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IMMUNOGENIC COMPOSITION COMPRISING A FUSION PEPTIDE
DERIVED FROM SUPERANTIGEN TOXOIDS

{nventors: Mohammad Javad Aman,
Thomas Ko,
Arundhathi Venkatasubramaniam,
Nils Williston,
Rajan Prasad Adhikeri,
Frederick W Holtsberg

CROSS-REFERENCE TO RELATED APPLICATIONS

{6001} This application claims the benelit of ULS, Provisional Patent Application No,
2i537.706, filed July 27, 2017, which 1s incorporated herein by reference in its entirety,

{6042} This application is related to U.S. Patent Application No. 14/899.993  filed
Decermnber 18, 2015, now UK. Patent No. 9 R15,872, which is imcorporated by reference

herein in Hs entirety.

INCORPORATION OF SEQUENCE LISTING

{8003} A sequence listing containing the file named
“IHT 176865 PCT Seqlisting ST25.4xt", which i 34,503 byles {measured 1w MS-
Windows®), contains 12 sequences, and was created on July 19, 2018, is provided

herewith and 1s incorporated herein by reference in its entirety,

GOVERNMENT RIGHTS

{6004} This invention was made with Government support under AFL11205 awarded by

the National Institutes of Health. The Government has certain nights in the invention.

BACKGROUND

{6005} Staphviococcus wrens (SA) 1% a gram-positive human pathogen that causes a
wide range of infections trom skin and soft tissue infections (SSTI to life threatening
sepsis and pneumonig, It 13 g leading cause of hospital- and commmwmity-associated
infections worldwide (Brown ¢f ., 2009, Journal/Clin Microbiol Infect, 15(2):156-164).

The range of pathologies reflects the diverse abilities of SA to escape the immune
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respense using a plethora of virulence factors: the superantigenic and pore-forming
loxing, coagulase, capsular polysaccharide, adhesing, proteases, complemeni inactivating
exoprotens, and other Innate response modifiers (Powers and Wardeaburg, 2014,
Journal/PLOS Pathogens, LO{2):e1003871)

{3006} since its first emergence in the 1960s methicillin-resistant SA (MRSA) has
become endemic in healthcare settings worldwide (Digp, ef el 2006, J Infecr Dis, 193
{11):1495-1503). Since the 1990s, community associated MRSA straing (CA-MRSA)
ererged, and are posing a major global challenge (Bassetti, ef al., 2009, Jni J Antimicrob
Agents, 34 Suppl 1:815-19; Bradley, 2003, Sesmin Respir Crit Care Med, 26 (61:643-649;
Chambers, 2005, A Engl J Med, 332 (14):1485-1487.), There have hence been
increasing efforis divected towards the development of vaceines and therapeutics for 5.
aurens infections.

{8007} Alpha hemolysin (o-toxin, Hla} s a major virulence factor in SA pneumonia and
SSTI (Bubeck Wardenburg and Schheewind, 2008, J Exp Med, 205 (23287294,
Kennedy, e al., 2010, J Infect Dis, 202 {7):1050-1058). Recently, cytolytic short
peptides kaown as phenol soluble moduling (PSMs) were identified as key virulence
factors that Iyse neutrophils, the main line of defense against § aurers (Wang, ef al.,
2007, Nar Med, 13 {12):1510-1514). Another related cvtodyiic short peplide of
staphylococer s known as delts bemolysin or delta foxin (Stoxan) the key marker of S,
aureis quorim sensing system {aery {(Novick, ef af., 1993, EMBO J, 12 (10)%3967-39735).
A recent epiderniological study in a cohort of patients with SA bacteremia shows inverse
correlation between probability of sepsis and pre-existing antibodiss to Hla, PSM-a3, as
well as o-toxin (Adhikari, er @f., 2012, 7 Infect Dis, 206 (63:915-923).

{3008} Superantigens (SAgs) constitule a large family of pyrogenic loging composed of
staphylococcal enterotoxins {SEs) and toxic shock syndrome toxin | (TSST-1) In
contrast o conventional antigens that undergo proleclytic processimg by anfigen
presenting cells and are presented gs MHC/peptide complex o T cells, SAgs cross link T
cell receptor (TCR) with MHC Class 1l and activate up to 30% of T cells (Schlicver,
1993, Joumnal/The Journal of Infectious Discases, 167(51:997-1002) leading to massive
release of eytokines and chemokines, enhanced expression as well as activation of cell-
adhesion  molecules,  wercased  T-cell  proliferation,  and  cvestually  T-cclt
apoptosisfanergy. This sequence of events can culminate w Toxic Shock Syndrome
{TS8), a hie-threatening condition churactenized by rash, hypotemsion, fever, and

multisystem dysfunction (Bohach e gf., 1990, Journal/Crit Rev Microbiol, 17(4):251-
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272). Antibodies play an important role in protection against TSS, thus individuals that
do not seroconverl fowards the offending togsin due W hypo responsive T-cells
{Mahiknecht ¢ of., 1996, Jourmal/Hum Tmmanol, 45(11x42-45) and/or T-cell dependent
B-cell apoptosis (Hoder e gf., 1996, Jounal/Proc Natl Acad St U S A, 93(1115425-
5430y are more likely to experience recurting bouts. Farthermore, at fower non-TSS
inducing concentrations SAgs impact the virulence of 8. aurens strains through mduction
of g local excessive inflamniatory response.

[G009} A major challenge in development of multivalent 8 meens vaceines including
superantigens is that there are more than 20 different SAgs and there is a wide range of
varability in SAg presence in climical 1solates because muost SAgs are on mobile genetic
glements, such as plasidy or pathogenmoily islands (Staphylococcal enterotoxin K
{(SEK}, Staphviococcal enterotoxin Q (SEQ). lysogenic phages {Stuphviococesl
enterotoxin A {SEA)). or antibiotic resistance cassettes, hke SCC mec Staphylococcal
enterotoxin H (SEH) (Omoce ef of, 2002, Journal/d Clin Microbiol. 40{3):837-862).
Based on an cxtensive literature review encompassing over 6000 clinical isolates, the
maost widely represented suaper antigens (SAgs) appear to be toxic shock syndrome toxin
P {TSST-1} and Staphylococcal enterotoxin € (SEC), followed by SEA, Staphyvlococcal
sulerotoxin D {SED}, and Staphylococcul emterotoxm B (SEBL More recent studies
show the emergence of SEK and SEQ, primarily due to circulation of the USA300 clone
{Proft and Fraser, 2003, Joumal/Clinical and Experimental Immunology, 133(33299-
306y Monoclonal antibodies and vaccination against multiple SAgs have been found to
partially protect against SA gepsis in mice. Significant protection has been reported
against pneumonia in rabbits using multivalent immunization with various combinations
of detonified SAgs and cytolysins (Spaulding et al, 2012, Vaccine 30(34):5099-109;
Salgado-Pabon et al,, 20114, J Infec Dis, 210 {5):784-792),

SUMMARY

{6010} In one aspect, this disclosure provides for an attenuated Staphylococcus warens-
derived superantigen (SAg) SEA toxeid or an immunogenically or antigenically active
fragioent, variaat, or derivative thereof, comprising four mutations relative to wild-type
SEA, the four mutations corresponding {o the L48R, D70R, Y92A, and H2254A
mutations in SEQ D NO: 4. [n certain aspects, the toxoid or fragment, varant, or

dertvatives thereof, has decreased superantigenic activity and/or 38 less virulent than a
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SEA toxoid comprising SEQ 1D NO: 3, while maintaining immunogenicity. In certain
aspecis, the atienuated SEA toxoid or [ragment, variant, or derivative thergof comprises
an amine acld seqoence thal is at least 90% wlentical to SEQ 1D NG 4, In certain
aspects, the attenuated SEA toxod or fragment, vanant, or denvative thersof comprises
SEQ D NO: 4. And, in certain aspects, the attennated SEA toxoid or fragment, variang,
or derivative thereot has less than 50%, less than 40%, less than 30%:, less than 20%, loss
than 1%, less than 5%, less than 3%, less than 29, or less than 1% of the superantigenic
activity of a SEA toxoid comprizsing SEQ ID NO: 3. It will be understood that the
nomenclaiure used herein to deseribe point mutations (e.g. “L4RR”) are in comparison to
wild-type SAg proteins which do not contain the N-terminal Methionine that was
required for belerologous expression,

{6011} In another aspect, the disclosure further provides for a multivalent oligopeptide
comprising a fusion of two or more attenuated Siaphilococens  aureus-derived
saperantigen (SAg) toxoids or  mmmunogenically or antigenically active  fragments,
variants, or derivatives thercof as described clsewhere herein arranged in any order,
wherein the SAg toxoids or fragments, variants, or derivatives thereof can be the same or
different, and wherein at least one of the SAg toxoids is a SEA toxoid described
elsewhere herein. In cerlam aspects, the oligopeptide comprises o fusion of three or more
SAg toxoids or fragments, vanants, or derivatives thereol, In cerfain aspects, the
oligopeptide has decreased superantigenie activity andfor iz less virulent than a SAg
tusion protein comprising SEQ 1D NO: 5. In certain aspects, the oligopeptide maintains
the immunogenicity of the SAg fusion protein comprising SEQ I NO: 5. In conain
aspects, the oligopeptide has less than 30%, less than 40%, less than 30%, Tess than 20%,
fess than 10%. less than 3%, less iban 3%, less than 2%, or less than 1% of the
superantigenic achivity of a SAg fusion protein comprising SEQ TD NO: 5. And,
certain aspects, the oligopeptide 15 completely attenuated.

{6012} In certain aspects, the multivalent oligopeptide comprises one or more ol a
staphylococeal  toxic  shock syndrome foxin~! (TSST.1} atenuated toxoid: a
staphvlococeal enterotoxin B (SEB) attenuated toxoid; or any combination thereof, In
certain aspeets, the TSST-1 attenuated toxoid comprises three mutations relative to wild-
type TSST-1, the three mutations corresponding to the L30R, D274, and H6A mutations
i SEQ ID NO: U and an amino acid sequence at least 90% dentical to SEQ ID NO: 1. In
certamn aspecls, the SEB altenyated toxond comprises three mutstions relative to wild-

type SEDB, the three mutations corresponding to the L4SR, YR9A, and Y94A mufations in
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SEQ D NO: 2 and an aminoe acid sequence at feast 90% identical to SEQ IDNO: 2. In
certain aspects, the SEA attensated toxoid comprises four mutations relative o wild-type
SEA, the fowr mutations covresponding to the LASR, D7OR, ¥Y92A, and H225A
mutahions mo3EQ 1D NO: 4 and an amino acid sequence at least 90% identical to SEQ
1D NO: 4. In certain aspects, the TSST-1 toxeid comprises the amino acid sequence SEQ
ID NO: 1. In certain aspects, the SEB toxoeid comprises the amine acid sequence SEQ 1D
NO: 2. In certain aspects, the SEA attenuated toxeid comprises the amino acid sequence
SEQ ID NO: 4. In certain aspects, the multivalent oligopeptide comprises the amino acid
segquence SEQ ID NGO A,

{6013} In certain aspects, at least two SAg toxoids or fragments, vanants, or derivatives
thereof described elsewhers herein are each gssociated via g linker, In ceriain aspects, the
{inker comprises at least one, but no more than 50 amine acids selected from the group
consisting of glvcine, serine, alanine, and a combination thereof. In certain aspects, the
finker eomiprises {GOGGS) or {GGGGR),, wherein n s a mteger trom 1 to 100 In certain
aspects, the linker comprises {(GGGGS ). In certain aspects, n is 3.

{6014} The multivalent oligopeptide can further comprise a heterologous polypeptide. In
certain aspects, the heterologous polypeptide comprises a His-fag, a ublquitin tap, a
NusA fag, g chilin binding domam, a B-tag, @ HSB-tag, wreen Duorescent protein (GEP),
a calmodulin binding protein (CBP), a galactose-binding protewn, a maliose binding
protein (MBP) cellulose binding domaims {TBD's), an avidm/streptavidin/Strep-tag,
irpE, chloramphenicol acetyltransferase, lacZ {j-Galactosidase), a FLAG™ npeptide, an
S-tag, a T7-1ag, a fragment of any of the hoterologous polypeptides, or a combination of
twoor more of the heterologous polypeptides. In certain aspects, the heterologons
polypepiide comprises an imwinogen, a T-cell epiope, a B-cell epitope, a [ragmenl
thereof, or a combination thereof.

{6015} The multivalent oligopeptide can also further comprise an Immanogenic
carbohydrale, In certain aspects, the immunogenic carbohyvdrate 1 o saccharide. In
cortain aspects, the immmunogenic carbohvdrate is & capsular polysaccharide or a surface
polysaccharide. In certain aspects, the immunogenic carbohydrate 15 selected from the
group consisting of capsular polysacchande (CPy serotype 5 (CP5), CPR, poly-N-
acctylghucosamine (PNAG), poly-N-succinyl glucosamine (PNSG), Wall Teichote Aaid
{WTA), Lipoteichoic acid (LTA}, a fragment of any of the immunogenic carbohydrates,
and g combination of two or more of the immunogenic carbohydrates, In certain aspects,

the immunogenic carbohydrate is conjugated 1o the oligopeptide,
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{06} Further provided for is an isolated polynucleotide comprising a nucleic acid that

encades an atlenuated SEA toxowd polypepiide described elsewhere heremn or a
multivalent  oligopeptide  described  elsewhere  herein, In certamn  aspects, the
polynucieotide comprises the nucleotide sequence SEQ 1D NO: 8. The polvoucleotide
can further comprise a heterologous nucleic acid. In certain aspects, the heterologous
nucleic acid comprises a promoter operably associated with the nucleic acid encoding the
oligopeptide. Also provided for is a vector comprising the polynucleotide. In certain
aspects, the vector 1s a plasmid. Also provided for is a host cell comprising the vector. In
gertain aspects, the host cell is a bacterium, an insect cell, a mammalian cell, or a plant
cell. In certam aspects, the bacterium 1s Escherichia coll.

{8017} Further provided 15 a methed of producing a multivalent oligopeptide, In certain
aspects, the method comprises culturing a host cell described elsewhere herein and
recovering the oligopeptide,

{018} Further provided is a composition, such as a therapeutic, immunogenie, and/or
antigenic composition, comprising an attenuated SEA voxoid or multivalent oligopeptide
described elsewhere herein, or any combination thereof, and a carrier. The composition
can turther comprise an adjuvant. In certain aspects, the adjuvant is alum, aluminum
hydroxide, aluminum phosphate, or a glocopyranosyl lipid A-based adjuvant. The
composition can also further comprnise an addittonal ummuneogen. In certain aspects, the
additional immunogen is a bacterial antigen. In certamn aspects, the bacterial antigen is
selected. from the group consisting of a pore forming toxin, a superantigen. a cell surface
protein, a fragment of any of the bacterial antigens, and a combination of two or more of
the hacterial antigens.

{3019} Further provided 18 2 method of mducing a host immune response against
Staphvlococeus awrews. Ta certain aspects, the method comprises administering 1o a
subject in need of the mmmune response an effective amount of an ymmunogenic or
aniigenic composttion described elsewhere herein, In certain aspects, the immune
response 8 scleeted from the group consisting of an innate response, & humoral response,
an antibody response, a cellular response, and a combination of two or more of the
immune responses. In certain aspects, the immune response is an antibody response.

{6020} Further provided 15 a method of preventing or freating a Staphylococeal discase
or infection in a subject. In certain aspects, the method comprises administering to a
subject m need thereof a composition described elsewhere herem, In certain aspects, the

infection is g localized or svstemic infection of skin, soft tssue, blood, or an organ, or is
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anto-imrnune in nature. In certain aspects, the disease is a respiratory discase, for
example, preumonia, In certain aspects, the disease is sepsiy,

{6021} A subyect in anv of the methods disclosed herein can be a mammal. In certain
aspects, the mammal is & human, in certain aspects, the mammal is bovine or canine,
{63022} A composition for administration in any of the methods disclosed herein can be
administered via intramuscular injection, intradermal injection, intraperitoneal injection,
subeutaneous injection,  intravenous  injection,  oral  adwinistration,  mucnsal

administration, intranasal administration, or pulmonary administration.

{6023} Forther provided for is a composition for use in inducing a host immung response
aganst Staphylococens aurens i a subject. Further provided for s a composition for use
in preventing or {reating a Staphylococcal disesse or wlection m a subject, Further
provided tor is a method of producing 8 vaccing against 5. qurens infection. In certain
aspects, the method comprises 1solating an attenuated SEA toxoid described elsewhere
hersin, a multivalent oligopeptide described elsewhere herein, or any combination
thercof, and combining the toxoid, oligopeptide, or any combination thercof, with an

adjuvant.

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

{6024} Figure 1 is a schematic of rTBA and rTBA22S constructs. Additional potential
configurations of the fusion peptide are also shown, Linker: three repeats of the linker
GGGGS (4GS).

{3025} Figure 2A-B tlustrates purilication of frTBA. Fig. 2A) Process for purification of
rTBA and rTBA 225, Fig. 2B} SDS-PAGE analysis of rTRA.

{6026} Figure 3 shows the comparative immunogenicity of rTBA versus a cocktall of
the three individual toxoids in mice, A) ELISA and foxin neutralization assay (TNA)
were performed on pooled sera from 3 immunized mice per group for the three SAgs. B)
Groups of 10 mice were immunized 3 times with rTBA fonmulated either in CpG or
Alhydrogel and immunogenicity was determined in ELISA and TNA assavs. Data shown
arc FELISA ECs, and TNA NTy; valuces.

{6027} Figure 4 shows (TBA and rTBA225 safety profiles, Response of human PBMC
from three donors to SEA, yTBA, SEAH228A, sSEAZZS, and rTBA22S5.

{6028} Figure § shows the comparative mmmunogenicity of vIBA23S versus rTBA

versus a cockial of the three individual toxoids in mice. BLISA and toxin neutralization
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assay {TNA} were performed en individual sera from 1D insmunized mice per group for
SEA, SEB and TSST-1. Dats shown gre ELISA ECsy (A) and TNA NTse values (B),
TNA to test for cross-neutralization against other super antigens were also performed on
pocled sera from the snmunized mice. Data shown 1s percentage neutralization at 1;40
serum dilution {C). Error bars represent standard errors of mean and the asterisks show
statistical difference between rTBA225 and SAg cocktail immunized mice scra as
determined by the Manpn-Whitney non-parametric test.

{6025} Figwre 6 shows adsorption of rTSST-1 (A) and ¥ THA225 (B) by Athydrogel. The
proteins were incubated alone (left lanes) or with Alhydrogel at the indicared ratios
{protein: Alhydrogel} for 30 minutes at room temperature. Following the incubation the
samples were centrifuged 1o precipilate the adsorbed protein. The supermatant was then
subjected 1o SDS-PAGLE anulvsis and visualized by Coomassie staining. Lack of
detectable protein band indicates binding to Alhydrogel.

{8030} Figure 7 shows protection provided by rTBA2235 against toxin challenge. Groups
of 1} mice were vaccinated three times with BSA as a control or iTTBA223 formulated in
Athydrogel and challenged with the indicated doses of wild-type TSSET-1, SEA, or SEA.

Animals were monitored for 3 days for mortality and morbidity,

DETAILED DESCRIPTION

L Definitions

{8031} It is 10 be noted that the verm *a” or “an” entity refers to one or more of that
entity; for example, “a polynocleotide,” s wudersiood lo represenl one or more
polyaucleotides. As such, the terms "a” (or “an™). “one or more,” and “at least one”™ can
be used interchangeably herein,

[6032} Furthermore, "andfor® where used herein 18 (o be taken as specific disclosure of
gach of the two speecified features or components with or without the other. Thus, the
term and/or” as used i a phrase such as "A and/or B” berem is itended to include "A
and B," "A or B,” "A" (alone), and *B" {(alone). Likewise, the term "and/or” as used in a
phrase such as “A, B, and/or C" is intended to cncompass cach of the following: A, B,
and C; AV Boor A or G Ao B Bor G Aand C; A and B; Band C; A (alone), B
{alone); and C (alone}

{6033} Unless defined vtherwise, technical and scientific terms used herein have the

same mweanine as commonly understond by one of ordinary skill in the art to which this
Pl w w -
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disclosure 18 related. For example, the Coneise Dictionary of Biomedicine and Molecular
Biology, Juo, Pei-Show, 2nd ed., 2002, CRC Press; The Dictionary of Cell and
Molecular Biology, 3nd ed., 1999, Academic Press; and the Oxford Dictionary Of
Biochemistry And Molecular Biclogy, Revised, 2000, Oxford Umversity Press, provide
one of skill with a general dictionary of many of the terms used in this disclosure.

[3034] Units, prefixes, and symbols are denoted in their Systéme International de Unites
{S1) accepted form. Numeric ranges are inchigive of the numbers defining the range.
Unless otherwise indicated, amino acid sequences are written Jeft to right in amino to
carboxy orientation. The headings provided herein are not limitations of the various
aspects or embodiments of the disclosure, which can be had by reference w the
specification as a whole, Accordingly, the terms delned mmmediately below are more
fully defined by reference to the specification in its entirety.

[8035] Wherever aspects or embodiments are desenbed with the language "comprising,”
otherwise analogous aspects or embodiments deseribed in terms of "consisting of " and/or
"consisting cssentially of " are also provided.

[6036} Amino aeids are referred to heretn by their commonly known three letter symbols
or by the oneletter symbels recommended by the [UPAC-TUB Biochemical
Nomenclature Commission, Nucleotides, Likewise, ure relerred (o by thetr commonty
accepted single-letter codes.

{3037} The tenms "nucleic acid” or "nucleic acid fragment” refers to any one or more
nucleic acid segments, .5, DNA or RNA fragments, present in a polynucleotide or
construct. Two or more nucleie acids of the disclosure can be present in a single
polynucleotide construct, e.g., on a single plasmid, or in separate (non-identical)
polynueleotide construets, eg., on separale plasmids. Furthermore, any nucleie acid or
nucleic acid fragment can encode a single polypeptide, e.¢., a single antigen, cyloking, or
regulatory polypeptide, or can encode more than one polypeptide, e.g., 8 nucleic acid cpn
gncode two or more pelyvpeptides. In addiiion, a nuclewe acd can encode a regulatory
clement such as a promoter or a transcription icrminator, or can encode a specialized
clement or motit of a polypeptide or protemn, such as a secreiory signal peptide or a
functional domain.

{6038} The term "polynuclectide” is intended to encomypass a singular nucleic acid or
nucleic acid fragment as well as plural nucleic acids or pucleic acid fragments, and refers
to an isolated molecule or construct, e.g., a virus genome (eg., a non-infectious viral

genome), messenger RNA (mRNA), plasmid DNA (pDNA), or derivatives of pDNA
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{e.g., minicircles as deseribed in (Darquet, A-M et ol Gene Therapy 4:1341-1349, 1997)
comprising a polynucleotide. A polynuclestide can be provided in linear (e.g., mRNA),
circular (e.g., plasmid), or branched form as well as double-stranded or single-stranded
forms. A pelvnucleotide can comprise o conventional phosphodiester bond or @ non-
conventional bond {e.g, an amide bond, such as found in peptide nucleie acids (PNA}D).
{3035} As used hercin, the term “polypeptide™ is intended to cncompass a singular
“polypeptide™ as well as plural “polypeptides,” and comprises any chain or chains of two
or more amino acids. Thus, as used herein, a “peptide,” an “oligopeptide,” a “dipeptude,”

]

a “tripeptide.”

e

a “protein,” an “amino acid chain,” an “amino acid sequence,”™ “a peptide
subunit,” or any other term used to refer {0 a cha or chains of two or more amino acids,
are included in the defintiion of a “polvpeptide,” {gven though each of these terms can
bave a more specific meaning) and the term “polypeptide”™ can be used instead of, or
interchangeably with any of these terms. The term further includes polypeptides which
have undergone post-translational modifications, for example, glveosylation, acetylation,
phosphorylation, amidation, derivatization by known protectingblocking  groups,
proteatytic cleavage, or modification by non~-namrally ocensring amino acids.

{6040} The term “multivalent oligopeptide™ as used herein refers to a fusion protein
comprising two or more atienvaled staphylococcal protemns, g, superantigen (SAg)
toxoids or any fragments, vartams, or derivalives thereof fused together as a single
poivpeptide in any order. An oligopeptide can include other heterologous peptides as
deseribed elsewhere herein. Other peptides for inclusion in a mubtivalent oligopeptide
provided hergin include various other staphylococcal toxoids or fragments, variants, or
derivatives thereof, described elsewherg herein or in PCT Publication Nos. WO
20127109167A1 and WO 2013/082558 Al, which are boilh mcorporated by reference
hereiu in their entireties.

[G041} The collection of toxolds and oligopeptides of fusions of toxoids provided by the
disclosure are vollectively reforred (0 herein ag a “muliivalent oligopeptide andior SAg
toxoid,” or a “multivalent oligopeptide, SAg toxoid, or any combination thereef.” These
collective references are meant to include, withowt limitation, any one toxoid or
oligopeptide as provided herein, or two, three, four, or move toxoids or oligopeptides as
provided herein.

T oRE

{042} The terins “fragment,” “derivative,” or “varant” when referring to a multivalent
oligopeptide andior SAg toxoid of the present disclosure include any polypeptide which

relains at least some of the immunogenicity or antigenicily of the source protein or
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proteins. Fragments of mudtivalent oligopeptides and/or §Ags as deseribed herein include

proteclytic fragments, deletion fragments or Tragments that exhibit increased solubility
during expression, punfication, and/or administration to an animal. Fragments of
multivalent oligopepiides andior SAgs as described herein further mclude proteoiytic
fragments or deletion fragmenis which exhibit reduced pathogenicity or toxicity when
delivered to a subject. Polypeptide fragments further include any portion of the
polvpeptide which comprises an antigenic of fmmunogenic epitope of the solwee
potypeptide, ocluding lincar as well as three-dimensional epitopes.

{3043} An “epitopic fragment”™ of a polypeptide is a portion of the polypeptide that
contains an epitope. An “epltopic fragment”™ can, but need not, contain amino acd
sequence 1n addition 1o one or more epropes,

{6044} The term “vartant,” as used herein, refers to a polypeptide that differs from the
recited polypeptide due o amino acid substitutions, deletions, Insertions, and/or
modifications. Non-naturally oceurring varants can be produced using art-known
mutagenesis techniques. In some aspects, variant pelypeptides differ from an identified
sequence by substitution, deletion or addition of three amino acids or fewer. Sunch
vartants can generally be identified by modifying a polypeptide sequence, and evaluating
the antigenic or pathogenic properties of the modilied polypeptide using, for example,
the representative procedurey described herein. In some aspects, variants of & multivalent
oligopeptide and’'or SAg toxoid torm a protem complex which is less toxic than the wild-
type complex,

[B045] Polypeptide variants disclosed herein exhibit at least about 8586, 90%, 944, 95%,
s, 97%, 98%, 9995 or 99.9% sequence wdentity with identified polypeptide. Variant
polypepides can comprise conservative or non-conservative amino acid substilubions,
deletions or nsertions. Variants can comprise multivalent oligopeptides andior SAgs
wdentical 1o the vanous wild-type stuphylococeal proteins except for at least 1,2, 3. 4, 5,
6, 7.8, 9, 10, 15, 20, or more aming acud substitutions, including specific mutations
described elsewhere herein, where the substitutions render complex less toxic than a
corresponding wild-type protein complex. Derivatives of multivalent oligopeptides
and/or SAgs as described hercin are polypeptides which have been aliered so a3 to
exhibi additional features not found ou the native polypeptide. Examples inclhode fusion
protems. An analog s another form of a multivalent oligopeptide and/or SAg toxomd
deseribed herein, An example 18 a proprotem which can be activated by cleavage of the

proprofein to produce an active mature polypeptide,
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{3046} Vartants can also, or alternatively, contain other modifications, whereby, for

example, a polyvpepiide can be conjugated or coupled, ez, fused to & heterologous amino
acid sequence, ez, a signal (or leader) sequence at the N-terminal end of the protein
which co-trunslationally or post-translationally divects transfer of the protein, The
polvpeptide can also be comugated or produced coupled to a linker or other sequence for
casc of synthesis, purification or identification of the polypeptide (e.g., 6-His), or to
enhance binding of the polypeptide to a solid support. For example, the polypeptide can
be conjugated or coupled to an immunoglobulin Fe region. The pelypeptide can also be
conjugated or coupled o a sequence that imparts or modulates the Immune response 1o
the polypeptide (e 2., a T-cell epitope; B-cell epiope, cytokane, chemokine, ete.) andfor
erthunces uptake und/or processing of (he polypepiide by antigen presenting cells or other
mmmune system cells, The polypeptide can also be conmugated or coupled to other
polvpeptides/epitopes from Staphviocaccus sp. andfor from other bacteria and/or other
viruses to generate a hybrid immuonogenic protein that alone or in combination with
various adjuvants can elicit protective imumunity fo other pathogenic organisms. The
polypeptide can alse be conjugated or counpled to moicties which confer greater stahility
or improve half fife such as, but not limited to albumin, an irmmunoglobulin Fe region,
polyelbylene glycol (PEG), and the ke, The polypeptide can also be conjugated or
coupled to moieties (e.g., immunogenic carbohydrates, e.g., a capsular polysaccharide or
a surface polvsaccharide) from Staphvlococcus sp. andfor from other bacteria and/or
other viruses fo generate 8 modified immunogentc protein that alone or in combination
with one or more adjuvanss ean cnhance andfor synergize protective immunity. Tn certain
aspects, the polypeptide described herein  further comprises an  immunogenic
carbohydrate. In one aspeet, the immunogenic carbohydrate 13 a saccharide.

{6047} The term "saccharide” throughout this specification can indicate polysaccharide
or ohyosaccharide and ncludes bothe Polysacchandes ol the disclosure can be isolated
from bacteria and can be sized by known methods, For example, full length
polvsaccharides can be "sized" {e.g., their size can be reduced by various methods such
as acid hydrolysis treatment, hydrogen peroxide treatment, sizing by EMULSIFLEX®
followed by a hydrogen peroxide treatiment to generate oligosaecharide fragments or
microflmidization). Polysaccharides can be sized m order to reduce viscosity In
polvsaccharide samples and/or to improve filterability for conjugated products.

™

Oligosaccharides have a low number of repeat umits {e.g, 5-30 repeat unls) and are
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typically hydrolyzed polysaccharides. Polysaccharides of the disclosure can be produced
recontbinantly,

{6048} S, aureus capsular antigens are surface associated, Houted 1w antigenic specificity,
and highly conserved among clumcal isolates. In one aspect, the immunogemc
carbohvdrate of the disclosure 18 a capsular polysaccharide {(CP) of 5 aurens. In one
aspect, a capsular saccharide can be a full length polysaccharide, however in other
aspects it can be one oligosaccharide unit, or a shorter than native length saccharide
chain of repeating oligosaccharide units. Serotyping studies of staphylococeal isolates
have revealed several puaative capsular serotypes, with types 3 and 8 {(CPS and CP8)
being the most prevalent among 1solates from chinmcal mfections, sccounting for about
25% and 30% of isolates recovered from humons, respectively (O'Riordan and Lee,
Clinical Microbiology Reviews, January 2004, p. 218-234, Vol. 17, No. 1; Pouirel snd
Sutra, § Clin Microbiol. 1993 Feb;3142):467-9). The same isolates were also recovered
from poultry, cows, horses and pigs (Tollersrud er al. T Clin Microbiol. 2000
Aug:38(8)1:2998-3003; Cunnion KM ef of., Infeet Immun. 2001 Nov;69(1 1):6796-803).
Type 5 and 8 capsalar polysaccharides puvified fromy the prototype stains Revnokds and
Becker, respectively, ave spuctorally vory similar o sach othey and to e capsule made
by sfram T, deserbed proviously by Wy and Park (Wy and Parkl 1971 1 Baowerid

PORRT4E84) Twpe § hax the structure {(~dpR30ACR DA TanNACA{ T —d e Lo

FueRAc-{ -3 p§-D-FuchAc-{ Lol (Fowrnier, b Mo ef @f, 1987, o ost, Pastowr
Mucrobiol. 13X:361-867; Morveau, ", er of ) 1990, Carbobvdy, Res 2002882971 and

fvpe § has the socture  S34-0-AcB-D-ManNAA {1 SheloFucNAS{T S8
FuoNAC-{lwsyy (Foursier, . M erad, 19840 Infect. Tmmon, 438793 Type S and 8
polysaccharides diflfer only w the linkages butween the sugary and i the siles of -
acetviation of the reannosanumeonic aoid residues, vet they are serologically distiney
{0049} Type 5 and 8 CP comugated to a detoxilied recombimant Psewdomonas
aeruginosg exoloxin A carrier were shown o be highly immunogenic and proteciive in g
mousc model {A Fattom et af, Infect Immun, 1993 March: 61(3): 1023-1032; A Fattom
et af., Infect Immun, 1996 May; 6H5): 16591665 ) and passive transter of the CP5-
specific antthodies from the immunized animals induced protection against systemic
nfection - mice (Lee et al, Infoct Immun, 1997 October; 65(10): 4146-4151) and
against endecarditis in rats challenged with a serotype 5.5 wurens (Shinefield H e/ ol , N
Engl | Med. 2002 Feb 14;346(7)491-6). A bivalent CPS und CP8 conjugate vaccing
{StaphVAXE, Nabi Biopharmaceutical) was developed that provided 75% protection in
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mice against S awgrens challenge. The vaccine has been tested on humans (Fattom Al o
al, Vaceine, 2004 Feb I722(70880-7; Maira-Liirdn T et af, Infect hmmun, 2005
Qct; 73(1016752-62), In certain aspects, the recombinant peptide or multivalent
oligopeptide of the disclosure 1s combined with or comjugated o an immunegenic

carbohvdrate {e.g, CPS, CPR, a CP fragment or 4 combination thereof).

LEL Immunization with poly-N-acetvighicosamine (PNAG) {McKenney D. ef @l
Scignce. 1999 May 28284(5419%1523-T) or poly-N-suceinyl glucosamine (PNSG)
{Tuchscherr LP. ef of, Infeet Inmun. 2008 Dee:76(123:5738-44, Fpub 2008 Sep 22),
hoth 8. aurews surface carbohwdrates, has been shown to generate at least partial
profection agamnst S wwrews chullenge in experimental anunal models, PNSG was
wdentified as the chemical form of (he S epidermidis capsular polysacchande/adhesin
{PS/A) which mediates adherence of coagulsse-negative staphyvlococet {CoNS} to
bromaterials, serves as the capsule for strains of CoNS that express PS/A, and is a target
for protective antihodies. PNSG is also made by 5 awrens, where it 18 an
environmenmally regulated, i# vivo-cxpressed surface polysaccharide and similarly serves
as a target for protective Immunity (McKenney D, er of, J. Biotechnol. 2000 Sept
29;83¢1-2): 37-44). In certain aspects of the disclosure, the immunogenic carbohvdrate is
a surface polvssccharide, eg., poly-N-gcetyvlglucosaming (PNAG), poly-N-succinyi
glucosamine (PNSG), a surface polysuccharide fragment or a combination thereof,

{6051} Wall Teichoie Acid (WTA) is a prominent pelysaccharide widely expressed on 5.
aurens strains (Newbang, F.O. and i Baddiley, Microbiol Mol Biol Rev, 2003,
67(41:686-723) and antisera to WTA have been shown to induce apsonophagocytic
kilting alone and in presence of complement ((Thakker, M., ef al., Infect Trmun, 1998,
86{111x5183-9), wnd Fattom o o, US Paremt 7,754.225). WTA i linked 1o
peptidoglyeans and protrudes through the cell wall becoming prominently exposed on
non-encapsulated strains such as USAJ300 responsible for most cases of community
acguired MRSA {(CA MRSA) m the US (Hidvon, AL, et af., Lancel Infect Dig, 2009
9(6):384~92).

{6052} Lipoteichoic acid {LTA) is a constituent of the cell wall of Gram-positive
bacteria, .., Smphplococess aurens. UTA can bind to target cells non-specifically
through membrane phospholipids, or specifically to CDI4 and to Toll-like reeeptors.
Target-bound LTA can interact with circulating antibodies and activate the complement
cascade to induce 3 passive immune kill phenomenon. 1t also triggers the release from

neutrophils and macrophages of reactive oxygen and nitrogen species, acid hvdrolases,
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highly cationic proteinases, bactericidal cationie peptides, growth factors, and cytotoxic

2%

eytokines, which can act tn synergy to amplify cell damage.

{6053} In certain aspects, a surface polysaccharide 1s combuned with or conjugated to a
polypeptide of the disclosure. In certamn aspects the surface polysacchande 15, eg., poly-
N-acetylglucosamine {PNAG), poly-N-succinyl glucosamine {(PNSG), Wall Teichoie
Acid {WTA), Lipotcichoic acid (LPA). a fragment of any of said surface
polysaccharides, of a combingtion of two or maore of said surtace polysaccharides.

[B054} The term “sequence identity” as used herein refers to a relationship between two
or more polynucteotide sequences or between two or more polypeptide sequences. When
a position i one sequence 1s oceupled by the same nucleic acid base or amine acid 1n the
corresponding  position of the comparator sequence, the sequences are said o be
“wientical” at that position. The percentage “sequence identity” is calculated by
determining the number of positions at which the identical nucleic acid base or amino
acid oceurs in both sequences to yicld the number of “identical™ positions. The number

k]

of “identical” positions is then divided by the total number of positions in the
comparison window and multiplied by 100 tw vield the percentage of “sequence
identity.” Tercentage of “sequence identity™ is determined by comparing two optimally
aligned sequences over a comparison window and a homclogous polypeptide from
another tsolate. In ovder 0 optimally align sequences for companson, the portion of a
polynucleotide or polvpeptide sequence m the comparison window can comprise
additions or deletions termed gaps while the reference sequence is kept constant. An
optimal alignment s that alignment which, oven with gaps, produces the greatest
possible mamber of “identical™ positions between the reference and comparator
sequences. Percenmtage “scquence identity” belween two segquences can be determined
psing the version of the program “BLAST 2 Sequences” which s available from the
National Center for Biotechnology Information as of September 1, 2004, which program
meorporaies the programs BLASTN (for nucleclide sequence comparison) and BLASTP
{for polypeptide scquence comparison), which programs arc based on the algorithm of
Karlin and Altschul (Proc. Nail. Acad. Sci. US4 S0{121:5873-5877, 1993). When
utilizing “BLAST 2 Seguences,” parameters that woere defanlt parameters as of
September 1, 2084, can be used for word size {3), open gap penalty {11). extension gap
penalty (1), gap drop-off (50}, expect value (10} and any other requuired parameter

meluding but not imited to mairix option,



CA 03069747 2020-01-10
WO 2019/023341 PCT/US2018/043687
- 16 -

{B0S5] The term “epitope,”™ as used herein, refers to portions of a polypeptide having
aniigenic or Imunogenic aciivity in an animal, for example a mammal, for example, a
human. An “unmuonogenic epitope,” as used heremn, 1s delined as a portion of a protein
that elicits un Immune tesponse m an anunal, as determaned by any method known In the
art. The ferm “antigenic epitope,” as used herein, 1s defined as a portion of & protem to
which an antibody or T-cell roceptor can immunospecifically bind its antipen as
determined by any method well known in the art. Immunospecitic binding excludes non-
specific binding but does not necessarily exclude cross-reactivity with other antigens.
Whereas all immunogenic epitopes are antigenic, antigenic epitopes need not be
INUMUACIENIC.

{8056} As uged herein, a “coding region” 1% 8 portion of nucleic acid which consists of
codons translated into amino acids. Adthough 4 “stop codon™ {TAG, TGA, or TAA) is
not transkated into an amine acid, it can be considered to be part of a coding region, but
any tlanking sequences, for example promotors, ribosome binding sites, transcriprional
terminators, and the like, are putside the coding region.

[6057} The term “codon optimization™ is defined herein as modifving a nucleic acid
sequence for enhanced expression in the cells of the host of Inferest by replacing at least
one, more than one, or a significant sumber, of codons of the native sequence with
codons that are more frequently or most frequently used In the genes of that host
Various species exhibit particular bias for certain codons of a particular amino acid.

{GOSS} The terms “composition™ or “pharmaceutical composition™ can nclpnde
compaositions containing hmmunagenic polypeptides of the disclosure along with g,
adjuvants or pharmaceutically acceptable carriers, excipients, or diluents, which are
adminisiered to an individual already sullermg from 8. gurewy wifechion or an individual
in peed of immunization agaimst 5. mareus infection.

{8059} The term "pharmaceutically acceptable” refers to compositions that are, within
the scope of svund medical judgment, suitable for contact with the tissues of human
beings and animals without excessive toxicity or other complications commensurate with
a reasonable benefit‘risk ratio. In some aspects, the polvpeptides, polynucleotides,
compasitions, and vacemes deseribed herein are pharmaceutically acceptable:

{6060} An “offective amount”™ is that amount the administration of which o an
individual, either in a single dose or as part of a series, is effective for ireatment o
prevention. An amount is effective, for example, when ity administration results in a

reduced incidence of § wwrews infection relative to asn untregled individual, as
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determined, e.g., after infection or challenge with infectious S aurews, including, but is
not Hmited to reduced bacteremia, reduced loxentia, reduced sepsis, redoced symploms,
mncreased Immune response, modulated mumwme response, or reduced time required for
recovery, This amount vanes depending upon the health and physical condition of the
individual to be treated, the taxonomic group of individual to be freated {e.g.. human,
nonhuman primate, primate, ete.), the responsive capacity of the individual’s immune
system, the éxtent of treatment or protection desired. the formulation of the vaceine. a
professional assessment of the medical situation, and other relevant factors. It is expected
that the effective amount will fall in a relatively broad range that can be determined
through routine tmals, Typically a smgle dose s from about 10 ug to 10 mg'kg body
weight of purified polypeptide or an amount of # modified ¢arvier organism or virus, or a
fragment or remnant thereof, sufficient fo provide a comparable quantity of
recombinantly expressed multivalent oligopeptide andior SAg toxeid as described
herein, The werm “peptide vaccing” or “subunit vaceine” refers to a compasition
comprising one or more polypeptides described herein, which when administercd to an
animal are useful in stimulating an immuone response against staphylococeal (eg., 8.
aurens) infection,

{6061} The term "subject" s meant any subject, pacicularly a mammalian subject, for
whom diagnosis, prognosis, mmmumization, or therapy s desired. Mammalian subjects
include, but are not limited to, humans, domestic animals, farm animals, zoo animals
such as bears, sport animals, pet animals such as dogs, cats, guinea pigs, rabbits, rats,
mice, horses, cattle, bears, cows; primates such as apes, monkeys, orangutans, and
chimpanzees; canids such as dogs and wolves; felids such as cats, lions, and tigers;
eqiids such as horses, donkeys, and zebras; food anumals such as cows, pigs, and sheep;
ungulates such as deer and givaffes; rodents such as mice, vats, hamsters and guivea pigs:
and so on. In ong aspect, the subject 1s a haman subject,

{0062} As used herein, a “subject in need thereol™ refers o an ndividual Tor whom i s
desirable to treat, ie., to prevent, cure, retard, or reduce the severity of staphylococcal
{e.g.. 8. aurens) disease symptoms, or result in ne worsening of disease cause by &
aurews over a specitied period of time, or both,

{6063} The terms “priming” or “primary’” and “hoost” or “hoosting” as used hercin refer
to the mitial and subsequent immunizations, respectively, e, In accordance with the
definitions these terms normally have in imnuunology. However, in cerlain aspects, e.g.,

where the priming component and boosting component are in a single formulation, initial
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and subsequent immunizations are not be necessary as both the “prime” and the “boost”™
conpositions are admastered simutlaneously.

{6064} As used herein, “superantigenic activity” 1s a measuwre of a multivalent
oligopeptide’s or SAg toxoud's residoal toxicily and can be measured in comparison (o
that of a wild-type SAg toxin or to another reference SAg toxoid or SAp toxoid
containing multivalent oligopeptide. For purposes of this disclosure, an increase or
decrease in “superantigenic activity” in comparison to a reference polypeptide ecan be
determined by measuring the activity of a SAg toxin, toxoid, or oligopeptide against
isolated peripheral blood mononuclear eells (PBMCs) in an f# vitro stimulation assay as

descnibed elsewhere herein,

1L Superantigen {SAg) Toxoids and Multivalent Oligopeptides

8065} This disclosure provides for recombinant ohigopeptide fusion proteins comprised
of attepnated polypeptide subunits, referred to herein as “toxoids,” derived from
Staphylococcal superantigens. In certain sspeets, the SAg toxoid is attenuated by one or
mate mutations o decrease its superantigenic activity, toxicity, and/or viralence, while
maintaining its immunogenicity. Accordingly, this disclosure provides for an attenuated
Staphylococous aurews-derived superantigen (SAg) Staphylococcal enleroloxin A (SEA)
toxoid or fragment, vanant, or dertvative thereof, comprising four mutations relative to
wild-type SEA corresponding fo L48R, DTOR, Y92A, and H225A mutations in SEQ 1D
NO: 4. In certain aspects, the attenuated SEA toxoid or fragment, variant, or derivative
thereof, having the four specified mutations, comprises an amino acid sequence that is at
least 90% identical to SEQ 1D NO: 4. Tn cenain aspeets, the attenuated SEA roxoid or
fragment, variand, or derivative thereol comprises and/or consists of SEQ 1D NO: 4. 11
will be understond that the nomenclature used herein to deseribe poist mutations {e.g.
“LABR) ure n comparison to wild-type SAg proteins which do wot contam the N-
lermingl Methionine that was required for helerologous expression,

{8066} In certain aspeets, the SEA toxoid or fragment, variant, or derivatives thercof,
having the four specificd mutations, has decregsed superantigenic activity, decreased
toxicity, and/or Is less virulent than a wild-type SEA toxin. In certain aspeets, the SEA
toxoid or fragment, variant, or derivatives thereof, having the four specified mutations,
has decreased saperantigenic activity, decreased {osicdty, and/or is Jess vivalent than a
SEA tuxowd comprising SEQ ID NO: 3 (SEA sqrporyozal In certain aspectly, the SEA

toxoid or lragment, variant, or denvatives thereof, having the four specified mutations,
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has decreased superantigenic activity, decreased toxicity, andior is less virulent than a
SEA toxod consisting of SEQ ID NO: 3.

{0067} In certain aspects, the attenuated SEA {oxoid or fragment, vanant, or derivative
thereof, baving the four specified mutations, has less than 30%, less than 40%6, less than
30%, less than 20%, less than 10%., {ess than 3%, less than 3%, less than 2%, or less than
I% of the superantigenic activity of a wild-type SEA toxin. In certain aspects, the
attenuated SEA toxeoid or fragment. variant, or derivative thereof, having the four
specified mutations, has less than 50%,, less than 40%, less than 3095, less than 20%, less
than 10%, Tess than 3946, less than 3494, less than 2%, or less than 1% of the superantigenic
activity of a SEA toxowd comprising SEQ 1D NO: 3, In certain aspects, the attenuvated
SEA loxoid or fragment, varianl, or denvative thereof, having the lour specilied
mutations, has less than 30%, less than 40%, less than 30%, less than 2096, less than
H0%, less than 5%. less than 3%, less than 2%, or less than 1% eof the superantigenic
activity ot a SEA toxoid consisting of SEQ D NO: 3.

[B068] In certain aspects of anv of the attenuated SEA toxoids or fragments, variants, or
derivatives thereof, comprising four mutations relative to wild-type SEA corresponding
to the L48R, DTOR, Y92A, and H225A mutations in SEQ ID NQO: 4 as disclosed herein,
immunegenicily s mainlamngd as compared o g wild-ype SEA toxn, a SEA {oxmd
comprising SEQ 1D NO: 3, wnd/or a SEA toxowd consisting of SEQ 1D NO: 3, In certain
aspects, inununization with the SEA toxeid or fragment, variant, or derivative thereof,
comprising the four specified mutations, elicits neutralizing antibodies against a wild-
type SEA toxin,

{3069} Farther, in certain aspects, this disclosure provides a muitivalent oligopeptide
comprising a {uston of bweo or more, e.g., two, three, four, five, six, seven, gight, nine, {en
or mare Staphviococcus aurens-derived toxeids or fragments, vanants, or derivatives
thereof arranged in any order, The two or move Staphvlococcus aurens-derived toxods
or fragments, varants, or denvatives thereof of the multivalent ohgopeptide can be the
same or differeat.

{6070} U.S. Publication No. 2016/0185829 Al (incorporated herein by reference)
deseribes a simphified  Superantigen (5Ag) toxord vacoine comprising a fusion
oligopeptide of mutants of Supcrantigens, namcly recombinant TSST-1isiemrrasns
{SEQ 1D NGO 1), SEBusryeaysas (SEQ ID NO: 2), and SEA ssepmryvsa (SEQ 1D
NCO: 3% Thes mwltivalent oligopeptide is referred to herein as 'TBA (Figure 1) and has

the amine acid sequence SEQ ID NO: 5, The rTBA construct was capable of inducing
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broad neutralizing antibodies. This fusion protein induced a better total antibody and
nenlralizing response compared (o a simaple mixture of the three individuaal toxoids, bal #
retained some resideal superantigenic activity.

{6071} Provided beremn is a multivalent obgopepude that improves upon 1TBA. In
certain aspects, the multivalent oligopeptide comprises a fusion protein of two or more
SAg toxoids having reduced superaitigenic activity, toxicity, and/or virulence relative to
a SAg fusion protein comprising and/or consisting of SEQ 1D NO: 5. In certain aspects,
the muttivalent oligepeptide has less thag 30%, loss than 40%,, less than 30%, less than
0%, less than 10%, less than 5%, less than 3%, less than 2%, or less than 1% of the
superantigenic activity, toxicity, and/or virulence of a wild-type SEA toxin andior a SAg
fusion protein comprising SEQ ID NO: 5 (Figure 4). In certain aspecis, the multivalent
aligopeptide maintains the immunogentcity of the SAg fusion protein comprising and/or
consisting of SEQ ID NO: 5. In certain aspects, immunization with the multivalent
oligopeptide clicits neutralizing antibodies against a SAg TSST-1 toxin, a SAg SEB
toxin, & BAg SEA toxin, or any combination thereof. In cortain aspects, immunization
with the multivalent oligopeptide elicits neutralizing antibodies to SAg toxins other than
TSSET-1, SER, or SEA. In certain aspects, the multivalent oligopeptide exhibits greater
and/or broader immunoegenicity (han an equimolar cocktail of the mdividual SAg toxoids
from which 1t 1s composed (Figure §). In certain aspects, ymmunization of a subject with
the multivalent ochigopeptide provides protection against at least one or more of wild-type
SAg TSST-1 toxin, wild-type SAg SEB toxin, and wild-type SAg SEA toxin (Figure 7).
In certain aspocts, the mulivalent ohgopeptide or & composition comprising the
oligopeptide can be used to treat or preveat a Staphylococcal disease or infection.

{0072} ln certain aspects of this disclosure, a muliivalenl oligopeptide includes a
staphylococcal SAg toxoid or fragment, variant, ov derivative thereol including, withoui
limitation, a toxoid derivative of staphylococeal enterotoxin A (SEA), staphyvlococeal
enterotoxin B (SEB), staphylococesl enterotoxing C1-3 (SECIR), staphviococeat
enterotoxin £ {SEE), staphylococcal enterotoxin H (SHE}, staphvlococcal enterotoxin |
{SE1), staphylococcal enterotoxin K (SEK), staphylococcal toxic shock syndrome toxin-1
{TSST-1). streptococeal pyrogenie exotoxin O (Spe(?), staphyloeoccal enterotoxin 1)
{SED), streptococcal pyrogenic exotoxin A (Spedl, or any combination thereof, in any
order.

{6073} In certum aspects, the multivalent oligopeptide includes a staphylucoceal toxic

shock syndrome toxin-1 (TSST-1) foxoid or fragment, variant, or derivative thereof, In
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certain aspects, the TSET-1 toxoid is the attenuated toxoid TSST- Lagriprramea {SEQ 1D
NO: 1), or o TSST-1 {oxoid comprising the three attenvating mutations relative o wild-
type TSST-I corresponding to the L30R, D27A, and 6A mutations m SEQ D NO: 1
and an amme acid sequence at least 75%, 830%, 5%, 90%., 95%, 96%, V7%, 98%, or
QA identical to SEQ 1D NO: 1. In certain aspects, the olipopeptide includes a
staphvlococeal entcrotoxin B (SEB) toxoid or fragment, variant, or derivative thercof, In
certain aspects, the SEB toxnid i3 the attenuated toxoid SEBLyrvseaysa (SEQ ID NO:
2, or a SEB toxoid comprising the three attenuating nwtations relative to wild-type SEB
corresponding ta the LASR, Y89A, and Y94A mutations in SEQ D NO: 2 and an amino
acid sequence at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% identical to
SEQ ID NO 2, In certain aspects, the oligopeptide includes a staphylococcal enteroioxin
A (SEA) toxoid or fragment, variant, or derivative thereof, In certain aspects, the SEA
toxoid is the attenuated toxold SEAsswimyozamnsa (SEQ 1D N 4), oran SEA toxoeid
comprising the four attenuating mutations relative the wild-type SEA corresponding to
the L4SR, D70R, Y92A, and H225A mutations in SEQ ID NO: 4 and an amino acid
sequence at least 75%, RO0%, 83%, 9%, 95%, 96%4, 97%. 98%, or 99% identical to SFQ
1D NO: 4,

{6074} In certain aspects, a mudiivalent chigopeptide as provided herein comprises al
feast one Staphylococcal enterotoxin A (SEA) attenusted toxoid comprising four
mutations relative to wild-type SEA corresponding to the L48R, DTOR, Y9ZA, and

2254 mutations in SEA spomrysiaansa (SEQ 11 NG 4) as described elsewhere
herein, In cortain aspeets, the multivalent aligopeptide comprises two or more or three or
more SAg toxoids or fragments, variants, or derivatives thereot. Tn certain aspects, the
oligopeptide further comprises a staphviococeal enierotoxin B (SER) attenuaied toxotd
as described elsewhere herein, a staphylococcal toxic shock syndrome toxin-1 {TSST-1)
attenuated toxoid as described elsewhere herein, and any combination thergofl In certain
aspects, the TSST-1 toxend comprises threg mutstions relative to wild-type T3S8T-1
corresponding to the LAOR, D274, and 146A mutations in SEQ 1D NO: 1 and an amino
acid sequenee at least 90% identical to SEQ ID NO: {; the SEB toxoud comprises three
rmutations relative to wild-type SEB corresponding to the LASR, YR9A, and Y94A
mutations in SEQ ID NO: 2 and an amino acid sequence at least 90% wdentical to SEQ
ID NO: 2; and the SEA attenuated toxoid comprises fonr mutations relative fo wild-type
SEA corresponding to the LASR, D70R, Y92A and H225A mutations m the SEA toxord
of SEQ ID NO: 4 and an amino acid sequence al least 90% identical 1o SEQ ID NO: 4,



CA 03069747 2020-01-10

WO 2019/023341 PCT/US2018/043687
37

&

b

In certain aspects, the TSST-1 toxoid comprises the amino acid sequence SEQ 1D NO: [}
the SEB toxoid comprises the amino acid seguence of SEQ ID NO: 2; and the SEA
attenuated toxoid comprises the ammo acid sequence SEQ 1D NO: 4.

{6075} In certain aspects, the multivalent olizopeptide ncludes the SAg attenusted
toxoids SEBpssrovesavasa (BT SEArasmpravveiamzasa (PA2257), TSST-1isornaramsa
("T™), or any combination thercof. In certain aspects, the multivalent oligopeptide
inchudes at Teast SEA sswomorvszatmsa. T certain aspects, the multivalent oligopeptide
comprises, consists of, or consists essentially of a “TBA225” fusion {fTHA22S; SEQ ID
NO: 6), which & a  fusion  of TSST-laaperanss,  SEBLsrovsuaywa,  and
SEAusmpronyozanzss. W that order, Or the ohigopeptide has the attenuating mutations
corresponding {0 those of SEBjsanvecavess. SEAvsmmwreyosmnss, and TSST-
Trasmarauss, wherein the oligopeptide comprises, consists, or consists essentially of an
amino acid sequence at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99%
identical to SEQ 1D NO: 6,

{3076} As noted, in certain aspeots, the multivalent oligopeptide is rTBAZ225 (SEQ IN
NO: 6), which is a fusion of the 8Ag triple mutants TSST-1orpiranea (ISEQ TR NG 1)
and  SEBpaspivieavwa (SEQ D NO: 2) and SEA  guadmple  nwtant
SEAvsrpromvizamsa (SEQ 1D NO: 4). rTBA225 retains the superior immunogenicily
of rITBA (SEQ D NO: 3) while having reduced superantigenic activity, Addional
possible configurations with different orderings of the aforementioned SAg toxoids are
shown in Figure 1. Also provided for in this disclosure is a method for tag-free
purification of rTBA and fTBAZ22S.

{8077} The SAg toxoids can be linked together in any order, either with our without
Hnkers, and can be the same or different. In some aspects, (he SAg toxoids included 1
the muliivalent oligopeptide can be directly fused to gach other, In other aspects, the SAg
toxoids mncluded in the multivelent oligopeptide can be associated via a linker, Suitable
tinkers can be chosen based on thewr ability to adopt a flexible, extended conformation,
or a sccondary structurc that can interact with joined epitopes, or bascd on their ability to
increase overall sclubility of the fusion polypeptide, or based on their lack of
clectrostatic or water-interaction effects that influence joined peptide regions. In certain
aspects, the lmker is a peptide linker. In certain aspeets, a peptide linker for use in a
multivalent oligopeptide as provided herein can include at least one, but no more than 30
aminge aeids, eg., small amino acids that provide a flexible chain, eg., glycine, serine,

alanine, or a combination thereol. In certain aspects, a Hoker for use in a muliivalent
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NO: 6), the linker is a (GGGGS),; Hnker m which n=3.

[GU78}

gssentially of the amino acid sequence SEQ 1 NO: 6.

TABLE 1: SAgs and Multivalent QOligopeptide Prolein Sequences

In certain aspects the multivalent obgopeptide comprises, consists of, or consisty

SEQ
D

NO

TSST-laowmramna
(Mutations relative to
wild-tvpe
hold/undertined)

METNDNIKDLLDWYSSGSDTFTNSEVLANSRGSMR
IRNTDOGSISLIAFPSPY YSPAVTRKGERKVDLINTERTRK
SQHISEGTYIHFQISGVINTERLPTPIELPLEKVREVIHG
KDSPLKYWPKFDKKQLAISTLRDFEIRHQLTOIHGLY
RESDKTGOY WRKITMNDGSTYQSDLSKKFEYNTEKD
PINIDEIKTIEAEIN

Wild-type TSST-1

MSTNDNIKDLLDWYSSGSDTFINSEVLDNSLGEMRI
ENTDGSISLIEPSPY YSPAFTKGEKYDLNTEKRTKKS
QHISEGTYIHFQISGVINTEKLPTPIELPLKVKVHGK
DSPLEYWPKFDKKQLAISTLDFEIRHOQLTQIHGLYR
SSDKTGGYWRKITMNDGSTYQSDLSKKFEYNTEKPPL
NIDEIKTIEAEIN

g

SEBrarivsosvoas
(Mutations
bold/underimed)

MESQPDPKPDELUHKSSKFFGEMENMEKVLY DDNHY
SAINVKSIDQFRY FDLIYSIKDTKLGNYDNVRVEFK
NEKDLADKYRKDEKYVDVEFGANAYYQCAFSKICINDIN
SHOTDKRKTCMYGGVTEHNGNQLDKYRSITVRVIEE
DGKNLLSFDVQTNKKKVTAQRLDYLTRHYLVKNK
KLYEFNNSPYETGYIKFIENENSFWYDMMPAPGDK
FDOSKYLMMYNINKMVDSKDVKIEVYLTTKKEK

Wild-type SEB

MUSOPDPRPDELHESSKFTGLMENMEVLY DDNHY
SAINVESIDOFLYFDLIYSIKDTKLONYDNVRVEFK
NEDLADKYRDRKYVDVEFOANYYYQUYFSKKTNDIN
SHOTDKRKTCMYGGVTEHNGNQLDKYRSITVRVFE
DGKNLLSFDVOTNKEKKVTAQELDYLTRHYLVKNK
KLYEFNNSPYETOYIKFIENENSFWY DMMPAPGDK
FDOSKYTLMMYNDNREMVDSKDVKIEVYLTTEKEK

H

SEAR2sa
( Mutation
bold/underlined)

ERKSEEINEKDLRKKSELQGTALGNLKQIYYYNEKA
KTENKESHDQEFLOQHTILFKGFFTDHIWYNDLLVDE
DSKDIVDKYKGKKVYDLYGAYYGYQUAGOGTPNKTA
CMYGGVTLHDNNRLTEEKKVRINLWLDGKONTVP
LETVKTINKKNVTVQELDLQARRYLQEKYNLYNSD
VEDGKVORGLIVFHTSTEPSVNYDLFGAQGOYSNT
LERIYRDNKTINSENMAIDIYLYTS

il
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SEALsrpmRvsza
(Mutations
boldunderlined)

EESERINEKDLREKSELOQGEALGNLKIY Y YNEKA
KTENKESHRQVYROHTILFKGEFFTDHSWYNDLLVRF
DSKDIVDRKYRGREKVDLYGAYAGYQUAGGTPNKTA
CMYGUVTLHDNNRLTEEKKVPINLWLDGKONTVE
LETVEKTNEENVIVOELDLOARRY LQEKYNLYNSD
VEDGRVQRGLIVFHTSTEPSVNYDLFGAQGQYSNT
LERIYRDNKTINSENMHIDIYLYTS

i

SEAsnmomvoatms
A

(Mutations
holdfunderlined)

EKSEEINEKDLRKKSELOQGTALGNLKQIY YYNEKA

KTENKESHDOFROHTILFKGEFFTDHSWYNDLLVRE

DSKDMVDEKYKGEKKVDLYOGAY AGYQUAGGTPMKTA
CMYGGVTLHDNNRLTEEKKVPINLWLDGKOQNTVP

LETVRKINKKNVTVQELDLOQARRYLQEKYNLYNSD

VEDGEKVOQRGLIVFHTSTEPSWNY DLFGAQGQYSNT

LERIVRDNKTINSENMAIDIYLYTS

Wild-type SEA

ERSEEINEKDLREKKSELQGTALGNLKQIYYYNEKA
KTENKESHDOQFLOQHTILFKGFFTDHSWYNDLLVDE
DSKDIVDKYRKGKKVDLYGAYYGYQUAGUHETPNKTA
CMYGOVTLHDNNRLUTEERRKVPINLWLDGRONTVP
LETVKTNEENVTVQELDLOQARRYLQEKYNLYNSD
VEDGKVORGEIVEHTSTEPSVNY DLFGAQGOYSNT
LERIYRDNKTINSENMHIDIYLYTS

rTBA Fusion Protem:

TSST-Tranmmranisas
L" SE BI 43RSV REAYOLA
L-SEA{ smevrorvora

{Linkers underlined)

MSTNDNIKDLLDWYSSGSDTFINSEVLANSRGSMRI
KNTDGSISLIAFPSPYYSPAFTKGEKVDENTRKRTKKS
QHTSEGTYIHFQISGVTNTEKLPTPIELPLKVKVHGK
DSPLKYWPEFDKKOQLAISTLDFEIRHQLTQIHGLYR
SERKTGOY WKITMNDGSTYQSDLSKKFEYNTHK PP

NIDEIKTIEAEINGGGGSGGGGSGGGGSESQPDPRPD

BELHKSSKFTGLMENMEVLYDDNHVSAINVKSIDOF
RYFDLIYSIKDTRKLGNYDNVRVEFKNKDLADKYKD
KYVDVFGANAY YQUAFSKKTNDINSHOTDKRKTC
MYGGVTEHNGNQLDKYRSITVRVFEDRDGKNLLSFDV
QTNKKKVTAQELDYLTRHYLVKNKKLYEFNNSPY
ETGYIKFIENENSFWYDMMPAPGDKEFDOSKY LMM
YNDNKMVDSKDVKIEVY DT TKKKGOGGOSGUGLUSG
GUGSERSEEINEKDLRKEKSELQGTALGNLEKOIYY YN
EKAKTENKESHDOQFROHTILFKGFFTDHSWYNDLL
VRFDSKDIVDKYKGRKEVDLYGAYAGYQUAGGTPN
KTACMYGOVTLHDNNRLTEEKK VPINLWLDGKON
TVPLETVETNKENVTVQELDLOQARRYLOQEKYNLY
NSDVFDGKVORGLIVFHTSTEPSYVNYDLFGAQGQOQY
SNTLLRIYRDNKTINSENMHIDIYLYTS

L
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Lot

fIBAZ25 Fusion
Protein:
ISSTE-aommaranssa~
L-SEBiasrivresvosa-
L
SEALwomraverszes
A

(Linkers underlined)

MSTNDNIKDULLDWYSSGSDTHINSEVLANSRGEMRI
KNTDGSISLIAFPSPYYSPAFTKUERKVDLINTRKRTKKS
QHISEGTY IHFQISGVINTEKLPTPIELPLRY KV HGK
DSPLKY WPKFDEKQLAISTLDFEIRHQLTQIHGLYR
SSDKTGOGYWRKITMNDGSTYQSDLSKKFEYNTEKPPL
NIDEIKTIEAEINGGGGSGOGOSGGGGSESQPDPKPD
BLHKSSKFTGLMENMKVLYDBDDNHVSAINVKSIDOQF
RYFDLIYSIKDTKLGNYDNVRVEFKNKDLADKYKD

KYVDVFGANAYYQCAFSKKTNDINSHQTDERKTC
MYGGVTEHNGNOQLUDKYRSITVRVFEDGKNLLSFDYV
INEEKEVTAQELDY LTRIIVEVANKKLYEFNNSPY
ETOYIKFIENENSFWY DMMPAPGDKFDOMKY LMM
YNDNKMVDSKDVKIEVYLTTKKKGOGOGOGSGOGUSG
GOUSEKSEEINEKDLRERSELQUGTALGNLKOQIYY YN
BERAKTENKESHDQFRQETILFKGFFTDHSWYNDLL
VRFDSKIMVDKYKGKEKVDLYGAYAGYQUCAGUTEN
KTACMYGOGVYTLHDNNRLTEEKKVPINLWLDGK(N
TVPLETVKTNKENVTVOELDLQARRYLQEKYNLY
NSDVEDGKVQRGLIVFHTSTEPSVNYDLFGAQGQY
SNTLLRIYRDNKTINSENMAIDIYEYTS

{1079} In another aspect, the multivalent oligopeptide andfor SAg toxoid as provided

hercin can be sftached fo a heterologous polypeptide. Various heterologous polypeptides
can be used, including, but not limited to an N- or C-erminal peptide imparting
slabilization, secrstion, or simplified purification, such as a hexa-Histidine-tag, a
ubiquitin tag, o NusA lag, o chitin binding domain, omp, ompA, pelB, DshA, DshC, ¢-
myc, KSL polvaspartic acid, (Ala-Tmp-Tmp-Prom, polyphenvalaming, polvevsteine,
polyargnine, 4 B-lag, ¢ HSB-ag, green Muorescent protein (GFP), miluenza virus
liemagglutinin (HA). a calmodulin binding protein (CBP}), a galactose-binding protein, a
maltose binding protein {MBP), a cellulose binding domains {CBIYs), dihydrotolate
redictase {DHEFR),  glutathwone-S-transterase  (G8T),  streptococeal  protein G,
staphylococeal protein A, T7genell, an avidinfstreptavidin/Strep-tag  complex, trpE,
chloraraphenicol acetyltransferase, lacZ (B-Galactosidase), His-patch thioredoxin,
thioredoxin, & FLAG™ peptide (Sigma-Aldrich), an S<ag. or & Tl See. ez,
Stevens, R.C., Structure, 8:RI7T7-RIBS {2008}, Heterclopous polypeptides can also
include any pre- and/or pro- sequences that fucilitate the transport, translocations,
progessing and/or punfication of a multivalent oligopeptide andror SAg toxoid as
described herein from a host eell or any usciul immunogenic sequence, including but not
fimited to sequences that encode a T-cell epitope of a microbial pathogen, or other

mmunogenic proteins andf/or epitopes.
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{BOR0} In some aspeets, the multivalent oligopeptide andfor SAg toxoid attached fo a

heterologous polypeptide, as described herein, can mclude a peptide linker seguence
joining sequences thal comprise two or more peptide regions, Suitable peptide linker
sequences can be chosen based on thew ability to adopt s Hexible, extended
conformation. or a secondary structure that could interact with joined epitopes, or based
on their ability to increase overall solubility of the fusion polypeptide, or based on their

lack of electrostatic or water-interaction effects that influence joined peptide regions.

[GO8T} In some aspeets, the multivalent oligopeptide and/or SAg toxoid as deseribed

herein, is isolated. An “isolated" polypeptide is one that has been removed from &g
natural milieu. The term "iselated™ does not connote any parbicular level of purification.
Recombinantly produced multivalent oligopeptides andfor SAgs as described herem,
expressed i non-native host cells 1s considered isolated for purposes of the disclosure, as
is the polvpeptide which have been separated, fractionated. or partially or substantially
purified by any  suitable  fechnique, including by filration,  chromatography,

cemtrifugation, and the like.

{6082} As provided for berein, the production of multivalent nligopeptides andior SAgs

1.

as described herein, can be achieved by culturing a host cell comprising a polynucleotide
that operably encodes a polypeptide of the disclosure, and recovering the polypeptide.
Determumng conditions for culturng such a host cell and expressing the polynucleotide
are generally specific to the host cell and the expression system and are within the
knowledge of one of skill in the art. Likewise, appropriate methods for recovering the
polypeptide of the disclosure are known to those in the art, and include, but are not
limited to, chromatography, filtration, precipitation, or centrifugation.

Polynucleotides

{6083} Also provided by this disclosure is an isolated polynucleotide comprising a

nucleic acid encoding a multivalent oligopeptide and/or SAg toxoid as described
glsewhere herein. In cerfain aspects, an isolated polynucleotide as provided berein further
compriscs non-coding regions such as promoters, operators, of transcription terminators
as <described elsewhere herein. In somie aspects, the disclosure s directed to the
polynucteotide as described herein, and further comprising a heterologous nucleic acid.
The heterologous nueleic acid can, 1 some aspeets, encode a heterologous polypeptide
fused to the polypeptide as described herein. For example, the isolated polynucleotide as
described herein can compnse additional coding regions encoding, ¢.g., a helerologous

polypeptide lused to the polypeptide ag described herein, or coding regiong encoding
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heterologous polypeptides separate from the polypeptide as deseribed herein such as, but
not timited to, sclectable markers, additional immuwnogens, mmaone enhancers, and the
like.

{6084} Also provided are expression constructs, vectors, and/or host cells comprising the
polvmucieotides  described herein. An example of an isolated polynucleotide is a
recombinant polynucleotide comtained in a vector. In certain aspects, the vector is an
axpression vector. Farther examples of an isolated polynucleotide include recombinant
polynucleotides  maintained v heterologous host colls or purified (partially or
substantially) polymucleotides in solution. In certain aspects of the disclosure a
polynucleotnde 15 "recombmant.” Isolated polvnucieotides or nucleic acids according to
the disclosure further include such molecyles produced synthetically, The relative degree
of purify of a polynucleotide or polvpeptide described herein is easily determuned by
well-known methods.

{3085} Also included within the scope of the disclosure are genetically enginesred
polynucleotides cncoding the multivalent oligopeptides andfor SAgs as described herein,
Muodifications of micleic acids encoding the multivalent oligopeptides andfor §Ags as
described herein can readily be accomplished by those skilled in the art, for example, by
ohgonucisotide-directed site-specific mutagenesis or de novo nucleie acid synthesis,

{6086} Some aspects disclose an isolated polynucleotide comprising a nucleie acid that
encodes a multivalent oligopeptide and/or SAg toxoid as described elsewhere herein,
where the coding region encoding the polypeptide has been codon-optimized. As
appreciated by one of ordinary skill in the art, various nucleic acid coding regions will
gncode the same polypeptide due to the redundancy ot the genctic code. Deviations in
he nuoeleotide sequence that comprise the codons encoding the amino aeids of any
polypeptide chain allow for variations in the sequence of the coding region. Since each
codon consists of three nueleotides, and the nucleotides comprising DNA ave restricted
o four specific bases, there are 64 possible combinations of nucleotides, 61 of which
encode amino acids (the remaining three codons encode signals ending translation). The
“wenetic code”™ which shows which codons encode which amino acids is reproduced
herein as Table 2. As a result, many amino acids are designated by more than one codon.
For example, the amino acids alanine and proline are coded for by four triplets, serine
and arginine by six, whereas tryptophan and wethionine are coded by just one triplet,
This degeneracy allows for DNA base composition to vary over a wide range without

altering the amino acid sequence of the polypeptides encoded by the DNA,
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TABLE 2: The Standard Genetic Code

T L A G
TTT Phe (F} TCT Ser (8) FAT Tyr (YD TGT Cys (C)
TTC TOC TAC™ TGO

T [TTA Leu{l) TCA™ TAA Ter TGA Ter
1HEE TG FAG Ter TGO Trp (W)
CTT Len (L) [CUT Pro Py |CAT His (H) CGT Arg (R)
e ooy CAC CGe

C CTA COA e CAA GIn(Q) CGA ©
TG (G CAG® (s
ATT He (1} ACT Thr{T} AAT Asn (N) AGT Ser (S)
ATOH ACCH AALY ALGOC

A |ATA ™ ACA ™ AAALys(K)  |AGA Arg (R)
ATG Met (M) JACG © AAG ® AGG ©
GTT Val (V) GCT Ala{A) GAT Asp () GGT Gly (G)
R e OR EL S GAC ™ iyt

G IGTA® GOA © GAA Ghi(E) GGA @
GTG® GCG @ GAGY GGG~

{0087

It 15 10 be appreciated that any polynucleotide that encodes a polypeptide 1n

accordance with the disclosure falls within the scope of this disclosure, regardless of the
codons used.
{GOSS} Many organisms display a bias for use of particular codons to code for insertion
of a particular amino acid in a growing pelypeptide chain. Codon preference or codon
bias, differences it codon usage between organisms, is afforded by degeneracy of the
venetic code, and 13 well documented among many organisms.

{6089}

including translational selection, GC composition, strand-specific mutational bias, aming

Dutferent factors have been proposed to contribute to codon usage preference,

acwd conservation, prodein hvdropathy, transenptional selection and even RNA stabakity,
One factor that determines codon usage 18 mutational bias that shapes genome GC
composition. This factor is most significant in genomes with extreme base composition:
species with high GO content {eg., gram positive bacleria). Mutational bias is
responsible not only for mtergenetic difference m codon wsage but also for codon usage
bias within the same genome (Ermolaeva M, G, Tssues Mol Biol. 3(41.91-97, 2001),
{6090}

{mRNA), which is m turn believed to be dependent on, infer afia, the propertics of the

Codon has often correlates with the efficiency of translation of messenger RNA
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codons being translated and the availability of particular transfer RNA (IRNA)
molecules. The predomumance of selecied RNAs m a cell is generally a reflection of the
codons used most Treguently in peptide synthesis. Accordingly, genes can be tailored for
optinal gene expression 1na given organism based on codon optimuzation.

{6091} The present disclosure provides a polynucleotide comprising & codon-optimized
coding region which encodes a multivalent oligopeptide andfor SAp toxoid as described
hergin. The coden usage is adapted for optimized expression In a given prokaryotic or
cukarvotic host cell. In certain aspects the codon usage is adapted for optimized
gxpression in £ coli,

{6092} For example, SEQ 1D NO: 7 1y a nucleotide sequence codon optinuzed lor £.coli
expression encoding the rTBA {usion protein;

atgtegacgantigacancatcagagacctgetggactggtactccic ggpcicggatac gitcacgratagegaagt
gotgecagacicacgogatageatgestalcanaaalacegatgalageattagecigalegetticeglcaccglat
lacageecggcitlcnccanaggegaannagiggaicigaataccanac geacganaaanicacagiutacaieng
aaggtacetacatccactiicagatcagegpcgioaccaacaccgaaganctgcogaccoegatigaactgecgety
agagtganagticatgecannpattepocget ganatattguccpaantiteataaanageagetggeaatitegace
clgeatttegaaaticgocaccagetgacecagateeatggiotatacegitcangopacaaadccggegatiatige
aaaatcaccatgaatgatggitegacgtaccagagegatetpic gaaaaaatic gaatacaacacg Lasanaccgce
gattagtatcgatpasateanasceatepannconaaatcaatppepetpocpactecgintentgacantageoat

£he 555 fERag el i3
gecgocgotagigaatcgeaaccggalcegaaacegpacgaactgeacaaategtecaaatttaceggictgatgg
apaalatganagigctgtalgatgacaacealgigtCggeaattaacgtgaaaagcalc gatcagiticgotatticgal
clzalcratypcatissagatacgaaactgemaatiac gataacgiicel glggantilasgaacuanagatctgucygy
acaaatataaagacaaatacgtggacgtitteggtecgaatgegtatiaccaatgepcctitagranaaagaceaatga
taleaacteccateagacezacaaacslagaacctacatplacgglootaptgacesiacataacgplaatlcaceleg
acasatateglageaicacgpteeglgigtitgaagacggenaaagecigoigtoatitgat gicagac gaacaauag
gasagtiacgecteangaactgpattacctgaccegecactatetggteaaanataanaaactgiacgaatitaacaat
agecegtacgasaceggetacatcaaattcattgaagatpasaatagettitgatac gatatgatgeegacaccgppt
gacaaalitgaccasageaaatacoigaigatgtacaacgataacaaaatggicgaticaaaagacgigaasatogaa
gictatetgacgaceagaaagaaagoteacosatoatictoatacfeatooptogoocggesotooctegoaanant
¢cgaagaaallaacpaaaaagaceigegiaaanaatccgaactgeagaplacggegcipgetaaicigaaacagat
tiattactacaacganaaagocarasceganaacaaagaaagecatgatcagticegecageatac gatectgticaa
agpettiicaccpatcattegtoptataaigaceigerg gtgcotiicgatageagagacatiptppataaatatasage
cagaaaaglggatciglatggegeatacgctgetiatcagiglecgggegglacgee gaatuaaacgeatgeatygt
afpptooipteaceetpeatgacaataaccgecigacegaagaaaagaanglecogatiantetgtgpctggacgpt
anacagaacace glpecgetgeaaacgrlgiaaaccanlaanaagracgigace glgtapaactggacctgea
agcacgocgitatcipcaggadanatataacciatascagoegacgtgiicpatgreanagigeapeatuotetyat
cgicliccataccagoacegancegagegttoaciaigaccigittpocpeacaaggecagtaciccantagccigct
gegcatitategogatancaasaceattaactec gaaasncatgCA Cattgacatttacctitacacete glaacateat
caccatcatigataataa

(SEQIDNO:7)

{6093} For example, SEQ ID NO: 8 15 a nucleotide sequence codon oplimized lor E coli

gxpression encoding the rTHA22S fusion protein.
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atgtcgacgaatgacaacatcagagacceigetggactgatactecicggecicggatacgitcacgaatagegaagt
geiggeaaacticacgegpiageatpegtatcasanataccgatgatageattagectgategetiticegicacegtat
tacagecoggeatiCactiangicganaaagipealClganlaccadacgoacgagaiaatcacageatacicag
aaggtacciacatccactticagateagoggogtaaccaacaccgaaaaactpecgacceegatigaactgecgetg
aaagteanagiicalggeanagativgccgct praatatigeccgusallitgataaguaacagelggcastiicgace
clggatitcgagaticgecaccagoigacceagaiceatggictgtaccgticangegacasaaceggeegitatigg
agaatcaccatgaataateeitcpacmaccagagegatcigicgariaratic zantaco dcac gEaninaat e
gattantategateganteannaeontcgangegpaniteagtgpegatoceractopogtpotapegotage st
ggegpegptagigaatcgcaacogealcogaaaccgeacgaacigeacaantcgiccasatitaceggictoateg
anaatatgaaagtgetgtatgatgacanceatgtgtegacaatiaacgigaaaageatcgatcagtttegetatitegat
cigaicialageatisaagatacgaaactgegtaattacgatancglicgiplagaatiiasanacanagatelgpeng
acaaatataaagacaaatacgtggacetiticggtgc gaatgeptattaceaatrcgocittageasanagaccaatga
tatcaacteccatcagacepacaaacgiaaaaccigeatgtacggtapiataaccgaacataacggtaatcagetogy
avaaatatcglageatcacgatcegigivtiipaagacggcasaanccigotpleatilgatglicagacgaacasaay
gasaghtacggetcaagaactgeatiacetgaceogecactatetggigaaaaataaaaaacigiacgaatttaacaat
agecegtacgaaaccggciacatcaaalicaligaanatgaanatagetittggltacgatalgatgecggeaceeget
gacaaattigaccarageaaataccigatgatgtacaacgatagcanaatggtegattcasaagac gizaagaicgan
gictatetgacgaccaaaaagaaapigocpmoprtictpatestrsioocicprucgncpelraciopoganaast
coegaagaaal liacgaaaua gacclge glaanaantccgaactgraggelacgpegetgemtaalcigaaacagat
{iattactacaacgaasaagecasaacegasdacasaganagceatgatcagticogocageatacgatectgticaa
aggettittcacegateatic gtgotataatgacetgcipgtpeptitepatageagagacatiste natanatatagapg
caaaaqagtpeatctgtatggegeatacgetggiiateagigigcggeogatacgeogaataagacggeaigeatgt
atgetegtetcacgetgeatgacaataacegecigacegaagaaaagaaagtecegattaatetptpgetgeacg gt
asacagaacacegigecgetgpaaacggtpasaaccaataslaagaacgtgacegigeaggaactagacclged
ageacgecgiatctgragganaaatataaccigtataacagogacgigtte gatggeaaagtgeagogtpgtetgat
cgtoitcoataccageace gaaccaagepitaaciatpacotgtiteecocacaagaocaptactecaatancokpet
gegeattiategegataagcaasaceattaaclecgaaaacalgOGCCatigacatilaceiglacaccieglaacatleat
caceatcatlantaataa

{SEQ ID NQ: &)

{6094} Codon-optimized pelynucleotides are prepared by incorporating codons preferred
for usc in the genes of a given species info the DNA scquence. Also provided are
pobyucicotide expression constructs, vectors, host cells comprising polynucleotides
comprising codon-aptimized coding regions which encode a multivalent oligopeptide
and/or SAg toxoid as deseribed herein.

{6095} Given the large number of gene sequences available for & wide vartety of animal,
plant and microbial species, it 1s possible o calenlate the relative frequencies of codon
usage. Codon usage tsbles are readily available, for example, at the “Codon Usage
Databasc™ available at httpr//www Kazusa.orjp/codon/ (visited October 12, 2011}, and
these tables can be adapted in a number of ways., (Nakamura, Y., ef af, “Codon usage
tabulated from the international DNA sequence databases: status for the year 20007 Nuel

Acids Res. 28:292, 2000).
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{3096} By utilizing available tables, one of ordinary skill in the art can apply the
frequencies to any given polypeptide sequence, and produce a nucleic aciud fragment of a
codon-optimized coding region which encodes a desired polypeptide, but which uses
codons optimal for & wiven species. A number of optiong are available for synthesizing
codon optimized coding regions designed by any of the methods described above, using
standard and routine molecular biological manipulations well known to those of ordinary
skill in the art. In addition, gene synthesis is readily available commercially.

IV.  Vectors and Expression Systoms

{30971 Farther provided is a vector comprising a polynucleotide as provided herein. The
term “wector,™ as used herem, refers to eg, any of & munber of nucleic acids 1nto which
a desired sequence can be inserted, e.g., by restriction and hgation, for transport between
different genetic environments or for expression in a host cell. Nucleic acid vectors can
be DNA or RNAL Vectors include, but are not limited to, plasmids, phage, phagemids,
hacterial genomes, and virus genomes. A cloning vector is one which is able to seplicate
in a host ¢ell, and which is further characterized by one or more endonuclease restriction
sites at which the vector can be cut in a determinable fashion and into which a desired
DINA sequence can be ligated such that the new recomblinant vector retains its ability to
replicate i the host ¢ell, In the case of plasmrds, replication of the desired sequence can
occur many tmes 4s the plasmid increases i copy number within the host bacterium or
just a single time per host before the host reproduces by mutosis. In the case of phage,
replication can occur actively during a Iytic phase or passively during a lysogenic phase.
Certain vectors are capable of autonomous replication in a host cell into which they are
introduced. Other vectors are integrated into the genome of a host eell upon introduction
inlo the host cell, and thereby are replicated along with the host genome.

[0098] Any of a wide variety of suitable cloning vectors are knoww in the art and
commercially available wineh can be used with appropriate hosts. As used heremn, the
lerm “plasmmd™ refers tooa rcudar, double-stranded construct made up of genelic
material (Ze., nucleic acids), in which the penetic material is extrachromosomal and in
some instances, replicdates autonomeusly. A polynucleotide desenbed hersin can bein a
circular or linearized plasmid or in any other sort of vector. Procedures for mserting a
nucleotide sequence into a wvectar, eg., an expression vector, and transformying or
transfecting into an appropriate host cell and cultivating under conditions suitable for

expression are generally known in the art,
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{(195] The disclosure further provides a vector comprising a nucleic acid sequence

encading a mudiivalenl oligopeptide and/or SAg toxoid as deseribed elsewhere herein. In
certain aspects the vector is an expression vector capable of expressing the multivalent
oligopeptide and/or SAg toxoid as described herein w a sultable host cell. The term
"expression vector" refers to a vector that i3 capable of expressing the polypeptide
described herein, fe., the vector scquence contains the regulatory seguences regulating
transeription and translation of a polypeptide, including, but not hmited to promoters,
operators, transcription termination sifes, ribesome binding sites, and the like. The tenm
“expression™ refers to the biological production of a product encoded by a coding
sequence. In most cases a DNA sequence, inchuding the coding sequence, 1s transeribed
to form o messenger-RNA {mRNA) The messenger-BNA s then fransluted o form a
polyvpeptide product which has a relevant biological activity. Also, the process of
expression can involve further processing steps to the RNA product of transcription, such
as splicing to remove introns, andfor post-translational processing of a polypeptide
product.

[e0106] Veetor-host systems include, but are not limited to, systems such as baeterial,
mammalian, yeast, insect or plant cell systems, etther i vivo, eg, in an animal or in
vitre, e.g. 1 bacteria or in cell cullures. The selection of an appropriate host is deemed
to be within the scope of those skilled in the art from the teachings herem. In certain
aspects, the host cell is a bacterium, and insect cell, a mammakbian cell, or a plant cell. In
certain aspects, the bacterivim is £ ¢oli.

[#0101]  Host cells are genctically engincered (infected, transduced, transtormed, or
transfected) with vectors of the disclosure. Thus, one aspect of the disclosure is directed
[0 a host cell comprising a vector which conlams (he polynucieotide as deseribe berem.
The engineered host cell can be cultured w conventional nutrient media modified as
appropriate  for activating prometers, selecting iransformants or amphiying the
polynucicotides, The culture conditions, such as temperature, pH and the hke, are those
previously used with the host cell sclected for expression, and will be apparent to the
ordinarily skilled artisan. The term “transfect,” as used herein, refers 10 any procedure
whereby eukaryotic cells are indueced to accept and incorporate nto their genome
isolated DINA, including but not limited to DNA in the form of a plasmid. The tetm
“transform,” as used hergin, refers to any procedure whereby bacterial cells are induced
to avcept and incorporate o their genome isolated DNA, mcluding but not limited to

DNA in the form of a plasmid.
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{100} Bacterial host-expression vecter systems include, but are not limited to, a
prokaryote (e.g., £ coli). mansformed with recombinant bacteriophage DNA, plasmid
DNA or cosmid DNA. In some aspects, the plasmids used with £, coff use the 17
promoter-driven system regulated by the Ladd protein vig PTG mmduction. A large
number of suitable vectors are known to those of skill in the art, and are commercially
available. The following bacterial vectors are provided by way of example: pET
{Novageny, pETZE, pBAD, pTrcHIS, pBR322, pQETD, pQE6G, pQE-Q (Qiagen),
phagescript, psiX 174, pBluescript SK. pbsks, pNHBA, pNHIi6a, pNHISA, pNH46A
{Stratagene), ptre99a, pKK223-3, pKK243-3, pDRS40, pBR322, pPSI10, RSFIOI,
PRITS (Fhanmacia); pCR (Invitrogen); plex (Invitrogen), and pUC plasnud derivatives.

{6101} A sutiable expression veclor conlaing regulatory sequences that can be operably
joined to an serted nucleotide sequence encoding the multivalent oligopeptide and/or
SAg toxoid as described herein, As used herein, the term "regulatory sequences” means
nucleotide sequences which are necessary for or conducive to the transcription of an
inserted sequence encoding a multivalent oligopeptide and/or SAg toxoid as described
hereint by a host cell and/or which are necessary for or conducive to the translation by a
host cell of the resulting transcript mito the desired multivalent oligopeptide andfor SAg
toxoid. Regulatory sequences include, bul are mot hmied (0, 5 sequences such as
operators, promoters and ribosome binding sequences, and 3 seguences such as
polvadenylation signals or franscription teromnators. Regulatory sequences can also
include enhancer sequences or upstream activator sequences.

[6102] Generally, bacterial vectors will include origing of replication and selectahle
markers, e.g. the ampicillin, tetracycline, kanamyein, resistance genes of E. coli,
permiting transformation of the host cell and a promoter derived From a hghly-
expressed gene to direct transcription of a downstream structural sequence. Spitable
promoters mclude, but are not limited to, the T7 promoter, lambda (1) prometer, TS
promoier, and lac promoter, or promoters derived from operons encoding glycolytic
cnzymes such as 3-phosphoglycerate kinase (PGK), acid phosphatase, or heat shock
proteins, or inducible promoters like cadmium {pead), and beta-lactamase {pbla).

{G163} Cmee an expression vector 1§ selected, the polynucleotide as deseribed herein can
be cloned downstream of the promoter, for example, 1 a polylinker region. The vector s
transformed into an appropuate bacterial siram, and DNA is prepared using standard
techniques. The artentation and DNA sequence of the polynucleotide as well as all other

elements included in the vector, are condirmed using restriction mapping, DNA sequence
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as cell banks.

V. Immunogenic and Pharmaceutical Compositions
{6104} Further disclosed are composiions, eg., Immunogemic or pharmaceutical

compositions that contain an effective amount of the multivalent oligopeptide and/or
SAg toxoid as described herein, or a pelynucleotide encoding the polypeptide of the
disclosure. Compositions a3 deseribed herein can  further comprise  additional
IMMUnNogenic components, e g, as a multivalent vaceine, as well as carriers, excipients
or adjuvants.

{B195] Compositions as provided herein can be formulated accordmg to known methods.
Suitable preparaiion methods are described, for example, in Remington s Pharmacentical
Sciences, 19th Edition, AR, Gennaro, ed., Mack Publishing Co., Easton, PA (19935).
wiiich 1s mcorporated herein by reterence 1 its entirety. Composition can be in a variety
of torms, nclading, bur not Himited to an agqueocus solution, an emulsion, a gel, a
suspension, lyophilized form, or any other form known in the art. In addition, the
composition can contain pharmaceutically acceptable additives including, for example,
diluents, binders, stabilizers, and preservatives, Once formulated, compositions of the
disclosure can be admmistered directly to the subject, The subjects to be freated can be
animals; n particular, human subjects can be treated.

LE] B Y Carriers that can be used with compositions of the disclosure are well known in
the art, and inclode, without linitation. e.g.. thyroglobulin, albumins such as humsn
seram alhumin, tetanus toxoid, and polyamine acids such as poly L-lysine, poly 1-
ghutamic acid, influenza, hepatitis B virus core protein, and the like. A variety of agneous
carriers can be used, e.g., waler, bulfered water, 0.8% saline, 0.3% glycine, hyaluronic
acid and the like. Compositions can be sierdized by conventional, well known
steritlization techmigques, or can be sienle filiered. A resulling composition can be
packaged for use gs 15, or byophilized, the lyophilized preparation being combined with a
sterile solution prior to adnvinistration. Compositions can contain pharmaceutically
acceptable auxiliury substances as o approximate physiological conditions, such us pH
adjusting and buffering agents, tontesty adjusting agents, wetting agents and the hke, for
cxample, sodium acctate, sodium lactate, sodium ehloride, potassium chloride, calcium
chlorde, sorhitan monolaueate, triethanolamineoleate, sic.

{6197} Certain compositions a8 provided herein further mclude one or more adjuvants, a

substance added 1o an Immunogenic composition 1o, for example, enhance, susiain,
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tocalize, or madulate an immune response to an immunogen. The term “adjuvant” refers
lo any waterial having the shility 1o (1) alter or werease the wmmune response to a
particular antigen or (2) increase or aid an effect of a pharmacological agent. Auy
compound which can increase the expression. antigemicity or immunogenicity of the
polvpeptide is a potential adjuvant. The term "immunogenic carrier” as vsed herein refers
to a first moicty, e.g., a polypeptide or fragment, variant, or derivative thereof which
anhances the immunogenicity ot a second polypeptide or fragment, variant, or derivative
thereof.

{6108} A great varicty of materials have been shown to have adjuvant activity through a
vartety of mechanisms. For example, an Increase i humoral immunity s typically
munifested by a significant increase in the tiber of sntibodies raised to the antigen, and an
ncrease m T-cell activity is typically manifested 1o increased cell probiferation, or
cellular cvtotoxicitv, or cytokine secretion. An adjuvant can also alter or modulate an
immuone response, for example, by changing a primarily humoral or Ths response into a
primarily cellular, or Thy response. Immune responses to a given antigen can be tested
by varous mnmunoagsays well known to those of ordimary skill = the art, and/or
deseribed elsewhere herein.

{6109} A wide number of adjuvants are familiar to persons of ordinary skill in the ar,
and arg described in numerous references. Adjuvants which can be used in compeositions
deseribed herein include, but arc not Hinited to: incrt carriers, such as alum, bentonite,
latex, and acrylic particles; incomplete Freund's adjuvant, complete Freund's adjuvant;
aluminum-based salts such as aluminum hydroxide; Alhydrogel (AKOHD) aluminum
phosphate (ATPOs); calcinm-based salts; silica; any TER biological ligand(s); IDC-10G01
{also known as GLA-SE; glucopyranosyl lipid adjuvant stable emulsion) (Coler ef a@l,,
PLOS One, 2010, 510): p. 13677, Coler er af., PLoS One, 2011, 6(1); p. 16333} CpG
{Mullen er al., PLoS One, 2008, 3(8): p. 2940}, or any combination thereof. In certain
aspects, the adjuvant comprises Alhvdrogel. The amount of adjuvant, how it i3
formulated, and how it is administered all parameters which are well within the parview
of a person of ordinary skill in the art.

[ei10} In some aspects, a composition of the disclosure further comprises a liposome or
other particulate carcier, which can serve, e.g., to stabilize a formulation, to target the
formulation 1o g particular Gssue, such as lymphoid tissug, or 10 increase the hall-life of

the polypeptide composition. Such particulate carers include wmulsions, foams,
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micelles, insoluble monolayers, liquid crystals, phospholipid dispersions, lamelar layers,
iscoms, and the ke, In these preparations, the polypeptide described herein can he
incorporated as part of & hipusome or other particle, or can be delivered in conjunction
with a hposome. Liposomes for use in accordance with the disclosure can be formed
from standard vesicle-forming lipids. which generally include neutral and negatively
charged phospholipids and a sterol, such as cholesterol. A composition comprising a
liposome or other particulate suspension as well as the polypeptide as described herein
can be administered Intravenously, locally, topically, @le. in a dose which wvaries
according to, inter alic, the manner of administration, the polypeptide being delivered,
and the stage of the disease being treated.

{6111} For solid compositions, conventional nontoxic solid carriers can be used which
include, for example, phanmaceutical grades of manaitol, lactose, starch, magnesium
stearate, sodiam saccharin, talcum, cellulose, glucese, sucrose, magnesium carbonate,
and the like. For oral administation, a pharmaceutically acceptable nontoxic
composition s formed by incorporating any of the normally employed excipients, such
as those carriers previously listed, and generally 10-95% of active ingredient, that is, the
polypeptide as described hercin, often at a concentration of 25%-75%.

{6112] Yor gerosul or mucosal administration, the polypeptide as described herein can be
supplied m finely divided form, optionally along with a surfactant and, propellant and/or
a mucoadbesive, e.g., chitosan. In certamn aspects, the surfactant s pharmaccutically
accaptable, and in some aspects soluble in the propellant. Representative of such agents
arc the csters or partial esters of fatty acids containing from 6 to 22 carbon atoms, such
as caproic, octanoie, lanric, palmitic, stearic, linoleic, Hnolenie, olesteric and oleie acids
with an aliphatic pelyhydric aleohol or its cyclic aphydride, Mixed esters, such as mixed
or natural glycerides can be employed. The surfaciant can constitite 0.1%-20% by
weight of the composttion, in some aspects 0.25-5% by weight. The balance of the
composifion 1s ordinarily propellant, although an atomizer can be used m which no
propellant i3 necessary and other percentages are adjusted accordingly. In some aspects,
the immunogenic polypeptides can be incorporated within an acvodynamically light
particle, such as those particles described in LLS. Pat. No. 6,942 868 or U5, Pat. Pub.
No, 28050008633, A carricr can also be included, e.g., locithin for intranasal delivery,

{BHE13] The disclosure ss also directed o a method of producimg the composition
according fo the disclosure, In some aspecty, the method of producing the composition

comprises (a) isolaling a polypeptide according to the disclosure: and {b) adding an
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adjuvant, catrier and/or excipient to the isolated polypeptide. Some aspeets disclose

further combining the polypeptide with other staphylococeal snligens.

{0114} Some aspects include a nulivalent vaceine. A multivalent vaceine of the present

YL

disclosure can include o multivalent ohgopepiide andfor SAg texoid as described hersin,
or a polynuecleotide encoding & multivalent oligopeptide and/or SAg toxoid, and one or
more additional  immunogenic components. Such components can be additional
immunogens of the same nfectious agent, ez, S awres, of from other staphylocoect, or
can be imnunogens derived from other infections agents which can be effectively,
conveniently, or economically administered together. In cortain aspects, the muitivalent
oligopeptide and/or SAg toxowd as described herein, can be combined with other toxins
or gther virulent componeni-bused vaccings o make g broad toxin-based multivalent
vaceine capable of targeting multiple bacterial virulence determinants, In other aspects,
the multivalent oligopeptide andfor SAg toxoid as desceribed herein can be fused to other
immunogenic, hiologically significant, or protective epitope containing polypeptides to
generate a multivalent vaccine in a single chain and induce an inimunc response against
multiple antigens. In yet another aspect, the multivalent oligopeptide and/or SAg toxoid
as described heretn, can be fused to one or more T cell epitopes to induce T cell
Iy,

Methods of Treatment/Prevention and Regimens

{3115} Also provided is a method of treating or preventing Stapiviococcus infection,

g, S gurens infection or treating or preventing a disease caused by Staphiviococeus, e.g
.S aurens in 4 subject, comprising administering to a subject in need thereof a
composition as deseribed herein comprising a multivalent oligopeptide and/or SAg
loxoid ay deseribed herem, or pobvnucieotides, vectors, or host eells encoding same. In
certain aspects, the suhject is an animal, &g, a vertebrate, e.g., a mammal, e.g., a human,
Some aspects include a method of wducing an inmune response against 8 S awrens
straim, comprising administering to a subject 10 need of sad 1mmpne response an
cffective amount of a composition comprising a multivalent olipopeptide and/or SAg

toxoid as deseribed herein, or polvnucicotides, voctors, or host oells encoding same.

[G116] In some aspects, a subject & administered a composition comprising a

multivalent oligopeptide andior SAg foxoid as deseribed herein, or polynucleotides,
vectars, or host cells encoding same prophylactically, e.g., as a proaphylactic vaccine, to
establish or enhance mmmunily to Stapiyfococens, eg., S aigews, m g healthy animal

priot to potential or actual exposure {0 Staphyiococous, e.g., S, aurens or contraction of a
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Swaphylococcus-related  symptom, thus proventing  discase, alleviating  symptoms,
reducing symptoms, or reducing the severty of disease sympioms. o one aspect the
disease is a respiratory disease, eg, pnewnoma, Other diseases or condiions to be
treated or prevented mclude, but are not lmnited {o, bacteremia, sepsis, sk infections,
wound infections, endocarditis, bone and joint infections, osteomyelitis, and/or
meningitis. One or more compositions, polypeptides, polynucicotides, vectors, or host
cells as deseribed herein can also be used to treat 8 subject alveady exposed to
Staphviococeus, eg., 8 ouwreus, or already suffering from a Staplylocecens related
symprom to further stimulate the immune system of the animal, thus reducing or
eliminating the symptoms associated with that exposure, As defined heremn, “wreatment of
an gnimal” refers (o the use of one or more compositions, polypepudes, polynucleotides,
vectors, or host cells of the disclosure to prevent, cure, retard, or reduce the severity of 5.
auveys symptoms m an apimal. and/or result in no worsening of 8 qurens symptoms
over a specified poriod of time. It is not required that any composition, polypeptide,
polynucleotide, & vector, or a host cell as deseribed hercin provides total proteetion

against a staphylococeal infection nr totally cure or ¢liminate all Stapdovlococcus related

Symptoms,
{6117} As used herein, “g subject in need of therapeutic and/or preventative immunity”

refers to g subject 1 which 1t 15 desirable to treat, i.e., 1o prevent, cure, retard, or reduce
the severity of Stapfolococcus related symptoms, or result i no worsening of

Staphviococeus related symptoms over 8 specitied period of time. As used herein, "a
subject n need of the immune responge™ refers to a subject for which an immune
response(s) against a 8 Stgpvlococcos related disease is desired.

{0118} Treatment with pharmaceutical composiions comprising an  pumEnogenic
composition, polypeptide or polynucleotide as described herein can occur separately or
m conjunction with other treatments, as appropriate,

{6119} In therapeutic applications, a compostiion, polvpeptide or polynucleotide of the
disclosurc is administered to a paticnt in an amount sufficient to clicit an cffective innate,
humoral and/or cellular response to the multivalent oligopeptide and/or SAg toxeid to
cure or at feast partially arrest symptoms or complications.

{6120} An amount adequate to accomplish this s defined as “therapeutically effective
dose™ or "unit dose.” Amounts effective for this use will depend on, e.g, the polypeptide
or polynucleotide compuosition, the manner of admimstration, the stage and severity of

the disease being treated, the weight and general state of health of the patient, and the
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judgment of the preseribing physician. In some aspects, a priming dose 1s followed by a
boosting dose over a period of time,

{0121} In some aspects, generally for humans, an inital immunization (that is for
therupeutic or prophyviactic admmistration} 1s admistered followed by boosting dosages
in the same dose range pursuant fo a boosting regimen over weeks to months depending
upon the patient’s response and condition by measuring the antibody or T Iymphocyte
response in the patient’s blood.

{6122} Polypeptides and compositions as desertbed herein can generally be employed in
serious disease states, that is, life-threatening or potentially life threatening situations. In
such cases, 1 view of the mummizatnon of extraneous sebstances and the relative
nontoxic malure of the polypepiides, 1t 18 possible and can be fell desirable by the treating
physician to administer substantial excesses of these polypeptide compositions.

[6123} For therapeutic use, admmistration can begin at the first sign of 5. aureus
infection or visk factors. In certain aspocts, the initial dose 18 followed by boosting doses
until, e.g., svimptoms are substantially abated and for a period thereafter. In froquent
infection, loading doses followed by boosting doses can be indicated.

{6124} In certain aspects, the composition as described herein is delivered to a subject by
methods descnbed heremn, thereby achieving an effective immune response, and/or an
etfective therapeutic or prevemtative lmmune response. Any mode of adnunistration can
be used so long as the mode results m the delivery and/or expression of the desired
polypeptide in the desired tissue, in an amount sufficient to generate an immune response
to Staphvlococcus, e.g. S auwrens, andior to generate a  prophylactically or
therapeuatically effective immune response 1o Siaphvlococcus, eg., to 8 gurens, in an
animal in need of such response. Aceording to the diselosed methods, a composibion
described herein can be administered hy wmucesal delivery, transdermal delivery,
subcutaneous  imyection, nfravenous  imection,  oral  admimstration,  pulmonary
administration, inframuscylar (Lm, ) admingiration, or vig niraperitones! injection, Other
suitable routes of administration inclade, but not limited to intratrachcal, transdermal,
intracculay, intranasal, inhalation, intracavity, mtraductal {e.g.. nto the pancreas) and
intraparenchyimal (Le., into any tissue) administration. Transdermal delivery inchades,
but net limited to intradermal {e.g.. into the dermis or cpidermisy, transdermal {eg.,
percutaneons} and transmucosal adminisiration (e, indo or through skin or mucosal
tissue). Intracavily admimstration meludes, but not limited 1o sdministration mto oral,

vaginal, rectal, nasal, peritoneal, or intestingl cavities as well ay, intrathecal {ie., into
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spinal canal), intraventricular {i.e., into the brain ventricles or the heart ventricles), intra-
arlevial (7.e., into the heart altrium) and sub arachnoidal (Le, into the sub arachnoid
spaces of the brain) administration.

{6125} Any mode of adminmstration can be used so long as the mode results m the
delivery and/or expression of the desired polypeptide in an amount sufficient to penerate
an immuece response to Stapbviococcus, e, 8N aureus, andfor (o gencrale a
prophylactically or therapeatically efféctive imimune response to Staphvilocaccus, eg., 5.
aureus, in an animal in need of such response. Administration as described herein can be
by e.g., neadle injection, or other delivery or devices kaown in the art.

{6126] In some aspects, & composition comprising & multivalent oligopeptide and/or SAg
toxoid ay described herem, or polynucleotides, veciors, or host cells encoding sume,
stimulate an antibody response or a cell-mediated immune response sufficient for
protection of an amimal against Sigphvlococeus, eg., S auwrens mifection. In other
aspects, a composition comprising a multivalent oligopeptide andior SAg toxoid as
described herein, or polvnucleotides, vectors, or host cells encoding same, stimulate both
a humoral and a cell-mediated response, the comhination of which is sufficiemt for
profection of an animal against Swephvlococcns, eg, S eweens infection, In some
aspects, a composition comprising a multivalent oligopeptide and/or SAg toxord ag
described herein, or polynucleotides, vectors, or host cells encoding same, further
stimulates an mnate, an antibody, andfor a cellular immune response.

{6127} In some aspects. a composition comprising a multivalent oligopeptide andior SAg
toxoid as described herein, o polymucleotides, vectors, or host cells encoding same, can
induce antibody responses to S, aurens. Tn certain aspects, components that induce T cell
respouses (e.g., T cell epitopes) are comsbined with components such as the polypeptides
as described herein that primarily induce an antibody response.

{B128} Further disclosed 1 a methed for generating, enhancing., or modulating a
profective and/or therapeutic mmune response (0 S awrens mnfection in g subject,
comprising administering to a subject in nced of therapeutic and/or preventative
immunity one or move of the composttions as described herein.

{6129} The compesitions as described herein can he administered to an animal at any
time durtng the lifecyele of the animal to which 1t 18 being adninistercd. In humans,
administration of the compesition as described berein can, and ofien advantageonsly
oceurs while other vaceines are being admmistered, e.g, as a multivalend vaceine as

described elsewhere herein,
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{0130} Fuorthermore, the composition as described herein can be used in any desired

immunization or administration regimen; e.g., in a single administration or aliernatively
as part of periodic vaccination regumes such as annual vaccinations, or as I a prime-
boost reme 10 which compusition or polypeptide or polvnucleotide of the disclosure s
administered either before or after the admimistration of the same or of a different
polypeptide or polvnucicotide. Recent studics have indicated that a prime-boost protocol
i3 often a spitable method of administering vaceines. In a prime-hoost protocol, one or
more compositions as described herein can be utilized in a “prime boost” regimen. An
gxample of a “prime boost” regimen can be found in Yang, 7. et al. J Firol 77,799-803,
2002, which 15 meorporated herein by reference m s entirety.

{6131} Infecuons 10 be frested include, but are nol mited 0 a localized or systemic
infection of skan, soft tissue. blood, or an organ or an auto-unmune disease. Specific
diseases or conditions to be treated or prevented wnclude, but are not limsted o,
respiratory  diseases, e.g., pneumonia, sepsis, skin iafections, wound infoctions,
endocarditis, bone and jeimt infections, ostcomyelitis, and/or meningitis.

[G132} A number of animal models for 8 aurens infection are known in the art, and can
be used with the methods disclosed herein without undue experimentation. For example,
a hamster model of methicillin-resistant Stephyvlococcns aurens (MRSA) prneurnonia has
been described for the testing of antinvicrobials. (Verghese AL er al., Chemotherapy.
34:497-503 (1988}, Kephart PA. e al. I Adntlmicrob Chemother. 213329, {1988,
Further, a model of §. aurens-induced pneumonta in adult, immunocompetent U57BLA6)
mice is described, which closely mimics the clinical and pathological features of
pneumonia in human patients. (Bubeck-Wardenburg 1. e @l Infect Tmmuan. 75 1040-4
{2007)). Additionally, virulence has been lesied i a ral model of 8. aprews pucumontia as
described in McElroy ef af. (McEhoy MO, ef al, ffect Tmmun. 6753414 {1999)),
Finally, a standardized and reproducible model of MRSA-wmduced septic ppeumoma o
evaluate new therapies was established 1 sheep, (Enkhbaatar P, er af, Shock, 29(5%:642-
9(2008)).

{6133} The practice of the disclosure will emplov, unless otherwise indicated,
conventional techniques of cell biology, cell culture, molecular biology, transgenic
hiclogy, microbiology, recombinant DNA, and immuneclogy, which are within the skiil
of the art. Such techniques are explaived fully in the literature. See, tor example,
Molecubyr Cloping A Laboratory Manual, 2nd Ed., Saumbrook et of, ed., Cold Spring

Harbor Laboratory Press: (1989), Molecular Cloning: A Laboratory Manual, Sambrook
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et al., ed., Cold Springs Harbor Laboratory, New York (1992), DNA Cloning, D. N.
Glover ed., Volumes T and 1T (1985); Oligonucleotide Synthesis, M, I, Gait ed., (1984);
Muils er of. U.S. Pat. Noo 4,083,195, Nuclew Acid Hybridization, B, D, Hames & S, 1
Higimns eds. (1984); Transcription And Translation, B, D. Hames & 8. ). Higinus eds,
{1984}, Culture Of Animal Cells, R. I. Preshney, Alan R. Liss, Inc., (1987}, Immobilized
Celis And Enzymes, IRL Press, (1986); B. Perbal, A Practical Guide To Molecular
Cloning (1984); the treatise, Methods In Enzymology. Academic Press, Ine., N.Y. Gene
Transfer Vectors For Mammalian Cells, 1. H. Miller and M. P. Calos eds., Cold Spring
Harbor Laboratory (1987); Methods In Enzymology, Vols, 154 and 155 (Wu er ol eds.);
Immunochemical Methods In Cell And Molecular Biology, Mayer and Walker, eds,,
Academic Press, London (1987, Handbook Of Expenimental Immunology, Volumes 1-
IV, D, M. Wew and C. C. Blackwell, eds., {1986, Manipulating the Mouse Embryo,
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NoY .. (1986); and in Ausubel
et al, Current Protocols in Molecnlar Biology, John Wiley and Sons, Baltimore,
Maryland {1989).

[6134] Standard reference works setting forth general principles of immunology inchde
Current Protocols in Immunology, John Wiley & Sons, New York: Klein, I,
Imnmunoelegy: The Science of Sell-Nonself Discrimmimation. John Wiley & Sons, New
York (1982); Roitt, 1., Brostoff, J. and Male D., Immunclogy, 6™ ed. London: Moshy
{2001 ); Abbas A., Abul. A. and Lichtman, A., Cellular and Molecular lmmunology. Ed.
A, Elsevier Health Sciences Division (2003} and Harlow and Lane, Antibodies: A

Laboratory Manual, Cold Spring Harbor Press (1988}

Examples

{0135} The breadth and scope of the present disclosure should not be limited by any of
the above-described cxemplary aspects or embodiments, but should be defined only in

accordance with the following ¢laims and their equivalents,

EXAMPLE 1: 'TBA22S Trple Fusion of Staphylococcal Superantigen toxoids
{8136} While the safety of rSEB has been extensively evaluated including a phase T
clinical frial, the safety of rSEA and fTSST-1 have not been extensively studied. Tn
addition, to evaluate whether the [usion of the three superamtigen toxouds exacerbate

residual superantigente activily, the response of PBMC from healthy hursan donors Lo
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rTBA using IFNy release as readout for superantigenic activity was evalnated (“PBMC

stimulation assay™),

{0137} For the PBMUC stimulation assay, PBMC were incubated in culture medivm in
individual wells of 96 well plates with various concentration of wild type TSST-1 or
toxoids-such as rTRA at 37 °C and 3% C0x in a humidified incubator. After 4% hours: of
culture, the plates were centrifisged for 5 minutes and supernatants reimoved. The [FNy
concentration in cach well was measored using an ELISA kit fromt R&D Systerns
according to manufacturer’s instructions. The concentration of induced IFNy was plotted
against the concentration of the toxin or toxoid 1o determine ECsy (50 percent effective
concentration) for each agent.

{6138} Three donors characterized as fow, medivm, and high responders were used, As
shown in Figure 4, at high concentrations, rIBA exhibited low level of I[FN-y induction
in the low responder, medium level in medium responder and high levels in high
responders, although these responises were much lower than the responses of the same
donor to wild-type superantigens.

[G139] These experiments suggested that fTBA retains some residual superantigenic
activity, Further analysis indicated that this activity is due to residual activity of
rSEALASR/DTOR/YVZA, while rISSTLIORD2TAM46A was completely  nactive.
Therefore, an additional metation was imroduced into the vSEA portion of rTBAL A
previous teport suggested that mutation of H225 (SEA-H225A) binding site for MHC
class 1l reduced the ability of SEA to stimulate T cells {(Hudson et al., 1995, Journal/§
Exp Med, 182(3%711-720; Kozono ot al,, 1995, JoumalTmmunity, 3{2):187-196). A
mutation was introduced at position H225A into WT SEA, {SEALARR/DTOR/YO2ZA as
well as *TBA. The new mutanis are referred (o herein as SEAHZ25A (SEQ 1D NO: 1),
rSEAVax22S (alse as SEALASR/DTOR/YOIAM225A) (SEQ 1D N 4), and 1TBAZ2S
{SEQ 1D NO: 6), respectively, and were tested in the PBMC stimulation assay.
Introduction of the simgle H225A mutation mto wild-type SEA {SEAH223A) attenuated
the toxin but left significant levels of residual toxicity (Figure 4). The combination of
H223A and the LASR/DTOR/Y92A mutations (1SEAVax225), however, was completely
inactive on low and mednum responder cells and only margmally active on high
responder cells at vory high concentration (Figure 4). Stimilarly, (TBA showed residual
toxicity while rTBA225 was completely attenuated, even more so than rSEAVax225.
These data imdicate that a combination of these four mutafions was required for full

attenuation of rTBA and 1SEAVax (Figure 4).
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EXAMPLE 2: Method for production and tag-frec purification of fusion protein of

superanfigen mufants

{6140} The genes encoding the fusion of foxoids rTBA (SEQ 1D NO: 5) and rTBA22S
{SEQ ID NO: 6) were codon optimized, svnthesized, cloned into the pET24a (+)
gxpression vector, and transformed into BL2I(DE3) E. onli cells, Overnight cultures
were expanded in Luria Broth contaming kanamyoem until a mid-log phase culture (~0.5
O at 600 nm), at which point the cells were chilled to ~25°C and mduced with 0.3 M
PTG, followed by overmight culture at 25°C. The next day, the bacterial cells were
harvested, weighed, and resuspended m cell lysis buffer (20 mM Tris pH 8.0, 50 mM
NaCl, T mM EDTA, 0.1% Triton X~100). Lysozyme was added (1 mg/mL.}, and the cells
were incubated at 37°C for 30 minutes. The partially lysed cells were sonicated.
Bacterial cell lysis was confirmed spectrophotometrically, The cell Tysate was adjusted to
0.5 M NaCl, and the nucieic acid was preeipitated by the addition of polyethylencimine
{PEL} vnder constant mixing. The PEL pellet was romoved by centrfugation, and the
supernatant containing the toxoid was subjected to ammonium sulfate ((NH:LS0,)
precipitation. The (NHy 50, pellet was recovered by centrifugation and stored at -80°C.
{6141} As shown in Figure 2A, the following chromatography steps were. performed.
The (NH.»80 pellets were resugpended and  desalied into the capture  columm
equilibration buffer, claritied, and subjected fo chromatography over a Poros 50 HS
columiz. The column was cquilthrated, loaded, washed and cluted using a 4f-colump
volume {CV) gradient from 25 to 1,000 mM NaCl i phosphate buffer at pH 6.5, The
column frachions were unalyzed by SDS-PAGE 10 determine the toxmd containing
fractions. The pooled material was dialveed into the next columan equilibration bulfer and
subjected to chromatography over a BioRad Ceramic Hvdroxyapatite (HTP) Type I
column. The column was equilibrated, loaded, washed and eluted using 8 40 CV gradient
of 30-1,000 mM NaCl in a phosphate baffer at pH 6.8, The fractions were analyzed by
SDS-PAGE to detect the toxoid (Figure 2B}, The pooled HTP fractions were dialyzed

mto the appropriate storage buffer, filter sterilized, ahquoted and trozen at -80°C.

EXAMPLE 3: Immunogenicity of the fusion construct yTBA

[6142] CGroups of § BALB/c mice were mmunized, 3 times with 14 day tnterval, with
either ;TBA or a cocktail of the three toxoids along with Sigma Adjuvant System (SAS)
adjuvant. Day 35 sera from thiese mice were tested for total antibody ELISA and toxin

neutralization {TNA) titers.
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{3143] Peripheral blood monomuclear cells(PBMO) were isolated from heparinized

blood of healthy human dovors by Ficoll gradienl centrifugation. Isolaled PBMCs were
re-suspended 1n RPMI 1640 with 5% fetal bovine seruny (FBS), cells were washed,
enumerated by Trypan blue exclusion and adjusted to 2x10° cells/ml. 75 pd of this cell
suspension {1.5x1 0° cells) with a viability of >953% was added to duplicate wells of 96~
well flat-bottom plates containing 37.5 ml of semi-log diluted sera from vaccinated
animals mixed with a fixed concentration of the superantigen. Wells containing medium
with toxin only were used as controls. The cultures were incubated at 37 °C in an
atmosphere of 5% C0;-95% air for 48 hours, Cells were centrifuged at 1600 x g for 1
munutes, culture supernatants were harvested and [FNy production was assessed by
ELISA (R&D Systems, Minneapoliy, MIN) following the manufacturers’ protocol. Plates
were read at 450 nm using the VersaMax plate veader and data was transferred and
analyzed in Microsott (Hhice Excel 2007, Cells stimulated with toxin in the absence of a
neutralizing antibodies served as positive control and was considered as 0% 1FNvy
inhibition. Accordingly, inhibition of IFNy production in the presence of immune scra
was caloulated as the difference berween positive controb and sample. 1Csp values for the
neutralizing agents (human mosoclonal antibodies) were determined using a 4-parameter
logstic model fequation 205, XL v5.2),

HHEE]: rTBA wnduced nmuch lgher titers of total gG binding 1o SEB and TSST-1 as well
as higher toxin neutralization {(TNA) titers as compared to the cocktail of the three
toxoids {Figure 3A}. Thus, the fusion of the three toxoids into one molecule not only
simplifies the vaccing, but also onhances the immunogenicity.

{3 145] The immunogenicity of fTBA formulated in Alhwdrogel or CpGG was also
compared. As shown in Figere 3B, both adjuvanis induced very high and balanced tHers
against all three toxins and the magnitude of antibody response was higher than those
achieved with SAS adjuwvant. The two adjuvants were equivalent wilh respect (o

mduction of neutralizing antibodies against SEB and "T8ST-1 while Alhvdrogel induced

Zl

stronger neutralizing response against SEA.

EXAMPLE 4: Immunogenicity of fusion construct {1 TBA223

{6146} The mmunogenicity of ¥TBA22S was tested in Balb/c mice in comparison to
rTBA to determine whether the additional mutation impacted the imnunogenicity, Mice
were immunized three times with 20 ug either of SAg cockial {equimalar amounts of

cach individual toxoid), rTRA, or fTBA225 along with Alhydrogel, After the third
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immunization, mouse sera were tested for binding and neutralization titers by BLISAsg
andd toxin neutealization assay {(TNA) for the satigens SEA, SER and TSST-L. As shown
in Figare 5, mice vaccinated with the fusion constructs had a strong total antibody
{Figure SA) and neutrulizing antibody response (Figure 3B) to all three superantigens.
These data show that addition of the mutation did not reduce the immunogenicity of the
tusion vaccine. Furthermore, the fusion protein trTBAZ25 is able to induce neutralizing
activity towards superantigens that are not incloded in the antigen as shown in Figure
s8C.

{3147} Tt was observed that the SAg toxoid cocktil foremalated in Althydrogel was
unable to induce any anbibody response w TSST-1, while 1 sharp contrast, the fusion
profeins rTBA and rTBA22S induced strong TSST-1 response (Figure 5A left pane),
These data show that fusion of TSST-1 was necessary for inducing strong imunume
response when formulated with Alhydrogel. The binding data indicated that this 1s due to
inability of TSST-1 alone to adsorb Alhvdrogel, while as a tfugion protein the antigen

adsorbs the Albydrogel and therefore can induce strong antibody response (Figure 6).

EXAMPLE 3: Profective efficacy of TTBA22S vacuine against toxin challenge with

SEA, SEB, and TSST-1
{6148} The protective efficacy of rTBAZ2S against SAg toxin challenge was evaluated
by wnenunizing Balb/c nuce with 20 pe of rTBAZ225 thrice along with Alhydrogel as the
adjuvant followed by challenge with an intraperitoneal lethal dose of SEA (19
pg/mouse), SEB (3.315 up/mouse) or TSST-1 (10 pg'mouse) potentiated by 40
ug/mouse LPS. Weights and health scores of the mice were monitored for five days after
the challenge. As shown in Figure 7, immumization with rTBA225 provided 100%
protection to SEB and TSST-1 challenge and 90%, protection to SEA challenge. These
data demonstrate the protective efficacy of rfTBA223 against challenge with the

respective foxins,



CA 03069747 2020-01-10
WO 2019/023341 PCT/US2018/043687
47

CLAIMS
What is claimed is:

I An aticnuated Staphylococous aurens-derived superantigen (SAg) SEA toxoid
or fragment, varant, or derivative thercol, comyprising four mutations relative to wild-type
SEA corresponding fo the L48R, D7OR, Y92ZA, and H225A mutations m SEQ ID NO: 4;
wherein the toxoid or fragment, variant, or derivatives thereof, has decreased superantigenic
activity andfor is less virulent than a SEA toxoid comprising SEQ ID NO: 3, while

mainigining immunogenicity.

R The attenuated SEA toxoid or fragment, variant, or derivative thereof of claim
! comprising an anuno acid sequence at least 90% dentical to SEQ 1D NO: 4.
3. The attenuated SEA toxoid or fragment, variant, or derivative thereof of claim

1 comprising SEQ {D NO: 4.

4, The attenpated SEA toxoid or fragment, variand, or derivative thereol of any
one of claims 1 1o 3, which has less than 30%, less than 4%, 1ess than 30%, Tess than 2095,
fess than 10%, less than 5%, less than 3%, less than 2%, or less than 1% of the superantigenic

activity of g SEA toxoid comprising SEQ 1D NO: 3.

5. A muldvalent oligopeptide comprising a fusion of two or more atienuated
Staphvlococens  aureus-derived superantigen (SAg) toxoids or fragments, variants, or

dertvatives thereofl arranged i any order, wherein the SAg toxoids or fragmenls, vatiants, or
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derivatives thereof can be the same or different, and whercin at Icast onc of the SAg toxoids

1s the SEA toxoid of any one of claims 1 to 4.

6. The oligopeptide of claim 5, wherein the oligopeptide has decreased
superantigenic activity and/or is less virulent than a SAg fusion protein comprising SEQ ID

NO: A

7. The oligopeptide of claim 5 or claim 6, wherein the oligopeptide nuintaing the

immunogenicity of the SAg fusion protein comprising SEQ 1D NO: 5.

8. The oligopeptide of any one of claims 5 to 7, wherein the oligopeptide has less
than 50%, less than 40%,, less than 30%., less than 20%., less than 10%, less than 5%, less than
3%, less than 2%, or less than 1% of the saperantigenic activity of a SAg fusion protein

comprising SEQ D NO: 5.

9. The oligopeptide of any one of claims 5 to &, wherem the oligopeptide is

completelv attenuated.

10, The oligopeptide of any one of claims 5 to 9, comprising three or more SAg

toxoids or fragments, variants, or dertvatives thereof

1. The oligopeptide of any one of ¢laims 5 to 10, comprising one or more of
staphvlocoecal toxie shock syndrome toxin-1 {TSST-1)} attenuated toxoid; a staphylococest

cnterotoxin B (SEBR) attenuated toxoid; or any combination thereof
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12, The oligopeptide of claim 11, wherein the TSST-1 attenuated toxoid
comprises three mutations relative to wild-type TSST-1 corresponding to the LIOR, D27A,
and 146A mutations i SEQ 1D NO: 1 and an amino said sequence ad least 90% identical to
SEQ ID NO: 1; the SEB attenusted toxoid comprises three mutations relative to wild-type
SEB corresponding to the L45R, Y8YA, and YO4A mutations in SEGQ ID NO: 2 and an amino
acid sequenec at least 90% identical o SEQ 1D NOQ: 2 and the SEA attenuated toxound
comprises four mutations relative w wildtype SHA comresponding to the LJ4ER, DTOR,
YO2A, and H223A mutations in SEQ ID NO: 4 and an amino acid sequence at least 90%

identical 1o SEQ TDNO: 4.

13. The aligopeptide of claim 11 or claim 12, wherein the TSST-1 toxoid
comprises the amino acid sequence §EQ) 1Y NO: 1: the SEB toxoid comprises the anino acid
sequence SEQ 1D NO: 2; and the SEA attepuated toxoid comprises the amino acid sequence

SEQ ID NO: 4.

14, The oligopeptide of any one of claims 3 to 13, wherein the two or more SAg

toxoids or fragments, variants, or derivatives thereof are cach associated via a linker.

15, Theoligopeptide of claim 14, wherein the linker comprises at least ane, but no
more than 50 amme ackds selected from the group consisting of glycine, serine, alamine, and a

combination thereof

6. The oligopeptide of claim 15, wherein the linker comprises {(GGGS), or

(GGGGS ), wherein n s a integer from 1 to 10,
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17.  The oligopeptide of claim 16, wherein the linker comprises {GGGGS)..

I8, The ohgopeptide of claim 17, wherein n1s 3,

19, The oligopeptide of any one of claims 5 to 18 comprising the amino acid

sequence SEQHTD NO: 6,

20, The oligopeptide of any one of claims 5 tw 19, further comprising a

heterologous polvpeptide.

21. The oligopeptide of clanm 20, wheremn the heterologous polypeptide comprises
a His-tag, a vbiguitin tag, & NusA tag, a chitin binding domain, a B-tag, a HSB-tag, green
fluorescent protein {(GFP), a calmodulin hinding protein ({CRP), a galactose-binding protein, a
maltose  binding  prowin (MBP),  cellulose  binding  domains  (CBD%),  an
avidin/sireptavidin'Steep-tag,  tpE,  chloramphenicol  scetviiransferase,  lacZ  (P-
Cralactosidase}, 8 FLAG™ peptide, an S-tag, a T7-tag, a fragment of any of the heterologous

polypeptides, or a combination of two or more of the heterologous polvpeptides.

22, The ohgopeptide of claim 20 or claim 21, wherein the heterologous
polypeptide comprises an immunogen, & Twcell epitope, a B-cell epiiope, a fragment thereof,

or & combination thereofl

23, The oligopeptide of any one of ¢laims 5§ to 22 further comprising an

immunogenic carbohydrate.
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24, The oligopeptide of claim 23, wherein the immunogenic carbohydrate 15 a

saccharide.

25, The oligopeptide of cluim 24, wherein the immunogenic carbohydrate is a

capsular polyvsaccharide or a surface polvsaccharide.

26, The oligopeptide of claim 25, wherein the immunogenic carbohydrate is
selected from the group consisting of capsular polysaccharide (CP} serotype § (CT'5), CPS,
poly=-N-acetviglucosamine (PNAG), polyv-Nesuccinyl glucosamine {(PNSG), Wall Teichoic

and a combmation of two or more of the immunogenic carbohvdrates.

27, The oligopeptide of any onc of claims 23 1o 26, wherein the immuogenic

carbohydrate is conjugated o the oligopeptide.

28 An isolated polynucleotide comprising a nucleic acid that encodes the
attenuated SEA toxoid polypeptide of any onc of claims 1 to 4 or the multivalent oligopeptide

of any one of claims 310 27,

29, The polynucleotide of claim 28 comprising the nucleotide sequence SEQ 1D
NQ: 8.
30, The polynucleotide of claim 28 or clahm 29, further comprising a heterologous

nucleic acid.
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31.  The pelynucleotide of claim 30, whercin the heterologous nuclcie acid

comprises A promoter operahly associated with the nucleie acid encoding the oligopeptide.

32, A vector comprising the polynucleotide of any one of claims 28 to 31,

D
e

The vector of elaim 32, which 13 a plasmid.

34, A hosteell comprising the vector of claim 32 or claim 33,

35, The host cell of claum 34, which 1s 4 bacterium, an msect cell, o mammalian

cell, or a plant eell.

36, The host cell of claim 34, wherein the bacterivm is Fscherichia coli,

37. A method of prodoecing a mullivalent oligopeptide, compnising cultuning the

host cell of any one of claims 34 to 36, and recovering the oligopeptide.

3% A composition comprising the attenuated SEA foxoid of any one of claims |

to 4, the oligopeptide of any one of claims 5 1o 27, or any combination thereof, and a carrier.

Lad
':;:"

The composition of clamm 38, further comprising an adjuvant,

4. The composition of claim 39, wherein the adjuvant is atom, aluminum

hydroxide, aluminum phosphate, or & glacopyranosyl lipid A-based adjuvant.
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41.  The composition of any onc of claims 38 to 40, further comprising an

additional immunogen.

42, 'The composition of claim 41, wherein the additional immunogen is a bacterial

antigesn.

43, The composition of claim 42, whercin the bacterial antigen s selected from
the group consisting of a pore forming toxin, a superantigen, a cell surface protein, a
fragment of any of the bacterial antigens. and a combination of two or more of the bacterial

antigens,

44, A method of inducing a host immune response agamst Staphnvlococcrs awreus,
comprising administering to a subject i need of the immune responsc an effcctive amount of

the composition of any one of claims 38 10 43.

45, The method of claim 44, wherein the immune response is selected from the
group consistinig of an innate response, a humoral response, an antibody response, a cellular

response, and a combination of two or more of the immune responses,

46, The method of claim 45, wheremn the mmune response is an antibody
Tesponse.
47. A method of preventing or treating a Staphylococeal disease or infection ina

subjeet comprising adnunistering to a subject in need thereof the composition of any onc of

claims 38 to 43,
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48, The methed of claim 47, wherein the infection is a localized or systemic

infection of skin, sofl tissue, blood, or an organ, or 15 aulo-immune i nature.

49, The micthod of claim 48, wherein the discasc is a respiratory discasc.

). The wmethod of claim 49, wherein the respiratory disease is pneumonia.

51 The method of claim 48, wherein the disease 1s sepsis.
52. The miethod of any one of claims 44 to 51, wherein the subject is & mammal.

53, The method of claim 52, whercin the mammal is 2 human.,

54, The method of claim 52, wheren the mammal is bovine or canine.

55, The method of any onc of claims 44 w0 54, wherein the composition is
administered via Intrammscular njection, mtradermal injection, intraperitoneal injection,
subcutangons injection, intravenous injection, oral administration, mucosal administration,

intranasal administration, or pulmonary admmstration,

56.  The compostiion of any one of claims 38 to 43, Tor use in inducing g host

immune response against Staphviococers aureus in a subjeet.
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57, The composition of any onc of claims 38 to 43, for use in preventing or

treating a Staphylococeal discase or infection in a subject.

38, A wmethod of producing a vaccine against S. qurens infection comprising:
isolating the attenuated SEA foxeid of any one of claims 1 t0 4. the multivalent oligopeptide
of any onc of clayms § to 37, or any combination thereof; and combining the toxeid,

oligopeptide, or any combination thereof, with an adjuvant.
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