmids and nucleic acid sequences described hereinafter.

b. Antibody
"Antibody" may mean an antibody of classes IgG, IgM, IgA, IgD or IgE, or fragments,

fragments or derivatives thereof, including Fab, F(ab")2, Fd, and single chain antibodies,
diabodies, bispecific antibodies, bifunctional antibodies and derivatives thercof. The antibody
may be an antibody 1solated from the serum sample of mammal, a polyclonal antibody, aftfinity
purified antibody, or mixtures thereof which exhibits sufficient binding specificity to a desired
epitope or a sequence derived therefrom.

¢. Coding Sequence

“Coding sequence” or “‘encoding nucleic acid” as used herein may mean refers to the
nucleic acid (RNA or DNA molecule) that comprise a nucleotide sequence which encodes a
protein. The coding sequence may further mnclude nitiation and termination signals operably
linked to regulatory elements including a promoter and polyadenylation signal capable of
directing expression 1n the cells of an individual or mammal to which the nucleic acid 1s
administered.

d. Complement

“Complement” or “complementary” as used herein may mean a nucleic acid may mean
Watson-Crick (e.g., A-T/U and C-G) or Hoogsteen base pairing between nucleotides or

nucleotide analogs of nucleic acid molecules.
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e. Consensus or Consensus Sequence

“Consensus” or “‘consensus sequence’ as used herein may mean a synthetic nucleic acid
sequence, or corresponding polypeptide sequence, constructed based on analysis of an alignment
of PBP2a sequences based upon multiple MRSA sequences. The PBP2a sequence disclosed 1n
SEQ ID NO:2 1s based upon sequences 1n Genbank accession numbers CAA74376.1,
ADC36253.1, CAH17594.1, CAL22891.1, AAF85645.1, and ABM66443.1. These sequences
were aligned and the most common amino acid at each point was selected for use 1n the finalized
antigens. When incorporated into a vaccine, the protein or gene that encodes the protein can be
used to induce broad immunity against multiple MRSA PBP2a variants. Consensus MRSA
PBP2a may include amino acid sequences and nucleotide sequences that encode such proteins.

f. Constant Current

“Constant current” as used herein to define a current that 1s received or experienced by a
tissue, or cells defining said tissue, over the duration of an electrical pulse delivered to same
tissue. The electrical pulse 1s delivered from the electroporation devices described herein. This
current remains at a constant amperage 1n said tissue over the life of an electrical pulse because
the electroporation device provided herein has a feedback element, preferably having
instantancous feedback. The feedback element can measure the resistance of the tissue (or cells)
throughout the duration of the pulse and cause the electroporation device to alter 1ts electrical
energy output (e€.g., increase voltage) so current in same tissue remains constant throughout the
clectrical pulse (on the order of microseconds), and from pulse to pulse. In some embodiments,
the feedback element comprises a controller.

o, Current Feedback or Feedback

“Current feedback™ or “feedback”™ as used herein may be used interchangeably and may
mean the active response of the provided electroporation devices, which comprises measuring
the current in tissue between electrodes and altering the energy output delivered by the EP device
accordingly 1n order to maintain the current at a constant level. This constant level 1s preset by a
user prior to 1nitiation of a pulse sequence or electrical treatment. The feedback may be
accomplished by the electroporation component, ¢.g., controller, of the electroporation device, as

the electrical circuit therein 1s able to continuously monitor the current in tissue between
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clectrodes and compare that monitored current (or current within tissue) to a preset current and
continuously make energy-output adjustments to maintain the monitored current at preset levels.
The feedback loop may be instantancous as 1t 1s an analog closed-loop feedback.

h. Decentralized Current

“Decentralized current” as used herein may mean the pattern of electrical currents
delivered from the various needle electrode arrays of the electroporation devices described
herein, wherein the patterns minimize, or preferably eliminate, the occurrence of electroporation
related heat stress on any arca of tissue being electroporated.

i. Electroporation

2% 66

“Electroporation,” “electro-permeabilization,” or “clectro-kinetic enhancement” (“EP”)
as used interchangeably herein may refer to the use of a transmembrane electric ficld pulse to
induce microscopic pathways (pores) in a bio-membrane; their presence allows biomolecules
such as plasmids, oligonucleotides, sSiRNA, drugs, 1ons, and water to pass from one side of the
cellular membrane to the other.

J. Feedback Mechanism

“Feedback mechanism™ as used herein may refer to a process performed by either
software or hardware (or firmware), which process recerves and compares the impedance of the
desired tissue (before, during, and/or after the delivery of pulse of energy) with a present value,
preferably current, and adjusts the pulse of energy delivered to achieve the preset value. A
feedback mechanism may be performed by an analog closed loop circuit.

K. Fragment

“Fragment” may mean a polypeptide fragment of PBP2a that 1s capable of eliciting an
immune response in a mammal against PBP2a. A fragment may comprise a fragment of a SEQ
ID NO:2. The fragment may comprise SEQ ID NO:6 or other fragments of SEQ ID NO:2, such
as SEQ ID NO:4. In some embodiments, the fragment comprises SEQ ID NO:6. In some
embodiments, the fragment comprises SEQ ID NO:4. SEQ ID NO:12 comprises SEQ ID NO:6.
SEQ ID NO:10 comprises SEQ ID NO:4. Fragments also refer to fragments of a polypeptide
that 1s 98% or more homologous to SEQ ID NO:2 . Fragments also refer to fragments of a

polypeptide that 1s 99% or more homologous to SEQ ID NO:2 . The fragment may comprise a
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fragment of a polypeptide that 1s 98% or more homologous to SEQ ID NO:6 or other fragments
of a polypeptide that 1s 98% or more homologous to SEQ ID NO:2, such as a fragment of a
polypeptide that 98% or more homologous to SEQ ID NO:4. In some embodiments, the
fragment comprises a fragment of a polypeptide that 98% or more homologous to SEQ ID NO:6.
In some embodiments, the fragment comprises a fragment of a polypeptide that 98% or more
homologous to SEQ ID NO:4. The fragment may comprise a fragment of a polypeptide that 1s
99% or more homologous to SEQ ID NO:6 or other fragments of a polypeptide that 15 99% or
more homologous to SEQ ID NO:2, such as a fragment of a polypeptide that 99% or more
homologous to SEQ ID NO:4. In some embodiments, the fragment comprises a fragment of a
polypeptide that 99% or more homologous to SEQ ID NO:6. In some embodiments, the
fragment comprises a fragment of a polypeptide that 99% or more homologous to SEQ ID NO:4.

The fragments thercof may be 245 or more amino acids in length, 250 or more, 260 or
more, 275 or more, 290 or more, 320 or more, 350 or more, 380 or more, 410 or more, 440 or
more, 470 or more, 500 or more, 540 or more, 560 or more, 580 or more, 640 or more 1n length
or 660 or more 1n length Polypeptide fragments may be fewer than 250 amino acids, fewer than
255, tewer than 267, fewer than 283, fewer than 305, fewer than 335, fewer than 365, fewer than
395, fewer than 435, fewer than 455, fewer than 485, fewer than 520, fewer than 550, fewer than
570, fewer than 600, fewer than 650, or fewer than 665 amino acids in length. Fragments
preferably do not include the transmembrane domain.. Fragments preferably include all or part
of the catalytic or transpeptidase domain which corresponds to the C terminal portion of the
molecule. Fragments preferably mnclude all or part of the N terminal extension and non-
penicillin binding domain/dimer region. Fragments preferably include all or part of the catalytic
or transpeptidase domain which corresponds to the C terminal portion of the molecule and
additionally all or part of the N terminal extension and non-penicillin binding domain/dimer
region.

Fragments may further comprise a signal peptide such as an immunoglobulin signal
peptide, for example an IgE or IgG signal peptide. The signal peptide may be linked to the 667
amino acid PBP2a sequence (668 amino acids minus the N terminal Met) or smaller fragment

thercof. The signal peptide may be linked to a polypeptide that 1s 98% homologous to the 667
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amino acid PBP2a sequence (668 amino acids minus the N terminal Met) or to a smaller
fragment of a polypeptide that 1s 98% homologous to the 667 amino acid PBP2a sequence. The
signal peptide may be linked to a polypeptide that 1s 99% homologous to the 667 amino acid
PBP2a sequence (668 amino acids minus the N terminal Met) or to a smaller fragment of a
polypeptide that 1s 99% homologous to the 667 amino acid PBP2a sequence. In calculating
degrees of homology a polypeptide has to SEQ ID NO:2 or a fragment thereof, any signal
peptide 1s not included 1n such calculation. The sequences of the signal peptide are not used 1n
determining homology. Thus, for example, although SEQ ID NO:12 comprises SEQ ID NO:6
operably linked to a signal peptide, SEQ ID NO:12 comprises a fragment of SEQ ID NO:2, 1.¢.
SEQ ID NO:12 comprises a polypeptide that 1s 100% homologous to a fragment of SEQ ID
NO:2, notwithstanding the signal peptide which 1s absent in SEQ ID NO:6. Thus, proteins which
compris¢ fragments of a polypeptide that 1s at least 98% homologous to a fragment of SEQ ID
NO:2 intended to refer to proteins which fragments of a polypeptide that 1s at least 98%
homologous to a fragment of SEQ ID NO:2 that arc at least 245 amino acids and may optionally
be linked to a, for example, a signal peptide.

“Fragment” may also mean a nucleic acid fragment of that encodes a PBP2a fragment set
forth above including nucleic acid fragment of that encodes fragments of SEQ ID NO:2 and
fragments of polypeptides that are 98% or more homologous to SEQ ID NO:2. A fragment may
mean a nucleic acid fragment of that encodes a protein comprising a fragment of a SEQ ID
NO:2. The fragment may mean a nucleic acid fragment of that encodes a protein comprising a
fragment of a SEQ ID NO:2 that comprises SEQ ID NO:6 or other fragments of SEQ ID NO:2,
such as SEQ ID NO:4. In some embodiments, the fragment 18 a nucleic acid fragment that
encodes a protein comprising SEQ ID NO:6, such as SEQ ID NO:12 . In some embodiments,
the fragment 1s a nucleic acid fragment of that encodes a protein comprising SEQ ID NO:4 such
as SEQ ID NO:10. “Fragments also refer to nucleic acid fragment that encode a fragment of a
polypeptide that 1s 98% or more homologous to SEQ ID NO:2 . Fragments also refer to nucleic
acid fragment that encode of fragments of a polypeptide that 1s 99% or more homologous to SEQ
ID NO:2 . The fragment may comprise a nucleic acid fragment that encode of a fragment of a

polypeptide that 15 98% or more homologous to SEQ ID NO:6 or other fragments of a



CA 02858884 2014-06-10

WO 2013/090294 PCT/US2012/069014
12

polypeptide that 1s 98% or more homologous to SEQ ID NO:2, such as a fragment of a
polypeptide that 98% or more homologous to SEQ ID NO:4. In some embodiments, the
fragment comprises a nucleic acid fragment that encodes of a fragment of a polypeptide that 98%
or more homologous to SEQ ID NO:6. In some embodiments, the fragment comprises a nucleic
acid fragment that encodes a fragment of a polypeptide that 98% or more homologous to SEQ ID
NO:4. The fragment may comprise a nucleic acid fragment that encodes a fragment of a
polypeptide that 15 99% or more homologous to SEQ ID NO:6 or other fragments of a
polypeptide that 1s 99% or more homologous to SEQ ID NO:2, such as a fragment of a
polypeptide that 99% or more homologous to SEQ ID NO:4. In some embodiments, the
fragment comprises a nucleic acid fragment that encodes a fragment of a polypeptide that 99% or
more homologous to SEQ ID NO:6. In some embodiments, the fragment comprises a nucleic
acid fragment that encode of a fragment of a polypeptide that 99% or more homologous to SEQ
ID NO:4. “Fragment” as used herein may mean a portion or a nucleic acid that encodes a
polypeptide capable of eliciting an anti-PBP2a immune response in a mammal.

Nucleic acid fragments of that encodes a PBP2a fragment set forth above mcluding
nucleic acid fragment of that encodes fragments of SEQ ID NO:2 and fragments of polypeptides
that are 98% or more homologous to SEQ ID NO:2 are 98% or more homologous to fragments
of SEQ ID NO:1. Nucleic acid fragments are preferably 99% or more homologous to fragments
of SEQ ID NO:1. Nucleic acid fragments are preferably fragments of SEQ ID NO:1. Nucleic
acid molecule fragments thus are 98% or more homologous to fragments of SEQ ID NO:1 and
encode proteins that are 98% or more homologous to fragments of SEQ ID NO:2. Nucleic acid
molecule fragments thus are preterably 99% or more homologous to fragments of SEQ ID NO:1.
Nucleic acid molecule fragments preferably encode proteins that are 99% or more homologous
to fragments of SEQ ID NO:2. Nucleic acid molecule fragments thus are 99% or more
homologous to fragments of SEQ ID NO:1 and encode proteins that are 99% or more
homologous to fragments of SEQ ID NO:2. Nucleic acid molecule fragments preferably encode
proteins that are 99% or more homologous to fragments of SEQ ID NO:2. Nucleic acid
molecule fragments preferably encode fragments of SEQ ID NO:2. Nucleic acid molecule

fragments preferably encode fragments of SEQ ID NO:2 that comprise SEQ ID NO:6. Nucleic
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acid molecule fragments may encode fragments of SEQ ID NO:2 that comprise SEQ ID NO:6.
Nucleic acid molecule fragments may encode fragments of SEQ ID NO:2 that comprise SEQ ID
NO:4. Nucleic acid molecule fragments may comprise SEQ ID NO:5. Nucleic acid molecule
may comprise SEQ ID NO:3.

Nucleic acid molecule fragments encode fragments of PBP2a that are 245 or more amino
acids 1n length, 250 or more, 260 or more, 275 or more, 290 or more, 320 or more, 350 or more,
380 or more, 410 or more, 440 or more, 470 or more, 500 or more, 540 or more, 560 or more,
580 or more, 640 or more 1n length or 660 or more 1n length. The fragments thercof may
comprise SEQ ID NO:5 such as SEQ ID NO: 9. The fragments thereof may comprise SEQ ID
NO:7 such as SEQ ID NO:11. Fragments of SEQ ID NO:1 or of a nucleotide sequence at least
98% homologous to a fragment SEQ ID NO:1 that encodes a fragment of SEQ ID NO:2 or a
fragment of a polypeptide that 1s at least 98% homologous to a fragment SEQ ID NO:2 may
encode fragments of PBP2a that are 245 or more amino acids in length, 250 or more, 260 or
more, 275 or more, 290 or more, 320 or more, 350 or more, 380 or more, 410 or more, 440 or
more, 470 or more, 500 or more, 540 or more, 560 or more, 580 or more, 640 or more 1n length
or 660 or more 1n length. Fragments of SEQ ID NO:1 or of a nucleotide sequence at least 98%
homologous to a fragment SEQ ID NO:1 that encodes a fragment of SEQ ID NO:2 or a fragment
of a polypeptide that 1s at least 98% homologous to a fragment SEQ ID NO:2 are fewer than 250
amino acids, fewer than 255, fewer than 267, fewer than 283, fewer than 305, fewer than 3335,
fewer than 3635, tfewer than 395, tewer than 435, tewer than 455, tewer than 485, tewer than 520,
fewer than 550, fewer than 570, tewer than 600, fewer than 650, or fewer than 665 amino acids
in length. Fragments of SEQ ID NO:1 or of a nucleotide sequence at least 98% homologous to a
fragment SEQ ID NO:1 that encodes a fragment of SEQ ID NO:2 or a fragment of a polypeptide
that 1s at least 98% homologous to a fragment SEQ ID NO:2 may be 735 or more nucleotides 1n
length, 750 or more, 780 or more, 825 or more, 870 or more, 960 or more, 1050 or more, 1140 or
more, 1230 or more, 1320 or more, 1410 or more, 1500 or more, 1620 or more, 1680 or more,
1740 or more, 1920 or more 1n length or 1980 or more 1n length. Fragments of SEQ ID NO:1 or
of a nucleotide sequence at least 98% homologous to a fragment SEQ ID NO:1 that encodes a

fragment of SEQ ID NO:2 or a fragment of a polypeptide that 1s at least 98% homologous to a



CA 02858884 2014-06-10

WO 2013/090294 PCT/US2012/069014
14

fragment SEQ ID NO:2 may be fewer than 750 nucleotides 1n length, fewer than 7635, fewer than
800, fewer than 850, fewer than 913, fewer than 1000, fewer than 1100, fewer than 1200, fewer
than 1300, fewer than 1350, fewer than 1550, fewer than 1600, tewer than 1650, fewer than
1700, tfewer than 1800, fewer than 1950, or fewer than 1995 nucleotides 1n length. Fragments
preferably do not encode the transmembrane domain. Fragments preferably encode all or part of
the catalytic or transpeptidase domain which corresponds to the C terminal portion of the protein.
Fragments preferably encode all or part of the catalytic or transpeptidase domain which
corresponds to the C terminal portion of the protein and additionally all or part of the N terminal
extension and non-penicillin binding domain/dimer region.

DNA fragments may comprise coding sequences that encode a signal peptide such as an
immunoglobulin signal peptide, for example an IgE or IgG signal peptide. Coding sequences
that encode the signal peptide may be linked coding sequences that encode the 667 amino acid
PBP2a sequence (668 amino acids minus the N terminal Met) or smaller fragment thercof. The
coding sequences that encode signal peptide may be linked to coding sequences that encode a
polypeptide that 1s at least 98% homologous to the 667 amino acid PBP2a sequence (668 amino
acids minus the N terminal Met) or to a smaller fragment of a polypeptide that 1s at least 98%
homologous to the 667 amino acid PBP2a sequence. The coding sequences that encode the
signal peptide may be linked to coding sequences that encode a polypeptide that 1s at least 99%
homologous to the 667 amino acid PBP2a sequence (668 amino acids minus the N terminal Met)
or to a smaller fragment of a polypeptide that 1s at least 99% homologous to the 667 amino acid
PBP2a sequence. The coding sequences are at least 98% homologous to a fragment of SEQ ID
NO:1, preferably at least 99% or more homologous to a fragment of SEQ ID NO:1. The coding
sequences are preferably 100% homologous to a fragment of SEQ ID NO:1, 1.c. they are a
fragment of SEQ ID NO:1. As noted above 1n describing the calculation of degrees of homology
to SEQ ID NO:2 or a fragment thercof for peptide sequence, calculation of degrees of homology
for coding sequences do not include coding sequences that encode signal peptides in such
calculation. The sequences of the signal peptide are not used 1n determining degree of homology
between coding sequences and fragments of SEQ ID NO:1.. Thus, for example, although SEQ
ID NO:11 comprises SEQ ID NO:5 operably linked to a signal peptide, SEQ ID NO:11
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comprises a fragment of SEQ ID NO:1, 1.e. SEQ ID NO:11 comprises a nucleotide sequence that
1s 100% homologous to a fragment of SEQ ID NO:1, notwithstanding the fact that the coding
sequence 1n SEQ ID NO:11 that encodes the signal peptide 1s not included in SEQ ID NO:1.
Thus, nucleic acid molecules which comprise fragments of a nucleic acid sequence that 1s at least
98% homologous to a fragment of SEQ ID NO:1 intended to refer to nucleic acid molecules
which comprise fragments of a nucleic acid sequence that 1s at least 98% homologous to a
fragment of SEQ ID NO:1 and encodes at least 245 amino acids at least 98% homologous to a
fragment of SEQ ID NO:2 and may optionally be linked to a, for example, coding sequence of a
signal peptide.

. Identical

"Identical" or "identity" as used herein in the context of two or more nucleic acids or
polypeptide sequences, may mean that the sequences have a specified percentage of residues that
are the same over a specified region. The percentage may be calculated by optimally aligning
the two sequences, comparing the two sequences over the specified region, determining the
number of positions at which the 1dentical residue occurs 1in both sequences to yield the number
of matched positions, dividing the number of matched positions by the total number of positions
in the specified region, and multiplying the result by 100 to yield the percentage of sequence
identity. In cases where the two sequences are of different lengths or the alignment produces one
or more staggered ends and the specified region of comparison includes only a single sequence,
the residues of single sequence are included 1n the denominator but not the numerator of the
calculation. When comparing DNA and RNA, thymine (T) and uracil (U) may be considered
cquivalent. Identity may be performed manually or by using a computer sequence algorithm
such as BLAST or BLAST 2.0.

m. Impedance

“Impedance” as used herein may be used when discussing the feedback mechanism and
can be converted to a current value according to Ohm’s law, thus enabling comparisons with the

prescet current.
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n. Immune Response

“Immune response’ as used herein may mean the activation of a host’s immune system,
¢.g., that of a mammal, in response to the introduction of the MRSA PBP2a protein via the
provided DNA plasmid vaccines. The immune response can be in the form of a cellular or

humoral response, or both.

0. Nucleic Acid

“Nucleic acid” or “oligonucleotide™ or “polynucleotide” as used herein may mean at least
two nucleotides covalently linked together. The depiction of a single strand also defines the
sequence of the complementary strand. Thus, a nucleic acid also encompasses the
complementary strand of a depicted single strand. Many variants of a nucleic acid may be used
for the same purpose as a given nucleic acid. Thus, a nucleic acid also encompasses
substantially identical nucleic acids and complements thercof. A single strand provides a probe
that may hybridize to a target sequence under stringent hybridization conditions. Thus, a nucleic
acid also encompasses a probe that hybridizes under stringent hybridization conditions.

Nucleic acids may be single stranded or double stranded, or may contain portions of both
double stranded and single stranded sequence. The nucleic acid may be DNA, both genomic and
cDNA, RNA, or a hybrid, where the nucleic acid may contain combinations of deoxyribo- and
ribo-nucleotides, and combinations of bases including uracil, adenine, thymine, cytosine,
guanine, mosine, xanthine hypoxanthine, 1socytosine and 1soguanine. Nucleic acids may be
obtained by chemical synthesis methods or by recombinant methods.

p. Operably Linked

“Operably linked” as used herein may mean that expression of a gene 1s under the control
of a promoter with which 1t 1s spatially connected. A promoter may be positioned 5' (upstream)
or 3' (downstream) of a gene under 1ts control. The distance between the promoter and a gene
may be approximately the same as the distance between that promoter and the gene 1t controls 1n
the gene from which the promoter 1s derived. As 1s known 1n the art, variation in this distance

may be accommodated without loss of promoter function.
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q. Promoter

“Promoter’ as used herein may mean a synthetic or naturally-derived molecule which 1s
capable of conferring, activating or enhancing expression of a nucleic acid 1n a cell. A promoter
may comprise on¢ or more specific transcriptional regulatory sequences to further enhance
expression and/or to alter the spatial expression and/or temporal expression of same. A promoter
may also comprise distal enhancer or repressor elements, which can be located as much as
several thousand base pairs from the start site of transcription. A promoter may be derived from
sources including viral, bacterial, fungal, plants, insects, and animals. A promoter may regulate
the expression of a gene component constitutively, or differentially with respect to cell, the tissue
or organ 1n which expression occurs or, with respect to the developmental stage at which
expression occurs, or 1n response to external stimuli such as physiological stresses, pathogens,
metal 10ns, or inducing agents. Representative examples of promoters include the bacteriophage
T7 promoter, bacteriophage T3 promoter, SP6 promoter, lac operator-promoter, tac promoter,
SV40 late promoter, SV40 carly promoter, RSV-LTR promoter, CMYV IE promoter, SV40 carly
promoter or SV40 late promoter and the CMV IE promoter.

r. Signal Peptide

“Signal peptide” refers to a short peptide sequence, typically less than 50 amino acids
long, which directs the transport of the protein 1n which 1t 18 incorporated.. Signal peptides
typically are linked to a protein at the N terminus and coding sequences encoding the signal
peptide often include the nitiation codon that encodes the N terminal methionine encoded by the
initiation codon. Signal peptides target the protein for transport within the cell and are involved
in the secretory pathway in which the presence of the signal peptide on a protein targets the
protein for transport though the secretory pathway such that the protein is secreted by the cell or
otherwise targeted fro release by the cell into the extracellular environment. In some
embodiments, the signal peptide 18 an immunoglobulin signal peptide such as an IgG or IgE
signal peptide. The addition of a coding sequence of a signal peptide to the coding sequences of
a protein generally refers to the mnsertion of the coding sequence of a signal peptide including an
initiation codon 1n place of the initiation codon of the coding sequence of the protein. That 1s,

the addition of the coding sequence of a signal peptide to the coding sequence of the protein
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involves the removal of the 1nitiation codon of the coding sequence of the protein and the
insertion of the coding sequence of a signal peptide including an initiation codon. Thus, 1n the
single peptide plus protein encoded thereby, the methionine at position 1 of the amino acid
sequence of the original protein sequence 1s replaced by the amino acid sequence of the signal
peptide which has a methionine at position 1.

s. Stringent Hybridization Conditions

“Stringent hybridization conditions” as used herein may mean conditions under which a
first nucleic acid sequence (e.g., probe) will hybridize to a second nucleic acid sequence (e.g.,
target), such as 1in a complex mixture of nucleic acids. Stringent conditions are sequence-
dependent and will be different in different circumstances. Stringent conditions may be selected

to be about 5-10°C lower than the thermal melting point (Tyy,) for the specific sequence at a
defined 10onic strength pH. The T, may be the temperature (under defined 10nic strength, pH,

and nucleic concentration) at which 50% of the probes complementary to the target hybridize to

the target sequence at equilibrium (as the target sequences are present in excess, at Ty, 50% of

the probes are occupied at equilibrium). Stringent conditions may be those m which the salt
concentration 1s less than about 1.0 M sodium 10n, such as about 0.01-1.0 M sodium 10n
concentration (or other salts) at pH 7.0 to 8.3 and the temperature 1s at least about 30°C for short
probes (e.g., about 10-50 nucleotides) and at Ieast about 60°C for long probes (¢.g., greater than
about 50 nucleotides). Stringent conditions may also be achieved with the addition of
destabilizing agents such as formamide. For selective or specific hybridization, a positive signal
may be at least 2 to 10 times background hybridization. Exemplary stringent hybridization
conditions include the following: 50% formamide, 5x SSC, and 1% SDS, incubating at 42°C, or,
5x SSC, 1% SDS, incubating at 65°C, with wash m 0.2x SSC, and 0.1% SDS at 65°C.

t. Substantially Complementary

“Substantially complementary” as used herein may mean that a first sequence 1s at least

60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98% or 99% 1dentical to the complement of
a second sequence over aregionof 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100 or more nucleotides or amino acids,

or that the two sequences hybridize under stringent hybridization conditions.
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u. Substantially Identical

“Substantially 1dentical” as used herein may mean that a first and second sequence are at
least 60%, 65%, 70%, 75%, 80%, 85%, 90%., 95%, 97%, 98% or 99% 1dentical over a region of
8,9,10,11,12, 13, 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30, 35, 40, 45, 50, 55, 60, 63,
70, 73, 80, 85, 90, 95, 100 or more nucleotides or amino acids, or with respect to nucleic acids, 1f
the first sequence 1s substantially complementary to the complement of the second sequence.

v. Vvariant

“Variant” used herein with respect to a nucleic acid may mean (1) a portion or fragment
of a referenced nucleotide sequence; (11) the complement of a referenced nucleotide sequence or
portion thereof; (111) a nucleic acid that 1s substantially 1dentical to a referenced nucleic acid or
the complement thereof; or (1v) a nucleic acid that hybridizes under stringent conditions to the
referenced nucleic acid, complement thereof, or a sequences substantially 1dentical thereto.

“Variant” with respect to a peptide or polypeptide that differs in amino acid sequence by
the insertion, deletion, or conservative substitution of amino acids, but retain at least one
biological activity. Variant may also mean a protein with an amino acid sequence that 1s
substantially identical to a referenced protein with an amino acid sequence that retains at least
one¢ biological activity. A conservative substitution of an amino acid, 1.¢., replacing an amino
acid with a different amino acid of similar properties (e.g., hydrophilicity, degree and
distribution of charged regions) 1s recognized in the art as typically involving a minor change.
These minor changes can be 1dentified, in part, by considering the hydropathic index of amino
acids, as understood 1n the art. Kyte et al., J. Mol. Biol. 157:105-132 (1982). The hydropathic
index of an amino acid 1s based on a consideration of its hydrophobicity and charge. It 1s known

in the art that amino acids of similar hydropathic indexes can be substituted and still retain

protein function. In one aspect, amino acids having hydropathic indexes of £2 are substituted.
The hydrophilicity of amino acids can also be used to reveal substitutions that would result in
proteins retaining biological function. A consideration of the hydrophilicity of amino acids in
the context of a peptide permits calculation of the greatest local average hydrophilicity of that
peptide, a useful measure that has been reported to correlate well with antigenicity and

immunogenicity. U.S. Patent No. 4,554,101, incorporated fully herein by reference.
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Substitution of amino acids having similar hydrophilicity values can result 1n peptides retaining

biological activity, for example immunogenicity, as 1s understood in the art. Substitutions may be

performed with amino acids having hydrophilicity values within £2 of each other. Both the
hydrophobicity index and the hydrophilicity value of amino acids are influenced by the particular
side chain of that amino acid. Consistent with that observation, amino acid substitutions that are
compatible with biological function are understood to depend on the relative similarity of the
amino acids, and particularly the side chains of those amino acids, as revealed by the
hydrophobicity, hydrophilicity, charge, size, and other properties.

w. Vector

"Vector" used herein may mean a nucleic acid sequence containing an origin of
replication. A vector may be a plasmid, bacteriophage, bacterial artificial chromosome or yeast
artificial chromosome. A vector may be a DNA or RNA vector. A vector may be either a self-

replicating extrachromosomal vector or a vector which integrates into a host genome.

2. PBP22a Protein

Several amino acid sequences PBP2a protein are disclosed in Genbank such as for
example those having accession numbers NP 370565.1, ZP 06791480.1, BAG06200.1,
AAX14397.1, YP 1849441, BAKS53145.1, ADC53332.1, BAE75884.1, ZP 07362739.1,
ADC53314.1, CAL22891.1, CBI47957.1, CAH17594.1, CAA74376.1, ADC36253.1,
ADV68980.1, ADV68968.1, AAF85645.1, and ABM66443.1. MRSA PBP2a protein. The
variously reported sequences have slight variations but the length of the protein 1s generally 667
amino acids although some differences do exist among different strains and isolates. As used
herein, for convenience the PBP2a protein 1s referred to as a 668 amino acid protein including
the N terminal methionine encoded by the start codon. The numbering of the different domains
set forth herein refer to the amino acid sequence SEQ ID NO:2 which 1s a full length PBP2a
sequence referred to above as a consensus sequence based upon sequences 1n Genbank accession
numbers CAA74376.1, ADC36253.1, CAH17594.1, CAL22891.1, AAF85645.1, and
ABM66443.1.

The full length PBP2a protein 1s a cell surface protein has three domains which are

depicted 1n Figure 1. The left side of Figure 1 shows the depiction of the PBP2a protein
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anchored 1n a cell membrane with the “Transmembrane Domain” within the cell membrane and
both the “N Terminal Extension and the Non-Penicillin Binding Domain” and the
“Transpeptidase Domain” exposed on the outside of the cell in the extracellular space. The right
side of Figure 1 shows a depiction of the “Full” and “No Anchor” versions of the protein
encoded by the constructs herein. The “Full” includes “Transmembrane Domain”, the “N
Terminal Extension and the Non-Penicillin Binding Domain” and the “Transpeptidase Domain”™
while the “No Anchor” includes the “N Terminal Extension and the Non-Penicillin Binding
Domain” and the “Transpeptidase Domain”. The transmembrane domain which 1s at the N
terminus of the protein and anchors the protein at the cell membrane corresponds to amino acids
1-23. Amino acids 27-326 are referred to as the non-penicillin binding domain and include
amino acids 27-138 which are referred to as the N terminal extension. Amino acids 327-668 are
referred as the transpeptidase or catalytic domain. Amino acids 24-140 are also referred to as the
MecA N region or “NTF2-like N-terminal transpeptidase domain”. Amino acids 136-667 are
also referred to as the Ftsl region and include amino acids 147-310 which 1s also referred to as
the PBP Dimer region or “Penicillin-binding Protein dimerisation domain” and amino acids 345-
658 which 1s also referred to as the Transpeptidase region or “Transpeptidase domain”.

Provided herein 1s a consensus MRSA PBP2a protein capable of eliciting an immune
response in a mammal against MRSA PBP2a. In some embodiments, the MRSA PBP2a protein
may be one or more proteins selected from the group consisting of: MRSA PBP2a full length
(SEQ ID NO:2), or fragments of MRSA PBP2a full length sequence set forth in SEQ ID NO:2
that comprise at least 245 amino acids. Additionally, the MRSA PBP2a protein may be 98%
homologous to SEQ ID NO:2 or 1t may be a fragment of a protein that 1s 98% homologous to a
fragment of SEQ ID NO:2. SEQ ID NO:2 discloses 667 of the 668 consensus sequence. The N
terminal methionine encoded by the initiation codon 1s not shown in SEQ ID NO:2. However, 1f
some embodiments, 1t 18 contemplated that no signal peptide would be included. Thus the
coding sequence in SEQ ID NO:1 would be provided with an initiation codon and the
polypeptide sequence would thereby comprise SEQ ID NO:2 with an N terminal methionine.
Thus for the purposes of this disclosure, 1t 1s intended that a nucleic acid molecule comprising

SEQ ID NO:1 with an initiation codon (ATG) 1s disclosed, as 1s intended a polypeptide
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comprising SEQ ID NO:2 with an N terminal methionine. Fragments and homologous variant
thereof are also intended to be described herein having an initiation codon (ATG) and N terminal
methionine 1n nucleotide sequences and amino acid sequences. Thus for example, fragments of
SEQ ID NO:1, such as SEQ ID NO:3 and SEQ ID NO:5, or fragments of nucleic acid sequences
at least 98% homologous to SEQ ID NO:1 are intended to be disclosed as further comprising an
initiation codon (ATG). Likewise, fragments of SEQ ID NO:2, such as SEQ ID NO:4 and SEQ
ID NO:6, or fragments of at least 8% homologous SEQ ID NO:2 are intended to be disclosed as
further comprising an N terminal methionine. Likewise, fragments of SEQ ID NO:2, such as
SEQ ID NO:4 and SEQ ID NO:6, or fragments of at least 98% homologous SEQ ID NO:2 are
intended to be disclosed as further comprising an N terminal methionine.

In some embodiments, the antigen may comprise a peptide a signal peptide sequence. In
some embodiments, the antigen may comprise an IgE signal peptide sequence as set forth in SEQ
ID NO:13. In some embodiments, the antigen may comprise “Full” SEQ ID NO:8&, which 1s
made up of a MRSA PBP2a full length (SEQ ID NO.2) that has linked at 1ts N terminus the IgE
signal peptide sequence (SEQ ID NO:13).

Fragments of MRSA PBP2a full length sequence set forth in SEQ ID NO:2 comprise at
least 245 amino acids. In some embodiments, fragments set forth herein may comprise a signal
peptide sequence. In some embodiments, the fragments set forth herein may comprise an IgE
signal peptide sequence as set forth in SEQ ID NO:13. In some embodiments, the antigen may
comprise “No Anchor” SEQ ID NO:10, which 1s made up of a fragment of MRSA PBP2a
having SEQ ID NO.4 that has linked at 1its N terminus the IgE signal peptide sequence (SEQ ID
NO:13). In some embodiments, the antigen may comprise “Short” SEQ ID NO:12, which 1s
made up of a fragment of MRSA PBP2a having SEQ ID NO:6 that has linked at 1its N terminus
the IgE signal peptide sequence (SEQ ID NO:13).

In some embodiments, fragments do not include the MRSA PBP2a transmembrane
domain (amino acids 1-23). In some embodiments, fragments include all or some of the MRSA
PBP2a Transpeptidase domain (amino acids 327-668) or at least 245 amino acid sequences from
this region. In some embodiments, fragments include all or some of the MRSA PBP2a

Transpeptidase domain including amino acids 345-658 or at least 245 amino acid sequences
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from this region. In some embodiments, fragments include at least 245 amino acid sequences of
the most C terminus region of the full length sequence. In some embodiments, fragments
include at least 245 amino acid sequences of the 275 most C terminus region (amino acids 393-
668) of the full length sequence (1.¢. spanning from amino acids 393-638 to amino acids 423-668
and all fragments there between). In some embodiments, fragments include all or some of the
MRSA PBP2a Transpeptidase domain (amino acids 327-668) or at least 300 amino acid
sequences from this region. In some embodiments, fragments include all or some of the MRSA
PBP2a Transpeptidase domain including amino acids 345-658 or at least 300 amino acid
sequences from this region. In some embodiments, fragments include at least 340 amino acid
sequences of the most C terminus region of the full length sequence. In some embodiments,
fragments include at least 340 amino acid sequences of the 400 most C terminus region (amino
acids 268-668) of the full length sequence (1.¢. spanning from amino acids 268-608 to amino
acids 328-668 and all fragments there between). In some embodiments, fragments set forth
herein may comprise a signal peptide sequence. In some embodiments, the fragments set forth
herein may comprise an IgE signal peptide sequence as set forth in SEQ ID NO:13.

In some embodiments, fragments include all or some of the MRSA PBP2a
Transpeptidase domain (amino acids 327-668) and all or some of the non-penicillin binding
domain (amino acids 27-326). In some embodiments, fragments include at least 400 amino acid
sequences including all or some of the MRSA PBP2a Transpeptidase domain and all or some of
the non-penicillin binding domain including amino acids, and in some embodiments additionally
free of the transmembrane domain (most or all of amino acids 1-23). In some embodiments,
fragments include at least 450 amino acid sequences including all or some of the MRSA PBP2a
Transpeptidase domain and all or some of the non-penicillin binding domain including amino
acids, and 1n some embodiments additionally free of the transmembrane domain (most or all of
amino acids 1-23). In some embodiments, fragments include at least 500 amino acid sequences
including all or some of the MRSA PBP2a Transpeptidase domain and all or some of the non-
penicillin binding domain including amino acids, and in some embodiments additionally free of
the transmembrane domain (most or all of amino acids 1-23). In some embodiments, fragments

include at least 550 amino acid sequences including all or some of the MRSA PBP2a
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Transpeptidase domain and all or some of the non-penicillin binding domain including amino
acids, and 1n some embodiments additionally free of the transmembrane domain (most or all of
amino acids 1-23). In some embodiments, fragments include at least 600 amino acid sequences
including all or some of the MRSA PBP2a Transpeptidase domain and all or some of the non-
penicillin binding domain including amino acids, and 1n some embodiments additionally free of
the transmembrane domain (most or all of amino acids 1-23). In some embodiments, fragments
include at least 640 amino acid sequences including all or some of the MRSA PBP2a
Transpeptidase domain and all or some of the non-penicillin binding domain including amino
acids, and 1n some embodiments additionally free of the transmembrane domain (most or all of
amino acids 1-23). In some embodiments, fragments set forth herein may comprise a signal
peptide sequence. In some embodiments, the fragments set forth herein may comprise an IgE
signal peptide sequence as set forth in SEQ ID NO:13.

Fragments preferably include much or all of the Transpeptidase domain . Fragments of
SEQ ID NO:2 comprising 400 or more amino acids preferably comprise at one of more of
amino acids 638, 639, 640, 641, 642, 643, 644, 645, 646, 647,648, 649, 650, 651, 652, 653, 654,
655, 656, 657, 638, 659, 660, 661, 662, 663, 664, 665, 666, 667 or 668 from the PBP2a C
terminus. Fragments of SEQ ID NO:2 comprising 425 or more amino acids preferably comprise
at onc of more of amino acids 638, 639, 640, 641, 642, 643, 644, 645, 646, 647,648, 649, 650,
651, 652, 653, 654, 655, 656, 657, 658, 6359, 660, 661, 662, 663, 664, 665, 666, 667 or 668 from
the PBP2a C terminus. Fragments of SEQ ID NO:2 comprising 450 or more amino acids
preferably comprise at one of more of amino acids 638, 639, 640, 641, 642, 643, 644, 645, 646,
647,648, 649, 650, 651, 652, 653, 654, 6535, 656, 657, 658, 659, 660, 661, 662, 663, 664, 663,
666, 667 or 668 from the PBP2a C terminus. Fragments of SEQ ID NO:2 comprising 475 or
more amino acids preferably comprise at one of more of amino acids 638, 639, 640, 641, 642,
643, 644, 645, 646, 647,648, 649, 650, 651, 652, 653, 654, 6535, 656, 657, 658, 659, 660, 661,
662, 663, 664, 665, 666, 667 or 668 from the PBP2a C terminus. Fragments of SEQ ID NO:2
comprising 500 or more amino acids preferably comprise at one of more of amino acids 638,
639, 640, 641, 642, 643, 644, 645, 646, 647,648, 649, 650, 651, 652, 653, 654, 655, 656, 657,
658, 659, 660, 661, 662, 663, 664, 665, 666, 667 or 668 from the PBP2a C terminus. Fragments
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of SEQ ID NO:2 comprising 525 or more amino acids preferably comprise at one of more of
amino acids 638, 639, 640, 641, 642, 643, 644, 645, 646, 647,648, 649, 650, 651, 652, 653, 654,
653, 656, 657, 638, 659, 660, 661, 662, 663, 664, 665, 666, 667 or 668 from the PBP2a C
terminus. Fragments of SEQ ID NO:2 comprising 550 or more amino acids preferably comprise
at one of more of amino acids 638, 639, 640, 641, 642, 643, 644, 645, 646, 647,648, 649, 650,
651, 652, 653, 654, 655, 656, 657, 658, 6359, 660, 661, 662, 663, 664, 665, 666, 667 or 668 from
the PBP2a C terminus. Fragments of SEQ ID NO:2 comprising 575 or more amino acids
preferably comprise at one of more of amino acids 638, 639, 640, 641, 642, 643, 644, 645, 646,
647,648, 649, 650, 651, 652, 653, 654, 6535, 656, 657, 638, 659, 660, 661, 662, 663, 664, 665,
666, 667 or 668 from the PBP2a C terminus. Fragments of SEQ ID NO:2 comprising 600 or
more amino acids preferably comprise at one of more of amino acids 638, 639, 640, 641, 642,
643, 644, 645, 646, 647,648, 649, 650, 651, 652, 653, 654, 6535, 656, 657, 658, 659, 660, 661,
662, 663, 664, 665, 666, 667 or 668 from the PBP2a C terminus. Fragments of SEQ ID NO:2
comprising 630 or more amino acids preferably comprise at one of more of amino acids 638,
639, 640, 641, 642, 643, 644, 645, 646, 647,648, 649, 650, 651, 652, 653, 654, 655, 656, 657,
638, 659, 660, 661, 662, 663, 664, 665, 666, 667 or 668 from the PBP2a C terminus. In some
embodiments, fragments set forth herein may comprise a signal peptide sequence. In some
embodiments, the fragments set forth herein may comprise an IgE signal peptide sequence as set
forth in SEQ ID NO:13.

In some embodiments, the fragment may be MRSA PBP2a no anchor/no transmembrane
domain) (SEQ ID NO.4). In some embodiments, the fragment may be “No Anchor” (SEQ ID
NO.10) which 1s MRSA PBP2a no anchor/no transmembrane domain (SEQ ID NO.4) plus IgE
signal peptide (SEQ ID NO.13). In some embodiments, the fragment may be or PBP2a “Short”
(SEQ ID NO:12) which 1s MRSA PBP2a short/catalytic domain only, (1.¢. catalytic domain only)
(SEQ ID NO:6) plus IgE signal peptide (SEQ ID NO.13).

In addition to SEQ ID NO.2, a MRSA PBP2a protein may have an amino acid sequence
with 98% homology to SEQ ID:NO:2 and fragments of MRSA PBP2a protein include the
fragments such as those disclosed herein and corresponding fragments of the a MRSA PBP2a
protein that has an amino acid sequence with 98% homology to SEQ ID:NO:2. The MRSA
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PBP2a protein may has an amino acid sequence with 98% homology to SEQ ID:NO:2 may also
additionally comprise a signal peptide sequence , such as for example an IgE signal peptide
sequence as set forth in SEQ ID NO:13, although the signal peptide 1s not included 1n homology
determinations. Likewise, fragments disclosed herein including fragments of the MRSA PBP2a
protein that has an amino acid sequence with 98% homology to SEQ ID:NO:2 may further
comprise a signal peptide sequence, such as for example an IgE signal peptide sequence as set
forth in SEQ ID NO:13, although the signal peptide 1s not included in homology determinations..
3. PBP2a Coding Sequences

Genbank contains sequences for complete genome of Staph. aureus 1solates. Several

nucleotide sequences of the mecA coding sequence are disclosed in Genbank such as for

cxample those having accession numbers FR823294.1, EF190335.1, AB221121.1, AB221122.1,
AB221124.1, AB221120.1, AB221119.1, EQ9771.1, AB236888.1, AB221123.1, AB0634&1.1
and X52593.1.

Provided herein are coding sequences that encode MRSA PBP2a proteins capable of
cliciting an immune response 1n a mammal against MRSA PBP2a. In some embodiments, the
coding sequence encode an MRSA PBP2a protein selected from the group consisting of: MRSA
PBP2a full length (SEQ ID NO:2), or fragments of MRSA PBP2a full length sequence set forth
in SEQ ID NO:2 that comprise at least 245 amino acids. Additionally, the coding sequence may
encode a MRSA PBP2a protein that 1s at least 98% homologous to SEQ ID NO:2 or a fragment
of a protein that 1s 98% homologous to a fragment of SEQ ID NO:2.

In some embodiments, the coding sequence 1s selected from the group consisting of: SEQ
ID NO:1, fragments of SEQ ID NO:2 that encode at least 245 amino acids, coding sequences that
are at least 98% homologous to SEQ ID NO:1 and encode a protein that 1s at least 98%
homologous to SEQ ID NO:2, and fragments of a coding sequences that 1s at least 98%
homologous to SEQ ID NO:1 and encodes a protein that 1s at least 98% homologous to SEQ ID
NO:2, such fragment comprising at least 245 amino acids.

In some embodiments, the coding sequence further comprises coding sequence for a
signal peptide sequence operably linked to the MRSA PBP2a coding sequence. In some

embodiments, the coding sequence for a signal peptide sequence encodes an IgE signal peptide
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sequence as set forth in SEQ ID NO:13. In some embodiments, the coding sequence may
comprise SEQ ID NO:7 (*Full”’) which 1s made up of coding sequence SEQ ID NO:1 of the
MRSA PBP2a full length (SEQ ID NO.2) linked to coding sequence for the IgE signal peptide
sequence (SEQ ID NO:13) such that when expressed, the IgE signal peptide 1s at the N terminus
of the protein.

In some embodiments, the coding sequence comprises a fragment of a nucleic acid
sequence that 1s at least 98% homologous to SEQ ID NO:1 and that encodes a protein at least
98% homologous to SEQ ID NO:2. In some embodiments, the coding sequence comprises a
fragment of a nucleic acid sequence that 1s at least 98% homologous to SEQ ID NO:1 and that
encodes a fragment of SEQ ID NO:2 that 1s at least 245 amino acids. In some embodiments, the
coding sequence comprises a fragment of SEQ ID NO:1 that encodes at least 245 amino acids.
In some embodiments, the coding sequence comprises a fragment of SEQ ID NO:1 that encodes
at least 245 amino acids operably linked to coding sequence for a signal peptide sequence,
preferably the IgE signal peptide (SEQ ID NO:13). In some embodiments, the coding sequence
comprises SEQ ID NO:3. In some embodiments, the coding sequence comprises SEQ ID NO:3
and further comprises operably linked coding sequence that encodes a signal peptide sequence,
preferably the IgE signal peptide. In some embodiments, the coding sequence comprises SEQ
ID NO:9. In some embodiments, the coding sequence comprises SEQ ID NO:5. In some
embodiments, the coding sequence comprises SEQ ID NO:5 and further comprises operably
linked coding sequence that encodes a signal peptide sequence, preferably the IgE signal peptide.
In some embodiments, the coding sequence comprises SEQ ID NO:11.

In some embodiments, coding sequences that comprise a fragment of a nucleic acid
sequence that 1s at least 98% homologous to SEQ ID NO:1 that encode immunogenic fragment
of a protein that 1s 98% homologous to a fragment of SEQ ID NO:2 do not encode the MRSA
PBP2a transmembrane domain. In some embodiments, coding sequences that comprise a
fragment of a nucleic acid sequence that 1s at least 98% homologous to SEQ ID NO:1 that
encode immunogenic fragment of SEQ ID NO:2 do not encode the MRSA PBP2a
transmembrane domain. In some embodiments, coding sequences that comprise a fragment of

SEQ ID NO:1 do not encode the MRSA PBP2a transmembrane domain. Such coding sequences
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preferably include coding sequence for a signal peptide sequence, preferably the IgE signal
peptide.

In some embodiments, coding sequences encode fragments set forth 1in the above section
cnumerated as section 2 and entitled “PBP2a Protein”. In some embodiments, coding sequences
that encode fragments set forth 1n the above section enumerated as section 2 and entitled “PBP2a
Protein” are fragments of SEQ ID NO:1 and may preferably further include coding sequence for
a signal peptide sequence, preferably the IgE signal peptide. In some embodiments, coding
sequences that encode fragments set forth 1n the above section enumerated as section 2 and
entitled “PBP2a Protein” are fragments of a coding sequence that 1s 98% homologous to SEQ ID
NO:1 and may preferably further include coding sequence for a signal peptide sequence,
preferably the IgE signal peptide. In some embodiments, coding sequences that encode
fragments set forth 1n the above section enumerated as section 2 and entitled “PBP2a Protein™
are fragments of a coding sequence that 1s 98% homologous to SEQ ID NO:1 and encode
immunogenic fragments of SEQ ID NO:2, and may preferably further include coding sequence
for a signal peptide sequence, preferably the IgE signal peptide.

4. Plasmid

Provided herein 1s a vector that 1s capable of expressing MRSA PBP2a protein or a
fragment thereof 1n the cell of a mammal 1n a quantity effective to elicit an immune response 1n
the mammal. The vector may comprise heterologous nucleic acid encoding the MRSA PBP2a
protein or a fragment thercof. The vector may be a plasmid. The plasmid may be useful for
transfecting cells with nucleic acid encoding the MRSA PBP2a protein or a fragment thereof,
which the transformed host cell 1s cultured and maintained under conditions wherein expression
of the MRSA PBP2a protein or a fragment thereof takes place.

The plasmid may comprise a nucleic acid encoding a protein that comprises the MRSA
PBP2a protein or a fragment thercof linked to an Ig signal peptide sequence at 1ts N terminus.
The plasmid may further comprise an initiation codon, which may be upstream of the coding
sequence, and a stop codon, which may be downstream of the coding sequence. The 1nitiation

and termination codon may be in frame with the coding sequence.
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The plasmid may also comprise a promoter that 1s operably linked to the coding sequence
The promoter operably linked to the coding sequence may be a promoter from simian virus 40
(SV40), a mouse mammary tumor virus (MMTYV) promoter, a human immunodeficiency virus
(HIV) promoter such as the bovine immunodeficiency virus (BIV) long terminal repeat (LTR)
promoter, a Moloney virus promoter, an avian leukosis virus (ALV) promoter, a
cytomegalovirus (CMV) promoter such as the CMV immediate early promoter, Epstein Barr
virus (EBV) promoter, or a Rous sarcoma virus (RSV) promoter. The promoter may also be a
promoter from a human gene such as human actin, human myosin, human hemoglobin, human
muscle creatine, or human metalothionein. The promoter may also be a tissue specific promoter,
such as a muscle or skin specific promoter, natural or synthetic. Examples of such promoters are
described in US patent application publication no. US20040175727, the contents of which are
incorporated herein 1n 1ts entirety.

The plasmid may also comprise a polyadenylation signal, which may be downstream of
the coding sequence. The polyadenylation signal may be a SV40 polyadenylation signal, LTR
polyadenylation signal, bovine growth hormone (bGH) polyadenylation signal, human growth
hormone (hGH) polyadenylation signal, or human B-globin polyadenylation signal. The SV40
polyadenylation signal may be a polyadenylation signal from a pCEP4 plasmid (Invitrogen, San
Dicgo, CA).

The plasmid may also comprise an enhancer upstream of the coding sequence. The
enhancer may be human actin, human myosin, human hemoglobin, human muscle creatine or a
viral enhancer such as one from CMV, FMDV, RSV or EBV. Polynucleotide function enhances
are described in U.S. Patent Nos. 5,593,972, 5,962,428, and W094/016737, the contents of each
are fully incorporated by reference.

The plasmid may also comprise a mammalian origin of replication 1n order to maintain
the plasmid extrachromosomally and produce multiple copies of the plasmid 1n a cell. The
plasmid may be pVAXI1, pCEP4 or pREP4 from Invitrogen (San Diego, CA), which may
compris¢ the Epstein Barr virus origin of replication and nuclear antigen EBNA-1 coding region,

which may produce high copy episomal replication without integration. The backbone of the
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plasmid may be pAV0242. The plasmid may be a replication defective adenovirus type 5 (AdS)
plasmid.

The plasmid may also comprise a regulatory sequence, which may be well suited for gene
expression 1n a cell into which the plasmid 1s administered. The coding sequence may comprise
a codon that may allow more efficient transcription of the coding sequence 1n the host cell.

The coding sequence may also comprise an Ig signal peptide sequence. The coding
sequence of the signal peptide sequence may be 5’ of the coding sequence. The consensus
antigens encoded by this sequence may comprise an N-terminal Ig signal peptide followed by a
consensus antigen protein. The N-terminal Ig signal peptide may be IgE or IgG. U.S. Patent No.
6,733,994, which 1s incorporated herein by reference, discloses constructs which comprise
optimized RNA sequences and IgE signal peptide sequence. PCT application no.
PCT/US04/18962 and corresponding US Application Serial No. 10/560,650, which are both
incorporated herein by reference, also disclose constructs which comprise IgE signal peptide
sequences.

The plasmid may be pSE420 (Invitrogen, San Diego, Calif.), which may be used for
protein production in Escherichia coli (E.col1). The plasmid may also be pYES2 (Invitrogen,
San Diego, Calif.), which may be used for protein production in Saccharomyces cerevisiae
strains of yeast. The plasmid may also be of the MAXBAC™ complete baculovirus expression
system (Invitrogen, San Diego, Calif.), which may be used for protein production in insect cells.
The plasmid may also be pcDNA I or pcDNA3 (Invitrogen, San Diego, Calif.), which maybe

used for protein production in mammalian cells such as Chinese hamster ovary (CHO) cells.

5. Vaccine

Provided herein 1s a vaccine capable of generating in a mammal an immune response
against MRSA PBP2a. The vaccine may comprise plasmids as discussed above. The vaccine
may comprise a plurality of the plasmids, or combinations thercof. The vaccine may be provided
to induce a therapeutic or prophylactic immune response against MRSA.

The vaccine may further comprise a pharmaceutically acceptable excipient. The

pharmaceutically acceptable excipient may be functional molecules as vehicles, adjuvants,
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carriers, or diluents. The pharmaceutically acceptable excipient may be a transfection facilitating
agent, which may include surface active agents, such as immune-stimulating complexes
(ISCOMS), Freunds incomplete adjuvant, LPS analog including monophosphoryl lipid A,
muramyl peptides, quinone analogs, vesicles such as squalene and squalene, hyaluronic acid,
lipids, liposomes, calcium 1ons, viral proteins, polyanions, polycations, or nanoparticles, or other
known transfection facilitating agents.

The transfection facilitating agent 1s a polyanion, polycation, including poly-L-glutamate
(LGS), or lipid. The transfection facilitating agent 1s poly-L-glutamate, and more preferably, the
poly-L-glutamate 1s present in the vaccine at a concentration less than 6 mg/ml. The transfection
facilitating agent may also include surface active agents such as immune-stimulating complexes
(ISCOMS), Freunds incomplete adjuvant, LPS analog including monophosphoryl lipid A,
muramyl peptides, quinone analogs and vesicles such as squalene and squalene, and hyaluronic
acid may also be used administered in conjunction with the genetic construct. In some
embodiments, the DNA plasmid vaccines may also include a transfection facilitating agent such
as lipids, liposomes, including lecithin liposomes or other liposomes known 1n the art, as a DNA-
l[iposome mixture (see for example W09324640), calcium 1ons, viral proteins, polyanions,
polycations, or nanoparticles, or other known transfection facilitating agents. Preferably, the
transfection facilitating agent 1s a polyanion, polycation, including poly-L-glutamate (LGS), or
lipid. Concentration of the transfection agent in the vaccine 1s less than 4 mg/ml, less than 2
mg/ml, less than 1 mg/ml, less than 0.750 mg/ml, less than 0.500 mg/ml, less than 0.250 mg/ml,
less than 0.100 mg/ml, less than 0.050 mg/ml, or less than 0.010 mg/ml.

The pharmaceutically acceptable excipient may be one or more adjuvants. An adjuvant
may be other genes that are expressed from the same or from an alternative plasmid or are
delivered as proteins i combination with the plasmid above 1n the vaccine. The one or more
adjuvants may be proteins and/or nucleic acid molecules that encode proteins selected from the
ogroup consisting of: a-interferon (IFN- «), B-interferon (IFN-[3), y-interferon, platelet derived
growth factor (PDGF), TNFa, TNF3, GM-CSF, epidermal growth factor (EGF), cutancous T
cell-attracting chemokine (CTACK), epithelial thymus-expressed chemokine (TECK), mucosac-
associated epithelial chemokine (MEC), IL-12, IL-15 including IL-15 having the signal sequence
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or coding sequence that encodes the signal sequence deleted and optionally including a different
signal peptide such as that from IgE or coding sequence that encodes a difference signal peptide
such as that from IgE, IL-28, MHC, CD80, CD&6, IL-1, IL-2, IL-4, IL-5, IL-6, IL-10, IL-18,
MCP-1, MIP-la, MIP-1p5, IL-8, L-selectin, P-selectin, E-selectin, CD34, GlyCAM-1, MadCAM-
1, LFA-1, VLA-1, Mac-1, pl50.95, PECAM, ICAM-1, ICAM-2, ICAM-3, CD2, LFA-3, M-CSF,
G-CSF, mutant forms of IL-18, CD40, CD40L, vascular growth factor, fibroblast growth factor,
IL-7, nerve growth factor, vascular endothelial growth factor, Fas, TNF receptor, Flt, Apo-1,
p55, WSL-1, DR3, TRAMP, Apo-3, AIR, LARD, NGRF, DR4, DRS5, KILLER, TRAIL-R2,
TRICK2, DR6, Caspase ICE, Fos, c-jun, Sp-1, Ap-1, Ap-2, p38, p65Rel, MyDS8S, IRAK,
TRAF6, IkB, Inactive NIK, SAP K, SAP-1, JNK, mterferon response genes, NFkB, Bax,
TRAIL, TRAILrec, TRAILrecDRCS, TRAIL-R3, TRAIL-R4, RANK, RANK LIGAND, Ox40,
Ox40 LIGAND, NKG2D, MICA, MICB, NKG2A, NKG2B, NKG2C, NKG2E, NKG2F, TAPI,
TAP2 and functional fragments thercof. or a combination thercof. In some embodiments
adjuvant may be one or more proteins and/or nucleic acid molecules that encode proteins
selected from the group consisting of: 1L-12, IL-15, IL-28, CTACK, TECK, MEC or RANTES.
Examples of IL-12 constructs and sequences are disclosed in PCT Application Serial No.
PCT/US1997/019502 and corresponding US Application Serial No. 08/956,865, U.S. Provisional
Application Serial No. 61/569,600, filed December 12, 2011, and entitled “COMPOSITIONS,
COMPRISING IMPROVED IL-12 GENETIC CONSTRUCTS AND VACCINES,
IMMUNOTHERAPEUTICS AND METHODS OF USING THE SAME” and designated
attorney docket number 133172.04100 (X35915), as well as the PCT Application claiming
priority to U.S. Provisional Application Serial No. 61/569,600, filed on the same day as the
application filed herewith, each of which 1s incorporated by reference 1n its entirety. Examples
of IL-15 constructs and sequences are disclosed in PCT Application Serial No.
PCT/US04/18962 and corresponding US Application Serial No. 10/560,650, and in PCT
Application Serial No. PCT/US07/00886 and corresponding U.S. Application Serial No.
12/160,766, and in PCT application no. PCT/US10/048827, which are each incorporated herein
by reference 1n their entiretics. Examples of IL-28 constructs and sequences are disclosed in

PCT application no. PCT/US09/039648 and corresponding U.S. Application Serial No.
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12/936,192, which are cach incorporated herein by reference in 1ts entirety. Examples of
RANTES and other constructs and sequences are disclosed in PCT Application Serial No.
PCT/US1999/004332 and corresponding U.S. Application Serial No. and 09/622452, which are
cach incorporated herein by reference 1n their entireties. Other examples of RANTES constructs
and sequences are disclosed in PCT Application Serial No. PCT/US11/024098, which 1s
incorporated herein by reference 1n its entirety. Examples of RANTES and other constructs and
sequences are disclosed in PCT Application Serial No. PCT/US1999/004332 and corresponding
U.S. Application Serial No. 09/622452, which are each incorporated herein by reference 1n their
entiretics. Other examples of RANTES constructs and sequences are disclosed in PCT
application no. PCT/US11/024098, which 1s incorporated herein by reference 1n 1ts entirety.
Examples of chemokines CTACK, TECK and MEC constructs and sequences are disclosed 1n
PCT application no. PCT/US2005/042231 and corresponding U.S. Application Serial No.
11/719,646, which are each incorporated herein by reference in their entireties. Examples of
0X40 and other immunomodulators are disclosed in U.S. Application Serial No. 10/560,653,
which 18 incorporated herein by reference 1n 1ts entirety. Examples of DRS and other
immunomodulators are disclosed 1n U.S. Application Serial No. 09/622452, which 1s
incorporated herein by reference 1n 1ts entirety.

The vaccine may further comprise a genetic vaccine facilitator agent as described i U.S.
Serial No. 021,579 filed April 1, 1994, which 1s fully incorporated by reference 1n 1ts entirety.

The vaccine may comprise the consensus antigens and plasmids at quantities of from
about 1 nanogram to 100 milligrams; about 1 microgram to about 10 milligrams; or preferably
about 0.1 microgram to about 10 milligrams; or more preferably about 1 milligram to about 2
milligram. In some preferred embodiments, pharmaceutical compositions according to the
present invention comprise about 5 nanogram to about 1000 micrograms of DNA. In some
preferred embodiments, the pharmaceutical compositions contain about 10 nanograms to about
800 micrograms of DNA. In some preferred embodiments, the pharmaceutical compositions
contain about 0.1 to about 500 micrograms of DNA. In some preferred embodiments, the
pharmaceutical compositions contain about 1 to about 350 micrograms of DNA. In some

preferred embodiments, the pharmaceutical compositions contain about 25 to about 250
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micrograms, from about 100 to about 200 microgram, from about 1 nanogram to 100 milligrams;
from about 1 microgram to about 10 milligrams; from about 0.1 microgram to about 10
milligrams; from about 1 milligram to about 2 milligram, from about 5 nanogram to about 1000
micrograms, from about 10 nanograms to about 800 micrograms, from about 0.1 to about 500
micrograms, from about 1 to about 350 micrograms, from about 25 to about 250 micrograms,
from about 100 to about 200 microgram of the consensus antigen or plasmid thereof.

The vaccine may be formulated according to the mode of administration to be used. An
injectable vaccine pharmaceutical composition may be sterile, pyrogen free and particulate free.
An 1sotonic formulation or solution may be used. Additives for 1sotonicity may include sodium
chloride, dextrose, mannitol, sorbitol, and lactose. The vaccine may comprise a vasoconstriction
agent. The 1sotonic solutions may include phosphate buffered saline. Vaccine may further
comprise stabilizers including gelatin and albumin. The stabilizing may allow the formulation to
be stable at room or ambient temperature for extended periods of time such as LGS or
polycations or polyanions to the vaccine formulation.

In addition to using genetic vaccines such as DNA vaccines, coding sequences and or
proteins may be incorporated into to attenuated live vaccines, recombinant vectors or subunit
vaccines. Examples of attenuated live vaccines and those using recombinant vectors to deliver
foreign antigens are described in U.S. Pat. Nos. 4,722,848; 5,017,487, 5,077,044; 5,110,587;
5,112,749, 5,174,993, 5,223,424, 5,225,336, 5,240,703; 5,242,829, 5,294,441, 5,294,548,
5,310,668, 5,387,744, 5,389,368, 5,424,065, 5,451,499, 5,453,364, 5,462,734, 5,470,734; and
5,482,713, which are each incorporated herein by reference.

6. Methods of Delivery the Vaccine

Provided herein 1s a method for delivering the vaccine that provides genetic constructs
that encode MRSA PBP2a protein against which an immune response can be induced. The
method of delivering the vaccine or vaccination may be provided to induce a therapeutic and
prophylactic immune response. The vaccination process may generate 1in the mammal an
immune response against MRSA. The delivery of the vaccine may include transfection of the a
nucleic acid molecule that includes the coding sequence that encode MRSA PBP2a protein

which results 1n high levels of expression 1n the cell. The MRSA PBP2a protein or peptides of 1t
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arc delivered to the surface of the cell and/or secreted by 1t upon which the immune system
recognized and induces a cellular, humoral, or cellular and humoral response. The delivery of
the vaccine may be use to induce or elicit and immune response 1n mammals against MRSA by
administering to the mammals the vaccine as discussed above.

Upon delivery of the vaccine and plasmid into the cells of the mammal, the transfected
cells will express the coding sequences and secrete the MRSA PBP2a protein. The proteins will
be recognized as foreign by the immune system and antibodies will be made against them.
These antibodies will be maintained by the immune system and allow for an effective response
against ongoing MRSA mfection and subsequent MRSA 1nfections.

The vaccine may be administered to a mammal to elicit an immune response in a
mammal. The mammal may be human, primate, non-human primate, cow, cattle, sheep, goat,
antclope, bison, water butfalo, bison, bovids, deer, hedgehogs, elephants, llama, alpaca, mice,
rats, and chicken.

a. Combination Treatments

The vaccine may be administered in combination with other proteins and/or genes
encoding a-interferon, y-interferon, platelet derived growth factor (PDGF), TNFa, TNF[3, GM-
CSF, epidermal growth factor (EGF), cutancous T cell-attracting chemokine (CTACK),
epithehal thymus-expressed chemokine (TECK), mucosac-associated epithelial chemokine
(MEC), IL-12, IL-15 including IL-15 having the signal sequence deleted and optionally
including the different signal peptide such as the IgE signal peptide, MHC, CD80, CD86, 1L-28,

IL-1, IL-2, IL-4, IL-5, IL-6, IL-10, IL-18, MCP-1, MIP-la, MIP-1{3, IL-8, RANTES, L-selectin,
P-selectin, E-selectin, CD34, GlyCAM-1, MadCAM-1, LFA-1, VLA-1, Mac-1, pl50.95,
PECAM, ICAM-1, ICAM-2, ICAM-3, CD2, LFA-3, M-CSF, G-CSF, mutant forms of IL-18,
CDA40, CD40L, vascular growth factor, fibroblast growth factor, IL-7, nerve growth factor,
vascular endothelial growth factor, Fas, TNF receptor, Flt, Apo-1, p55, WSL-1, DR3, TRAMP,
Apo-3, AIR, LARD, NGRF, DR4, DR5, KILLER, TRAIL-R2, TRICK2, DR6, Caspase ICE,
Fos, c-jun, Sp-1, Ap-1, Ap-2, p38, p65Rel, MyD8S, IRAK, TRAF6, IkB, Inactive NIK, SAP K,
SAP-1, INK, interferon response genes, NFkB, Bax, TRAIL, TRAILrec, TRAILrecDRCS,
TRAIL-R3, TRAIL-R4, RANK, RANK LIGAND, O0x40, Ox40 LIGAND, NKG2D, MICA,



CA 02858884 2014-06-10

WO 2013/090294 PCT/US2012/069014
36

MICB, NKG2A, NKG2B, NKG2C, NKG2E, NKG2F, TAP1, TAP2 and functional fragments
thereof or combinations thereof. In some embodiments, the vaccine 18 administered 1n
combination with one or more of the following nucleic acid molecules and/or proteins: nucleic
acid molecules selected from the group consisting of nucleic acid molecules comprising coding
sequence that encode one or more of IL-12, 1L-15, IL-28, CTACK, TECK, MEC and RANTES
or functional fragments thercof, and proteins selected from the group consisting of: 1L-12
protein, IL-15 protein, IL-28 protein, CTACK protein, TECK protein, MEC protein or RANTES
protein or functional fragments thereof.

The vaccine may be administered by different routes including orally, parenterally,
sublingually, transdermally, rectally, transmucosally, topically, via inhalation, via buccal
administration, intrapleurally, intravenous, intraarterial, intraperitoneal, subcutancous,
intramuscular, intranasal intrathecal, and intraarticular or combinations thercof. For veterinary
use, the composition may be administered as a suitably acceptable formulation in accordance
with normal veterinary practice. The veterinarian can readily determine the dosing regimen and
route of administration that 1s most appropriate for a particular animal.. The vaccine may be
administered by traditional syringes, needleless 1njection devices, "microprojectile bombardment
gone guns', or other physical methods such as electroporation (“EP”), “hydrodynamic method”,
or ultrasound.

The plasmid of the vaccine may be delivered to the mammal by several well known
technologies including DNA 1njection (also referred to as DNA vaccination) with and without 1n
vivo electroporation, liposome mediated, nanoparticle facilitated, recombinant vectors such as
recombinant adenovirus, recombinant adenovirus associated virus and recombinant vaccinia. The
consensus antigen may be delivered via DNA injection and along with 1n vivo electroporation.

b. Electroporation

Administration of the vaccine via electroporation of the plasmids of the vaccine may be
accomplished using electroporation devices that can be configured to deliver to a desired tissue
of a mammal a pulse of energy effective to cause reversible pores to form 1n cell membranes, and
preferable the pulse of energy 18 a constant current similar to a preset current input by a user.

The electroporation device may comprise an electroporation component and an electrode
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assembly or handle assembly. The clectroporation component may include and incorporate one
or more of the various elements of the electroporation devices, including: controller, current
waveform generator, impedance tester, waveform logger, input element, status reporting
clement, communication port, memory component, power source, and power switch. The
clectroporation may be accomplished using an in vivo electroporation device, for example
CELLECTRA EP system (Inovio Pharmacecuticals, Blue Bell, PA) or Elgen electroporator
(Genetronics, San Diego, CA) to facilitate transfection of cells by the plasmid.

The electroporation component may function as one element of the electroporation
devices, and the other elements are separate elements (or components) 1n communication with
the electroporation component. The electroporation component may function as more than one
clement of the electroporation devices, which may be 1n communication with still other elements
of the electroporation devices separate from the electroporation component. The elements of the
clectroporation devices existing as parts of one electromechanical or mechanical device may not
limited as the elements can function as one device or as separate elements in communication
with one another. The electroporation component may be capable of delivering the pulse of
energy that produces the constant current in the desired tissue, and includes a feedback
mechanism. The electrode assembly may include an electrode array having a plurality of
clectrodes 1 a spatial arrangement, wherein the electrode assembly receives the pulse of energy
from the electroporation component and delivers same to the desired tissue through the
clectrodes. At least one of the plurality of electrodes 1s neutral during delivery of the pulse of
energy and measures impedance 1n the desired tissue and communicates the impedance to the
clectroporation component. The feedback mechanism may receive the measured impedance and
can adjust the pulse of energy delivered by the electroporation component to maintain the
constant current.

A plurality of electrodes may deliver the pulse of energy 1n a decentralized pattern. The
plurality of electrodes may deliver the pulse of energy in the decentralized pattern through the
control of the electrodes under a programmed sequence, and the programmed sequence 1s input
by a user to the electroporation component. The programmed sequence may comprise a plurality

of pulses delivered in sequence, wherein each pulse of the plurality of pulses is delivered by at
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least two active electrodes with one neutral electrode that measures impedance, and wherein a
subsequent pulse of the plurality of pulses 1s delivered by a different one of at Ieast two active
clectrodes with one neutral electrode that measures impedance.

The feedback mechanism may be performed by either hardware or software. The
feedback mechanism may be performed by an analog closed-loop circuit. The feedback occurs
every 50 us, 20 us, 10 us or 1 us, but is preferably a real-time feedback or instantancous (1.¢.,
substantially instantancous as determined by available techniques for determining response
time). The neutral electrode may measure the impedance in the desired tissue and communicates
the impedance to the feedback mechanism, and the feedback mechanism responds to the
impedance and adjusts the pulse of energy to maintain the constant current at a value similar to
the preset current. The feedback mechanism may maintain the constant current continuously and
instantancously during the delivery of the pulse of energy.

Examples of electroporation devices and electroporation methods that may facilitate
delivery of the DNA vaccines of the present invention, include those described 1n U.S. Patent
No. 7,245,963 by Draghia-Akli, et al., U.S. Patent Pub. 2005/0052630 submitted by Smith, et al.,
the contents of which are hereby incorporated by reference in their entirety. Other
clectroporation devices and electroporation methods that may be used for facilitating delivery of
the DNA vaccines include those provided in co-pending and co-owned U.S. Patent Application,
Serial No. 11/874072, filed October 17, 2007, which claims the benefit under 35 USC 119(¢) to
U.S. Provisional Applications Ser. Nos. 60/852,149, filed October 17, 2006, and 60/978,982,
filed October 10, 2007, all of which are hereby incorporated in their entirety.

U.S. Patent No. 7,245,963 by Draghia-Akli, et al. describes modular electrode systems
and their use for facilitating the introduction of a biomolecule 1nto cells of a selected tissue 1n a
body or plant. The modular electrode systems may comprise a plurality of needle electrodes; a
hypodermic needle; an electrical connector that provides a conductive link from a programmable
constant-current pulse controller to the plurality of needle electrodes; and a power source. An
operator can grasp the plurality of needle electrodes that are mounted on a support structure and
firmly msert them 1nto the selected tissue 1n a body or plant. The biomolecules are then delivered

via the hypodermic needle into the selected tissue. The programmable constant-current pulse
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controller 1s activated and constant-current electrical pulse 1s applied to the plurality of needle
clectrodes. The applied constant-current electrical pulse facilitates the introduction of the
biomolecule into the cell between the plurality of electrodes. The entire content of U.S. Patent
No. 7,245,963 1s hereby incorporated by reference.

U.S. Patent Pub. 2005/0052630 submitted by Smith, et al. describes an electroporation
device which may be used to effectively facilitate the introduction of a biomolecule into cells of
a sclected tissue 1n a body or plant. The electroporation device comprises an electro-kinetic
device ("EKD device") whose operation 1s specified by software or firmware. The EKD device
produces a series of programmable constant-current pulse patterns between electrodes 1n an array
based on user control and mput of the pulse parameters, and allows the storage and acquisition of
current waveform data. The electroporation device also comprises a replaceable electrode disk
having an array of needle electrodes, a central injection channel for an injection needle, and a
removable guide disk. The entire content of U.S. Patent Pub. 2005/0052630 1s hereby
incorporated by reference.

The electrode arrays and methods described in U.S. Patent No. 7,245,963 and U.S. Patent
Pub. 2005/0052630 may be adapted for deep penetration into not only tissues such as muscle, but
also other tissues or organs. Because of the configuration of the electrode array, the 1njection
needle (to deliver the biomolecule of choice) 1s also inserted completely into the target organ,
and the mnjection 1s administered perpendicular to the target 1ssue, 1n the area that 1s pre-
delineated by the electrodes The electrodes described i U.S. Patent No. 7,245,963 and U.S.
Patent Pub. 2005/005263 are preferably 20 mm long and 21 gauge.

Additionally, contemplated 1n some embodiments that incorporate electroporation
devices and uses thereof, there are electroporation devices that are those described 1n the
following patents: US Patent 5,273,525 1ssued December 28, 1993, US Patents 6,110,161 1ssued
August 29, 2000, 6,261,281 1ssued July 17, 2001, and 6,958,060 1ssued October 25, 2005, and
US patent 6,939,862 1ssued September 6, 2005. Furthermore, patents covering subject matter
provided in US patent 6,697,669 1ssued February 24, 2004, which concerns delivery of DNA
using any of a variety of devices, and US patent 7,328,064 1ssued February 5, 2008, drawn to
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method of injecting DNA are contemplated herein. The above-patents are incorporated by

reference 1n their entirety.

¢. Method of Preparing DNA Plasmids
Provided herein 1s methods for preparing the DNA plasmids that comprise the DNA

vaccines discussed herein. The DNA plasmids, after the final subcloning step into the
mammalian expression plasmid, can be used to inoculate a cell culture 1n a large scale
fermentation tank, using known methods 1n the art.

The DNA plasmids for use with the EP devices of the present invention can be
formulated or manufactured using a combination of known devices and techniques, but
preferably they are manufactured using an optimized plasmid manufacturing technique that 1s
described 1n a licensed, co-pending U.S. provisional application U.S. Serial No. 60/939,792,
which was filed on May 23, 2007. In some examples, the DNA plasmids used 1n these studies
can be formulated at concentrations greater than or equal to 10 mg/mL. The manufacturing
techniques also include or incorporate various devices and protocols that are commonly known
to those of ordinary skill in the art, in addition to those described in U.S. Serial No. 60/939792,
including those described 1n a licensed patent, US Patent No. 7,238,522, which 1ssued on July 3,
2007. The above-referenced application and patent, US Serial No. 60/939,792 and US Patent
No. 7,238,522, respectively, are hereby incorporated 1n their entirety.

EXAMPLES

The present invention 1s further illustrated in the following Examples. It should be
understood that these Examples, while indicating preferred embodiments of the invention, are
given by way of illustration only. From the above discussion and these Examples, one skilled 1in
the art can ascertain the essential characteristics of this invention, and without departing from the
spirit and scope thereof, can make various changes and modifications of the mvention to adapt it
to various usages and conditions. Thus, various modifications of the invention 1n addition to
those shown and described herein will be apparent to those skilled 1n the art from the foregoing

description. Such modifications are also intended to fall within the scope of the appended claims.
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EXAMPLE 1

The high mortality rate in association with the fact that MRSA infections are on the rise
prompted efforts to generate a vaccine capable of inducing immunity to the MRS A-specific
PBP2a protein. To that end, two PBP2a DNA vaccine antigens were initially constructed: one
consisting of only the catalytic domain of PBP2a linked to the IgE signal peptide sequence (SEQ
ID NO:12, hereafter referred to as “Short” encoded by SEQ ID NO:11) and one consisting of the
entire PBP2a protein save for the transmembrane domain linked to the IgE signal peptide
sequence (SEQ ID NO:10, hereafter referred to as “No Anchor” encoded by SEQ ID NO:9). The
inclusion of the IgE signal peptide sequence provides a high efficiency signal peptide sequence.
Coding sequences were codon optimized and RNA optimized to further increase expression
levels.

Mice were immunized with 25 ug of either the Short or No Anchor vaccine variant in the
quadriceps muscle followed by electroporation with the Cellectra device from Inovio
Biomedical. Two weeks after the single immunization mice were bled and sera was tested for
PBP2a-specific antibodies. The group of animals receiving the Short variant showed a greater
than 3-fold increase 1n antibodies titers as compared with the pre-immune sera from this group,
while the animals receiving the No Anchor vaccine variant showed an increase of over 6-fold
(Figure 2). These data shows that these plasmid antigens are able to elicit in vivo PBP2a-specific
antibody responses two weeks after a single immunization. These data support the use of such

immunogen designs as a therapeutic approach for this important infectious disease.

EXAMPLE 2

A construct was made which includes a full-length variant of the PBP2a protein including
the transmembrane domain. The full length MRSA PBP2a protein DNA vaccine construct,
which comprises coding sequence of the full length PBP2a protein (SEQ ID NO:2) linked to the
IgE signal peptide sequence (SEQ ID NO:13), 1s hereafter referred to as “Full” encoded by SEQ
ID NO:7) and has the amino acid sequence SEQ ID NO:8. Figure 3 shows a diagram of
backbone plasmid pVax1 with insert of PBP2a coding sequences cloned to be operably linked to
the CMV promoter and BGH polyA site.
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EXAMPLE 3

Figure 4 shows results from expression experiments comparing protein expression levels
using pVax as a control and plasmids comprising constructs which encode Full and No Anchor
versions of the PBP2a protein.

Immune responses generated by plasmids comprising constructs which encode Full and
No Anchor versions of the PBP2a protein were compared. Mice were bled and immunized on
day 0 with 25 g of either the pVax, Full (SEQ ID NO:7) or No Anchor vaccine (SEQ ID NO:9)
variant 1n the quadriceps muscle followed by electroporation with the Cellectra device from
Inovio Biomedical. Two weeks later, mice were bled and received a second immunization. On
day 28, mice were bled and analyzed by ELISA, Serum Bactericidal Assay and Opsonization
Phagocytosis and Killing Assay.

Titers of PBP2a-specific IgG antibodies 1n sera taken at day 0, day 14 and day 28 from
naive/control mice or mice vaccinated with Full or No Anchor vaccine mice at day 0 and day 14
were compared. Composite results are shown 1in Figure 5. Figure 6 shows individual data of
ant1-PBP2a IgG titers at day 0, day 14 and day 28 from naive/control mice (left) or mice
vaccinated with No Anchor (center) or Full (right) vaccine mice at day 0 and day 14.

Titers of PBP2a-specific IgG antibodies 1n diluted sera from naive/control mice or mice
vaccinated with Full or No Anchor were measured and data 1s shown 1n Figure 7 in which data
was plotted using point to point graphing(left) and best fit graphing (center). Endpoint titers of
reciprocal dilutions are also shown in Figure 7 (right).

Separate titers for IgG1 and Ig(G2a 1n sera taken at day 0 and day 28 from naive/control
mice or mice vaccinated with Full or No Anchor on days 0 and 14. Results showing IgG1 titers
arc shown 1n Figure 8 on left; results showing IgG2a titers are shown 1n Figure 8 on right.

Example 4

Additional studies were carried out 1n which Guinea Pi1gs were immunized with 100 ug
intradermally (ID). Three and six weeks after completion of immunization, animals were bled
and sera was tested for PBP2a-specific antibodies. Both the Full and No Anchor variants drove

robust endpoint titers three weeks after immunization which approached 10° for the Full variant
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and approaching 10" for the No Anchor variant. Six weeks post immunization the titers
remained largely consistent, suggesting a durability of response.

Figure 9 depicts IgG titers taken from Guinea Pi1gs immunized intradermally (ID) with
the Full or No Anchor variants. Animals were immunized three times 1n the skin at three week
intervals. Three (left graph) and six (right graph) weeks after the final immunization, animals

were bled and titers specific to the PBP2a antigen were measured.
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CLAIMS

1. A nucleic acid molecule that encodes an MRSA PBP2a protein or a fragment thercof
which comprises at least 245 amino acid, the nucleic acid molecule comprising:
a nucleic acid sequence that 1s at least 98% homologous to SEQ ID NO:1 and that
encodes a protein at least 98% homologous to SEQ ID NO:2; or
a fragment of a nucleic acid sequence that 1s at least 98% homologous to SEQ ID
NO:1 and that encodes a protein at least 98% homologous to SEQ ID NO:2, wherein the
fragment encodes an immunogenic fragment of a protein that 1s 98% homologous to a

fragment of SEQ ID NO:2 comprises at least 245 amino acids.

2. The nucleic acid molecule of claim 1 comprising a fragment of a nucleic acid sequence
that 1s at least 98% homologous to SEQ ID NO:1 and that encodes a protein at least 98%
homologous to SEQ ID NO:2, wherein the fragment encodes an immunogenic fragment of a
protein that 1s 98% homologous to a fragment of SEQ ID NO:2 that comprises at least 245 amino

acids.

3. The nucleic acid molecule of claim 2 comprising a fragment of a nucleic acid sequence
that 1s at least 98% homologous to SEQ ID NO:1 and that encodes a protein at least 98%
homologous to SEQ ID NO:2, wherein the fragment encodes an immunogenic fragment of SEQ

ID NO:2 having at least a 245 amino acids.

4. The nucleic acid molecule of claim 2 wherein the fragment 1s a fragment of SEQ ID

NO:1.

5. The nucleic acid molecule of claim 2 comprising SEQ ID NO:5.

0. The nucleic acid molecule of claim 2 comprising SEQ ID NO:3.
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7. The nucleic acid molecule of claim 2 wherein an immunogenic fragment of a protein that
1s 98% homologous to a fragment of SEQ ID NO:2 comprises at least 245 amino acids 1s free of

coding sequences that encode an MRSA PBP2a transmembrane domain.

8. The nucleic acid molecule of claim 2 comprising a coding sequence that encodes a signal
peptide sequence operable linked the fragment of a nucleic acid sequence that 1s at least 98%
homologous to SEQ ID NO:1 and that encodes a protein at least 98% homologous to SEQ ID
NO:2.

9. The nucleic acid molecule of claim 8 wherein the signal peptide sequence 1s an IgE signal

peptide sequence SEQ ID NO:13.

10. The nucleic acid molecule of claim 9 comprising sequence SEQ ID NO:11.
11. The nucleic acid molecule of claim 9 comprising sequence SEQ ID NO:9.
12.  The nucleic acid molecule of claim comprising a nucleic acid sequence that 1s at least

98% homologous to SEQ ID NO:1 and that encodes a protein at least 98% homologous to SEQ
ID NO:2.

13.  The nucleic acid molecule of claim 12 comprising a nucleic acid sequence that 1s at least

98% homologous to SEQ ID NO:1 and that encodes SEQ ID NO:2.

14.  The nucleic acid molecule of claim 12 comprising SEQ ID NO:1.

15.  The nucleic acid molecule of claim 12 comprising a coding sequence that encodes a
signal peptide sequence operable linked the nucleic acid sequence that 1s at least 98%
homologous to SEQ ID NO:1 and that encodes a protein at least 98% homologous to SEQ ID
NO:2.
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16.  The nucleic acid molecule of claim 15 wherein the signal peptide sequence 1s an IgE

signal peptide sequence SEQ ID NO:13.

17.  The nucleic acid molecule of claim 16 comprising SEQ ID NO:7.

18.  The nucleic acid molecule of any of claims 1-17 wherein the nucleic acid molecule 1s a
plasmid.
19.  The nucleic acid molecule of any of claims 1-17 wherein the nucleic acid molecule 1s an

expression vector and sequences encoding said one more proteins are operable linked to

regulatory elements.

20.  The nucleic acid molecule of any of claims 1-17 wherein the nucleic acid molecule 1s

incorporated into a viral particle.

21. A compositions comprising the nucleic acid molecule of any of claims 1-17 formulated

for delivery to an individual using electroporation.

22. A compositions comprising the nucleic acid molecule of any of claims 1-17 further

comprising nucleic acid sequences that encode one or more proteins selected from the group

consisting of: 1L-12, IL-15 and IL-28.

23. A compositions comprising the nucleic acid molecule of any of claims 1-17 formulated
for delivery to an individual using electroporation and further comprising nucleic acid sequences

that encode one or more proteins selected from the group consisting of: 1L-12, IL-15 and IL-28.
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24. A method of inducing an immune response against MRSA PBP2a comprising
administering the nucleic acid molecule of any of claims 1-17 to an individual in an amount

ctfective to induce an immune response 1n said individual.

25. A method of treating an individual who has been diagnosed with MRSA comprising
administering a therapeutically effective amount of the nucleic acid molecule of any of claims 1-

17 to an mndividual.

26. A method of preventing MRSA infection an individual comprising administering a
prophylactically effective amount of the nucleic acid molecule of any of claims 1-17 to an

individual.

27. A protein selected from the group consisting of:
a protein comprising an amino acid sequence that 1s at least 98% homologous to
SEQ ID NO:2 and further comprising a signal peptide; or
a protein that 1s an immunogenic fragment of a protein comprising an amino acid
sequence that 1s at least 98% homologous to SEQ ID NO:2 and at least 245 amino acids

and further comprising a signal peptides.

28.  The protein of claim 26 comprising SEQ ID NO:&, SEQ ID NO:10 or SEQ ID NO:12.

29. A method of inducing an immune response against MRSA PBP2a comprising
administering a composition comprising the protein of claim 27 to an individual in an amount

cffective to induce an immune response 1n said individual.

30. A method of treating an individual who has been diagnosed with a MRSA infection
comprising administering a composition comprising a therapeutically effective amount of the

protein of claim 27 to an individual.
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31. A method of preventing MRSA infection an individual comprising administering a
composition comprising a prophylactically effective amount of protein of claim 27 to an

individual.
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FIGURE 3
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FIGURE 4
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FIGURE 5§
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