US 20090291099A1

a9y United States

12) Patent Application Publication (o) Pub. No.: US 2009/0291099 A1

Goto et al.

(43) Pub, Date: Nov. 26, 2009

(54)

(75)

(73)

1)

22)

RECOMBINANT POLYPROTEIN VACCINES
FOR THE TREATMENT AND DIAGNOSIS OF
LEISHMANIASIS

Inventors: Yasuyuki Goto, Seattle, WA (US);
Steven G. Reed, Bellevue, WA

Us)

Correspondence Address:

SEED INTELLECTUAL PROPERTY
GROUP PLLC

701 FIFTH AVE, SUITE 5400

SEATTLE, WA 98104 (US)

LAW

Assignee: INFECTIOUS DISEASE
RESEARCH INSTITUTE,
SEATTLE, WA (US)

Appl.No.:  12/466,580

Filed: May 15, 2009

(60)

(1)

(52)

(7)

Related U.S. Application Data

Provisional application No. 61/055,079, filed on May
21, 2008.

Publication Classification

Int. CL.

A6IK 39/008 (2006.01)

CO7K 2/00 (2006.01)

CO7H 21/04 (2006.01)

A6IK 39/00 (2006.01)

GOIN 33/53 (2006.01)

A61P 37/04 (2006.01)

US.CL ... 424/192.1; 530/350; 536/23.7;
424/184.1;,435/7.2

ABSTRACT

Compositions and methods for preventing, treating and
detecting leishmaniasis are disclosed. The compositions gen-
erally comprise fusion polypeptides comprising multiple
Leishmania antigens, in particular, KMP11, SMT, A2 and/or
CBP, or immunogenic portions or variants thereof, as well as
polynucleotides encoding such fusion polypeptides.
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ATGGCCACCACGTACGAGGAGTTTTCGGCGAAGCTGGACCGCCTGGATGAG
GAGTTCAACAGGAAGATGCAGGAGCAGAACGCCAAGTTCTTTGCGGACAAG
CCGGATGAGTCGACGCTGTCGCCCGAGATGAAGGAGCACTACGAGAAGTTC
GAGCGCATGATCAAGGAACACACAGAGAAGTTCAACAAGAAGATGCACGAG
CACTCGGAGCACTTCAAGCAGAAGTTCGCCGAGCTGCTCGAGCAGCAGAAG
GCTGCGCAGTACCCGTCCAAG(ACTAGT)TCCGCCGGTGGCCGTGAGACCGC
GCCGACGAACCTGATTCGTCGCCGCAACAAGGACGAGACAAACGGGGATGT
CAGCGCCGCCGCCGACCGCTTCCGCGACCGCTTCGAGAAGGCAACCCTCGA
GGAGCGCAAGGCCGCCACCACGACGATGGTCAACGAGTACTACGACCTGGT
GACGGACTTCTACGAGTACGGCTGGGGCCAGAACTTCCATTTCGCGCCGCG
CTACGCCGGCGAGACCTTCTTCGAGTCCCTCGCGCGCCACGAGTACTTCCT
GGCCGCTCGCGGCGGCTTCATGGAGGGCGACCACATCGTCGACGTGGGCT
GCGGCGTCGGCGGTCCGGCGCGCAACATGGTTCGCCTCACGCGCTGCAAC
GTCATCGGCGTCAACAACAACGATTACCAGATCAGCCGCGCTCGCCGTCATG
ACGCGCTCGCCGGTATGAGCTCCAAGATCGACTACGTCAAGACCGACTTCTG
CAACATGAGCTTAGCCGACAACACCTTCGACGGCGCCTACGCCATCGAGGC
CACCTGCCACGCAAAGGACAAGGTCAAGTGCTATAGCGAGGTCTTCCGTGTC
ATCAAGCCCGGCACCTGCTTTGTCCTGTACGAGTGGTGCATGACCGACAAGT
ACAACCCCAATGACGAGTACCACCGCACAATCAAGCACCGCATCGAGCTGG
GCGACGGCCTGCCGGAGATGGAGACGTGCAAACAGGTGATCGAGTACATGA
AGCAGGCCGGCTTCGTGGTGGAGGAGGCCATAGACGTCATCAGTCAGTTCG
AGTCCAGCCCCATCAAGAGTATCCCGTGGTACCAGCCGCTGGTCGGCGACT
ATTCGTCCCTGCAGGGCCTGCGCTCTACCCCGATTGGCCGCATCCTCACGAA
CGTCATGTGTCGCGTGCTGGAGTTCGTGCGCCTAGCTCCGAAGGGCACGTA
CAAGGCGACGGAGATTTTGGAGGAGGCTGCGGAAAGCCTGGTGGTGGGCG
GTCAGCTCGGCATCTTCACGCCGTCCTTCTACATCCGCGCTCGCAAGCCGTC
CAAGCAGGCT(GGATCC)GAGCCGCACAAGGCGGCCGTTGACGTCGGCCCG
CTCTCCGTTGGCCCGCAGTCCGTCGGCCCGCTCTCTGTTGGCCCGCAGGCT
GTTGGCCCGCTCTCCGTTGGCCCGCAGTCCGTCGGCCCGCTCTCTGTTGGC
CCGCAGGCTGTTGGCCCGCTCTCTGTTGGCCCGCAGTCCGTTGGCCCGCTC
TCCGTTGGCCCGCTCTCCGTTGGCCCGCAGTCTGTTGGCCCGCTCTCCGTT
GGCTCGCAGTCCGTCGGCCCGCTCTCTGTTGGTCCGCAGTCCGTCGGCCCG
CTCTCCGTTGGCCCGCAGGCTGTTGGCCCGCTCTCCGTTGGCCCGCAGTCC
GTCGGCCCGCTCTCTGTTGGCCCGCAGGCTGTTGGCCCGCTCTCTGTTGGC
CCGCAGTCCGTTGGCCCGCTCTCCGTTGGCCCGCAGTCTGTTGGCCCGCTC
TCCGTTGGCTCGCAGTCCGTCGGCCCGCTCTCTGTTGGTCCGCAGTCCGTC
GGCCCGCTCTCCGTTGGCCCGCAGTCTGTCGGCCCGCTCTCCGTTGGCCCG
CAGTCCGTCGGCCCGCTCTCCGTTGGTCCGCAGTCCGTTGGCCCGCTCTCC
GTTGGCCCGCAGTCCGTTGACGTTTCTCCGGTGTCT(GGATCCGAATTC)TAA

Fig. 4
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ATGGCCACCACGTACGAGGAGTTTTCGGCGAAGCTGGACCGCCTGGATG
AGGAGTTCAACAGGAAGATGCAGGAGCAGAACGCCAAGTTCTTTGCGGAC
AAGCCGGATGAGTCGACGCTGTCGCCCGAGATGAAGGAGCACTACGAGA
AGTTCGAGCGCATGATCAAGGAACACACAGAGAAGTTCAACAAGAAGATG
CACGAGCACTCGGAGCACTTCAAGCAGAAGTTCGCCGAGCTGCTCGAGCA
GCAGAAGGCTGCGCAGTACCCGTCCAAG(ACTAGT)ICCGCCGGTGGCCG
TGAGACCGCGCCGACGAACCTGATTCGTCGCCGCAACAAGGACGAGACA
AACGGGGATGTCAGCGCCGCCGCCGACCGCTTCCGCGACCGCTTCGAGA
AGGCAACCCTCGAGGAGCGCAAGGCCGCCACCACGACGATGGTCAACGA
GTACTACGACCTGGTGACGGACTTCTACGAGTACGGCTGGGGCCAGAACT
TCCATTTCGCGCCGCGCTACGCCGGCGAGACCTTCTTCGAGTCCCTCGCG
CGCCACGAGTACTTCCTGGCCGCTCGCGGCGGCTTCATGGAGGGCGACC
ACATCGTCGACGTGGGCTGCGGCGTCGGCGGTCCGGCGCGCAACATGGT
TCGCCTCACGCGCTGCAACGTCATCGGCGTCAACAACAACGATTACCAGA
TCAGCCGCGCTCGCCGTCATGACGCGCTCGCCGGTATGAGCTCCAAGAT
CGACTACGTCAAGACCGACTTCTGCAACATGAGCTTAGCCGACAACACCTT
CGACGGCGCCTACGCCATCGAGGCCACCTGCCACGCAAAGGACAAGGTC
AAGTGCTATAGCGAGGTCTTCCGTGTCATCAAGCCCGGCACCTGCTTTGT
CCTGTACGAGTGGTGCATGACCGACAAGTACAACCCCAATGACGAGTACC
ACCGCACAATCAAGCACCGCATCGAGCTGGGCGACGGCCTGCCGGAGAT
GGAGACGTGCAAACAGGTGATCGAGTACATGAAGCAGGCCGGCTTCGTG
GTGGAGGAGGCCATAGACGTCATCAGTCAGTTCGAGTCCAGCCCCATCAA
GAGTATCCCGTGGTACCAGCCGCTGGTCGGCGACTATTCGTCCCTGCAGG
GCCTGCGCTCTACCCCGATTGGCCGCATCCTCACGAACGTCATGTGTCGC
GTGCTGGAGTTCGTGCGCCTAGCTCCGAAGGGCACGTACAAGGCGACGG
AGATTTTGGAGGAGGCTGCGGAAAGCCTGGTGGTGGGCGGTCAGCTCGG
CATCTTCACGCCGTCCTTCTACATCCGCGCTCGCAAGCCGTCCAAGCAGG
CT(GGATCC)GAGCCGCACAAGGCGGCCGTTGACGTCGGCCCGCTCTCCG
TTGGCCCGCAGTCCGTCGGCCCGCTCTCTGTTGGCCCGCAGGCTGTTGG
CCCGCTCTCCGTTGGCCCGCAGTCCGTCGGCCCGCTCTCTGTTGGCCCG
CAGGCTGTTGGCCCGCTCTCTGTTGGCCCGCAGTCCGTTGGCCCGCTCT
CCGTTGGCCCGCTCTCCGTTGGCCCGCAGTCTGTTGGCCCGCTCTCCGTT
GGCTCGCAGTCCGTCGGCCCGCTCTCTGTTGGTCCGCAGTCCGTCGGCC
CGCTCTCCGTTGGCCCGCAGGCTGTTGGCCCGCTCTCCGTTGGCCCGCA
GTCCGTCGGCCCGCTCTCTGTTGGCCCGCAGGCTGTTGGCCCGCTCTCT
GTTGGCCCGCAGTCCGTTGGCCCGCTCTCCGTTGGCCCGCAGTCTGTTG
GCCCGCTCTCCGTTGGCTCGCAGTCCGTCGGCCCGCTCTCTGTTGGTCC
GCAGTCCGTCGGCCCGCTCTCCGTTGGCCCGCAGTCTGTCGGCCCGCTC
TCCGTTGGCCCGCAGTCCGTCGGCCCGCTCTCCGTTGGTCCGCAGTCCG
TTGGCCCGCTCTCCGTTGGCCCGCAGTCCGTTGACGTTTCTCCGGTGTCT
(GGATCCGAATTC)GATGCGGTGGACTGGCGCGAGAAGGGCGCCGTGACG
CCGGTGAAGAATCAAGGCGCGTGCGGGTCGTGCTGGGCGTTCTCGGCGG

Fig. 5A



Patent Application Publication  Nov. 26,2009 Sheet 5 of 6 US 2009/0291099 A1

TCGGCAACATCGAGTCGCAGTGGGCCCGTGCCGGCCACGGCTTGGTGAG
CCTGTCGGAGCAGCAGCTGGTGAGCTGCGATGACAAAGACAATGGCTGC
AACGGCGGGCTGATGCTGCAGGCGTTCGAGTGGCTGCTGCGACACATGT
ACGGGATCGTGTTCACGGAGAAGAGCTACCCCTACACGTCCGGCAACGGT
GATGTGGCCGAGTGCTTGAACAGCAGTAAACTCGTTCCCGGCGCGCAAAT
CGACGGCTACGTGATGATCCCGAGCAACGAAACGGTTATGGCTGCGTGG
CTTGCGGAGAATGGCCCCATCGCGATTGCGGTCGACGCCAGCTCCTTCAT
GTCTTACCAGAGCGGCGTGCTGACCAGCTGCGCTGGCGATGCACTGAAC
CACGGCGTGCTGCTCGTCGGGTACAACAAGACCGGTGGGGTTCCGTACT
GGGTGATCAAGAACTCGTGGGGTGAGGACTGGGGCGAGAAGGGCTACGT
GCGCGTGGTCATGGGGCTGAACGCGTGCCTGCTCAGTGAATACCCCGTG
TCCGCGCATGTGCCGCGGAGTCTCACCCCTGGCCCGGGCACGGAGAGCG
AGGAGCGCGCCCCTAAACGGGTGACGGTGGAGCAGATGATGTGCACCGA
TATGTACTGCAGGGAGGGGTGCAAGAAGAGTCTTCTCACCGCGAACGTGT
GCTACAAGAACGGGGGAGGCGGCTCCTCTATGACGAAGTGCGGTCCGCA
GAAGGTGCTGATGTGCTCGTACTCGAACCCTCATTGCTTTGGTCCTGGGC
TGTGCCTCGAGACTCCTGATGGCAAGTGCGCGCCGTACTTCTTGGGCTCG
ATCATGAACACCTGCCAGTACACGTAA

Fig. 5B
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MATTYEEFSAKLDRLDEEFNRKMQEQNAKFFADKPDESTLSPEMKEHYEKFE
RMIKEHTEKFNKKMHEHSEHFKQKFAELLEQQKAAQYPSK(TS)SAGGRETAPT
NLIRRRNKDETNGDVSAAADRFRDRFEKATLEERKAATTTMVYNEYYDLVTDFY
EYGWGQNFHFAPRYAGETFFESLARHEYFLAARGGFMEGDHIVDVGCGVGG
PARNMVRLTRCNVIGVNNNDYQISRARRHDALAGMSSKIDYVKTDFCNMSLAD
NTFDGAYAIEATCHAKDKVKCYSEVFRVIKPGTCFVLYEWCMTDKYNPNDEYH
RTIKHRIELGDGLPEMETCKQVIEYMKQAGFVVEEAIDVISQFESSPIKSIPWYQ
PLVGDYSSLQGLRSTPIGRILTNVMCRVLEFVRLAPKGTYKATEILEEAAESLVV
GGALGIFTPSFYIRARKPSKQA(GS)EPHKAAVDVGPLSVGPQSVGPLSVGPQ
AVGPLSVGPQSVGPLSVGPQAVGPLSVGPQSVGPLSVGPLSVGPQSVGPLS
VGSQSVGPLSVGPQSVGPLSVGPQAVGPLSVGPQSVGPLSVGPQAVGPLSY
GPQSVGPLSVGPQSVGPLSVGSQSVGPLSVGPQSVGPLSVGPQSVGPLSVG
PQSVGPLSVGPQSVGPLSVGPQSVDVSPVS(GSEF)

Fig. 6
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RNKDETNGDVSAAADRFRDRFEKATLEERKAATTTMVNEYYDLVTDFYEYGWGQ
NFHFAPRYAGETFFESLARHEYFLAARGGFMEGDHIVDVGCGVGGPARNMVRLT
RCNVIGVNNNDYQISRARRHDALAGMSSKIDYVKTDFCNMSLADNTFDGAYAIEAT
CHAKDKVKCYSEVFRVIKPGTCFVLYEWCMTDKYNPNDEYHRTIKHRIELGDGLPE
METCKQVIEYMKQAGFVVEEAIDVISQFESSPIKSIPWYQPLVGDYSSLQGLRSTPI
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GGGGSSMTKCGPQKVYLMCSYSNPHCFGPGLCLETPDGKCAPYFLGSIMNTCQYT

Fig. 7
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RECOMBINANT POLYPROTEIN VACCINES
FOR THE TREATMENT AND DIAGNOSIS OF
LEISHMANIASIS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit under 35 U.S.C.
§ 119(e) of U.S. Provisional Patent Application No. 61/055,
079, filed May 21, 2008, where this provisional application is
incorporated herein by reference in its entirety.

STATEMENT REGARDING SEQUENCE
LISTING

[0002] The Sequence Listing associated with this applica-
tion is provided in text format in lieu of a paper copy, and is
hereby incorporated by reference into the specification. The
name of the text file containing the Sequence Listing is
480239_407_SEQUENCE_LISTING.txt. The text file is 99
KB, was created on May 15, 2009 and is being submitted
electronically via EFS-Web, concurrent with the filing of the
specification.

BACKGROUND
[0003] 1. Technical Field
[0004] The present invention relates generally to composi-

tions and methods for preventing, treating and detecting
leishmaniasis in patients. More particularly, the invention
relates to compositions and methods comprising Leishmania
fusion polypeptides, as well as polynucleotides encoding
such fusion polypeptides.

[0005] 2. Description of the Related Art

[0006] Leishmania organisms are obligate intracellular
parasites that cause a large clinical spectrum of diseases
named leishmaniasis. Leishmania organisms are intracellular
protozoan parasites of the genus Leishmania. Leishmania
organisms target host macrophages; thus causing a wide spec-
trum of clinical diseases in humans and domestic animals,
primarily dogs. In some infections, the parasite may lie dor-
mant for many years. In other cases, the host may develop one
of a variety of forms of leishmaniasis. Leishmaniases are
roughly classified into three types of diseases, cutaneous
leishmaniasis (CL), mucosal leishmaniasis (ML) and visceral
leishmaniasis (VL), according to the clinical manifestations.
[0007] Leishmaniasis is a serious problem in much of the
world, including Brazil, China, East Africa, India and areas of
the Middle East. The disease is also endemic in the Mediter-
ranean region, including southern France, Italy, Greece,
Spain, Portugal and North Africa. The number of cases of
leishmaniasis has increased dramatically in the last 20 years,
and millions of cases of this disease now exist worldwide.
About 2 million new cases are diagnosed each year, 25% of
which are visceral leishmaniasis.

[0008] Visceral leishmaniasis (VL) has been reported in 88
countries, but roughly 90% of VL cases occur in Brazil, India,
Sudan, Bangladesh, and Nepal (Mendez et al. J Immunol
2001; 166(8): pp. 5122-8). The annual incidence is estimated
to be approximately 500,000 cases of VL, and the population
at risk is 350 million (Engwerda et al. Eur J Immunol 1998;
28(2): pp. 669-80; Squires et al. Immunol 1989; 143(12): pp.
4244-9). Visceral leishmaniasis, generally caused by species
of the L. donovani complex, i.e. L. donovani and L. infantum
(chagasi). L. donovani is the causative agent of visceral leish-
maniasis in Africa and Asia, L. infantum/chagasi in Mediter-
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ranean countries and in the New World (Piedrafita et al. J
Immunol 1999; 163(3): pp. 1467-72). VL is a severe debili-
tating disease that evolves with visceral infection involving
the spleen, liver and lymph nodes, which, untreated, is gen-
erally a fatal disease. Symptoms of acute visceral leishma-
niasis include hepatosplenomegaly, fever, leukopenia, ane-
mia and hypergammaglobulinemia. Active VL is generally
fatal unless properly treated.

[0009] Leishmania parasites are transmitted by the bite of
sandflies and the infecting promastigotes differentiate into
and replicate as amastigotes within macrophages in the mam-
malian host. In common with other intracellular pathogens,
cellular immune responses are critical for protection against
leishmaniasis. Th1 immune responses play an important role
in mediating protection against Leishmania, including roles
for CD4* and CD8"* T cells, IFN-y, IL-12, TNF-o and NO,
whereas inhibitory effects have been reported for IL-10 and
TGF-f (Engwerda et al. Eur J Immunol 1998; 28(2): pp.
669-80; Murphy et al. Fur J. Immunol. 2001; 31 (10): pp.
2848-56; Murray et al. J Exp Med. 1999; 189(4): pp. 741-6;
Murray et al. Infect Immun. 2000; 68(11): pp. 6289-93;
Squires et al. J Immunol 1989; 143(12): pp. 4244-9 6; Taylor
and Murray. J Exp Med. 1997; 185(7): pp. 1231-9; Kaye and
Bancroft. Infect Immun. 1992; 60(10): pp. 4335-42; Stern et
al. J. Immunol. 1988; 140(11): pp. 3971-7; Wilson et al. J.
Immunol. 1998: 161(11): pp. 6148-55).

[0010] Immunization against leishmaniasis in animal mod-
els can be effected by delivery of antigen-encoding DNA
vectors (Gurunathan et al. J Exp Med. 1997; 186(7): pp.
1137-47, Piedrafita et al. J. Immunol. 1999; 163(3):1467-72;
Mendez et al. J. Immunol. 2001; 166(8): pp. 5122-8) or by
administration of proteins formulated with Thl-inducing
adjuvants including IL-12 (Afonso et al. Science. 1994; 263
(5144): pp.235-7; Stobie etal. Proc Natl Acad Sci USA. 2000,
97(15): pp. 8427-32; Kenney et al. J. Immunol. 1999; 163(8):
pp. 4481-8) or TLR ligands such as CpG oligonucleotides
(Rhee et al. J Exp Med. 2002; 195(12): pp. 1565-73; Stacey
and Blackwell. Infect Immun. 1999; 67(8): pp. 3719-26;
Walker et al. Proc Natl Acad Sci USA. 1999; 96(12): pp.
6970-5) and monophosphoryl lipid A (Coler et al. Infect
Immun. 2002; 70(8): pp. 4215-25; Skeiky et al. Vaccine.
2002; 20(2728): pp. 3292-303).

[0011] Inspiteof some evidence that sub-unit vaccines may
be effective in certain models of VL (Basu et al. J. Immunol.
2005; 174(11): pp. 7160-71; Stager et al. J. Immunol. 2000,
165(12): pp. 7064-71; Ghosh et al. Vaccine. 2001; 20(12): pp.
59-66; Wilson et al. Infect Immun. 1995; 63(5): pp. 2062-9;
Tewary etal. JInfect Dis. 2005; 191(12): pp. 2130-7; Aguilar-
Be et al. Infect Immun. 2005; 73(2): pp. 812-9. Rafati et al.
Vaccine. 2006; 24(12):2169-75), progress toward defining
antigen candidates effective against VL in vivo has been
lacking.

[0012] Strategies employing vaccines consisting of whole
organisms for preventing or treating leishmaniasis have not
been effective in humans. Accordingly, there remains a sig-
nificant need for immunogenic compositions and vaccines
that can effectively prevent and/or treat leishmaniasis in
humans and other mammals (e.g., canines). The present
invention fulfills these needs and offers other related advan-
tages

BRIEF SUMMARY

[0013] Briefly stated, the present invention provides com-
positions and methods for preventing, treating and detecting
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leishmaniasis. In one aspect, fusion polypeptides of the
invention are provided which comprise an immunogenic pot-
tion of at least two Leishmania antigens selected from the
group consisting of KMP11, SMT, A2 and/or CPB, or
sequences having at least 90% identity thereto. In a more
particular embodiment, the Leishmania KMP11, SMT, A2
and/or CPB polypeptide, or immunogenic portion or variant
thereof, comprises an amino acid sequence of a KMP11,
SMT, A2 and/or CPB sequence from L. dorovani, L. infantum
or L. major, or a sequence having at least 90% identity
thereto.

[0014] In a more specific embodiment, a fusion polypep-
tide of the invention comprises an amino acid sequence set
forth in SEQ ID NO: 21 (e.g., KSA fusion polypeptide) or
SEQ ID NO: 23 (e.g., KSAC fusion polypeptide) or SEQ ID
NO: 33 (e.g., KSA, C, wherein a full length A2 sequence is
used).

[0015] In another embodiment of the invention, a fusion
polypeptide herein is modified by replacing one or more of
the cysteine residues of the polypeptide with alternative resi-
dues, such as serine or alanine, or any other residue not
capable of interchain or intrachain disulfide bond formation,
to produce a cysteine-modified fusion polypeptide. In a more
specific embodiment, the cysteine-modified fusion polypep-
tide comprises an amino acid sequence set forth in any one of
SEQ ID NO: 33 (e.g. cysteine-modified KSAC fusion
polypeptide) or SEQ ID NO: 35 (e.g. cysteine-modified KSA
fusion polypeptide).

[0016] In other embodiments, compositions comprising
fusion polypeptides in combination with immunostimulants
are provided. In still other embodiments, compositions com-
prising polynucleotides encoding the fusion polypeptides are
also provided. Such compositions of the invention are pref-
erably capable of providing protection against leishmaniasis,
such as that caused by L. major ., L. infantum, or L. donovani
infection, in an in vivo assay.

[0017] Also provided by the invention are recombinant
expression and delivery vectors comprising polynucleotide
sequences of the invention and host cells transformed or
transfected with such expression vectors.

[0018] In other embodiments, the present invention pro-
vides methods for stimulating an immune response against
leishmaniasis in a mammal comprising administering a com-
position as described herein.

[0019] Inyetother embodiments, the present invention pro-
vides methods to induce protective immunity against leish-
maniasis in a mammal comprising administering a composi-
tion as described herein.

[0020] In still other embodiments, the present invention
contemplates methods for detecting Leishmaniainfectionina
biological sample, e.g., sera, blood, saliva, etc., comprising
contacting the biological sample with a fusion polypeptide of
the invention and detecting in the biological sample the pres-
ence of antibodies that bind to the fusion polypeptide, thereby
detecting Leishmania infection in a biological sample. In
related embodiments, the fusion polypeptide may be option-
ally bound to a solid support.

[0021] Various embodiments of the present invention also
provide kits for use in the detection of Leishmania infection in
abiological sample comprising a fusion polypeptide or poly-
nucleotide of the invention and a detection reagent.

[0022] These and other aspects of the present invention will
become apparent upon reference to the following detailed
description and attached drawings. All references disclosed
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herein are hereby incorporated by reference in their entirety
as if each was incorporated individually.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0023] FIG. 1 shows protection against L. infantum infec-
tion by immunization with KSA or KSAC fusion polypep-
tides. C57BL/6 mice inoculated with saline alone, SMT+
MPL-SE, KSA+MPL-SE or KSAC+MPL-SE were
challenged with L. infantum, and the numbers of parasites in
the liver were measured by limiting dilution four weeks after
the infection. Mean and SEM of five mice in each group are
shown. **P<0.01 and ***P<0.001 by unpaired t-test com-
pared with the saline group.

[0024] FIG. 2 shows protection against L. donovani infec-
tion by immunization with KSA or KSAC fusion polypep-
tides. BALB/c mice inoculated with saline alone, KSA+
MPL-SE or KSAC+MPL-SE were challenged with L.
donovani, and the numbers of parasites in the liver were
measured by limiting dilution four weeks after the infection.
Mean and SEM of five mice in each group are shown. *P<0.
05 by unpaired t-test compared with the saline group.

[0025] FIG. 3 shows protection against L. major infection
by immunization with a KSAC fusion polypeptide. BALB/c
mice inoculated with saline (open circles/bars) or KSAC+
MPL-SE (closed circles/bars) were challenged with L. major
intradermally into the both right and left ears. (A) Lesion
sizes and were measured every week up to 8 wks. Mean and
SEM of five mice in each group are shown. (B) The numbers
of parasites in the ear lesions were measured at 8 wks of the
infection by limiting dilution.

[0026] FIG. 4 shows the polynucleotide sequence encoding
a KSA fusion polypeptide (SEQ ID NO: 22) comprising a
polynucleotide sequence of an immunogenic portion of
KMP11 represented by polynucleotides 1-276 of SEQ ID
NO: 1 (italicized), which is fused to an immunogenic portion
of SMT represented by polynucleotides 4-1059 of SEQ ID
NO: 4 (underlined), which is further fused to an immunogenic
portion of A2 represented by polynucleotides 79-708 of SEQ
ID NO: 7 (bolded). Linker polynucleotide sequences are in
plaintext and delimited by parentheses. The terminal TAA
stop codon is also plaintext.

[0027] FIGS. 5A-5B show the polynucleotide sequence
encoding a KSAC fusion polypeptide (SEQ ID NO: 24) com-
prising a polynucleotide sequence of an immunogenic por-
tion of KMP11 represented by polynucleotides 1-276 of SEQ
ID NO: 1 (italicized), which is fused to an immunogenic
portion of SMT represented by polynucleotides 4-1059 of
SEQ ID NO: 4 (underlined), which is further fused to an
immunogenic portion of A2 represented by polynucleotides
79-708 of SEQ ID NO: 7 (bolded), which is further fused to an
immunogenic portion of CBP represented by polynucleotides
382-1329 of SEQ ID NO: 8 (plaintext). Linker polynucle-
otide sequences are in plaintext and delimited by parentheses.
The terminal TAA stop codon is also plaintext.

[0028] FIG. 6 shows the amino acid sequence of a KSA
fusion polypeptide (SEQ ID NO: 21) comprising an amino
acid sequence of an immunogenic portion of KMP11 repre-
sented by amino acids 1-92 of SEQ ID NO: 11 (italicized),
which is fused to an immunogenic portion of SMT repre-
sented by amino acids 2-353 of SEQ ID NO: 14 (underlined),
which is further fused to an immunogenic portion of A2
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represented by amino acids 29-236 of SEQ ID NO: 17
(bolded). Linker amino acids are in plaintext and delimited by
parentheses.

[0029] FIG. 7 shows the polynucleotide sequence encoding
a KSAC fusion polypeptide (SEQ ID NO: 23) comprising the
amino acid sequence of an immunogenic portion of KMP11
represented by amino acids 1-92 of SEQ ID NO: 11 (itali-
cized), which is fused to an immunogenic portion of SMT
represented by amino acids 2-353 of SEQ ID NO: 14 (under-
lined), which is further fused to an immunogenic portion of
A2 represented by amino acids 29-236 of SEQ ID NO: 17
(bolded), which is further fused to an immunogenic portion of
CBP represented by amino acids 127-443 of SEQ IDNO: 18
(plaintext). Linker amino acids are in plaintext and delimited
by parentheses.

BRIEF DESCRIPTION OF THE SEQUENCE
IDENTIFIERS

[0030] SEQ ID NO: 1 is an amino acid sequence for a L.
infantum full-length KMP11 polypeptide.

[0031] SEQ ID NO: 2 is an amino acid sequence for a L.
donovani full-length KMP11 polypeptide.

[0032] SEQ ID NO: 3 is an amino acid sequence for a L.
major full-length KMP11 polypeptide.

[0033] SEQ ID NO: 4 is an amino acid sequence for a L.
infantum full-length sterol 24-c-methyltransferase (SMT)
polypeptide.

[0034] SEQ ID NO: 5 is an amino acid sequence for a L.
donovani full-length sterol 24-c-methyltransferase (SMT)
polypeptide.

[0035] SEQ ID NO: 6 is an amino acid sequence for a L.
major full-length sterol 24-c-methyltransferase (SMT)
polypeptide.

[0036] SEQ ID NO: 7 is an amino acid sequence for a L.
infantum full-length A2 polypeptide.

[0037] SEQ ID NO: 8 is an amino acid sequence for a L.
infantum full-length CBP polypeptide.

[0038] SEQ ID NO: 9 is an amino acid sequence for a L.
donovani full-length CBP polypeptide.

[0039] SEQ ID NO: 10 is an amino acid sequence for a L.
major full-length CBP polypeptide.

[0040] SEQIDNO: 11 is a nucleic acid sequence encoding
the polypeptide of SEQ ID NO: 1.

[0041] SEQIDNO: 12 is a nucleic acid sequence encoding
the polypeptide of SEQ ID NO: 2.

[0042] SEQIDNO: 13 is a nucleic acid sequence encoding
the polypeptide of SEQ ID NO: 3.

[0043] SEQIDNO: 14 is a nucleic acid sequence encoding
the polypeptide of SEQ ID NO: 4.

[0044] SEQIDNO: 15is a nucleic acid sequence encoding
the polypeptide of SEQ ID NO: 5.

[0045] SEQID NO: 16is a nucleic acid sequence encoding
the polypeptide of SEQ ID NO: 6.

[0046] SEQIDNO: 17 is a nucleic acid sequence encoding
the polypeptide of SEQ ID NO: 7.

[0047] SEQIDNO: 18 is a nucleic acid sequence encoding
the polypeptide of SEQ ID NO: 8.

[0048] SEQIDNO: 19is a nucleic acid sequence encoding
the polypeptide of SEQ ID NO:9.

[0049] SEQID NO: 20 is a nucleic acid sequence encoding
the polypeptide of SEQ ID NO: 10.

[0050] SEQ ID NO: 21 is an amino acid sequence for a
KSA fusion polypeptide (KMP11, SMT, A2).
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[0051] SEQIDNO: 22 is a nucleic acid sequence encoding
the polypeptide of SEQ ID NO: 21.

[0052] SEQ ID NO: 23 is an amino acid sequence for a
KSAC fusion polypeptide (KMP11, SMT, A2, CPB).

[0053] SEQIDNO: 24 is a nucleic acid sequence encoding
the polypeptide of SEQ ID NO: 23.

[0054] SEQ ID NO: 25 is the amino acid sequence for an
immunogenic portion of a KMP11 polypeptide.

[0055] SEQ ID NO: 26 is the amino acid sequence for an
immunogenic portion of a SMP polypeptide.

[0056] SEQ ID NO: 27 is the amino acid sequence for an
immunogenic portion of an A2 polypeptide.

[0057] SEQ ID NO: 28 is the amino acid sequence for an
immunogenic portion of a CBP polypeptide.

[0058] SEQIDNO: 29 is a nucleic acid sequence encoding
the polypeptide of SEQ ID NO: 25.

[0059] SEQID NO: 30is a nucleic acid sequence encoding
the polypeptide of SEQ ID NO: 26.

[0060] SEQIDNO: 31 is a nucleic acid sequence encoding
the polypeptide of SEQ ID NO: 27.

[0061] SEQIDNO: 32 is a nucleic acid sequence encoding
the polypeptide of SEQ ID NO: 28.

[0062] SEQ ID NO: 33 is an amino acid sequence for an
alternative version of a KSAC fusion polypeptide (KMP11,
SMT, A2, CPB), wherein the full length A2 sequence is used.
[0063] SEQID NO: 34 is a nucleic acid sequence encoding
the polypeptide of SEQ ID NO: 33.

[0064] SEQ ID NO: 35 is an amino acid sequence for an
alternative version of a KSA fusion polypeptide (KMP11,
SMT, A2), wherein the cysteine residues present in the fusion
polypeptide have been replaced with serines or alanines.
[0065] SEQIDNO: 36 is a nucleic acid sequence encoding
the polypeptide of SEQ ID NO: 35.

[0066] SEQ ID NO: 37 is an amino acid sequence for an
alternative version of a KSAC fusion polypeptide (KMP11,
SMT, A2, CPB), wherein the cysteine residues present in the
fusion polypeptide have been replaced with serines or ala-
nines.

[0067] SEQID NO: 38 is a nucleic acid sequence encoding
the polypeptide of SEQ ID NO: 37.

DETAILED DESCRIPTION

[0068] As noted above, the present invention is generally
directed to compositions and methods for preventing, treating
and detecting leishmaniasis. The compositions of the inven-
tion include, for example, fusion polypeptides and polypep-
tide combinations that comprise at least two immunogenic/
antigenic portions or fragments of Leishmania KMP11, SMT,
A2 and/or CPB polypeptides, or a variant of such a polypep-
tide, wherein the portion or variant retain substantially the
same or similar immunogenic properties as a corresponding
full length polypeptide. As further demonstrated herein,
immunization strategies using compositions of the invention
provide significant in vivo protection against L. infantum, Z.
donovani, and L. major, which are causative agents of VL in
humans and dogs. Further, the prophylactic effect achieved
using compositions of the present invention shows substantial
improvements and advantages relative to previously reported
vaccine strategies. The present invention also contemplates,
in other embodiments, using the fusion polypeptides
described herein in diagnostic applications, including, but not
limited to, serodiagnosis and whole blood assay in patients
and dogs.
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[0069] As used herein, the term “polypeptide” encom-
passes amino acid chains of any length, including full length
proteins, wherein the amino acid residues are linked by cova-
lent bonds. A polypeptide comprising an immunogenic por-
tion of a Leiskmania polypeptide may consist solely of an
immunogenic portion, may contain two or more immuno-
genic portions and/or may contain additional sequences. The
additional sequences may be derived from a native Leishma-
nia polypeptide or may be heterologous, and such heterolo-
gous sequences may (but need not) be immunogenic.

[0070] Invarious embodiments, compositions and methods
of the present invention provide a fusion polypeptide com-
prising two or more immunogenic/antigenic portions or frag-
ments of Leishmania KMP11, SMT, A2 and/or CPB polypep-
tides, or a variant thereof. In particular embodiments, a fusion
polypeptide comprises two or more Leishmania antigen frag-
ments as recited in SEQ ID NOs: 1-10 and 25-28. In related
embodiments, the fusion polypeptide comprises the amino
acid sequence set forth in any one of SEQ ID NOs: 21 or 35
(e.g., KSA) or in SEQ ID NOs: 23 or 33 or 37 (e.g., KSAC).
[0071] In other embodiments, the fusion polypeptides and
polypeptide combinations are modified to replace the cys-
teine residues contained therein with serine residues, wherein
the cysteine-modified polypeptides retain substantially the
same or similar immunogenic properties as the corresponding
unmodified polypeptides. For example, a cysteine-modified
fusion polypeptide, in certain specific embodiments, com-
prises an amino acid sequence set forth in SEQ ID NOs: 35
(KSA) or 37 (KSAC)

Leishmania Fusion Polypeptides and Uses Therefor

[0072] In one aspect, the present invention provides iso-
lated Leishmania polypeptides, as described herein, includ-
ing fusion polypeptides, and compositions containing the
same. Generally, a polypeptide of the present invention will
be an isolated polypeptide and may comprise a polypeptide
fragment (e.g., an antigenic/immunogenic portion), multiple
polypeptide fragments, or a full-length polypeptide of an
amino acid sequence from two or more of the Leishmania
genes, including, but not limited to KMP11, SMT, A2 and/or
CPB. An “isolated polypeptide” is one that is removed from
its original environment. For example, a naturally-occurring
protein is isolated if it is separated from some or all of the
coexisting materials in the natural system. Preferably, such
polypeptides are at least about 90% pure, more preferably at
least about 95% pure and most preferably at least about 99%
pure. One of ordinary skill in the art would appreciate that
antigenic polypeptide fragments could also be obtained from
those already available in the art. Polypeptides of the inven-
tion, antigenic/immunogenic fragments thereof, and other
variants may be prepared using conventional recombinant
and/or synthetic techniques.

[0073] An immunogenic portion of a Leishmania KMP11,
SMT, A2 and/or CPB polypeptide is a portion that is capable
of eliciting an immune response (i.e., cellular and/or
humoral) in a presently or previously Leishmania-infected
patient (such as a human or a dog) and/or in cultures of lymph
node cells or peripheral blood mononuclear cells (PBMC)
isolated from presently or previously Leishmania-infected
individuals. The cells in which a response is elicited may
comprise a mixture of cell types or may contain isolated
component cells (including, but not limited to, T-cells, NK
cells, macrophages, monocytes and/or B cells). In a particular
embodiment, immunogenic portions of a fusion polypeptide
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comprising at least two Leishmania antigenic polypeptides
selected from KMP11, SMT, A2, and/or CBP, are capable of
inducing T-cell proliferation and/or a predominantly Thl-
type cytokine response (e.g., IL-2, IFN-y, and/or TNF-a. pro-
duction by T-cells and/or NK cells, and/or IL-12 production
by monocytes, macrophages and/or B cells). Immunogenic
portions of the antigens described herein may generally be
identified using techniques known to those of ordinary skill in
the art, including the representative methods summarized in
Paul, Pundamental Immunology, Sthed., Lippincott Williams
& Wilkins, 2003 and references cited therein. Such tech-
niques include screening fusion polypeptides for the ability to
react with antigen-specific antibodies, antisera and/or T cell
lines or clones. As used herein, antisera and antibodies are
“antigen-specific” if they specifically bind to an antigen (i.e.,
they react with the protein in an immunoassay, and do not
react detectably with unrelated proteins). Such antisera and
antibodies may be prepared as described herein and using
well-known techniques.

[0074] Immunogenic portions of a Leishmania KMP11,
SMT, A2 and/or CPB polypeptide can be essentially any
length; provided they retain one or more of the immunogenic
regions of KMP11, SMT, A2 and/or CPB that are responsible
for and/or contribute to the in vivo protection provided
against leishmaniasis by one or more fusion polypeptides of
the invention, as disclosed herein. In one embodiment, the
ability of an immunogenic portion to react with antigen-
specific antisera may be enhanced or unchanged, relative to
the native protein, or may be diminished by less than 50%,
and preferably less than 20%, relative to the native protein.
lustrative portions will generally be at least 10, 15, 25, 50,
150, 200, 250, 300, or 350 amino acids in length, or more, up
to and including full length KMP11, SMT, A2 and/or CPB
polypeptide. In a particular embodiment, an immunogenic
portion of a Leishmania KMP11, SMT, A2 and/or CPB
polypeptide is one, which when used in combination, are
capable of providing protection against, for example in an in
vivo assay as described herein, or serodiagnosis of Leishma-
nia species such as L. donovani, L. major and/or L. infantum,
which are believed to be causative agents of VL in humans
and dogs. In addition, compositions of the invention may also
be useful in blocking transmission of the causative agent of
VL from dogs to humans, e.g., by reducing or eliminating the
number of parasites in the blood and skin of infected dogs.
[0075] As would be recognized by the skilled artisan, a
polypeptide composition of the invention may also comprise
one or more polypeptides that are immunologically reactive
with T cells and/or antibodies generated against a polypeptide
of the invention, particularly a polypeptide having an amino
acid sequence disclosed herein, or to an immunogenic frag-
ment or variant thereof. In particular embodiments, the
polypeptide is a fusion polypeptide as described herein.
[0076] In various embodiments of the present invention,
fusion polypeptides of the present invention may comprise at
least 2 antigenic or immunogenic portions or fragments of the
Leishmania KMP11, SMT, A2 and/or CPB polypeptides, ora
variant disclosed herein. In some instances, preferred immu-
nogenic portions will be identified that have a level of immu-
nogenic activity greater than that of the corresponding full-
length polypeptide, e.g., having greater than about 100% or
150% or more immunogenic activity. In particular embodi-
ments, the immunogenicity of the full-length fusion polypep-



US 2009/0291099 A1

tide will have additive, or greater than additive immunoge-
nicity contributed by of each of the antigenic/immunogenic
portions contained therein.

[0077] In another embodiment of the invention, fusion
polypeptides are provided that comprise two or more immu-
nogenic portions of Leishmania polypeptides selected from
KMP11, SMT, A2, and/or CBP that are capable of eliciting T
cells and/or antibodies that are immunologically reactive with
two or more polypeptides described herein, or two or more
polypeptides encoded by contiguous polynucleotide
sequences contained in the polynucleotide sequences dis-
closed herein, or immunogenic fragments or variants thereof,
or to two or more polynucleotide sequences which hybridize
to two or more of these sequences under conditions of mod-
erate to high stringency.

[0078] In particular embodiments, a fusion polypeptide of
the present invention may compriseat least 2, at least 3 at least
4, atleast 5, at least 6, at least 7, at least 8, at least 9, or at least
10 immunogenic/antigenic portions or fragments of Leish-
mania KMP11, SMT, A2 and/or CPB polypeptides, or a vari-
ant of such polypeptides, wherein the portions or fragments
retain substantially the same or similar immunogenic prop-
erties as a corresponding full length polypeptide.

[0079] Inanother aspect, fusion polypeptides of the present
invention contain multiple copies of polypeptide fragments,
repeats of polypeptide fragments, or multimeric polypeptide
fragments, including antigenic/immunogenic fragments such
as Leishmania KMP11, SMT, A2 and/or CPB polypeptides,
comprising at least about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more
contiguous fragments, in any order, and including all lengths
of a polypeptide composition set forth herein, or those
encoded by a polynucleotide sequence set forth herein. In
another aspect, fusion polypeptides of the present invention
may comprise two or more Leishmania antigen fragments as
recited in SEQ ID NOs: 1-10, and 25-28 or immunogenic
portion thereof. In a particular embodiment, the fusion
polypeptide comprises an amino acid sequence set forth in
any one of SEQ ID NOs: 21, 23, 33, 35 or 37.

[0080] Inyetanotheraspect, the present invention provides
fusion polypeptides comprising two or more, three or more,
or four or more variants of the Leishmania KMP11, SMT, A2
and/or CPB polypeptides described herein. Polypeptide vari-
ants generally encompassed by the present invention will
typically exhibit at least about 70%, 75%, 80%, 85%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% or more
identity (determined as described below), along its length, to
a polypeptide sequence set forth herein.

[0081] The compositions and methods ofthe present inven-
tion also encompass variants of the above polypeptides. Cer-
tain polypeptide “variants,” include polypeptides that differ
from a native KMP11, SMT, A2 and/or CPB protein in one or
more substitutions, deletions, additions and/or insertions,
such that the desired immunogenicity of the variant polypep-
tide is not substantially diminished relative to a native
KMP11, SMT, A2 and/or CPB polypeptide.

[0082] For example, certain variants of the invention
include polypeptides of the invention that have been modified
to replace one or more cysteine residues with alternative
residues. Such polypeptides are referred to hereinafter as
cysteine-modified polypeptides or cysteine-modified fusion
polypeptides. In a more specific embodiment, cysteine resi-
dues are replaced with serine residues because of the similar-
ity in the spatial arrangement of their respective side chains.
However, it will be apparent to one skilled in the art that any
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amino acid that is incapable of interchain or intrachain disul-
fide bond formation can be used as a replacement for cysteine.
When all or substantially all of the cysteine residues in a
polypeptide or fusion polypeptide of this invention are
replaced, the resulting cysteine-modified variant may be less
prone to aggregation and thus easier to purify, more homo-
geneous, and/or obtainable in higher yields following purifi-
cation.

[0083] In one embodiment, the ability of a variant to react
with antigen-specific antisera may be enhanced or
unchanged, relative to the native protein, or may be dimin-
ished by less than 50%, and preferably less than 20%, relative
to the native protein. In a particular embodiment, a variant of
an KMP11, SMT, A2 and/or CPB polypeptide is one capable
of providing protection, for example in an in vivo assay as
described herein, against a Leishmania species such as L.
donovani, L. infantum and/or L. major.

[0084] In particular embodiments, a fusion polypeptide of
the present invention comprises at least 2, at least 3, at least 4,
at least 5, at least 6, at least 7, at least 8, at least 9, or at least
10 or more variants of a Leishmania KMP11, SMT, A2 and/or
CPB polypeptide that is capable of providing protection
against, for example in an in vivo assay as described herein, or
serodiagnosis of Leishmania species such as L. donovani, L.
major and/or L. infantum.

[0085] A fusion polypeptide of the present invention com-
prises two or more, three or more, four or more, five or more,
six or more, sever or more, eight or more, nine or more, or ten
or more variants of a Leishmania KMP11, SMT, A2 and/or
CPB polypeptide that is capable of serodiagnosis of Leish-
mania species such as L. donovani, L. major and/or L. infan-
tum.

[0086] In many instances, a variant will contain conserva-
tive substitutions. A “conservative substitution” is one in
whichan amino acid is substituted for another amino acid that
has similar properties, such that one skilled in the art of
peptide chemistry would expect the secondary structure and
hydropathic nature of the polypeptide to be substantially
unchanged. As described above, modifications may be made
in the structure of the polynucleotides and polypeptides of the
present invention and still obtain a functional molecule that
encodes a variant or derivative polypeptide with desirable
characteristics, e.g., with immunogenic characteristics.
When it is desired to alter the amino acid sequence of a
polypeptide to create an equivalent, or even an improved,
immunogenic variant or portion of a polypeptide of the inven-
tion, one skilled in the art will typically change one or more of
the codons of the encoding DNA sequence according to Table
1

[0087] Forexample, certain amino acids may be substituted
for other amino acids in a protein structure without appre-
ciable loss of interactive binding capacity with structures
such as, for example, antigen-binding regions of antibodies or
binding sites on substrate molecules. Since it is the interactive
capacity and nature of a protein that defines that protein’s
biological functional activity, certain amino acid sequence
substitutions can be made in a protein sequence, and, of
course, its underlying DNA coding sequence, and neverthe-
less obtain a protein with like properties. It is thus contem-
plated that various changes may be made in the peptide
sequences of the disclosed compositions, or corresponding
DNA sequences which encode said peptides without appre-
ciable loss of their biological utility or activity.
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TABLE 1
Amino Acids Codons
Alanine Ala A GCA GCC GCG GCU
Cysteine Cys € UGC UGU
Asgpartic acidAsp D GAC GAU
Glutamic acidGlu E GAA GAG
PhenylalaninePhe F UUC UUU
Glycine Gly G GGA GGC GGG GGU

Histidine His H CAC CAU

Isoleucine Ile I AUA AUC AUU

Lysine Lys K AAA AAG

Leucine Leu L UUA UUG CUA CUC CUG CUU
Methionine Met M AUG

Asparagine Asn N AAC AAU

Proline Pro P CCA CCC CCG CCU
Glutamine Gln Q CAA CAG

Arginine Arg R AGA AGG CGA CGC CGG CGU
Serine Ser S AGC AGU UCA UCC UCG TUCU
Threonine Thr T ACA ACC ACG ACU

Valine Val VvV GUA GUC GUG GUU
Tryptophan Trp W UGG

Tyrosine Tyr Y UAC UAU

[0088] In making such changes, the hydropathic index of

amino acids may be considered. The importance of the hydro-
pathic amino acid index in conferring interactive biologic
function on a protein is generally understood in the art (Kyte
and Doolittle, 1982, incorporated herein by reference). It is
accepted that the relative hydropathic character of the amino
acid contributes to the secondary structure of the resultant
protein, which in turn defines the interaction of the protein
with other molecules, for example, enzymes, substrates,
receptors, DNA, antibodies, antigens, and the like. Fach
amino acid has been assigned a hydropathic index on the basis
of its hydrophobicity and charge characteristics (Kyte and
Doolittle, 1982). These values are: isoleucine (+4.5); valine
(+4.2); leucine (+3.8); phenylalanine (+2.8); cysteine/cystine
(+2.5); methionine (+1.9); alanine (+1.8); glycine (-0.4);
threonine (-0.7); serine (-0.8); tryptophan (-0.9); tyrosine
(-1.3); proline (-1.6); histidine (-3.2); glutamate (-3.5);
glutamine (-3.5); aspartate (-3.5); asparagine (-3.5); lysine
(-3.9); and arginine (-4.5).

[0089] Itisknownin the art that certain amino acids may be
substituted by other amino acids having a similar hydropathic
index or score and still result in a protein with similar bio-
logical activity, i.e. still obtain a biological functionally
equivalent protein. In making such changes, the substitution
of amino acids whose hydropathic indices are within +2 is
preferred, those within +1 are particularly preferred, and
those within +0.5 are even more particularly preferred. It is
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also understood in the art that the substitution of like amino
acids can be made effectively on the basis of hydrophilicity.
[0090] As detailed in U.S. Pat. No. 4,554,101, the follow-
ing hydrophilicity values have been assigned to amino acid
residues: arginine (+3.0); lysine (+3.0); aspartate (+3.0=1);
glutamate (+3.0x1); serine (+0.3); asparagine (+0.2);
glutamine (+0.2); glycine (0); threonine (-0.4); proline (0.
5£1); alanine (=0.5); histidine (-0.5); cysteine (-1.0);
methionine (-1.3); valine (-1.5); leucine (-1.8); isoleucine
(-1.8); tyrosine (-2.3); phenylalanine (-2.5); tryptophan (-3.
4). It is understood that an amino acid can be substituted for
another having a similar hydrophilicity value and still obtain
a biologically equivalent, and in particular, an immunologi-
cally equivalent protein. In such changes, the substitution of
amino acids whose hydrophilicity values are within *2 is
preferred, those within =1 are particularly preferred, and
those within +0.5 are even more particularly preferred.
[0091] As outlined above, amino acid substitutions are gen-
erally therefore based on the relative similarity of the amino
acid side-chain substituents, for example, their hydrophobic-
ity, hydrophilicity. charge, size, and the like. Exemplary sub-
stitutions that take various of the foregoing characteristics
into consideration are well known to those of skill in the art
and include: arginine and lysine; glutamate and aspartate;
serine and threonine; glutamine and asparagine; and valine,
leucine and isoleucine.

[0092] Amino acid substitutions may further be made on
the basis of similarity in polarity, charge, solubility, hydro-
phobicity, hydrophilicity and/or the amphipathic nature of the
residues. For example, negatively charged amino acids
include aspartic acid and glutamic acid; positively charged
amino acids include lysine and arginine; and amino acids with
uncharged polar head groups having similar hydrophilicity
values include leucine, isoleucine and valine; glycine and
alanine; asparagine and glutamine; and serine, threonine,
phenylalanine and tyrosine. Other groups of amino acids that
may represent conservative changes include: (1) ala, pro, gly,
glu, asp, gin, asn, ser, thr; (2) cys, ser, tyr, thr; (3) val, ile, leu,
met, ala, phe; (4) lys, arg, his; and (5) phe, tyr, trp, his. A
variant may also, or alternatively, contain nonconservative
changes. In a preferred embodiment, variant polypeptides
differ from a native sequence by substitution, deletion or
addition of five amino acids or fewer. Variants may also (or
alternatively) be modified by, for example, the deletion or
addition of amino acids that have minimal influence on the
immunogenicity, secondary structure and hydropathic nature
of the polypeptide.

[0093] Asnotedabove, polypeptides may comprise a signal
(or leader) sequence at the N-terminal end of the protein,
which co-translationally or post-translationally directs trans-
fer of the protein. The polypeptide may also be conjugated to
alinker or other sequence for ease of synthesis, purification or
identification of the polypeptide (e.g., poly-Histidine tag
(6xHis), GST, MBP, TAP/TAG, FLAG epitope, MYC
epitope, V5 epitope, VSV-G epitope, etc.), or to enhance
binding of the polypeptide to a solid support. For example, a
polypeptide may be conjugated to an immunoglobulin Fc
region.

[0094] When comparing polynucleotide or polypeptide
sequences, two sequences are said to be “identical” if the
sequence of nucleotides or amino acids in the two sequences
is the same when aligned for maximum correspondence, as
described below. Comparisons between two sequences are
typically performed by comparing the sequences over a com-
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parison window to identify and compare local regions of
sequence similarity. A “comparison window” as used herein,
refers to a segment of at least about 20 contiguous positions,
usually 30 to about 75, 40 to about 50, in which a sequence
may be compared to a reference sequence of the same number
of contiguous positions after the two sequences are optimally
aligned.

[0095] Alignment of sequences for comparison may be
conducted using, for example, the Megalign program in the
Lasergene suite of bioinformatics software (DNASTAR, Inc.,
Madison, Wis.), using default parameters. This program
embodies several alignment schemes described in the follow-
ing references: Dayhoff, M. O. (1978) A model of evolution-
ary change in proteins—Matrices for detecting distant rela-
tionships. In Dayhoff, M. O. (ed.) Atlas of Protein Sequence
and Structure, National Biomedical Research Foundation,
Washington D.C. Vol. 5, Suppl. 3. pp. 345-358; Hein J. (1990)
Unified Approach to Alignment and Phylogenes pp. 626-645
Methods in Enzymology vol. 183, Academic Press, Inc., San
Diego, Calif.; Higgins, D. G. and Sharp, P.M. (1989) CABIOS
5:151-153; Myers, E.W. and Muller W. (1988) CABIOS 4:11-
17; Robinson, E. D. (1971) Comb. Theor 11:105; Santou, N.
Nes, M. (1987) Mol. Biol. Evol. 4:406-425; Sneath, P. H. A.
and Sokal, R. R. (1973) Numerical Taxonomy—the Prin-
ciples and Practice of Numerical Taxonomy, Freeman Press,
San Francisco, Calif.; Wilbur, W. J. and Lipman, D. I. (1983)
Proc. Natl. Acad., Sci. USA 80:726-730.

[0096] Alternatively, alignment of sequences for compari-
son may be conducted by the local identity algorithm of Smith
and Waterman (1981) Add. APL. Math 2:482, by the identity
alignment algorithm of Needleman and Wunsch (1970) .
Mol. Biol. 48:443, by the search for similarity methods of
Pearson and Lipman (1988) Proc. Natl. Acad. Sci. USA 85:
2444, by computerized implementations of these algorithms
(GAP, BESTFIT, BLAST, FASTA, and TFASTA in the Wis-
consin Genetics Software Package, Genetics Computer
Group (GCG), 575 Science Dr., Madison, Wis.), or by inspec-
tion.

[0097] One example of algorithms that are suitable for
determining percent sequence identity and sequence similar-
ity are the BLAST and BLAST 2.0 algorithms, which are
described in Altschul et al. (1977) Nucl. Acids Res. 25:3389-
3402 and Altschul et al. (1990) J. Mol. Biol. 215:403-410,
respectively. BLAST and BLAST 2.0 can be used, for
example with the parameters described herein, to determine
percent sequence identity for the polynucleotides and
polypeptides of the invention. Software for performing
BLAST analyses is publicly available through the National
Center for Biotechnology Information. In one illustrative
example, cumulative scores can be calculated using, for
nucleotide sequences, the parameters M (reward score for a
pair of matching residues; always >0) and N (penalty score
for mismatching residues; always <0). For amino acid
sequences, a scoring matrix can be used to calculate the
cumulative score. Extension of the word hits in each direction
are halted when: the cumulative alignment score falls off by
the quantity X from its maximum achieved value; the cumu-
lative score goes to zero or below, due to the accumulation of
one or more negative-scoring residue alignments; or the end
of either sequence is reached. The BLAST algorithm param-
eters W, T and X determine the sensitivity and speed of the
alignment. The BLASTN program (for nucleotide
sequences) uses as defaults a wordlength (W) of 11, and
expectation (E) of 10, and the BLOSUMS62 scoring matrix
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(see Henikoffand Henikoff (1989) Proc. Natl. Acad. Sci. USA
89:10915) alignments, (B) of 50, expectation (E) of 10, M=5,
N=-4 and a comparison of both strands.

[0098] Preferably, the “percentage of sequence identity” is
determined by comparing two optimally aligned sequences
over awindow of comparison of at least 20 positions, wherein
the portion of the polynucleotide or polypeptide sequence in
the comparison window may comprise additions or deletions
(i.e., gaps) of 20 percent or less, usually 5 to 15 percent, or 10
to 12 percent, as compared to the reference sequences (which
does not comprise additions or deletions) for optimal align-
ment of the two sequences. The percentage is calculated by
determining the number of positions at which the identical
nucleic acid bases or amino acid residue occurs in both
sequences to yield the number of matched positions, dividing
the number of matched positions by the total number of
positions in the reference sequence (i.e., the window size) and
multiplying the results by 100 to yield the percentage of
sequence identity.

[0099] Therefore, as noted above, the present invention
encompasses polynucleotide and polypeptide sequences hav-
ing substantial identity to the sequences disclosed herein, for
example those comprising at least 70%, 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98%, or 99% or higher, sequence
identity compared to a polynucleotide or polypeptide
sequence of this invention using the methods described
herein, (e.g., BLAST analysis using standard parameters, as
described below). One skilled in this art will recognize that
these values can be appropriately adjusted to determine cor-
responding identity of proteins encoded by two nucleotide
sequences by taking into account codon degeneracy, amino
acid similarity, reading frame positioning and the like. Fur-
thermore, it would be understood by of ordinary skill in the art
that fusion polypeptides of the present invention may com-
prise at least 2, at least 3, or at least 4 or more antigenic/
immunogenic portions or fragments of a polypeptide com-
prising at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%,
98%, or 99% or higher, sequence identity to a Leishmania
KMP11, SMT, A2 and/or CPB polypeptide that is capable of
providing protection against, for example in an in vivo assay
as described herein, or serodiagnosis of Leishmania species
such as L. donovani, L. major and/or L. infantum.

[0100] In another aspect of the invention, fusion polypep-
tides are provided that comprise at least an immunogenic
portion of a Leishmania KMP11, SMT, A2 and/or CPB
polypeptide and further comprise a heterologous fusion part-
ner, as well as polynucleotides encoding such fusion polypep-
tides. For example, in one embodiment, a fusion polypeptide
comprises one or more immunogenic portions or fragments
of a Leishmania KMP11, SMT, A2 and/or CPB polypeptide
and one or more additional immunogenic Leishmania
sequences, which are joined via a peptide linkage into a single
amino acid chain. In another embodiment, a fusion polypep-
tide may comprise multiple Leishmaria antigenic epitopes
wherein at least one of the epitopes is from a Leishmania
KMP11, SMT, A2 and/or CPB polypeptide. As used herein an
“epitope” 1s a portion of an antigen that reacts with blood
samples from Leishmania-infected individuals (i.e. an
epitope is specifically bound by one or more antibodies and/
or T-cells present in such blood samples.

[0101] In another embodiment, a fusion polypeptide may
comprise multiple Leishmania antigenic epitopes wherein at
least one of the epitopes is from a Leishmania KMP11, SMT,
A2 and/or CPB polypeptide and at least one heterologous
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fusion partner comprises a sequence that assists in providing
T helper epitopes (an immunological fusion partner), prefer-
ably T helper epitopes recognized by humans, or that assists
in expressing the protein (an expression enhancer) at higher
vields than the native recombinant protein. Certain preferred
fusion partners include both immunological and expression-
enhancing fusion partners. Other fusion partners may be
selected so as to increase the solubility of the protein or to
enable the protein to be targeted to desired intracellular com-
partments. Still further fusion partners include affinity tags,
such as V5, 6XHIS, MYC, FLAG, and GST, which facilitate
purification of the protein. It would be understood by one
having ordinary skill in the art that those unrelated sequences
may, but need not, be present in a fusion polypeptide used in
accordance with the present invention. Within a particular
embodiment, an immunological fusion partner comprises
sequence derived from protein D, a surface protein of the
gram-negative bacterium Haemophilus influenza B (WO
91/18926). For example, one protein D derivative comprises
approximately the first third of the protein (e.g., the first
N-terminal 100 110 amino acids), and a protein D derivative
may be lipidated. Within certain embodiments, the first 109
residues of a lipoprotein D fusion partner is included on the
N-terminus to provide the polypeptide with additional exog-
enous T cell epitopes and to increase the expression level in .
coli (thus functioning as an expression enhancer). The lipid
tail ensures optimal presentation of the antigen to antigen
presenting cells. Other illustrative fusion partners include the
non-structural protein from influenzae virus, NS1 (hemaglu-
tinin). Typically, the N-terminal 81 amino acids are used,
although different fragments that include T-helper epitopes
may also be used.

[0102] In another particular embodiment, an immunologi-
cal fusion partner comprises an amino acid sequence derived
from the protein known as LYTA, or a portion thereof (pref-
erably a C-terminal portion). LYTA is derived from Strepto-
coccus pneumoniae, which synthesizes an N-acetyl-L-ala-
nine amidase known as amidase LY TA (encoded by the LYTA
gene; Gene 43:265-292 (1986)). LYTA is an autolysin that
specifically degrades certain bonds in the peptidoglycan
backbone. The C-terminal domain of the LYTA protein is
responsible for the affinity to the choline or to some choline
analogues such as DEAE. This property has been exploited
for the development of E. coli C-LYTA expressing plasmids
useful for expression of fusion proteins. Purification of hybrid
proteins containing the C-LYTA fragment at the amino ter-
minus has been described (see Biotechnology 10:795-798
(1992)). Within a particular embodiment, a repeat portion of
LYTA may be incorporated into a fusion protein. A repeat
portion is found in the C-terminal region starting at residue
178. A more particular repeat portion incorporates residues
188-305.

[0103] Fusion sequences may be joined directly (i.e., with
no intervening amino acids) or may be joined by way of a
linker sequence (e.g., Gly-Cys-Gly) that does not signifi-
cantly diminish the immunogenic properties of the compo-
nent polypeptides. The polypeptides forming the fusion pro-
tein are typically linked C-terminus to N-terminus, although
they can also be linked C-terminus to C-terminus, N-terminus
to N-terminus, or N-terminus to C-terminus. The polypep-
tides of the fusion protein can be in any order. Fusion
polypeptides or fusion proteins can also include conserva-
tively modified variants, polymorphic variants, alleles,
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mutants, subsequences, interspecies homologs, and immuno-
genic fragments of the antigens that make up the fusion pro-
tein.

[0104] Fusion polypeptides may generally be prepared
using standard techniques, including recombinant technol-
ogy, chemical conjugation and the like. For example, DNA
sequences encoding the polypeptide components of a fusion
may be assembled separately, and ligated into an appropriate
expression vector. The 3' end of the DNA sequence encoding
one polypeptide component is ligated, with or without a pep-
tide linker, to the 5' end of a DNA sequence encoding the
second polypeptide component so that the reading frames of
the sequences are in frame. This permits translation into a
single fusion polypeptide that retains or in some cases
exceeds the biological activity of the component polypep-
tides.

[0105] A peptide linker sequence may be employed to
separate the fusion components by a distance sufficient to
ensure that each polypeptide folds into its desired secondary
and/or tertiary structures. Such a peptide linker sequence may
be incorporated into the fusion polypeptide using standard
techniques well known in the art. Suitable peptide linker
sequences may be chosen, for example, based on one or more
of the following factors: (1) their ability to adopt a flexible
extended conformation; (2) their inability to adopt a second-
ary structure that could interact with functional epitopes on
the first and second polypeptides; and (3) the lack of hydro-
phobic or charged residues that might react with the polypep-
tide functional epitopes. Certain preferred peptide linker
sequences contain Gly, Asn and Ser residues. Other near
neutral amino acids, such as Thr and Ala may also be used in
the linker sequence. Amino acid sequences which may be
usefully employed as linkers include those disclosed in
Maratea et al., Gene 40:39-46, 1985; Murphy et al., Proc.
Natl. Acad. Sci. USA 83:8258-8262, 1986; U.S. Pat. No.
4,935,233 and U.S. Pat. No. 4,751,180. The linker sequence
may generally be from 1 to about 50 amino acids in length.
Linker sequences are not required when the first and second
polypeptides have non-essential N-terminal amino acid
regions that can be used to separate the functional domains
and prevent stetic interference.

[0106] The ligated DNA sequences are operably linked to
suitable transcriptional or translational regulatory elements.
The regulatory elements responsible for expression of DNA
are located only 5' to the DNA sequence encoding the first
polypeptides. Similarly, stop codons required to end transla-
tion and transcription termination signals are only present 3'
to the DNA sequence encoding the second polypeptide.
[0107] In addition to recombinant fusion polypeptide
expression, Leishmania KMP11, SMT, A2 and/or CPB
polypeptides, immunogenic portions and variants thereof
may be generated by synthetic or recombinant means. Syn-
thetic polypeptides having fewer than about 100 amino acids,
and generally fewer than about 50 amino acids, may be gen-
erated using techniques well known to those of ordinary skill
in the art. For example, such polypeptides may be synthesized
using anty of the commercially available solid-phase tech-
niques, such as the Merrifield solid-phase synthesis method,
where amino acids are sequentially added to a growing amino
acid chain (Merrifield, J. 4m. Chem. Soc. 85:2149-2146,
1963). Equipment for automated synthesis of polypeptides is
commercially available from suppliers such as Perkin Elmer/
Applied BioSystems Division, Foster City, Calif., and may be
operated according to the manufacturer’s instructions. Thus,
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for example, Leishmania KMP11, SMT, A2 and/or CPB anti-
gens, or portions thereof, may be synthesized by this method.
[0108] Recombinant polypeptides containing portions and/
or variants of'a native KMP11, SMT, A2 and/or CPB polypep-
tide may be readily prepared from a DNA sequence encoding
the antigen, using well known and established techniques. In
particular embodiments, a fusion polypeptide comprising at
least 2 immunogenic/antigenic portions or fragments of
Leishmania KMP11, SMT, A2 and/or CPB antigens may be
readily prepared from a DNA sequence encoding the cloned
fused antigens. For example, supernatants from suitable host/
vector systems which secrete recombinant protein into cul-
ture media may be first concentrated using a commercially
available filter. Following concentration, the concentrate may
be applied to a suitable purification matrix such as an affinity
matrix, a size exclusion chromatography matrix or an ion
exchange resin.

[0109] Alternatively, any of a variety of expression vectors
known to those of ordinary skill in the art may be employed to
express recombinant polypeptides of this invention. Expres-
sion may be achieved in any appropriate host cell that has
been transformed or transfected with an expression vector
containing a polynucleotide that encodes a recombinant
polypeptide. Preferably, the host cells are E. coli, yeast, an
insect cell line (such as Spodoptera or Trichoplusia) or a
mammalian cell line, including (but not limited to) CHO,
COS, HEK-293T and NS-1. The DNA sequences expressed
in this manner may encode naturally occurring proteins, and
fusion proteins comprising Leishmania antigens such as
KMP11, SMT, A2 and/or CPB, portions thereof, and repeats
or other variants of such proteins. Expressed fusion polypep-
tides of this invention are generally isolated in substantially
pure form. Preferably, the fusion polypeptides are isolated to
apurity of at least 80% by weight, more preferably, to a purity
of at least 95% by weight, and most preferably to a purity of
at least 99% by weight. In general, such purification may be
achieved using, for example, the standard techniques of
ammonium sulfate fractionation, SDS-PAGE electrophore-
sis, and affinity chromatography.

[0110] Leishmania KMP11l, SMT, A2 and/or CPB
polypeptides and polynucleotides of the invention may be
prepared or isolated using any of a variety of procedures and
using any of a variety of Leishmania species including, but
notlimited to, L. donovani, L. chagasi, L. infantum, L. major,
L. amazonensis, L. braziliensis, L. panamensis, L. mexicana,
L. tropica, and L. guyanensis. Such species are available, for
example, from the American Type Culture Collection
(ATCC), Rockville, Md.

[0111] Regardless of the method of preparation, the
KMP11, SMT, A2 and/or CPB polypeptides or fusion
polypeptides produced as described above are preferably
immunogenic. In other words, the polypeptides (and immu-
nogenic portions thereof) are capable of eliciting an immune
response in cultures of lymph node cells and/or peripheral
blood mononuclear cells (PBMC) isolated from presently or
previously Leishmania-infected individuals. More specifi-
cally, the antigens, and immunogenic portions thereof, have
the ability to induce T-cell proliferation and/or to elicit a
dominantly Thl-type cytokine response (e.g., IL-2, IFN-y,
and/or TNF-a production by T-cells and/or NK cells; and/or
1L-12 production by monocytes, macrophages and/or B cells)
in cells isolated from presently or previously Leishmania-
infected individuals. A Leishmania-infected individual may
be afflicted with a form of leishmaniasis (such as subclinical,
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cutaneous, mucosal or active visceral) or may be asymptom-
atic. Such individuals may be identified using methods
known to those of ordinary skill in the art. Individuals with
leishmaniasis may be identified based on clinical findings
associated with, for example, at least one of the following:
isolation of parasite from lesions, a positive skin test with
Leishmania lysate or a positive serodiagnostic test. Asymp-
tomatic individuals are infected individuals who have no
signs or symptoms of the disease. Such individuals can be
identified, for example, based on a positive serological test
and/or skin test with Leishmania lysate.

[0112] The term “PBMC,” which refers to a preparation of
nucleated cells consisting primarily of lymphocytes and
monocytes that are present in peripheral blood, encompasses
both mixtures of cells and preparations of one or more puri-
fied cell types. PBMC may be isolated by methods known to
those in the art. For example, PBMC may be isolated by
density centrifugation through, for example, Ficoll™ (Win-
throp Laboratories, New York). Lymph node cultures may
generally be prepared by immunizing BALB/c mice (e.g., in
the rear foot pad) with Leishmania promastigotes emulsified
in complete Freund’s adjuvant. The draining lymph nodes
may be excised following immunization and T-cells may be
purified in an anti-mouse Ig column to remove the B cells,
followed by a passage through a Sephadex G10 column to
remove the macrophages. Similarly, lymph node cells may be
isolated from a human following biopsy or surgical removal
of a lymph node.

[0113] The ability of a fusion polypeptide of the invention
to induce a response in PBMC or lymph node cell cultures
may be evaluated, for example, by contacting the cells with
the polypeptide and measuring a suitable response. In gen-
eral, the amount of polypeptide that is sufficient for the evalu-
ation of about 2x10° cells ranges from about 10 ng to about
100 pg or 100 ng to about 50 ug, and preferably is about 1 g,
to 10 pg. The incubation of polypeptide (e.g., a fusion
polypeptide) with cells is typically performed at 37° C. for
about 1-3 days. Following incubation with polypeptide, the
cells are assayed for an appropriate response. If the response
is a proliferative response, any of a variety of techniques well
known to those of ordinary skill in the art may be employed.
For example, the cells may be exposed to a pulse of radioac-
tive thymidine and the incorporation of label into cellular
DNA measured. In general, a polypeptide that results in at
least a three fold increase in proliferation above background
(i.e., the proliferation observed for cells cultured without
polypeptide) is considered to be able to induce proliferation.

[0114] Alternatively, the response to be measured may be
the secretion of one or more cytokines (such as interferon-y
(IFN-y), interleukin-4 (IL-4), interleukin-12 (p70 and/or
p40), interleukin-2 (IL-2) and/or tumor necrosis factor-a
(TNF-a)) or the change in the level of mRNA encoding one or
more specific cytokines. For example, the secretion of inter-
feron-y, interleukin-2, tumor necrosis factor-a and/or inter-
leukin-12 is indicative of a Thl response, which contributes
to the protective effect against Leiskmania. Assays for any of
the above cytokines may generally be performed using meth-
ods known to those of ordinary skill in the art, such as an
enzyme-linked immunosorbent assay (ELISA). Suitable anti-
bodies for use in such assays may be obtained from a variety
of sources such as Chemicon, Temucula, Calif. and PharM-
ingen, San Diego, Calif., and may generally be used accord-
ing to the manufacturer’s instructions. The level of mRNA
encoding one or more specific cytokines may be evaluated by,
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for example, amplification by polymerase chain reaction
(PCR). In general, a polypeptide that is able to induce, in a
preparation of about 1-3x10° cells, the production of 30
pg/mL of IL-12, IL-4, IFN-y, TNF-o or IL-12 p40, or 10
pg/mL of IL-12 p70, is considered able to stimulate produc-
tion of a cytokine.

Polynucleotide Compositions

[0115] The present invention also provides isolated poly-
nucleotides, particularly those encoding the fusion polypep-
tides of the invention, as well as compositions comprising
such polynucleotides. As used herein, the terms “DNA” and
“polynucleotide” and “nucleic acid” refer to a DNA molecule
that has been isolated free of total genomic DNA of a particu-
lar species. Therefore, a DNA segment encoding a polypep-
tide refers to a DNA segment that contains one or more coding
sequences yet is substantially isolated away from, or purified
free from, total genomic DNA of the species from which the
DNA segment is obtained. Included within the terms “DNA
segment” and “polynucleotide” are DNA segments and
smaller fragments of such segments, and also recombinant
vectors, including, for example, plasmids, cosmids,
phagemids, phage, viruses, and the like.

[0116] As will be understood by those skilled in the art, the
polynucleotide sequences of this invention can include
genomic sequences, extra-genomic and plasmid-encoded
sequences and smaller engineered gene segments that
express, or may be adapted to express, proteins, fusion
polypeptides, peptides and the like. Such segments may be
naturally isolated, recombinant, or modified synthetically by
the hand of man.

[0117] As will be recognized by the skilled artisan, poly-
nucleotides may be single-stranded (coding or antisense) or
double-stranded, and may be DNA (genomic, cDNA or syn-
thetic) or RNA molecules. Any polynucleotide may be further
modified to increase stability in vivo. Possible modifications
include, but are not limited to, the addition of flanking
sequences at the 5'and/or 3' ends; the use of phosphorothioate
or 2' O-methyl rather than phosphodiesterase linkages in the
backbone; and/or the inclusion of nontraditional bases such
as inosine, queosine and wybutosine, as well as acetyl-
methyl-, thio- and other modified forms of adenine, cytidine,
guanine, thymine and uridine. Additional coding or non-cod-
ing sequences may, but need not, be present within a poly-
nucleotide of the present invention, and a polynucleotide
may, but need not, be linked to other molecules and/or support
materials.

[0118] Polynucleotides may comprise a native sequence
(i.e,, an endogenous sequence that encodes a Leishmania
antigen or a portion thereof) or may comprise a variant, or a
biological or antigenic functional equivalent of such a
sequence. In particular embodiments, polynucleotides may
encode for two or more antigenic/immunogenic portions,
fragments, or variants derived from the Leishmania KMP11,
SMT, A2 and/or CPB antigens. In certain embodiments, poly-
nucleotides encoding fusion polypeptides of the present
invention comprise two or more Leishmania antigen
sequences as recited in SEQ ID NOs: 11-20 and 29-32 or a
fragment thereof encoding an immunogenic portion. In a
related aspect, polynucleotides as set forth in SEQ ID NOs:
22 or 24 are provided, which encode particular fusion
polypeptides of the present invention.

[0119] Polynucleotide variants may contain one or more
substitutions, additions, deletions and/or insertions, as further
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described below, preferably such that the immunogenicity of
the encoded polypeptide is not diminished, relative to the
native protein. The effect on the immunogenicity of the
encoded polypeptide may generally be assessed as described
herein.

[0120] For example, in certain embodiments, variants of
the invention include cysteine-modified polynucleotides in
which the cysteine-encoding codons are replaced with
codons encoding other amino acids not capable of forming
intrachain or interchain disulfide bonds. In more specific
embodiments, some or all of the replacement codons encode
serine because of the spatial similarity of the serine sidechain
to the cysteine sidechain in the resulting polypeptide. In
another specific embodiment, some or all of the replacement
codons encode alanine. [lustrative methods of replacing cys-
teine and other codons within a polynucleotide are well
known (e.g., U.S. Pat. No. 4,816,566, the contents of which
are incorporated herein by reference, and Proc Natl Acad Sci
97 (15): 8530, 2000).

[0121] The term “variants” also encompasses homologous
genes of xenogenic origin.

[0122] In additional embodiments, isolated polynucle-
otides of the present invention comprise various lengths of
contiguous stretches of sequence identical to or complemen-
tary to two or more KMP11, SMT, A2 and/or CPB, such as
those sequences disclosed herein. For example, polynucle-
otides are provided by this invention that comprise at least
about 15, 20, 30, 40, 50, 75, 100, 150, 200, 300, 400, 500 or
1000 or more contiguous nucleotides of two or more of the
sequences disclosed herein as well as all intermediate lengths
there between. It will be readily understood that “intermedi-
ate lengths™, in this context, means any length between the
quoted values, such as 16,17, 18,19, etc.; 21,22, 23, etc.; 30,
31,32, etc.; 50,51, 52, 53, etc.; 100, 101, 102, 103, etc.; 150,
151, 152, 153, etc.; including all integers through 200-500;
500-1,000, and the like.

[0123] The polynucleotides of the present invention, or
fragments thereof, regardless of the length of the coding
sequence itself, may be combined with other DNA sequences,
such as promoters, polyadenylation signals, additional
restriction enzyme sites, multiple cloning sites, other coding
segments, and the like, such that their overall length may vary
considerably. It is therefore contemplated that a polynucle-
otide fragment of almost any length may be employed; with
the total length preferably being limited by the ease of prepa-
ration and use in the intended recombinant DNA protocol.
[0124] Moreover, it will be appreciated by those of ordinary
skill in the art that, as a result of the degeneracy of the genetic
code, there are many nucleotide sequences that encode a
polypeptide as described herein. Some of these polynucle-
otides bear minimal homology to the nucleotide sequence of
any native gene. Nonetheless, polynucleotides that vary due
to differences in codon usage are specifically contemplated
by the present invention, for example polynucleotides that are
optimized for human and/or primate codon selection. Further,
alleles of the genes comprising the polynucleotide sequences
provided herein are within the scope of the present invention.
Alleles are endogenous genes that are altered as aresult of one
or more mutations, such as deletions, additions and/or sub-
stitutions of nucleotides. The resulting mRNA and protein
may, but need not, have an altered structure or function.
Alleles may be identified using standard techniques (such as
hybridization, amplification and/or database sequence com-
parison).
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[0125] Leishmania polynucleotides and fusions thereof
may be prepared, manipulated and/or expressed using any of
a variety of well established techniques known and available
in the art. In particular embodiments, fusions comprise two or
more polynucleotide sequences encoding Leishmania
KMP11, SMT, A2 and/or CPB antigens.

[0126] For example, polynucleotide sequences or frag-
ments thereof which encode polypeptides of the invention, or
fusion proteins or functional equivalents thereof, may be used
in recombinant DNA molecules to direct expression of a
polypeptide in appropriate host cells. Due to the inherent
degeneracy of the genetic code, other DNA sequences that
encode substantially the same or a functionally equivalent
amino acid sequence may be produced and these sequences
may be used to clone and express a given polypeptide of the
present invention.

[0127] As will be understood by those of skill in the art, it
may be advantageous in some instances to produce fusion
polypeptide-encoding nucleotide sequences possessing non-
naturally occurring codons. For example, codons preferred
by a particular prokaryotic or eukaryotic host can be selected
to increase the rate of protein expression or to produce a
recombinant RNA transcript having desirable properties,
such as a half-life which is longer than that of a transcript
generated from the naturally occurring sequence.

[0128] Moreover, the polynucleotide sequences of the
present invention can be engineered using methods generally
known in the art in order to alter fusion polypeptide encoding
sequences for a variety of reasons, including but not limited
to, alterations which modify the cloning, processing, expres-
sion and/or immunogenicity of the gene product.

[0129] In order to express a desired fusion polypeptide
comprising two or more antigenic/immunogenic fragments
or portions of KMP11, SMT, A2 and/or CPB polypeptides, a
nucleotide sequence encoding the fusion polypeptide, or a
functional equivalent, may be inserted into appropriate
expression vector, i.e., a vector which contains the necessary
elements for the transcription and translation of the inserted
coding sequence. Methods which are well known to those
skilled in the art may be used to construct expression vectors
containing sequences encoding a polypeptide of interest and
appropriate transcriptional and translational control ele-
ments. These methods include in vitro recombinant DNA
techniques, synthetic techniques, and in vivo genetic recom-
bination. Such techniques are described in Sambrook et al.,
Molecular Cloning, A Laboratory Manual (2001), and
Ausubel etal., Current Protocols in Molecular Biology (Janu-
ary 2008, updated edition).

[0130] A variety of expression vector/host systems are
known and may be utilized to contain and express polynucle-
otide sequences. These include, but are not limited to, micro-
organisms such as bacteria transformed with recombinant
bacteriophage, plasmid, or cosmid DNA expression vectors;
yeast (such as Saccharomyces or Pichia) transformed with
yeast expression vectors; insect cell systems infected with
virus expression vectors (e.g., baculovirus); plant cell sys-
tems transformed with virus expression vectors (e.g., cauli-
flower mosaic virus, CaMV; tobacco mosaic virus, TMV) or
with bacterial expression vectors (e.g., Ti or pBR322 plas-
mids); or animal cell systems.

[0131] The “control elements” or “regulatory sequences”
present in an expression vector are those non-translated
regions of the vector—enhancers, promoters, 5' and 3'
untranslated regions—which interact with host cellular pro-
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teins to carry out transcription and translation. Such elements
may vary in their strength and specificity. Depending on the
vector system and host utilized, any number of suitable tran-
scription and translation elements, including constitutive and
inducible promoters, may be used. For example, when clon-
ing in bacterial systems, inducible promoters such as the
hybrid lacZ promoter of the PBLUESCRIPT phagemid
(Stratagene, La Jolla, Calif.) or PSPORT1 plasmid (Gibco
BRL, Gaithersburg, Md.) and the like may be used. In mam-
malian cell systems, promoters from mammalian genes or
from mammalian viruses are generally preferred. If it is nec-
essary to generate a cell line that contains multiple copies of
the sequence encoding a polypeptide, vectors based on SY40
or EBV may be advantageously used with an appropriate
selectable marker.

[0132] Inbacterial systems, a number of expression vectors
may be selected depending upon the use intended for the
expressed polypeptide. For example, when large quantities
are needed, vectors which direct high level expression of
fusion proteins that are readily purified may be used. Such
vectors include, but are not limited to, the multifunctional £.
coli cloning and expression vectors such as PBLUESCRIPT
(Stratagene), in which the sequence encoding the polypeptide
of interest may be ligated into the vector in frame with
sequences for the amino-terminal Met and the subsequent 7
residues of f-galactosidase so that a hybrid protein is pro-
duced; pIN vectors (Van Heeke & Schuster, J. Biol. Chem.
264:5503 5509 (1989)); and the like. PGEX Vectors
(Promega, Madison, Wis.) may also be used to express for-
eign polypeptides as fusion proteins with glutathione S-trans-
ferase (GST). In general, such fusion proteins are soluble and
can easily be purified from lysed cells by adsorption to glu-
tathione-agarose beads followed by elution in the presence of
free glutathione. Proteins made in such systems may be
designed to include heparin, thrombin, or factor XA protease
cleavage sites so that the cloned polypeptide of interest can be
released from the GST moiety at will.

[0133] Intheyeast, Saccharomyces cerevisiae, anumber of
vectors containing constitutive or inducible promoters such
as alpha factor, alcohol oxidase, and PGH may be used. For
reviews, see Ausubel et al. (supra) and Grant et al., Methods
Enzymol. 153:516-544 (1987).

[0134] Incases where plant expression vectors are used, the
expression of sequences encoding polypeptides may be
driven by any of a number of promoters. For example, viral
promoters such as the 35S and 19S promoters of CaMV may
be used alone or in combination with the omega leader
sequence from TMV (Takamatsu, EMBO J. 6:307-311
(1987)). Alternatively, plant promoters such as the small sub-
unit of RUBISCO or heat shock promoters may be used
(Coruzzi et al., EMBO J. 3:1671-1680 (1984); Broglie et al.,
Science 224:838-843 (1984); and Winter et al., Results Probl.
Cell Differ. 17:85-105 (1991)). These constructs can be intro-
duced into plant cells by direct DNA transformation or patho-
gen-mediated transfection. Such techniques are described in
a number of generally available reviews (see, e.g., Hobbs in
McGraw Hill, Yearbook of Science and Technology, pp. 191-
196 (1992)).

[0135] An insect system may also be used to express a
polypeptide of interest. For example, in one such system,
Autographa californica nuclear polyhedrosis virus (AcNPV)
is used as a vector to express foreign genes in Spodoptera
frugiperda cells or in Trichoplusia larvae. The sequerces
encoding the polypeptide may be cloned into a non-essential
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region of the virus, such as the polyhedrin gene, and placed
under control of the polyhedrin promoter. Successful inser-
tion of the polypeptide-encoding sequence will render the
polyhedrin gene inactive and produce recombinant virus
lacking coat protein. The recombinant viruses may then be
used to infect, for example, S. frugiperda cells or Trichoplusia
larvae in which the polypeptide of interest may be expressed
(Engelhard et al., Proc. Natl. Acad. Sci. U.S.A. 91:3224-3227
(1994)).

[0136] In mammalian host cells, a number of viral-based
expression systems are generally available. For example, in
cases where an adenovirus is used as an expression vector,
sequences encoding a polypeptide of the present invention
may be ligated into an adenovirus transcription/translation
complex consisting of the late promoter and tripartite leader
sequence. Insertion in a non-essential E1 or E3 region of the
viral genome may be used to obtain a viable virus which is
capable of expressing the polypeptide in infected host cells
(Logan & Shenk, Proc. Natl. Acad. Sci. U.S.A. 81:3655-3659
(1984)). In addition, transcription enhancers, such as the
Rous sarcoma virus (RSV) enhancer, may be used to increase
expression in mammalian host cells.

[0137] Specific initiation signals may also be used to
achieve more efficient translation of sequences encoding a
fusion polypeptide of interest. Such signals include the ATG
initiation codon and adjacent sequences. In cases where
sequences encoding the polypeptide, its initiation codon, and
upstream sequences are inserted into the appropriate expres-
sion vector, no additional transcriptional or translational con-
trol signals may be needed. However, in cases where only
coding sequence, or a portion thereof, is inserted, exogenous
translational control signals including the ATG initiation
codon should be provided. Furthermore, the initiation codon
should be in the correct reading frame to ensure translation of
the entire insert. Exogenous translational elements and ini-
tiation codons may be of various origins, both natural and
synthetic. The efficiency of expression may be enhanced by
the inclusion of enhancers which are appropriate for the par-
ticular cell system which is used, such as those described in
the literature (Scharf. et al., Results Probl. Cell Differ. 20:125-
162 (1994)).

[0138] In addition, a host cell strain may be chosen for its
ability to modulate the expression of the inserted sequences or
to process the expressed fusion protein in the desired fashion.
Such modifications of the polypeptide include, but are not
limited to, acetylation, carboxylation, glycosylation, phos-
phorylation, lipidation, and acylation. Post-translational pro-
cessing which cleaves a “prepro” form of the protein may also
be used to facilitate correct insertion, folding and/or function.
Different host cells such as CHO, HelLa, MDCK, HEK293,
and W138, which have specific cellular machinery and char-
acteristic mechanisms for such post-translational activities,
may be chosen to ensure the correct modification and pro-
cessing of the foreign protein.

[0139] For long-term, high-yield production of recombi-
nant proteins, stable expression is generally preferred. For
example, cell lines which stably express a fusion polynucle-
otide of the present invention may be transformed using
expression vectors which may contain viral origins of repli-
cation and/or endogenous expression elements and a select-
able marker gene on the same or on a separate vector. Fol-
lowing the introduction of the vector, cells may be allowed to
grow for 1-2 days in an enriched media before they are
switched to selective media. The purpose of the selectable
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marker is to confer resistance to selection, and its presence
allows growth and recovery of cells which successfully
express the introduced sequences. Resistant clones of stably
transformed cells may be proliferated using tissue culture
techniques appropriate to the cell type.

[0140] Any number of selection systems may be used to
recover transformed cell lines. These include, but are not
limited to, the herpes simplex virus thymidine kinase (Wigler
etal., Cell 11:223-232 (1977)) and adenine phosphoribosyl-
transferase (Lowy et al., Cell 22:817-823 (1990)) genes
which can be employed in tk- or aprt-cells, respectively. Also,
antimetabolite, antibiotic or herbicide resistance can be used
as the basis for selection; for example, dhfr which confers
resistance to methotrexate (Wigler et al., Proc. Natl. Acad.
Sci. US.A.77:3567-70 (1980)); npt, which confers resistance
to the aminoglycosides, neomycin and G-418 (Colbere-Ga-
rapin et al., J. Mol. Biol. 150:1-14 (1981)); and als or pat,
which confer resistance to chlorsulfuron and phosphinotricin
acetyltransferase, respectively (Murry, supra). Additional
selectable genes have been described, for example, trpB,
which allows cells to utilize indole in place of tryptophan, or
hisD, which allows cells to utilize histinol in place ofhistidine
(Hartman & Mulligan, Proc. Natl. Acad. Sci. U.S.4. 85:8047-
51 (1988)). The use of visible markers has gained popularity
with such markers as anthocyanins, -glucuronidase and its
substrate GUS, and luciferase and its substrate luciferin,
being widely used not only to identify transformants, but also
to quantify the amount of transient or stable protein expres-
sion attributable to a specific vector system (Rhodes et al.,
Methods Mol. Biol. 55:121-131 (1995)).

[0141] A variety of protocols for detecting and measuring
the expression of polynucleotide-encoded products, using
either polyclonal or monoclonal antibodies specific for the
product are known in the art. Examples include enzyme-
linked immunosorbent assay (ELISA), radioimmunoassay
(RIA), and fluorescence activated cell sorting (FACS). These
and other assays are described, among other places, in Hamp-
ton et al., Serological Methods, a Laboratory Manual (1990)
and Maddox et al., J. Exp. Med. 158:1211-1216 (1983).
[0142] A wide variety of labels and conjugation techniques
are known by those skilled in the art and may be used in
various nucleic acid and amino acid assays. Means for pro-
ducing labeled hybridization or PCR probes for detecting
sequences related to polynucleotides include oligolabeling,
nick translation, end-labeling or PCR amplification using a
labeled nucleotide. Alternatively, the sequences, or any por-
tions thereof may be cloned into a vector for the production of
an mRNA probe. Such vectors are known in the art, are
commercially available, and may be used to synthesize RNA
probes in vitro by addition of an appropriate RNA polymerase
such as T7, T3, or SP6 and labeled nucleotides. These proce-
dures may be conducted using a variety of commercially
available kits. Suitable reporter molecules or labels, which
may be used, include radionuclides, enzymes, fluorescent,
chemiluminescent, or chromogenic agents as well as sub-
strates, cofactors, inhibitors, magnetic particles, and the like.
[0143] Host cells transformed with a polynucleotide
sequence of interest may be cultured under conditions suit-
able for the expression and recovery of the protein from cell
culture. The protein produced by a recombinant cell may be
secreted or contained intracellularly depending on the
sequence and/or the vector used. As will be understood by
those of skill in the art, expression vectors containing poly-
nucleotides of the invention may be designed to contain sig-
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nal sequences which direct secretion of the encoded polypep-
tide through a prokaryotic or eukaryotic cell membrane.
Other recombinant constructions may be used to join
sequences encoding a polypeptide of interest to nucleotide
sequence encoding a polypeptide domain which will facili-
tate purification of soluble proteins. In addition to recombi-
nant production methods, fusion polypeptides of the inven-
tion, and fragments thereof, may be produced by direct
peptide synthesis using solid-phase techniques (Merrifield, J.
Am. Chem. Soc. 85:2149-2154 (1963)). Protein synthesis
may be performed using manual techniques or by automation.
Automated synthesis may be achieved, for example, using
Applied Biosystems 431A Peptide Synthesizer (Perkin
Elmer). Alternatively, various fragments, for example, two or
more antigenic/immunogenic fragments from Leishmania
KMP11, SMT, A2, and/or CBP antigens, may be chemically
synthesized separately and combined using chemical meth-
ods to produce the full length molecule.

Pharmaceutical and Vaccine Compositions

[0144] In certain aspects, the polypeptides, polynucle-
otides, portions, variants, fusion polypeptides, etc., as
described herein, are incorporated into pharmaceutical com-
positions or vaccines. Pharmaceutical compositions gener-
ally comprise one or more polypeptides, polynucleotides,
portions, variants, fusion polypeptides, etc., as described
herein, in combination with a physiologically acceptable car-
rier. Vaccines, also referred to as immunogenic compositions,
generally comprise one or more of the polypeptides, poly-
nucleotides, portions, variants, fusion proteins, etc., as
described herein, in combination with an immunostimulant,
such as an adjuvant. In particular embodiments, the pharma-
ceutical compositions comprise fusion polypeptides further
containing at least 2, at least 3, or at least 4 or more Leishma-
nia KMP11, SMT, A2 and/or CPB polypeptide antigens that
are capable of providing protection against, for example in an
in vivo assay as described herein, Leishmania species such as
L. donovani, L. major and/or L. infantum.

[0145] An immunostimulant may be any substance that
enhances or potentiates an immune response (antibody and/or
cell-mediated) to an exogenous antigen. Examples of immu-
nostimulants include adjuvants, biodegradable microspheres
(e.g., polylactic galactide) and liposomes (into which the
compound is incorporated; see, e.g., Fullerton, U.S. Pat. No.
4,235,877). Vaccine preparation is generally described in, for
example, Powell & Newman, eds., Vaccine Design (the sub-
unit and adjuvant approach) (1995).

[0146] Any of a variety of immunostimulants may be
employed in the vaccines of this invention. For example, an
adjuvant may be included. Many adjuvants contain a sub-
stance designed to protect the antigen from rapid catabolism,
such as aluminum hydroxide or mineral oil, and a stimulator
of immune responses, such as lipid A (natural or synthetic),
Bordatella pertussis or Mycobacterium species or Mycobac-
terium-derived proteins. Suitable adjuvants are commercially
available as, for example, Freund’s Incomplete Adjuvant and
Complete Adjuvant (Difco Laboratories, Detroit, Mich.);
Merck Adjuvant 65 (Merck and Company, Inc., Rahway,
N.I.); AS-2 and derivatives thereof (GlaxoSmithKline Bee-
cham, Philadelphia, Pa.); CWS, TDM, LelF, aluminum salts
such as aluminum hydroxide gel (alum) or aluminum phos-
phate; salts of calcium, iron or zinc; an insoluble suspension
of acylated tyrosine; acylated sugars; cationically or anioni-
cally derivatized polysaccharides; polyphosphazenes; biode-
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gradable microspheres; monophosphoryl lipid A and quil A.
Cytokines, such as GM-CSF or interleukin-2, -7, or -12, may
also be used as adjuvants.

[0147] Certain embodiments of the present invention con-
template vaccine and pharmaceutical compositions that
include one or more toll-like receptor agonists (TLR agonist).
In more specific embodiments, for example, the compositions
of the invention include Toll-like receptor agonists, such as
TLR7 agonists and TLR7/8 agonists. In certain embodiments
the TLR agonist is capable of delivering a biological signal by
interacting with at least one TLR that is selected from TLR-2,
TLR-3, TLR-4, TLR-5, TLR-6, TLR-7, TLR-8 and TLR-9.
[0148] Toll-like receptors (TLR) include cell surface trans-
membrane receptors of the innate immune system that confer
early-phase recognition capability to host cells for a variety of
conserved microbial molecular structures such as may be
present in or on a large number of infectious pathogens. (e.g.,
Armant et al., 2002 Gerome Biol. 3(8):reviews 3011.1-3011.
6, Fearon et al., 1996 Science 272:50, Medzhitov et al., 1997
Curr. Opin. Immunol. 9:4; Luster 2002 Curr. Opin. Immunol.
14:129; Lien et al. 2003 Nat. Immunol. 4:1162; Medzhitov,
2001 Nat. Rev. Immunol. 1:135; Takeda et al., 2003 Ann Rev
Immunol. 21:335; Takeda et al. 2005 Int. Immunol. 17:1,
Kaisho et al., 2004 Microbes Infect. 6:1388; Datta et al., 2003
J. Immunol. 170:4102).

[0149] Induction of TLR-mediated signal transduction to
potentiate the initiation of immune responses via the innate
immune system may be effected by TLR agonists, which
engage cell surface TLR or cytoplasmic TLR. For example,
lipopolysaccharide (LPS) may be a TLR agonist through
TLR2 or TLR4 (Tsan et al., 2004 J. Leuk. Biol. 76:514; Tsan
etal., 2004 Am. J. Physiol. Cell Phsiol. 286:C739; Lin et al.,
2005 Shock 24:206); poly(inosine-cytidine) (polyl:C) may be
a TLR agonist through TLR3 (Salem et al., 2006 Vaccine
24:5119); CpG sequences (oligodeoxynucleotides contain-
ing unmethylated cytosine-guanosine or “CpG” dinucleotide
motifs, e.g., CpG 7909, Cooper et al., 2005 AIDS 19:1473;
CpG Bayes et al. Methods Find Exp Clin Pharmacol 27:193;
Vollmer et al. Expert Opinion on Biological Therapy 5:673;
Vollmer et al., 2004 Antimicrob. Agents Chemother. 48:2314,
Deng et al., 2004 J. Immunol. 173:5148) may be TLR ago-
nists through TLRY (Andaloussi et al., 2006 Glia 54:526;
Chenetal., 2006 J. Immunol. 177:2373); peptidoglycans may
be TLR2 and/or TLR6 agonists (Soboll et al., 2006 Biol.
Reprod. 75:131; Nakao et al., 2005 J. Immunol. 174:1566);
3MO003  (4-amino-2-(ethoxymethyl)-a,a-dimethyl-6,7,8,9-
tetrahydro-1H-imidazo[4,5-c]quinoline-1-ethanol  hydrate,
Mol. Wt. 318 Da from 3M Pharmaceuticals, St. Paul, Minn.,
which is also a source of the related compounds 3M001 and
3M002; Gorden et al., 2005 J. Immunol. 174:1259) may be a
TLR7 agonist (Johansen 2005 Clin. Exp. Allerg. 35:1591)
and/or a TLRS agonist (Johansen 2005); flagellin may be a
TLRS agonist (Feuillet et al., 2006 Proc. Nat. Acad. Sci. USA
103:12487); and hepatitis C antigens may act as TLR agonists
through TLR7 and/or TLR9 (Lee et al., 2006 Proc. Nat. Acad.
Sci. US4 103:1828; Horsmans et al., 2005 Hepatol. 42:724).
Other TLR agonists are known (e.g., Schirmbeck et al., 2003
J. Immunol. 171:5198) and may be used according to certain
of the presently described embodiments.

[0150] For example, and by way of background (see, e.g.,
U.S. Pat. No. 6,544,518) immunostimulatory oligonucle-
otides containing unmethylated CpG dinucleotides (“CpG™)
are known as being adjuvants when administered by both
systemic and mucosal routes (WO 96/02555, EP 468520,
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Davis et al., J. Immunol, 1998. 160(2):870-876; McCluskie
and Davis, J. Immunol., 1998, 161(9):4463-6). CpG is an
abbreviation for cytosine-guanosine dinucleotide motifs
present in DNA. The central role of the CG motif in immu-
nostimulation was elucidated by Krieg, Nature 374, p546
1995. Detailed analysis has shown that the CG motifhas to be
in a certain sequence context, and that such sequences are
common in bacterial DNA but are rare in vertebrate DNA.
The immunostimulatory sequence is often: Purine, Purine, C,
G, pyrimidine, pyrimidine; wherein the dinucleotide CG
motif is not methylated, but other unmethylated CpG
sequences are known to be immunostimulatory and may be
used in certain embodiments of the present invention. CpG
when formulated into vaccines, may be administered in free
solution together with free antigen (WO 96/02555;
McCluskie and Davis, supra) or covalently conjugated to an
antigen (PCT Publication No. WO 98/16247), or formulated
with a carrier such as aluminium hydroxide (e.g., Davis et al.
supra, Brazolot-Millan et al., Proc. Natl. Acad. Sci., USA,
1998, 95(26). 15553-8).

[0151] Other illustrative oligonucleotides for use in com-
positions of the present invention will often contain two or
more dinucleotide CpG motifs separated by at least three,
more preferably at least six or more nucleotides. The oligo-
nucleotides of the present invention are typically deoxynucle-
otides. In one embodiment the internucleotide in the oligo-
nucleotide is phosphorodithioate, or more preferably a
phosphorothioate bond, although phosphodiester and other
internucleotide bonds are within the scope of the invention
including oligonucleotides with mixed internucleotide link-
ages. Methods for producing phosphorothicate oligonucle-
otides or phosphorodithioate are described in U.S. Pat. Nos.
5,666,153, 5,278,302 and W095/26204.

[0152] Other examples of oligonucleotides have sequences
that are disclosed in the following publications; for certain
herein disclosed embodiments the sequences preferably con-
tain phosphorothioate modified internucleotide linkages:

[0153] CPG 7909: Cooper et al., “CPG 7909 adjuvant
improves hepatitis B virus vaccine seroprotection in antiret-
roviral-treated HIV-infected adults.” AIDS, 2005 Sep. 23;
19(14):1473-9.

[0154] CpG 10101: Bayes et al., “Gateways to clinical tri-
als.” Methods Find. Exp. Clin. Pharmacol. 2005 April; 27(3):
193-219.

[0155] Vollmer I., “Progress in drug development of immu-
nostimula-tory CpG  oligodeoxynucleotide ligands for
TLR9.” Expert Opinion on Biological Therapy. 2005 May;
5(5): 673-682

[0156] Alternative CpG oligonucleotides may comprise
variants of the preferred sequences described in the above-
cited publications that differ in that they have inconsequential
nucleotide sequence substitutions, insertions, deletions and/
or additions thereto. The CpG oligonucleotides utilized in
certain embodiments of the present invention may be synthe-
sized by any method known in the art (e.g., EP 468520).
Conveniently, such oligonucleotides may be synthesized util-
ising an automated synthesizer. The oligonucleotides are
typically deoxynucleotides. In a preferred embodiment the
internucleotide bond in the oligonucleotide is phospho-
rodithioate, or more preferably phosphorothioate bond,
although phosphodiesters are also within the scope of the
presently contemplated embodiments. Oligonucleotides
comprising different internucleotide linkages are also con-
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templated, e.g., mixed phosphorothioate phosphodiesters.
Other internucleotide bonds which stabilize the oligonucle-
otide may also be used.

[0157] Incertain more specific embodiments the TLR ago-
nist is selected from lipopolysaccharide, peptidoglycan,
polyl:C, CpG, 3MO003, flagellin, Leiskmania homolog of
eukaryotic ribosomal elongation and initiation factor 4a
(LelF) and at least one hepatitis C antigen.

[0158] Still other illustrative adjuvants include imiquimod,
gardiquimod and resiquimod (all available from Invivogen),
and related compounds, which are known to act as TLR7/8
agonists. A compendium of adjuvants that may be useful in
vaccines is provided by Vogel et al., Pharm Biotechnol 6:141
(1995), which is herein incorporated by reference.

[0159] Compositions of the invention may also employ
adjuvant systems designed to induce an immune response
predominantly of the Thl type. High levels of Thl-type
cytokines (e.g., IFN-y, TNF-a, IL-2 and IL-12) tend to favor
the induction of cell mediated immune responses to an
administered antigen. In contrast, high levels of Th2-type
cytokines (e.g., [1.-4, IL-5, IL-6 and 1L.-10) tend to favor the
induction of humoral immune responses. Following applica-
tion of a vaccine comprising a fusion polypeptide further
comprising at least 2, at least 3, or at least 4 or more Leish-
mania KMP11, SMT, A2 and/or CPB polypeptide antigens,
as provided herein, a patient will support an immune response
thatincludes Th1-and Th2-type responses. Within a preferred
embodiment, in which a response is predominantly Th1-type,
the level of Thl-type cytokines will increase to a greater
extent than the level of Th2-type cytokines. The levels of
these cytokines may be readily assessed using standard
assays. For a review of the families of cytokines, see Moss-
man & Coffman, Arn. Rev. Immunol. 7:145-173 (1989).

[0160] Certain adjuvants for use in eliciting a predomi-
nantly Th1-type response include, for example, a combina-
tion of monophosphoryl lipid A, preferably 3-de-O-acylated
monophosphoryl lipid A (3D-MPL™), together with an alu-
minum salt (U.S. Pat. Nos. 4,436,727, 4,877,611, 4,866,034,
and 4,912,094). CpG-containing oligonucleotides (in which
the CpG dinucleotide is unmethylated) also induce a pre-
dominantly Thl response. Such oligonucleotides are well
known and are described, for example, in WO 96/02555, WO
99/33488 and U.S. Pat. Nos. 6,008,200 and 5,856,462. Immu-
nostimulatory DNA sequences are also described, for
example, by Sato et al., Science 273:352 (1996). Another
illustrative adjuvant comprises a saponin, such as Quil A, or
derivatives thereof, including QS21 and QS7 (Aquila Biop-
harmaceuticals Inc., Framingham, Mass.); Escin; Digitonin;
or Gypsophila or Chenopodium quinoa saponins. Other illus-
trative formulations include more than one saponin in the
adjuvant combinations of the present invention, for example
combinations of at least two of the following group compris-
ing QS21, QS7, Quil A, p-escin, or digitonin.

[0161] In a particular embodiment, the adjuvant system
includes the combination of a monophosphoryl lipid A and a
saponin derivative, such as the combination of QS21 and
3D-MPL™ adjuvant, as described in WO 94/00153, or a less
reactogenic composition where the QS21 is quenched with
cholesterol, as described in WO 96/33739. Other formula-
tions comprise an oil-in-water emulsion and tocopherol.
Another adjuvant formulation employing QS21, 3D-MPL™
adjuvant and tocopherol in an oil-in-water emulsion is
described in WO 95/17210. 09/074,720, the disclosures of
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which are incorporated herein by reference in their entireties,
and polyoxyethylene ether adjuvants such as those described
in WO 99/52549A1.

[0162] The vaccine and pharmaceutical compositions of
the invention may be formulated using any of a variety of well
known procedures. In certain embodiments, the vaccine or
pharmaceutical compositions are prepared as stable emul-
sions (e.g., oil-in-water emulsions) or as aqueous solutions.
[0163] Compositions of the invention may also, or alterna-
tively, comprise T cells specific for fusion polypeptide com-
prising at least 2 immunogenic/antigenic portions or frag-
ments of Leishmania KMP11, SMT, A2 and/or CPB antigens
or variants thereof, described herein. Such cells may gener-
ally be prepared in vitro or ex vivo, using standard proce-
dures. For example, T cells may be isolated from bone mar-
row, peripheral blood, or a fraction of bone marrow or
peripheral blood of a patient. Alternatively, T cells may be
derived from related or unrelated humans, non-human mam-
mals, cell lines or cultures.

[0164] T cells may be stimulated with a fusion polypeptide
comprising at least 2 immunogenic/antigenic portions or
fragments of Leishmania KMP11, SMT, A2 and/or CPB anti-
gens or variants thereof, polynucleotide encoding such a
fusion polypeptide, and/or an antigen presenting cell (APC)
that expresses such a fusion polypeptide. Such stimulation is
performed under conditions and for a time sufficient to permit
the generation of T cells that are specific for the polypeptide.
In certain embodiments, the polypeptide or polynucleotide is
present within a delivery vehicle, such as a microsphere, to
facilitate the generation of specific T cells.

[0165] T cells are considered to be specific for a fusion
polypeptide comprising at least 2 immunogenic/antigenic
portions or fragments of Leishmania KMP11, SMT, A2 and/
or CPB antigens if the T cells specifically proliferate, secrete
cytokines or kill target cells coated with the fusion polypep-
tide or expressing a gene encoding the fusion polypeptide. T
cell specificity may be evaluated using any of a variety of
standard techniques. For example, within a chromium release
assay or proliferation assay, a stimulation index of more than
two fold increase in lysis and/or proliferation, compared to
negative controls, indicates T cell specificity. Such assays
may be performed, for example, as described in Chen et al.,
Cancer Res. 54:1065-1070 (1994)). Alternatively, detection
of the proliferation of T cells may be accomplished by a
variety of known techniques. For example, T cell prolifera-
tion can be detected by measuring an increased rate of DNA
synthesis (e.g., by pulse-labeling cultures of T cells with
tritiated thymidine and measuring the amount of tritiated
thymidine incorporated into DNA). Contact with a polypep-
tide of the invention (100 ng/ml-100 pug/ml, preferably 200
ng/ml-25 pg/ml) for 3-7 days should result in at least a two
fold increase in proliferation of the T cells. Contact as
described above for 2-3 hours should result in activation of
the T cells, as measured using standard cytokine assays in
which a two fold increase in the level of cytokine release (e.g.,
TNF or IFN-y) is indicative of T cell activation (see Coligan
et al., Current Protocols in Immunology, vol. 1 (1998)). T
cells that have been activated in response to a polypeptide,
polynucleotide or polypeptide-expressing APC may be CD4+
and/or CD8+. Protein-specific T cells may be expanded using
standard techniques. Within preferred embodiments, the T
cells are derived from a patient, a related donor or an unre-
lated donor, and are administered to the patient following
stimulation and expansion.
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[0166] Inthe compositions of the invention, formulation of
pharmaceutically-acceptable excipients and carrier solutions
is well-known to those of skill in the art, as is the development
of suitable dosing and treatment regimens for using the par-
ticular compositions described herein in a variety of treatment
regimens, including e.g., oral, parenteral, intravenous, intra-
nasal, intradermal, subcutaneous and intramuscular adminis-
tration and formulation.

[0167] In certain applications, the compositions disclosed
herein may be delivered via oral administration to a subject.
As such, these compositions may be formulated with an inert
diluent or with an assimilable edible carrier, or they may be
enclosed in hard- or soft-shell gelatin capsule, or they may be
compressed into tablets, or they may be incorporated directly
with the food of the diet.

[0168] In certain circumstances it will be desirable to
deliver the compositions disclosed herein parenterally, intra-
venously, intramuscularly, or even intraperitoneally as
described, for example, in U.S. Pat. No. 5,543,158; U.S. Pat.
No. 5,641,515 and U.S. Pat. No. 5,399,363 (each specifically
incorporated herein by reference in its entirety). Solutions of
the active compounds as free base or pharmacologically
acceptable salts may be prepared in water suitably mixed with
a surfactant, such as hydroxypropylcellulose. Dispersions
may also be prepared in glycerol, liquid polyethylene glycols,
and mixtures thereof and in oils. Under ordinary conditions of
storage and use, these preparations contain a preservative to
prevent the growth of microorganisms.

[0169] The pharmaceutical forms suitable for injectable
use include sterile aqueous solutions or dispersions and ster-
ile powders for the extemporaneous preparation of sterile
injectable solutions or dispersions (U.S. Pat. No. 5,466,468,
specifically incorporated herein by reference in its entirety).
In all cases the form must be sterile and must be fluid to the
extent that easy syringability exists. It must be stable under
the conditions of manufacture and storage and must be pre-
served against the contaminating action of microorganisms,
such as bacteria and fungi. The carrier can be a solvent or
dispersion medium containing, for example, water, ethanol,
polyol (e.g., glycerol, propylene glycol, and liquid polyeth-
ylene glycol, and the like), suitable mixtures thereof, and/or
vegetable oils. Proper fluidity may be maintained, for
example, by the use of a coating, such as lecithin, by the
maintenance of the required particle size in the case of dis-
persion and by the use of surfactants. The prevention of the
action of microorganisms can be facilitated by various anti-
bacterial and antifungal agents, for example, parabens, chlo-
robutanol, phenol, sorbic acid, thimerosal, and the like. In
many cases, it will be preferable to include isotonic agents,
for example, sugars or sodium chloride. Prolonged absorp-
tion of the injectable compositions can be brought about by
the use in the compositions of agents delaying absorption, for
example, aluminum monostearate and gelatin.

[0170] For parenteral administration in an aqueous solu-
tion, for example, the solution should be suitably buffered if
necessary and the liquid diluent first rendered isotonic with
sufficient saline or glucose. These particular aqueous solu-
tions are especially suitable for intravenous, intramuscular,
subcutaneous and intraperitoneal administration. In this con-
nection, a sterile aqueous medium that can be employed will
be known to those of skill in the art in light of the present
disclosure. For example, one dosage may be dissolved in 1 ml
of isotonic NaCl solution and either added to 1000 ml of
hypodermoclysis fluid or injected at the proposed site of
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infusion (see, e.g., Remingtorn’s Pharmaceutical Sciences,
15th Edition, pp. 1035-1038 and 1570-1580). Some variation
in dosage will necessarily occur depending on the condition
of the subject being treated. The person responsible for
administration will, in any event, determine the appropriate
dose for the individual subject. Moreover, for human admin-
istration, preparations should meet sterility, pyrogenicity, and
the general safety and purity standards as required by FDA
Office of Biologics standards.

[0171] Sterile injectable solutions are prepared by incorpo-
rating the active compounds in the required amount in the
appropriate solvent with the various other ingredients enu-
merated above, as required, followed by filtered sterilization.
Generally, dispersions are prepared by incorporating the vari-
ous sterilized active ingredients into a sterile vehicle which
contains the basic dispersion medium and the required other
ingredients from those enumerated above. In the case of ster-
ile powders for the preparation of sterile injectable solutions,
the preferred methods of preparation are vacuum-drying and
freeze-drying techniques which yield a powder of the active
ingredient plus any additional desired ingredient from a pre-
viously sterile-filtered solution thereof.

[0172] The compositions disclosed herein may be formu-
lated in a neutral or salt form. Pharmaceutically-acceptable
salts, include the acid addition salts (formed with the free
amino groups of the protein) and which are formed with
inorganic acids such as, for example, hydrochloric or phos-
phoric acids, or such organic acids as acetic, oxalic, tartaric,
mandelic, and the like. Salts formed with the free carboxyl
groups can also be derived from inorganic bases such as, for
example, sodium, potassium, ammonium, calcium, or ferric
hydroxides, and such organic bases as isopropylamine, trim-
ethylamine, histidine, procaine and the like. Upon formula-
tion, solutions will be administered in a manner compatible
with the dosage formulation and in such amount as is thera-
peutically effective for treatment of leishmaniasis. The for-
mulations are easily administered in a variety of dosage forms
such as injectable solutions, drug-release capsules, and the
like.

[0173] As used herein, “carrier” includes any and all sol-
vents, dispersion media, vehicles, coatings, diluents, antibac-
terial and antifungal agents, isotonic and absorption delaying
agents, buffers, carrier solutions, suspensions, colloids, and
the like. The use of such media and agents for pharmaceutical
active substances is well known to one of ordinary skill in the
art. BExcept insofar as any conventional media or agent is
incompatible with the active ingredient, its use in the thera-
peutic compositions is contemplated. Supplementary active
ingredients can also be incorporated into the compositions.
[0174] The phrase “pharmaceutically-acceptable” refers to
molecular entities and compositions that do not produce an
allergic or similar untoward reaction when administered to a
human. The preparation of an aqueous composition that con-
tains a protein as an active ingredient is well understood to
one of ordinary skill in the art. Typically, such compositions
are prepared as injectables, either as liquid solutions or sus-
pensions; solid forms suitable for solution in, or suspension
in, liquid prior to injection can also be prepared. The prepa-
ration can also be emulsified.

[0175] In certain embodiments, the compositions of the
present invention comprising a fusion polypeptide with at
least 2 immunogenic/antigenic portions or fragments of
Leishmania KMP11, SMT, A2 and/or CPB antigens or vari-
ants thereof may be delivered by intranasal sprays, inhalation,
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and/or other aerosol delivery vehicles. Methods for delivering
genes, polynucleotides, and peptide compositions directly to
the lungs via nasal aerosol sprays has been described e.g., in
U.S. Pat. No. 5,756,353 and U.S. Pat. No. 5,804,212 (each
specifically incorporated herein by reference in its entirety).
Likewise, the delivery of drugs using intranasal microparticle
resins (Takenaga et al., 1998) and lysophosphatidyl-glycerol
compounds (U.S. Pat. No. 5,725,871, specifically incorpo-
rated herein by reference in its entirety) are also well-known
in the pharmaceutical arts. Likewise, transmucosal drug
delivery in the form of a polytetrafluoroetheylene support
matrix is described in U.S. Pat. No. 5,780,045 (specifically
incorporated herein by reference in its entirety).

[0176] In certain embodiments, the delivery may occur by
use of liposomes, nanocapsules, microparticles, micro-
spheres, lipid particles, vesicles, and the like, for the intro-
duction of compositions comprising a fusion polypeptide as
describe herein into suitable host cells. In particular, the com-
positions of the present invention may be formulated for
delivery either encapsulated in a lipid particle, a liposome, a
vesicle, a nanosphere, a nanoparticle or the like. The formu-
lation and use of such delivery vehicles can be carried out
using known and conventional techniques.

[0177] A pharmaceutical or immunogenic composition
may, alternatively, contain an immunostimulant and a DNA
molecule encoding one or more of the polypeptides or fusion
polypeptides comprising two or more Leishmania KMP11,
SMT, A2 and/or CPB polypeptides or immunogenic portions
or variants thereof as described above, such that a desired
polypeptide is generated in situ. In such compositions, the
DNA encoding the fusion protein may be present within any
of a variety of delivery systems known to those of ordinary
skill in the art, including nucleic acid expression systems,
bacteria and viral expression systems. Appropriate nucleic
acid expression systems contain the necessary DNA
sequences for expression in the patient (such as a suitable
promoter and terminating signal). Bacterial delivery systems
involve the administration of a bacterium (such as Bacillus-
Calmette-Guerrin) that expresses an immunogenic portion of
the polypeptide on its cell surface. In a particular embodi-
ment, the DNA may be introduced using a viral expression
system (e.g., vaccinia or other pox virus, retrovirus, or aden-
ovirus), which may involve the use of a non-pathogenic (de-
fective), replication competent virus. Techniques for incor-
porating DNA into such expression systems are well known
to those of ordinary skill in the art. The DNA may also be
“naked,” as described, for example, in Ulmer et al., Science
259:1745-1749 (1993) and reviewed by Cohen, Science 259:
1691-1692 (1993). The uptake of naked DNA may be
increased by coating the DNA onto biodegradable beads,
which are efficiently transported into the cells.

[0178] The pharmaceutical compositions and vaccines of
the invention, which comprise two or more Leishmania
KMP11, SMT, A2 and/or CPB polypeptides or immuno-
genic/antigenic portions, fragments or variants thereof, or
polynucleotides encoding such polypeptides, portions, frag-
ments or variants, may be used, for example, to induce pro-
tective immunity against Leishmania species suchas L. dono-
vani, L. major and/or L. infantumin apatient, such as a human
or adog, to prevent leishmaniasis or diminish its severity. The
compositions and vaccines may also be used to stimulate an
immune response, which may be cellular and/or humoral, in
a patient, for treating an individual already infected. In one
embodiment, for Leishmania-infected patients, the immune
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responses generated include a preferential Thl immune
response (1.e., a response characterized by the production of
the cytokines interleukin-1, interleukin-2, interleukin-12
and/or interferon-y, as well as tumor necrosis factor-a). In
another embodiment, for uninfected patients, the immune
response involves production of interleukin-12 and/or inter-
leukin-2, or the stimulation of gamma delta T-cells. In either
category of patient, the response stimulated may include
1L.-12 production. Such responses may also be elicited in
biological samples of PBMC or components thereof derived
from Leishmania-infected or uninfected individuals. As
noted above, assays forany of the above cytokines, as well as
other known cytokines, may generally be performed using
methods known to those of ordinary skill in the art, such as an
enzyme-linked immunosorbent assay (ELISA).

[0179] Appropriate doses and methods of fusion polypep-
tide administration for these purposes can be readily deter-
mined by askilled artisan using available knowledge in the art
and/or routine techniques. Routes and frequency of adminis-
tration, as well as dosage, for the above aspects of the present
invention may vary from individual to individual and may
parallel those currently being used in immunization against
other infections, including protozoan, viral and bacterial
infections. For example, in one embodiment, between 1 and
12 doses of composition having a fusion polypeptide, which
comprises two or more Leishmania KMP11, SMT, A2 and/or
CPB polypeptides or immunogenic/antigenic portions, frag-
ments or variants thereof, are administered over a 1 year
period. Booster vaccinations may be given periodically there-
after as needed or desired. Of course, alternate protocols may
be appropriate for individual patients. In a particular embodi-
ment, a suitable dose is an amount of fusion polypeptide or
DNA encoding such a peptide that, when administered as
described above, is capable of eliciting an immune response
in an immunized patient sufficient to protect the patient from
leishmaniasis caused by Leishmania species such as L. dono-
vani, L. major and/or L. infantum for at least 1-2 years. In
general, the amount of fusion polypeptide present in a dose
(or produced in situ by the DNA in a dose) ranges from about
100 ng to about 1 mg per kg of host, typically from about 10
g to about 100 pg. Suitable dose sizes will vary with the size
of the patient, but will typically range from about 0.1 mL to
about 5 mL.

Diagnostic Methods and Kits

[0180] In another aspect, this invention provides com-
pounds and methods for detecting leishmaniasis in individu-
als and in blood supplies. In particular embodiments, the
individual is a mammal. In more particular embodiments, the
mammal is a human or canine.

[0181] The fusion polypeptides and polynucleotides of the
present invention are also useful as diagnostic reagents for
detecting and/or monitoring Leishmania infection in a
patient. For example, the compositions, fusion polypeptides,
and polynucleotides of the invention may be used in in vitro
and in vivo assays for detecting humoral antibodies or cell-
mediated immunity against Leishmania for diagnosis of
infection, monitoring of disease progression or test-of-cure
evaluation. In particular embodiments, the fusion polypep-
tides and polynucleotides are useful diagnostic for serodiag-
nosis and whole blood assay in patients having leishmaniasis
caused by Leishmania species such as L. donovani, L. major
and/or L. infantum.
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[0182] 1In one aspect, the diagnostic methods and kits pref-
erably employ a fusion polypeptide comprising multiple cop-
ies of polypeptide fragments, repeats of polypeptide frag-
ments, or multimeric polypeptide fragments, including
antigenic/immunogenic fragments such as Leishmania
KMP11, SMT, A2 and/or CPB polypeptides, comprising at
least about 1, 2, 3, 4, 5, 6,7, 8, 9, 10 or more contiguous
fragments, in any order, and including all lengths of a
polypeptide composition set forth herein, or those encoded by
a polynucleotide sequence set forth herein. In another aspect,
fusion polypeptides of the present invention may comprise
two or more Leishmania antigen fragments as recited in SEQ
ID NOs: 1-10, and 25-28. In a more particular embodiment,
the fusion polypeptide comprises the amino acid sequence set
forth in SEQ ID NOs: 21 or 23.

[0183] Inanother embodiment, the diagnostic methods and
kits preferably employ a fusion polypeptide comprising at
least 1, at least 2, at least 3, or at least 4 immunogenic/
antigenic portion or fragment of Leishmania KMP11, SMT,
A2 and/or CPB antigens, variants or the like, optionally in
combination with one or more other Leishmania antigens as
described herein, or obtainable in the art. In certain embodi-
ments, it will be preferred to use a multiple Leishmania anti-
gens as described herein, e.g., 3 or more, 4 or more, 5 or more,
6 or more, 7 or more, 8 or more, 9 or more, 10 or more, etc.,
in a diagnostic method of the invention. The antigens may be
used in essentially any assay format desired, e.g., as indi-
vidual antigens assayed separately, as multiple antigens
assays simultaneously (e.g., a fusion polypeptide such as
KSA or KSAC), as antigens immobilized on a solid support
such as an array, or the like.

[0184] In one embodiment, there are provided diagnostic
kits for detecting Leishmania infection in a biological sample,
comprising (a) a fusion polypeptide comprising at least 2
immunogenic/antigenic portions or fragments of Leishmania
KMP11, SMT, A2 and/or CPB polypeptide or variant thereof
described herein, and (b) a detection reagent.

[0185] Inanother embodiment, there are provided diagnos-
tic kits for detecting Leishmania infection in a biological
sample, comprising (a) at least 2 antibodies or antigen bind-
ing fragments thereof that are specific for a fusion polypep-
tide comprising at least 2 immunogenic/antigenic portions or
fragments of Leishmania KMP11, SMT, A2 and/or CPB
polypeptide or variant thereof described herein, and (b) a
detection reagent.

[0186] In another embodiment, methods are provided for
detecting the presence of Leishmania infection in a biological
sample, comprising (a) contacting a biological sample with a
fusion polypeptide comprising at least 2 immunogenic/anti-
genic portions or fragments of Leishmania KMP11, SMT, A2
and/or CPB polypeptide or variant thereof described herein;
and (b) detecting in the biological sample the presence of
antibodies that bind to the fusion polypeptide.

[0187] In another embodiment, methods are provided for
detecting the presence of Leishmania infection in a biological
sample, comprising (a) contacting a biological sample with at
least 2 monoclonal antibodies that bind to a fusion polypep-
tide comprising at least 2 immunogenic/antigenic portions or
fragments of Leishmania KMP11, SMT, A2 and/or CPB
polypeptide or variant thereof described herein; and (b)
detecting in the biological sample the presence of Leishmania
proteins that bind to the monoclonal antibody.

[0188] One of ordinary skill in the art would recognize that
the methods and kits described herein may be used to detect
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all types of leishmaniasis, depending on the particular com-
bination of immunogenic portions of Leishmania antigens
present in the fusion polypeptide.

[0189] There are a variety of assay formats known to those
of ordinary skill in the art for using a fusion polypeptide to
detect antibodies in a sample. See, e.g., Harlow and Lane,
Antibodies. A Laboratory Manual, Cold Spring Harbor Labo-
ratory Press, 1988, which s incorporated herein by reference.
In a preferred embodiment, the assay involves the use of
fusion polypeptide immobilized on a solid support to bind to
and remove the antibody from the sample. The bound anti-
body may then be detected using a detection reagent that
binds to the antibody/peptide complex and contains a detect-
able reporter group. Suitable detection reagents include, for
example, antibodies that bind to the antibody/polypeptide
complex and free polypeptide labeled with a reporter group
(e.g., in a semi-competitive assay). Suitable reporter groups
include, for example, fluorescent labels, enzyme labels,
radioisotopes, chemiluminescent labels, electrochemilumi-
nescent labels, bioluminescent labels, polymers, polymer
particles, metal particles, haptens, and dyes. Alternatively, a
competitive assay may be utilized, in which an antibody that
binds to a fusion polypeptide of the present invention labeled
with a reporter group and allowed to bind to the immobilized
fusion polypeptide after incubation of the fusion polypeptide
with the sample. The extent to which components of the
sample inhibit the binding of the labeled antibody to the
fusion polypeptide is indicative of the reactivity of the sample
with the immobilized fusion polypeptide.

[0190] The solid support may be any material known to
those of ordinary skill in the art to which the fusion polypep-
tide may be attached. For example, the support may be a test
well in a microtiter plate or a nitrocellulose or other suitable
membrane. Alternatively, the support may be a bead or disc,
such as glass, fiberglass, latex or a plastic material such as
polystyrene or polyvinylchloride. The support may also be a
magnetic particle or a fiber optic sensor, such as those dis-
closed, for example, in U.S. Pat. No. 5,359,681.

[0191] The fusion polypeptide may be bound to the solid
support using a variety of techniques known to those in the
art, which are amply described in the patent and scientific
literature. In the context of the present invention, the term
“bound” refers to both non-covalent association, such as
adsorption, and covalent attachment (which may be a direct
linkage between the antigen and functional groups on the
support or may be a linkage by way of a cross-linking agent).
Binding by adsorption to a well in a microtiter plate or to a
membrane is preferred. In such cases, adsorption may be
achieved by contacting the polypeptide, in a suitable buffer,
with the solid support for a suitable amount of time. The
contact time varies with temperature, but is typically between
about 1 hour and 1 day. In general, contacting a well of a
plastic microtiter plate (such as polystyrene or polyvinylchlo-
ride) with an amount of fusion polypeptide ranging from
about 10 ng to about 1 pg, and preferably about 100 ng, is
sufficient to bind an adequate amount of antigen. Nitrocellu-
lose will bind approximately 100 g of protein per cm®.
[0192] Covalent attachment of fusion polypeptide to a solid
support may generally be achieved by first reacting the sup-
port with a bifunctional reagent that will react with both the
support and a functional group, such as a hydroxyl or amino
group, on the fusion polypeptide. For example, the fusion
polypeptide may be bound to a support having an appropriate
polymer coating using benzoquinone or by condensation of
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an aldehyde group on the support with an amine and an active
hydrogen on the polypeptide (see, e.g., Pierce Immunotech-
nology Catalog and Handbook (1991) at A12-A13).

[0193] In certain embodiments, the assay is an enzyme
linked immunosorbent assay (ELISA). This assay may be
performed by first contacting a fusion polypeptide of the
present invention that has been immobilized on a solid sup-
port, commonly the well of a microtiter plate, with the
sample, such that antibodies to the Leishmania antigens of the
fusion polypeptide within the sample are allowed to bind to
the immobilized fusion polypeptide. Unbound sample is then
removed from the immobilized fusion polypeptide and a
detection reagent capable of binding to the immobilized anti-
body-polypeptide complex is added. The amount of detection
reagent that remains bound to the solid support is then deter-
mined using a method appropriate for the specific detection
reagent.

[0194] Once the fusion polypeptide is immobilized on the
support, the remaining protein binding sites on the support are
typically blocked. Any suitable blocking agent known to
those of ordinary skill in the art, such as bovine serum albu-
min (BSA) or Tween 20™ (Sigma Chemical Co., St. Louis,
Mo.) may be employed. The immobilized polypeptide is then
incubated with the sample, and antibody (if present in the
sample) is allowed to bind to the antigen. The sample may be
diluted with a suitable diluent, such as phosphate-buffered
saline (PBS) prior to incubation. In general, an appropriate
contact time (i.e., incubation time) is that period of time that
is sufficient to permit detection of the presence of antibody
within a Leishmania-infected sample. Preferably, the contact
time is sufficient to achieve a level of binding that is at least
95% of that achieved at equilibrium between bound and
unbound antibody. Those of ordinary skill in the art will
recognize that the time necessary to achieve equilibrium may
be readily determined by assaying the level of binding that
occurs over a period of time. At room temperature, an incu-
bation time of about 30 minutes is generally sufficient.
[0195] Unbound sample may then be removed by washing
the solid support with an appropriate buffer, such as PBS
containing 0.1% Tween 20™. Detection reagent may then be
added to the solid support. An appropriate detection reagent is
any compound that binds to the immobilized antibody-
polypeptide complex and that can be detected by any of a
variety of means known to those in the art. Preferably, the
detection reagent contains a binding agent (such as, for
example, Protein A, Protein G, immunoglobulin, lectin or free
antigen) conjugated to a reporter group. Preferred reporter
groups include enzymes (such as horseradish peroxidase),
substrates, cofactors, inhibitors, dyes, radionuclides, lumi-
nescent groups, fluorescent groups, colloidal gold and biotin.
The conjugation of binding agent to reporter group may be
achieved using standard methods known to those of ordinary
skill in the art. Common binding agents may also be pur-
chased conjugated to a variety of reporter groups from many
sources (e.g., Zymed Laboratories, San Francisco, Calif. and
Pierce, Rockford, 111.).

[0196] The detection reagent is then incubated with the
immobilized antibody polypeptide complex for an amount of
time sufficient to detect the bound antibody. An appropriate
amount of time may generally be determined from the manu-
facturer’s instructions or by assaying the level of binding that
occurs over a period of time. Unbound detection reagent is
then removed and bound detection reagent is detected using
the reporter group. The method employed for detecting the
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reporter group depends upon the nature of the reporter group.
For radioactive groups, scintillation counting or autoradio-
graphic methods are generally appropriate. Spectroscopic
methods may be used to detect dyes, luminescent groups and
fluorescent groups. Biotin may be detected using avidin,
coupled to a different reporter group (commonly a radioactive
or fluorescent group or an enzyme). Enzyme reporter groups
may generally be detected by the addition of substrate (gen-
erally for a specific period of time), followed by spectro-
scopic or other analysis of the reaction products.

[0197] To determine the presence or absence of anti-Leish-
mania antibodies in the sample, the signal detected from the
reporter group that remains bound to the solid support is
generally compared to a signal that corresponds to a prede-
termined cut-off value. In one embodiment, the cut-off value
is preferably the average mean signal obtained when the
immobilized polypeptide is incubated with samples from an
uninfected patient. In general, a sample generating a signal
that is three standard deviations above the predetermined
cut-off value is considered positive (i.e., reactive with the
polypeptide). In an alternate embodiment, the cut-off value is
determined using a Receiver Operator Curve, according to the
method of Sackett et al., Clinical Epidemiology: A Basic
Science for Clinical Medicine, p. 106-7 (Little Brown and
Co., 1985). Briefly, in this embodiment, the cut-off value may
be determined from a plot of pairs of true positive rates (i.e.,
sensitivity) and false positive rates (100%-specificity) that
correspond to each possible cut-off value for the diagnostic
test result. The cut-off value on the plot that is the closest to
the upper lefthand comer (i.e., the value that encloses the
largest area) is the most accurate cut-off value, and a sample
generating a signal that is higher than the cut-off value deter-
mined by this method may be considered positive. Alterna-
tively, the cut-off value may be shifted to the left along the
plot, to minimize the false positive rate, or to the right, to
minimize the false negative rate.

[0198] Inarelated embodiment, the assay is performed in a
flow-through or strip test format, wherein the antigen is
immobilized on a membrane such as nitrocellulose. In the
flow-through test, antibodies within the sample bind to the
immobilized polypeptide as the sample passes through the
membrane. A detection reagent (e.g., protein A-colloidal
gold) then binds to the antibody-polypeptide complex as the
solution containing the detection reagent flows through the
membrane. The detection of bound detection reagent may
then be performed as described above. In the strip test format,
one end of the membrane to which polypeptide is bound is
immersed in a solution containing the sample. The sample
migrates along the membrane through a region containing
detection reagent and to the area of immobilized fusion
polypeptide. Concentration of detection reagent at the fusion
polypeptide indicates the presence of Leishmania antibodies
in the sample. Typically, the concentration of detection
reagent at that site generates a pattern, such as a line, that can
be read visually. The absence of such a pattern indicates a
negative result. In general, the amount of fusion polypeptide
immobilized on the membrane is selected to generate a visu-
ally discernible pattern when the biological sample contains a
level of antibodies that would be sufficient to generate a
positive signal in an ELISA, as discussed above. Preferably,
the amount of fusion polypeptide immobilized on the mem-
brane ranges from about 25 ng to about 1 pg, and more
preferably from about 50 ng to about 500 ng. Such tests can
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typically be performed with a very small amount (e.g., one
drop) of patient serum or blood.

[0199] Of course, numerous other assay protocols exist that
are suitable for use with the fusion polypeptides of the present
invention. The above descriptions are intended to be exem-
plary only.

[0200] In one aspect of the invention, the assays discussed
above may be used to specifically detect visceral leishmania-
sis. In this aspect, antibodies in the sample may be detected
using a fusion polypeptide of the present invention, e.g.,
comprising an amino acid sequence of two or more antigenic/
immunogenic fragments or epitopes of a Leishmania
KMP11, SMT, A2 and/or CPB antigen. In a more particular
embodiment, antibodies in the sample may be detected using
a fusion polypeptide comprising the amino acid sequence of
two or more immunogenic fragments or epitopes as set forth
in any of SEQ ID NOs: 1-10 and 25-28. In another aspect,
antibodies in the sample may be detected using a fusion
polypeptide comprising the amino acid sequence set forth in
SEQ ID NOs: 21 and 23. Preferably, the Leishmania antigens
are immobilized by adsorption to a solid support such as a
well of a microtiter plate or a membrane, as described above,
in roughly similar amounts such that the total amount of
fusion polypeptide in contact with the support ranges from
about 10 ng to about 100 pg. The remainder of the steps in the
assay may generally be performed as described above. It will
be readily apparent to those of ordinary skill in the art that, by
combining polypeptides described herein with other
polypeptides that can detect cutaneous and mucosal leishma-
niasis, the polypeptides disclosed herein may be used in
methods that detect all types of leishmaniasis.

[0201] In another aspect of this invention, immobilized
fusion polypeptides may be used to purify antibodies that
bind thereto. Such antibodies may be prepared by any of a
variety of techniques known to those of ordinary skill in the
art. See, e.g., Harlow and Land, Antibodies. A Laboratory
Manual, Cold Spring Harbor Laboratory Press, 1988. In one
such technique, an immunogen comprising a fusion polypep-
tide of the present invention is initially injected into any of a
wide variety of mammals (e.g., mice, rats, rabbits, sheep and
goats). In this step, the polypeptide may serve as the immu-
nogen without modification. Alternatively, particularly for
relatively short polypeptides, a superior immune response
may be elicited if the polypeptide is joined to a carrier protein,
such as bovine serum albumin or keyhole limpet hemocyanin.
The immunogen is injected into the animal host, preferably
according to a predetermined schedule incorporating one or
more booster immunizations, and the animals are bled peri-
odically. Polyclonal antibodies specific for the polypeptide
may then be purified from such antisera by, for example,
affinity chromatography using the polypeptide coupled to a
suitable solid support.

[0202] Monoclonal antibodies specific for the antigenic
fusion polypeptide of interest may be prepared, for example,
using the technique of Kohler and Milstein, Fur. J. Immunol.
6:511-519, 1976, and improvements thereto. Briefly, these
methods involve the preparation of immortal cell lines
capable of producing antibodies having the desired specific-
ity (i.e., reactivity with the polypeptide of interest). Such cell
lines may be produced, for example, from spleen cells
obtained from an animal immunized as described above. The
spleen cells are then immortalized by, for example, fusion
with a myeloma cell fusion partner, preferably one that is
syngeneic with the immunized animal. A variety of fusion
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techniques may be employed. For example, the spleen cells
and myeloma cells may be combined with a nonionic detet-
gent for a few minutes and then plated at low density on a
selective medium that supports the growth of hybrid cells, but
not myeloma cells. A preferred selection technique uses HAT
(hypoxanthine, aminopterin, thymidine) selection. After a
sufficient time, usually about 1 to 2 weeks, colonies of
hybrids are observed. Single colonies are selected and tested
for binding activity against the polypeptide. Hybridomas hav-
ing high reactivity and specificity are preferred.

[0203] Monoclonal antibodies may be isolated from the
supernatants of growing hybridoma colonies. In this process,
various techniques may be employed to enhance the yield,
such as injection of the hybridoma cell line into the peritoneal
cavity of a suitable vertebrate host, such as a mouse. Mono-
clonal antibodies may then be harvested from the ascites fluid
or the blood. Contaminants may be removed from the anti-
bodies by conventional techniques, such as chromatography,
gel filtration, precipitation, and extraction. One or more
polypeptides may be used in the purification process in, for
example, an affinity chromatography step.

[0204] Monospecific antibodies that bind to a fusion
polypeptide comprising two or more immunogenic portions
of Leishmania K26,K39, and/or K9 antigens may be used, for
example, to detect Leishmania infection in a biological
sample using one of a variety of immunoassays, which may
be direct or competitive. Briefly, in one direct assay format, a
monospecific antibody may be immobilized on a solid sup-
port (as described above) and contacted with the sample to be
tested. After removal of the unbound sample, a second mono-
specific antibody, which has been labeled with a reporter
group, may be added and used to detect bound antigen. In an
exemplary competitive assay, the sample may be combined
with the monoclonal or polyclonal antibody, which has been
labeled with a suitable reporter group. The mixture of sample
and antibody may then be combined with polypeptide antigen
immobilized ona suitable solid support. Antibody that has not
bound to an antigen in the sample is allowed to bind to the
immobilized antigen and the remainder of the sample and
antibody is removed. The level of antibody bound to the solid
support is inversely related to the level of antigen in the
sample. Thus, a lower level of antibody bound to the solid
support indicates the presence of Leishmania in the sample.
Other formats for using monospecific antibodies to detect
Leishmania in a sample will be apparent to those of ordinary
skill in the art, and the above formats are provided solely for
exemplary purposes.

[0205] The various embodiments described above can be
combined to provide further embodiments. All of the U.S.
patents, U.S. patent application publications, U.S. patent
applications, foreign patents, foreign patent applications and
non-patent publications referred to in this specification and/or
listed in the Application Data Sheet, are incorporated herein
by reference, in their entirety. Aspects of the embodiments
can be modified, if necessary to employ concepts of the
various patents, applications and publications to provide yet
further embodiments.

EXAMPLES

Example 1

Mice Immunized with KSA or KSAC are Protected
Against L. Infantum Infection

[0206] C57BL/6 mice (Charles River Laboratories, Wilm-
ington, Mass.), were maintained in specific-pathogen-free
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conditions. Mice were eight to twelve-week-old at the begin-
ning of experiments. Promastigotes of L. infantum (MHOM/
BR/82/BA-2) were cultured at 25° C. in MEM (Invitrogen,
Carlsbad, Calif.) supplemented with 0.5xMEM essential
amino acids solution (Invitrogen), 0.1 mM MEM non-essen-
tial amino acids (Invitrogen), 1 mM sodium pyruvate, 25 mM
HEPES, 83 mM glucose, 26 mM sodium bicarbonate, 1
ug/ml para amino benzoic acid, 50 pg/ml gentamicin 10%
heat-inactivated fetal bovine serum and 6 ug/ml hemin. Pro-
mastigotes in a late log or stationary phase were used for
infections or Ag preparations.

[0207] Groups of five mice were immunized. The first
group was immunized with saline as a negative control. The
second group was immunized with 10 pg of SMT (e.g., SEQ
ID NO:4) plus 20 pug of MPL®-SE (GlaxoSmithKline Bio-
logicals, Rixensant, Belgium) in a volume 0f0.1 ml. The third
group was immunized with 10 ug of the KSA fusion polypep-
tide (e.g., SEQ ID NO:21) containing KMP11, SMT, and A2
plus 20 pg of MPL-SE® in a volume of 0.1 ml. The fourth
group was immunized with 10 ug of the KSAC fusion
polypeptide (e.g., SEQ ID NO:23) containing KMP11, SMT,
A2, and CBP plus 20 ug of MPL-SE® in a volume of 0.1 ml.
[0208] Three subcutaneous (s.c.) injections were given at
the base of the tail at 3-week intervals. Mice were infected 3
weeks after completion of the immunization protocol. As a
challenge, 5x10° L. infantum promastigotes were suspended
in 100 pl of phosphate buffered saline and injected intrave-
nously into the mouse tail vein.

[0209] At four weeks after the challenge, mice were sacri-
ficed to collect livers to determine the numbers of parasites in
these tissues by limiting dilution assay. The tissues were
homogenated with glass grinders and the suspensions were
two-fold serially diluted with complete HOMEM in 96-well
microplates with NNN blood agar. Each well was examined
for the presence of parasites ten days after plating, and the
numbers of parasites in the original tissues were calculated
based on dilution factor of the last positive well (FIG. 1).
[0210] The results of this experiment demonstrated that
mice immunized with KSA or KSAC fusion polypeptides
were significantly protected against L. infantum infection.

Example 2

Mice Immunized with KSA or KSAC are Protected
Against L. Donovani Infection

[0211] BALB/c mice (Charles River Laboratories) were
maintaired in specific-pathogen-free conditions. Mice were
eight to twelve-week-old at the beginning of experiments.
Promastigotes of L. donovani were grown at 25° C. in
medium 199 supplemented with 20% heat-inactivated fetal
bovine serum, 100 U of penicillin per ml, 100 pg of strepto-
mycin per ml, 2 mM L-glutamine, 0.1 mM adenine, 40 mM
HEPES, 0.25 mg of hemin per ml, and 0.31 mg of 6-biotin per
ml. Promastigotes in a late log or stationary phase were used
for infections or Ag preparations.

[0212] Groups of five mice were immunized. The first
group was immunized with saline as a negative control. The
second group was immunized with 10 pg of the KSA fusion
polypeptide (e.g., SEQ ID NO: 21) containing KMP11, SMT,
and A2 plus 20 pg of MPL-SE® in a volume of 0.1 ml. The
third group was immunized with 10 pg of the KSAC fusion
polypeptide (e.g., SEQ ID NO: 23) containing KMP11, SMT,
A2, and CBP plus 20 ug of MPL-SE® in a volume of 0.1 ml.
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[0213] Three subcutaneous (s.c.) injections were given at
the base of the tail at 3-week intervals. Mice were infected 3
weeks after completion of the immunization protocol. As a
challenge, 1x107 L. donovani promastigotes were suspended
in 100 pl of phosphate buffered saline and injected intrave-
nously into the mouse tail vein.

[0214] At four weeks after the challenge, mice were sacri-
ficed to collect livers to determine the numbers of parasites in
these tissues by limiting dilution assay. The tissues were
homogenated with glass grinders and the suspensions were
twofold serially diluted with complete 199 medium in
96-well microplates with NNN blood agar. Each well was
examined for the presence of parasites ten days after plating,
and the numbers of parasites in the original tissues were
calculated based on dilution factor of the last positive well
(FI1G. 2).

[0215] The results of this experiment demonstrated that
mice immunized with KSA or KSAC fusion polypeptides
were significantly protected against L. donovani infection.

Example 3

Mice Immunized with KSAC are Protected Against
L. Major Infection

[0216] BALB/c mice (Charles River Laboratories) were
maintained in specific-pathogen-free conditions. Mice were
eight to twelve-week-old at the beginning of experiments.
Promastigotes of L. major (MHOM/IL/80/Friedlin) were
grown at 25° C. in medium 199 supplemented with 20%
heat-inactivated fetal bovine serum, 100 U of penicillin per
ml, 100 pg of streptomycin per ml, 2 mM L-glutamine, 0.1
mM adenine, 40 mM HEPES, 0.25 mg of hemin per ml, and
0.31 mg of 6-biotin per ml. Promastigotes in a late log or
stationary phase were used for infections or Ag preparations.
[0217] Groups of five mice were immunized. The first
group was immunized with saline as a negative control. The
second group was immunized with 10 ug of the KSAC fusion
polypeptide (e.g., SEQ ID NO: 23) containing KMP11, SMT,
A2, and CBP plus 20 ug of MPL-SE® in a volume of 0.1 ml.
[0218] As a challenge, 2,000 L. major promastigotes were
suspended in 10 pl of phosphate buffered saline and injected
intradermally into both the left and right ears. Mice were
infected 3 weeks after completion of the immunization pro-
tocol.

[0219] Theprogress of infection was monitored every week
for eight weeks by measuring the diameter of the induration
of the ear lesion with a metric caliper (FIG. 3A).

[0220] At eight weeks after the challenge, ear tissue was
collected to determine the numbers of parasites by limiting
dilution assay. The tissue was homogenated with grinders and
the suspensions were twofold serially diluted with complete
199 medium in 96-well microplates with NNN blood agar.
Each well was examined for the presence of parasites ten days
after plating, and the numbers of parasites in the original
tissues were calculated based on dilution factor of the last
positive well (FIG. 3B).

[0221] Incertain preferred embodiments, the adjuvant used
in the present invention is a glucopyranosyl lipid A (GLA)
adjuvant, as described in U.S. Patent Application Publication
No. 20080131466, the disclosure of which is incorporated
herein by reference in its entirety. For example, in one
embodiment, the GLA adjuvant used in the context of the
present invention has the following structure:
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where: R',R* R®and R®are C | ,-C,, alkyl; and R* and R*are
C,-Cypalkyl.

[0222] In a more specific embodiment, the GLA has the
formula set forth above wherein R', R*, R*andR® are C,,_,,
alkyl; and R* and R* are C 5 alkyl.

[0223] In a more specific embodiment, the GLA has the
formula set forth above whereinR*, R*>, R*andR are C,,_,
alkyl; and R? and R* are C, , alkyl.

[0224] Another enhanced adjuvant system involves the
combination of a CpG-containing oligonucleotide and a
saponin derivative as disclosed in WO 00/09159.

[0225] Other illustrative adjuvants include Montanide ISA
720 (Seppic, France), SAF (Chiron, Calif., United States),
ISCOMS (CSL), MF-59 (Chiron), the SBAS series of adju-
vants (e.g., SBAS-2, AS2', AS2." SBAS-4, or SBASG, avail-
able from SmithKline Beecham, Rixensart, Belgium), Detox,
RC-529 (Corixa, Hamilton, Mont.) and other aminoalkyl glu-
cosaminide 4-phosphates (AGPs), such as those described in
pending U.S. patent application Ser. Nos. 08/853.826 and
[0226] The results of this experiment demonstrated that
mice immunized with KSAC fusion polypeptides were sig-
nificantly protected against L. major infection.

Example 4
KSAC Immunization of Canines

[0227] Dogs with visceral leishmaniasis are vaccinated
subcutaneously with KSAC (SEQ ID NO: 21)+adjuvant
weekly for 6 weeks. The KSAC is administered at adose of 25
pg and the adjuvant, MPL-SE (a TLR-4 agonist) is adminis-
tered at a dose of 25 pg. In some studies the TLR-9 agonist
CgG 2395 (500 pg) is administered instead of, or in addition,
to the MPL-SE. After a two month pause, 3 additional vac-
cines are administered subcutaneously at weekly intervals.
Dogs entered in the study have clinical scores of 4 to 7 out of
a possible 16, where the higher number is indicative of more
severe disease. Parasite burden is monitored in the bone mar-
row, spleen, lymph nodes and skin. Immune responses to the
vaccine are monitored in blood.

[0228] As would be recognized by the skilled artisan, these
and other changes can be made to the embodiments of the
invention in light of the above-detailed description. In gen-
eral, in the following claims, the terms used should not be
construed to limit the claims to the specific embodiments
disclosed in the specification and the claims, but should be
construed to include all possible embodiments along with the
full scope of equivalents to which such claims are entitled.
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<160>

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

<400>

SEQUENCE LISTING

NUMBER OF SEQ ID NOS: 38

SEQ ID NO 1

LENGTH: 92

TYPE: PRT

ORGANISM: Leishmania infantum

SEQUENCE: 1

Met Ala Thr Thr Tyr Glu Glu Phe Ser

1

5

Glu Glu Phe Asn Arg Lys Met Gln Glu

20 25

Asp Lys Pro Asp Glu Ser Thr Leu Ser

35 40

Glu Lys Phe Glu Arg Met Ile Lys Glu
50 55

Lys Met His Glu His Ser Glu His Phe

65

70

Leu Glu Gln Gln Lys Ala Ala Gln Tyr

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

<400>

85

SEQ ID NO 2

LENGTH: 92

TYPE: PRT

ORGANISM: Leishmania donovani

SEQUENCE: 2

Met Ala Thr Thr Tyr Glu Glu Phe Ser

1

5

Gln Glu Phe Asn Arg Lys Met Gln Glu

20 25

Asp Lys Pro Asp Glu Ser Thr Leu Ser

35 40

Glu Lys Phe Glu Arg Met Ile Lys Glu
50 55

Lys Met His Glu His Ser Glu His Phe

65

70

Leu Glu Gln Gln Lys Ala Ala Gln Tyr

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

<400>

Met Al
1

Glu Gl

85

SEQ ID NO 3

LENGTH: 92

TYPE: PRT

ORGANISM: Leishmania major

SEQUENCE: 3

a Thr Thr Tyr Glu Glu Phe Ser
5

u Phe Asn Arg Lys Met Gln Glu
20 25

Asp Lys Pro Asp Glu Ser Thr Leu Ser

35 40

Glu Lys Phe Glu Arg Met Ile Lys Glu

50

55

Ala

10

Gln

Pro

His

Lys

Pro
90

Ala

10

Gln

Pro

His

Lys

Pro
90

Ala
10
Gln

Pro

His

Lys

Asn

Glu

Thr

Gln

75

Ser

Lys

Asn

Glu

Thr

Gln

75

Ser

Lys

Asn

Glu

Thr

Leu

Ala

Met

Glu

60

Lys

Lys

Leu

Ala

Met

Glu

60

Lys

Lys

Leu

Ala

Met

Glu
60

Asp

Lys

Lys

45

Lys

Phe

Asp

Lys

Arg

45

Lys

Phe

Asp

Lys

Lys

45

Lys

Arg

Phe

30

Glu

Phe

Ala

Arg

Phe

30

Glu

Phe

Ala

Arg
Phe
30

Glu

Phe

Leu

15

Phe

His

Asn

Glu

Leu

15

Phe

His

Asn

Glu

Leu

15

Phe

His

Asn

Asp

Ala

Tyr

Lys

Leu
80

Asp

Ala

Tyr

Lys

Leu
80

Asp

Ala

Tyr

Lys
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-continued

Lys Met His Glu His Ser Glu His Phe Lys Gln Lys Phe Ala Glu Leu
65 70 75 80

Leu Glu Gln Gln Lys Ala Ala Gln Tyr Pro Ser Lys
85 90

<210> SEQ ID NO 4

<211> LENGTH: 353

<212> TYPE: PRT

<213> ORGANISM: Leishmania infantum

<400> SEQUENCE: 4

Met Ser Ala Gly Gly Arg Glu Thr Ala Pro Thr Asn Leu Ile Arg Arg
1 5 10 15

Arg Asn Lys Asp Glu Thr Asn Gly Asp Val Ser Ala Ala Ala Asp Arg
20 25 30

Phe Arg Asp Arg Phe Glu Lys Ala Thr Leu Glu Glu Arg Lys 2la 2Ala
35 40 45

Thr Thr Thr Met Val Asn Glu Tyr Tyr Asp Leu Val Thr Asp Phe Tyr
50 55 60

Glu Tyr Gly Trp Gly Gln Asn Phe His Phe Ala Pro Arg Tyr Ala Gly
65 70 75 80

Glu Thr Phe Phe Glu Ser Leu Ala Arg His Glu Tyr Phe Leu Ala Ala
85 90 85

Arg Gly Gly Phe Met Glu Gly Asp His Ile Val Asp Val Gly Cys Gly
100 105 110

Val Gly Gly Pro Ala Arg Asn Met Val Arg Leu Thr Arg Cys Asn Val
115 120 125

Ile Gly Val Asn Asn Asn Asp Tyr Gln Ile Ser Arg Ala Arg Arg His
130 135 140

Asp Ala Leu Ala Gly Met Ser Ser Lys Ile Asp Tyr Val Lys Thr Asp
145 150 155 160

Phe Cys Asn Met Ser Leu Ala Asp Asn Thr Phe Asp Gly Ala Tyr 2Ala
165 170 175

Ile Glu Ala Thr Cys His Ala Lys Asp Lys Val Lys Cys Tyr Ser Glu
180 185 190

Val Phe Arg Val Ile Lys Pro Gly Thr Cys Phe Val Leu Tyr Glu Trp
195 200 205

Cys Met Thr Asp Lys Tyr Asn Pro Asn Asp Glu Tyr His Arg Thr Ile
210 215 220

Lys His Arg Ile Glu Leu Gly Asp Gly Leu Pro Glu Met Glu Thr Cys
225 230 235 240

Lys Gln Val Ile Glu Tyr Met Lys Gln Ala Gly Phe Val Val Glu Glu
245 250 255

Ala Ile Asp Val Ile Ser Gln Phe Glu Ser Ser Pro Ile Lys Ser Ile
260 265 270

Pro Trp Tyr Gln Pro Leu Val Gly Asp Tyr Ser Ser Leu Gln Gly Leu
275 280 285

Arg Ser Thr Pro Ile Gly Arg Ile Leu Thr Asn Val Met Cys Arg Val
290 295 300

Leu Glu Phe Val Arg Leu Ala Pro Lys Gly Thr Tyr Lys Ala Thr Glu
305 310 315 320

Ile Leu Glu Glu Ala Ala Glu Ser Leu Val Val Gly Gly Gln Leu Gly
325 330 335
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-continued

Ile Phe Thr Pro Ser Phe Tyr Ile Arg Ala Arg Lys Pro Ser Lys Gln
340 345 350

Ala

<210> SEQ ID NO &5

<211> LENGTH: 353

<212> TYPE: PRT

<213> ORGANISM: Leishmania donovani

<400> SEQUENCE: 5

Met Ser Ala Gly Gly Arg Glu Thr Ala Pro Thr Asn Leu Ile Arg Arg
1 5 10 15

Arg Asn Lys Asp Glu Thr Asn Gly Asp Val Ser Ala Ala Ala Asp Arg
20 25 30

Phe Arg Asp Arg Phe Glu Lys Ala Thr Leu Glu Glu Arg Lys 2la 2Ala
35 40 45

Thr Thr Thr Met Val Asn Glu Tyr Tyr Asp Leu Val Thr Asp Phe Tyr
50 55 60

Glu Tyr Gly Trp Gly Gln Asn Phe His Phe Ala Pro Arg Tyr Ala Gly
65 70 75 80

Glu Thr Phe Phe Glu Ser Leu Ala Arg His Glu Tyr Phe Leu Ala Ala
85 90 85

Arg Gly Gly Phe Met Glu Gly Asp His Ile Val Asp Val Gly Cys Gly
100 105 110

Val Gly Gly Pro Ala Arg Asn Met Val Arg Leu Thr Arg Cys Asn Val
115 120 125

Ile Gly Val Asn Asn Asn Asp Tyr Gln Ile Ser Arg Ala Arg Arg His
130 135 140

Asp Ala Leu Ala Gly Met Ser Ser Lys Ile Asp Tyr Val Lys Thr Asp
145 150 155 160

Phe Cys Asn Met Ser Leu Ala Asp Asn Thr Phe Asp Gly Ala Tyr 2Ala
165 170 175

Ile Glu Ala Thr Cys His Ala Lys Asp Lys Val Lys Cys Tyr Ser Glu
180 185 190

Val Phe Arg Val Ile Lys Pro Gly Thr Cys Phe Val Leu Tyr Glu Trp
195 200 205

Cys Met Thr Asp Lys Tyr Asn Pro Asn Asp Glu Tyr His Arg Thr Ile
210 215 220

Lys His Arg Ile Glu Leu Gly Asp Gly Leu Pro Glu Met Glu Thr Cys
225 230 235 240

Lys Gln Val Ile Glu Tyr Met Lys Gln Ala Gly Phe Val Val Glu Glu
245 250 255

Ala Ile Asp Val Ile Ser Gln Phe Glu Ser Ser Pro Ile Lys Ser Ile
260 265 270

Pro Trp Tyr Gln Pro Leu Val Gly Asp Tyr Ser Ser Leu Gln Gly Leu
275 280 285

Arg Ser Thr Pro Ile Gly Arg Ile Leu Thr Asn Val Met Cys Arg Val
290 295 300

Leu Glu Phe Val Arg Leu Ala Pro Lys Gly Thr Tyr Lys Ala Thr Glu
305 310 315 320

Val Leu Glu Glu Ala Ala Glu Ser Leu Val Val Gly Gly Gln Leu Gly
325 330 335
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-continued

Ile Phe Thr Pro Ser Phe Tyr Ile Arg Ala Arg Lys Pro Ser Lys Gln
340 345 350

Ala

<210> SEQ ID NO 6

<211> LENGTH: 353

<212> TYPE: PRT

<213> ORGANISM: Leishmania major

<400> SEQUENCE: 6

Met Ser Ala Gly Gly Arg Glu Thr Ala Pro Met Asn Leu Leu Arg Arg
1 5 10 15

Arg Asn Lys Asp Glu Ile Asn Gly Asp Val Asn Ala Ala Ala Asp Arg
20 25 30

Phe Arg Asn Arg Phe Glu Lys Ala Thr Leu Glu Glu Arg Lys 2la 2Ala
35 40 45

Thr Thr Thr Met Val Asn Glu Tyr Tyr Asp Leu Val Thr Asp Phe Tyr
50 55 60

Glu Tyr Gly Trp Gly Gln Asn Phe His Phe Ala Pro Arg Tyr Ala Gly
65 70 75 80

Glu Thr Phe Phe Glu Ser Leu Ala Arg His Glu Tyr Phe Leu Ala Ala
85 90 85

Arg Gly Gly Phe Met Glu Gly Asp His Ile Val Asp Val Gly Cys Gly
100 105 110

Val Gly Gly Pro Ala Arg Asn Ile Val Arg Leu Thr Arg Cys Ash Val
115 120 125

Thr Gly Val Asn Asn Asn Asp Tyr Gln Ile Ser Arg Ala Arg Arg His
130 135 140

Asp Ala Leu Ala Gly Met Ser Cys Lys Ile Asp Tyr Val Lys Thr Asp
145 150 155 160

Phe Cys Asn Met Ser Leu Ala Asp Asn Thr Phe Asp Gly Ala Tyr 2Ala
165 170 175

Ile Glu Ala Thr Cys His Ala Lys Asp Lys Val Lys Cys Tyr Ser Glu
180 185 190

Val Phe Arg Val Ile Lys Pro Gly Thr Cys Phe Val Leu Tyr Glu Trp
195 200 205

Cys Met Thr Asp Lys Tyr Asn Pro Asn Asp Glu Tyr His Arg Thr Ile
210 215 220

Lys His Arg Ile Glu Leu Gly Asp Gly Leu Pro Glu Met Glu Thr Cys
225 230 235 240

Lys Gln Val Ile Glu Tyr Met Lys Glu Ala Gly Phe Val Val Glu Glu
245 250 255

Ala Ile Asp Val Ile Ser Gln Phe Glu Ser Ser Pro Ile Lys Ser Ile
260 265 270

Pro Trp Tyr Gln Pro Leu Val Gly Asp Tyr Ser Ser Leu Gln Gly Leu
275 280 285

Arg Ser Thr Pro Ile Gly Arg Ile Leu Thr Asn Ile Met Cys Arg Val
290 295 300

Leu Glu Phe Val His Leu Ala Pro Lys Gly Thr Tyr Lys Ala Thr Glu
305 310 315 320

Val Leu Glu Glu Ala Ala Glu Ser Leu Val Val Gly Gly Gln Leu Gly
325 330 335



US 2009/0291099 A1

26

-continued

Ile Phe Thr Pro Ser Phe Tyr Ile Arg
340 345

Ala

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

SEQ ID NO 7
LENGTH: 236
TYPE: PRT
ORGANISM: Leishmania infantum

<400> SEQUENCE: 7

Met Lys Ile Arg Ser Pro Leu

1 5

Val Arg

Ala Ala Val Ala Ala Ser

25

Leu Leu Ser

20
Val Val
35

Val
40

Asp Gly Pro Leu Ser Gly

Val
50

Gln Ala Val

55

Ser Gly Pro Gly Pro

Val
65

Gly Val

70

Pro Leu Ser Gly Pro Gln

Gly Gln Val

85

Pro Ser Gly Pro Leu Ser

Gln Val

100

Val
105

Pro Ser Gly Pro Leu Ser

Val
115

Gln Val

120

Leu Ser Gly Pro Ser Gly

Ala Val

130

Gly Val

135

Pro Leu Ser Gly Pro

Val
145

Gly Gln Ala Val

150

Pro Gly Pro Leu

Gly Val

165

Pro Leu Ser Gly Pro Gln Ser

Gln Val

180

Val
185

Ser Ser Gly Pro Leu Ser

Val
195

Gln Val

200

Leu Ser Pro Ser Gly

Val
210

Val
215

Ser Gly Pro Leu Ser Gly Pro

Val
225

Gly Gln Val

230

Pro Ser Agp Val Ser

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

SEQ ID NO 8
LENGTH: 443
TYPE: PRT
ORGANISM: Leishmania infantum

<400> SEQUENCE: 8

Met Ala Thr Ser Arg Ala Ala Leu Cys
1 5

Val Leu Ala Ala Ala Cys Ala Pro Ala
20 25

Pro Ala Ala Ala Leu Phe Glu Glu Phe
35 40

Ala Arg Lys Pro Ser Lys Gln
350

Val
10

Val Leu Leu Val Cys Val

15

Ala Glu Pro His Lys Ala Ala

30
Gln Ser Val
45

Pro Gly Pro Leu

Ser Val
60

Leu Gly Pro Gln Ser

Ala Val

80

Val Gly Pro Leu Ser

75

Val
90

Val
95

Gly Pro Leu Ser

Ser Gln Val

110

Gly Ser Gly Pro

Val
125

Pro Leu Ser Gly Pro Gln

Gln Ser Val

140

Gly Pro Leu Ser

Gln Val

160

Ser Val Gly Pro Ser

155

Val
170

Val
175

Gly Pro Leu Ser Gly

Pro Gln Val

190

Gly Ser Gly Pro

Val
205

Pro Leu Ser Gly Pro Gln

Gln Ser Val

220

Gly Pro Leu Ser

Val Ser
235

Pro

Ala Val Ala
10

Val Val Cys Val

15
Arg Ala Ile

Tyr Val Gly Thr

30
Lys Arg Thr Tyr Arg Arg Ala
45
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-continued

Tyr Gly Thr Leu Ala Glu Glu Gln Gln Arg Leu Ala Asn Phe Glu Arg
50 55 60

Asn Leu Glu Leu Met Arg Glu His Gln Ala Arg Asn Pro His Ala Arg
65 70 75 80

Phe Gly Ile Thr Lys Phe Phe Asp Leu Ser Glu Ala Glu Phe 2la 2la
85 90 85

Arg Tyr Leu Asn Gly Ala Ala Tyr Phe Ala Ala Ala Lys Gln His Ala
100 105 110

Gly Gln His Tyr Arg Lys Ala Arg Ala Asp Leu Ser Ala Val Pro Asp
115 120 125

Ala Val Asp Trp Arg Glu Lys Gly Ala Val Thr Pro Val Lys Asn Gln
130 135 140

Gly Ala Cys Gly Ser Cys Trp Ala Phe Ser Ala Val Gly 2Asn Ile CGlu
145 150 155 160

Ser Gln Trp Ala Arg Ala Gly His Gly Leu Val Ser Leu Ser Glu Gln
165 170 175

Gln Leu Val Ser Cys Asp Asp Lys Asp Asn Gly Cys Asn Gly Gly Leu
180 185 190

Met Leu Gln Ala Phe Glu Trp Leu Leu Arg His Met Tyr Gly Ile Val
195 200 205

Phe Thr Glu Lys Ser Tyr Pro Tyr Thr Ser Gly Asn Gly Asp Val Ala
210 215 220

Glu Cys Leu Asn Ser Ser Lys Leu Val Pro Gly Ala Gln Ile Asp Cly
225 230 235 240

Tyr Val Met Ile Pro Ser Asn Glu Thr Val Met Ala Ala Trp Leu Ala
245 250 255

Glu Asn Gly Pro Ile Ala Ile Ala Val Asp Ala Ser Ser Phe Met Ser
260 265 270

Tyr Gln Ser Gly Val Leu Thr Ser Cys Ala Gly Asp Ala Leu Asn His
275 280 285

Gly Val Leu Leu Val Gly Tyr Asn Lys Thr Gly Gly Val Pro Tyr Trp
290 295 300

Val Ile Lys Asn Ser Trp Gly Glu Asp Trp Gly Glu Lys Gly Tyr Val
305 310 315 320

Arg Val Val Met Gly Leu Asn Ala Cys Leu Leu Ser Glu Tyr Pro Val
325 330 335

Ser Ala His Val Pro Arg Ser Leu Thr Pro Gly Pro Gly Thr Glu Ser
340 345 350

Glu Glu Arg Ala Pro Lys Arg Val Thr Val Glu Gln Met Met Cys Thr
355 360 365

Asp Met Tyr Cys Arg Glu Gly Cys Lys Lys Ser Leu Leu Thr 2Ala Asn
370 375 380

Val Cys Tyr Lys Asn Gly Gly Gly Gly Ser Ser Met Thr Lys Cys Gly
385 390 395 400

Pro Gln Lys Val Leu Met Cys Ser Tyr Ser Asn Pro His Cys Phe Gly
405 410 415

Pro Gly Leu Cys Leu Glu Thr Pro Asp Gly Lys Cys Ala Pro Tyr Phe
420 425 430

Leu Gly Ser Ile Met Asn Thr Cys Gln Tyr Thr
435 440
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-continued

<210> SEQ ID NO 9

<211> LENGTH: 443

<212> TYPE: PRT

<213> ORGANISM: Leishmania donovani

<400> SEQUENCE: 9

Met Ala Thr Ser Arg Ala Ala Leu Cys Ala Val Ala Val Val Cys Val
1 5 10 15

Val Leu Ala Ala Ala Cys Ala Pro Ala Arg Ala Ile Tyr Val Gly Thr
20 25 30

Pro Ala Ala Ala Leu Phe Glu Glu Phe Lys Arg Thr Tyr Arg Arg 2Ala
35 40 45

Tyr Gly Thr Leu Ala Glu Glu Gln Gln Arg Leu Ala Asn Phe Glu Arg
50 55 60

Asn Leu Glu Leu Met Arg Glu His Gln Ala Arg Asn Pro His Ala Arg
65 70 75 80

Phe Gly Ile Thr Lys Phe Phe Asp Leu Ser Glu Ala Glu Phe 2la 2Ala
85 90 85

Arg Tyr Leu Asn Gly Ala Ala Tyr Phe Ala Ala Ala Lys Gln His Ala
100 105 110

Gly Gln His Tyr Arg Lys Ala Arg Ala Asp Leu Ser Ala Val Pro Asp
115 120 125

Ala Val Asp Trp Arg Glu Lys Gly Ala Val Thr Pro Val Lys Asn Gln
130 135 140

Gly Ala Cys Gly Ser Cys Trp Ala Phe Ser Ala Val Gly 2Asn Ile Glu
145 150 155 160

Ser Gln Trp Ala Arg Val Gly His Gly Leu Val Ser Leu Ser Glu Gln
165 170 175

Gln Leu Val Ser Cys Asp Asp Lys Asp Asn Gly Cys Asn Gly Gly Leu
180 185 190

Met Leu Gln Ala Phe Glu Trp Leu Leu Arg His Met Tyr Gly Ile Val
195 200 205

Phe Thr Glu Lys Ser Tyr Pro Tyr Thr Ser Gly Asn Gly Asp Val Ala
210 215 220

Glu Cys Leu Asn Ser Ser Lys Leu Val Pro Gly Ala Gln Ile Asp CGly
225 230 235 240

Tyr Val Met Ile Pro Ser Asn Glu Thr Val Met Ala Ala Trp Leu 2Ala
245 250 255

Glu Asn Gly Pro Ile Ala Ile Ala Val Asp Ala Ser Ser Phe Met Ser
260 265 270

Tyr Gln Ser Gly Val Leu Thr Ser Cys Ala Gly Asp Ala Leu Asn His
275 280 285

Gly Val Leu Leu Val Gly Tyr Asn Lys Thr Gly Gly Val Pro Tyr Trp
290 295 300

Val Ile Lys Asn Ser Trp Gly Glu Asp Trp Gly Glu Lys Gly Tyr Val
305 310 315 320

Arg Val Ala Met Gly Lys Asn Ala Cys Leu Leu Ser Glu Tyr Pro Val
325 330 335

Ser Ala His Val Pro Arg Ser Leu Thr Pro Gly Pro Gly Thr Glu Ser
340 345 350

Glu Glu Arg Ala Pro Lys Arg Val Thr Val Glu Gln Val Met Cys Thr
355 360 365
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-continued

Asp Met Tyr Cys Arg Glu Gly Cys Lys Lys Ser Leu Leu Thr Ala Asn
370 375 380

Val Cys Tyr Lys Asn Gly Gly Gly Gly Ser Ser Met Thr Lys Cys CGly
385 390 395 400

Pro Lys Lys Val Leu Met Cys Ser Tyr Ser Asn Pro His Cys Phe Gly
405 410 415

Pro Gly Leu Cys Leu Glu Thr Pro Asp Gly Lys Cys Ala Pro Tyr Phe
420 425 430

Leu Gly Ser Ile Met Asn Thr Cys Gln Tyr Thr
435 440

<210> SEQ ID NO 10

<211> LENGTH: 443

<212> TYPE: PRT

<213> ORGANISM: Leishmania major

<400> SEQUENCE: 10

Met Ala Thr Ser Arg Ala Ala Leu Cys Ala Val Ala Val Val Cys Val
1 5 10 15

Val Leu Ala Ala Ala Cys Ala Pro Ala Arg Ala Ile Tyr Val Gly Thr
20 25 30

Pro Ala Ala Ala Leu Phe Glu Glu Phe Lys Arg Thr Tyr Gln Arg Ala
35 40 45

Tyr Gly Thr Leu Thr Glu Glu Gln Gln Arg Leu Ala Asn Phe Glu Arg
50 55 60

Asn Leu Glu Leu Met Arg Glu His Gln Ala Arg Asn Pro Hig Ala Arg
65 70 75 80

Phe Gly Ile Thr Lys Phe Phe Asp Leu Ser Glu Ala Glu Phe 2la 2Ala
85 90 85

Arg Tyr Leu Asn Gly Ala Ala Tyr Phe Ala Ala Ala Lys Gln His Ala
100 105 110

Gly Gln His Tyr Arg Lys Ala Arg Ala Asp Leu Ser Ala Val Pro Asp
115 120 125

Ala Val Asp Trp Arg Glu Lys Gly Ala Val Thr Pro Val Lys Asn Gln
130 135 140

Gly Ala Cys Gly Ser Cys Trp Ala Phe Ser Ala Val Gly 2Asn Ile Glu
145 150 155 160

Ser Gln Trp Ala Val Ala Gly His Lys Leu Val Arg Leu Ser Glu Gln
165 170 175

Gln Leu Val Ser Cys Asp His Val Asp Asn Gly Cys Gly Gly Gly Leu
180 185 190

Met Leu Gln Ala Phe Glu Trp Val Leu Arg Asn Met Asn Gly Thr Val
195 200 205

Phe Thr Glu Lys Ser Tyr Pro Tyr Val Ser Gly Asn Gly Asp Val Pro
210 215 220

Glu Cys Ser Agn Ser Ser Glu Leu Ala Pro Gly Ala Arg Ile Asp CGly
225 230 235 240

Tyr Val Ser Met Glu Ser Ser Glu Arg Val Met Ala Ala Trp Leu 2la
245 250 255

Lys Asn Gly Pro Ile Ser Ile Ala Val Asp Ala Ser Ser Phe Met Ser
260 265 270

Tyr Hig Ser Gly Val Leu Thr Ser Cys Ile Gly Glu Gln Leu Asn His
275 280 285
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-continued

Gly Val Leu Leu Val Gly Tyr Asn Met Thr Gly Glu Val Pro Tyr Trp
290 295 300

Val Ile Lys Asn Ser Trp Gly Glu Asp Trp Gly Glu Lys Gly Tyr Val
305 310 315 320

Arg Val Thr Met Gly Val Asn Ala Cys Leu Leu Thr Gly Tyr Pro Val
325 330 335

Ser Val His Val Ser Gln Ser Pro Thr Pro Gly Pro Asn Thr Thr Thr
340 345 350

Thr Thr His Ala Pro Lys Arg Val Thr Val Lys Gln Ile Thr Cys Thr
355 360 365

Asp Tyr Phe Cys Arg Lys Gly Cys Lys Thr Thr Val Ile Pro Thr Lys
370 375 380

Glu Cys Leu Pro Asn Gly Ala Gly Gly Ser Phe Gln Met Glu Cys Cly
385 390 395 400

Asp His Gln Val Leu Lys Leu Thr Tyr Thr Ser Met Asn Cys Thr Gly
405 410 415

Glu Ala Lys Tyr Thr Val Thr Arg Glu Gly Lys Cys Gly Ile Ser Trp
420 425 430

Ser Gly Ser Ser Lys Ser Ile Cys Gln Tyr Val
435 440

<210> SEQ ID NO 11

<211l> LENGTH: 279

<212> TYPE: DNA

<213> ORGANISM: Leishmania infantum

<400> SEQUENCE: 11

atggecacca cgtacgagga gttttoggeyg aagetggace gectggatga ggagttcaac 60

aggaagatge aggagcagaa cgecaagtte tttgeggaca ageeggatga gtegacgetg 120

tegecegaga tgaaggagea ctacgagaag ttegagegca tgatcaagga acacacagay 180
aagttcaaca agaagatgca cgagcacteg gagcacttca agcagaagtt cgecgagety 240
ctecgagecage agaaggcetge gcagtacceg tcecaagtaa 279

<210> SEQ ID NO 12

<211> LENGTH: 279

<212> TYPE: DNA

<213> ORGANISM: Leishmania donovani

<400> SEQUENCE: 12

atggccacca cgtacgagga gtttteggeg aagetggace gectggatca ggagttcaac 60

aggaagatygc aggagcagaa cgecaagtte tttgeggaca agecggatga gtcgacgetg 120

tecgeccgaga tgagagagea ctacgagaag ttcgagegca tgatcaagga acacacagag 180
aagttcaaca agaagatgca cgagcactcg gagcacttca agcagaagtt cgccgagetg 240
ctecgagcage agaaggcetge gcagtacceg tccaagtaa 279

<210> SEQ ID NO 13

<211> LENGTH: 279

<212> TYPE: DNA

<213> ORGANISM: Leishmania major

<400> SEQUENCE: 13

atggccacca cgtacgagga gttctoggeg aagctggace gectggatga ggagttcaac 60
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aggaagatgc aggaacagaa cgccaagtte tttgcggaca agccggatga gtcgacgcetg 120
tecgeecgaga tgaaggagca ctacgagaag ttcegagegca tgatcaagga gcacacagag 180
aagttcaaca agaagatgca cgagcactcg gagcacttca agcagaagtt cgccgagcetyg 240
ctcgagcage agaaggctgc gcagtacccg tccaagtga 279
<210> SEQ ID NO 14

<211> LENGTH: 1062

<212> TYPE: DNA

<213> ORGANISM: Leishmania infantum

<400> SEQUENCE: 14

atgtccgecg gtggecgtga gaccgegecg acgaacctga ttegtegeeg caacaaggac 60
gagacaaacyg gggatgtcag cgccgeecgec gaccgettee gcecgaccgett cgagaaggca 120
accctecgagg agcegcaaggce cgccaccacg acgatggtca acgagtacta cgacctggtyg 180
acggacttct acgagtacgg ctggggccag aacttccatt tcgegceegeg ctacgecggce 240

gagaccttet tcgagtccet cgegegecac gagtacttee tggecegeteg cggeggette 300

atggagggcg accacategt cgacgtggge tgceggcgteg geggtceegge gegcaacatyg 360

gttegectea cgegetgeaa cgtcategge gtcaacaaca acgattacca gatcageege 420
gctegeegte atgacgeget cgecggtatg agetccaaga tcegactacgt caagaccgac 480
ttetgeaaca tgagettage cgacaacace ttegacggeyg cctacgecat cgaggecace 540

tgccacgeaa aggacaaggt caagtgetat agegaggtet teegtgteat caagecegge 600
acctygetttyg teetgtacga gtggtgeatyg accgacaagt acaaccecaa tgacgagtac 660
caccgeacaa tcaagcaceg catcegagetyg ggegacggee tgecggagat ggagacgtge 720
aaacaggtga tcgagtacat gaagcaggece ggettegtgg tggaggagge catagacgte 780
atcagtcagt tcgagtecag cceccatcaag agtatcceegt ggtaccagee getggtegge 840
gactattegt ccetgecaggg cotgegetet acccegattg geegeatcct cacgaacgte 900
atgtgtegeg tgetggagtt cgtgegecta getccgaagg geacgtacaa ggegacggag 960
attttggagg aggctgcgga aagectggtg gtgggeggte ageteggeat cttceacgecg 1020
tecttetaca teegegeteg caagecgtec aagcaggctt ag 1062
<210> SEQ ID NO 15

<211> LENGTH: 1062

<212> TYPE: DNA

<213> ORGANISM: Leishmania donovani

<400> SEQUENCE: 15

atgtecgeeg gtggecgtga gaccgegeeg acgaacctga ttegtegecg caacaaggac 60
gagacaaacg gggatgtcag cgeccgecgee gaccgettec gegaccgett cgagaaggea 120
acccteogagg agegeaagge cgecaccacg acgatggtea acgagtacta cgacetggtg 180
acggacttet acgagtacgg ctggggecag aacttccatt tegegecegeg ctacgeegge 240
gagaccttet tegagtecet cgegegecac gagtacttec tggecgeteg cggeggette 300
atggagggeg accacatcgt cgacgtggge tgeggegteg geggtcegge gegcaacatg 360
gttegectea cgegetgcaa cgtcategge gtcaacaaca acgattacca gatcageege 420

gctegeegte atgacgeget cgeoggtatg agetccaaga tcgactacgt caagaccgac 480
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ttctgcaaca tgagettage cgacaacacce ttcgacggeg cctacgecat cgaggccacce 540
tgccacgcaa aggacaaggt caagtgctat agcgaggtct tccgtgtcat caageceggce 600
acctgctttg tectgtacga gtggtgecatg accgacaagt acaaccccaa tgacgagtac 660
caccgcacaa tcaagcaccg catcgagetg ggcgacggee tgccggagat ggagacgtgce 720
aaacaggtga tcgagtacat gaagcaggcce ggcttcegtgg tggaggaggce catagacgtce 780
atcagtcagt tcgaatccag ccccatcaag agtatceccgt ggtaccagec gectggtegge 840
gactattecgt ccectgcaggg cctgegetet accccgattg geegcatect cacgaacgte 900
atgtgtcgeg tgctggagtt cgtgegecta geteccgaagg gcacgtacaa ggcgacggag 960
gttttggagg aggctgcgga aagcctggtg gtgggcggte agectcecggcat cttceacgecg 1020

tecttectaca tcegegeteg caagecgtcec aagcaggctt ag 1062

<210> SEQ ID NO 16

<211> LENGTH: 1062

<212> TYPE: DNA

<213> ORGANISM: Leishmania major

<400> SEQUENCE: 16

atgtectgeeyg gtggecgtga gaccgegeeg atgaacctge ttegtegeeg caacaaggat 60
gagataaacyg gggatgtcaa cgccgececgec gaccgettece gcaaccgett cgagaaggea 120
accctegagyg agegecaagge cgecaccacg acgatggtea acgagtacta cgacctggtyg 180

acggacttet acgagtacgg ctggggecag aacttteatt tegegeegeg ctacgeegge 240
gagaccttet tegagteccet cgegegecae gagtacttee tggeegecey cggeggette 300

atggagyggeg accatategt cgacgtyggge tgeggegtey geggteegge gegeaacata 360

gttegectea cgegetgtaa cgtcacegge gtcaacaaca acgattacca aatcageege 420
getegeegte atgacgeact cgecggtaty agetgeaaaa tegactacgt caagaccgac 480
ttctgcaaca tgagettage cgacaacace ttegacggeg cctacgecat cgaggecaca 540
tgccacgcaa aggacaaggt caagtgetat agegaggtet tecgtgteat caagecegge 600
acctgetteg tectgtacga gtggtgeatg accgacaagt acaaccccaa tgacgagtac 660

catecgcacga tcaagcaceg cattgagetg ggcgacggee tgecggagat ggagacgtge 720
aagcaggtga tcgagtacat gaaggaggec ggtttegtgyg tggaggaage catagatgte 780
atcagtcagt tcgagtccag ccccatcaag agcatceegt ggtaccagec getggttgge 840
gactactegt ccetgecaggg cctgegetet acccegattyg geegeateet caccaacate 900
atgtgtegeg tgetggagtt cgtgeaccta getecgaagyg geacgtacaa ggegacggag 960
gttttggagy aggctgcgga aagcctggtyg gtgggeggte ageteggeat cttcacgecg 1020
tecctteotaca teegegeteg caagecgtec aagcaggect ag 1062
<210> SEQ ID NO 17

<211> LENGTH: 711

<212> TYPE: DNA

<213> ORGANISM: Leishmania infantum

<400> SEQUENCE: 17

atgaagatce gcagegtgeg tcegettgtyg gtgttgetgyg tgtgegtege ggeggtgete 60

gcactcageyg ccteegetga gecgeacaag geggecgtty acgteggece getcteegtt 120
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ggcccegecagt ccegteggeee getcectetgtt ggeccgecagyg ctgttggece getcteegtt 180
ggcccegecagt ccecgteggeee getctetgtt ggeccgecagyg ctgttggece getctetgtt 240
ggccegecagt ccegttggeee gcetcteegtt ggeccegetet cegttggece gcagtetgtt 300
ggccegetet cegttggete gcagtecegte ggeccgetet ctgttggtece gecagteegte 360
ggccegetet cegttggeee gcaggetgtt ggeccgetet cegttggece gcagteegte 420
ggccegetet ctgttggeee gcaggetgtt ggeccgetet ctgttggece gcagteegtt 480
ggccegetet cegttggeee gcagtetgtt ggeccgetet cegttggete gecagteegte 540
ggcccegetet ctgttggtee gcagtecegte ggeccegetet cegttggecce gcagtetgte 600
ggccegetet cegttggeee gcagteegte ggeccgetet cegttggtece gecagteegtt 660
ggcccgetcet cegttggece gecagteegtt gacgtttete cggtgtcetta a 711
<210> SEQ ID NO 18

<211> LENGTH: 1332

<212> TYPE: DNA

<213> ORGANISM: Leishmania infantum

<400> SEQUENCE: 18

atggegacgt cgagggecge tcetetgeget gttgeggteg tgtgegtggt gettgegget 60
gcctgegege ctgegegege gatatacgtg ggcacgecgyg ctgctgeget gttcegaggag 120
ttecaagegga cgtacceggey cgegtacggy acgetggeey aggageagea geggetggey 180
aacttcgage geaacctgga getgatgege gageatcagyg cgaggaacee acacgegagyg 240
ttegggatea cgaagttett cgacetgteyg gaggeggagt tegeegegey ctacctgaac 300
ggegeogegt acttegeage ggegaageag cacgecggece ageactaceg caaggegege 360
geggacetgt cggeggtgee tgatgeggtyg gactggegeg agaagggege cgtgacgecg 420
gtgaagaate aaggegegty cgggtegtyge tgggegttet cggeggtegy caacatcegag 480
tegecagtggy ccegtgecgy ccacggettyg gtgagectgt cggagecagea getggtgage 540
tgegatgaca aagacaatgg ctgcaacgge gggetgatge tgecaggegtt cgagtggety 600
ctgcgacaca tgtacgggat cgtgttcacg gagaagaget acccctacac gtccggeaac 660
ggtgatgtgy ccgagtgett gaacagcagt aaactcgtte ceggegegea aatcgacgge 720
tacgtgatga tcccgagcaa cgaaacggtt atggetgegt ggettgegga gaatggecce 780
atcgegatty cggtcgacge cagetectte atgtettace agageggegt getgaccage 840
tgcgetggeg atgcactgaa ccacggegtg ctgctegteg ggtacaacaa gaccggtygyg 900
gttcegtact gggtgatcaa gaactcgtygg ggtgaggact ggggegagaa gggctacgtg 960
cgegtggtca tggggctgaa cgegtgectg ctcagtgaat acceegtgte cgegeatgtyg 1020
ccgeggagte tcacccctgg ccegggcacg gagagcegagg agegegecce taaacgggtg 1080
acggtggagce agatgatgtg caccgatatg tactgcaggg aggggtgcaa gaagagtett 1140
ctcaccgega acgtgtgeta caagaacggg ggaggcggcet cctetatgac gaagtgeggt 1200
ccgcagaagg tgctgatgtg ctegtacteg aacccteatt getttggtee tgggetgtge 1260
ctcgagacte ctgatggcaa gtgcgegecg tacttettgg getcgatcat gaacacctgce 1320

cagtacacgt ag 1332
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<210> SEQ ID NO 19

<211> LENGTH: 1332

<212> TYPE: DNA

<213> ORGANISM: Leishmania donovani

<400> SEQUENCE: 19

atggcgacgt cgagggccge tctetgeget gttgeggteg tgtgegtggt gettgegget
gcctgegege ctgegegege gatatacgtg ggcacgecegyg ctgctgeget gttcegaggag
ttcaagcgga cgtaccggeg cgcgtacggg acgctggcceg aggagcagca gcggetggeyg
aacttcgage gcaacctgga gctgatgege gagcatcagg cgaggaaccce acacgcgagyg
ttcgggatca cgaagttett cgacctgtceg gaggcggagt tcgecgegeg ctacctgaac
ggcgecgegt acttegeage ggegaagcag cacgcecggece ageactaceg caaggegege
gcggacctgt cggecggtgee tgatgeggtg gactggegeyg agaagggcegce cgtgacgeceg
gtgaagaatc aaggcgegtg cgggtegtge tgggegttet cggeggtegg caacatcgag
tegcagtggg cccegtgtegg ccacggettg gtgagectgt cggagcageca gctggtgage
tgcgatgaca aagacaatgg ctgcaacggce gggctgatge tgcaggegtt cgagtggcetg
ctgcgacaca tgtacgggat cgtgttcacg gagaagagct acccectacac gtcecggeaac
ggtgatgtgy ccgagtgett gaacagcagt aaactegtte ceggegegea aatcgacgge
tacgtgatga tcccgagcaa cgaaacagtt atggctgegt ggcttgegga gaatggeccce
atcgegatty cggtegacge cagetectte atgtettace agageggegt getgaccage
tgegetyggey atgcactgaa ccacggegty ctygetegteyg ggtacaacaa gacceggtygy
gtteegtact gggtgatcaa gaactegtyy ggtgaggact ggggegagaa gggctacgty
cgegtyggeca tggggaagaa cgegtygecty cteagtgaat acceegtgte cgegeatygty
cecgeggagte tcaccectgg geegggeacyg gagagegagg agegegetee taaacgggty
acggtyggage aggtgatgty caccgatatyg tactgcaggy aggggtgcaa gaagagtett
ctcaccgega acgtgtgeta caagaacggg ggaggegget cctcetatgac gaagtgeggt
ccgaagaagg tgetgatgtyg ctegtacteg aacccteatt getttggtee tgggetgtge
ctegagacte ctgatggcaa gtgegegeeg tacttettgg getcgatcat gaacacctge
cagtacacgt ag

<210> SEQ ID NO 20

<211> LENGTH: 1332

<212> TYPE: DNA

<213> ORGANISM: Leishmania major

<400> SEQUENCE: 20

atggecgacgt cgagggecge tctetgeget gttgeggttyg tgtgegtggt gettgegget
gecetgegege ccgegegege gatatacgtg ggecacgecgg ctgcetgeget gttegaggag
ttcaagcgga cgtaccagey cgegtacggg acgctgaccg aggagcagca gcggetggeg
aacttcgage gcaacctgga gctgatgege gagcatcagg cgaggaacce acacgegagg
ttcgggatca cgaagttett tgacctgteg gaggeggagt tegeegegey ctacctgaac
ggcgecgegt acttegeage ggcgaagcag cacgecggec agcactacceg caaggegcege
gcggacctgt cggeggtgece tgatgeggtg gactggegeg agaagggege cgtgacgecg

gtgaagaatc agggtgegtyg cgggtegtge tgggegttet cggeggtegg caacatcgag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1332

60

120

180

240

300

360

420

480
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tegcagtggg ccgttgecgg ccacaagetg gtgaggetgt cggagcageca gctggtgagce 540

tgcgatcacg tggacaatgg ttgcggegge gggctgatge tgcaggcatt cgagtgggtyg 600

ctgcgaaaca tgaacgggac cgtgttcacg gagaagagct accectacgt ctcecggecaac 660

ggtgatgtge ccgagtgcte gaacagcagt gaactcgcte ccggtgegeg aatcgacggg 720

tacgtgtcga tggaaagcag cgaaagagtt atggctgcegt ggcttgegaa gaatggeccce 780

atctcgattg cggtecgacge cagctecttt atgtcttace atageggcegt cctgaccage 840

tgcattggtg agcagctgaa ccacggegtg ctgctcegttg ggtacaacat gactggtgag 900

gttcegtact gggtgatcaa gaactegtgg ggtgaggact ggggcgagaa gggctacgtg 960

cgcegtgacca tgggggtgaa cgcgtgcctg ctcactgggt acccegtgte cgtgcatgtg 1020

tegcagagcee ccacccetgg cccaaacacg accaccacga cgcacgetec taaacgggtyg 1080

acggtgaagc agatcacctg cacggattat ttctgccgaa aggggtgcaa gacgacggtg 1140

atccccacga aagagtgcct gccgaacggg gcaggcggcet cttttcagat ggagtgeggt 1200

gaccatcagg tgttgaagct cacctacacc tccatgaatt gcactggtga ggccaagtat 1260

acggtgacaa gggagggtaa gtgcgggata tcgtggtccg gctcgagcaa gagcatttge 1320

cagtacgtgt ag 1332

<210> SEQ ID NO 21

<211> LENGTH: 660

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence for a KSA fusion
polypeptide.

<400> SEQUENCE: 21

Met Ala Thr Thr Tyr Glu Glu Phe Ser Ala Lys Leu Asp Arg Leu Asp
1 5 10 15

Glu Glu Phe Asn Arg Lys Met Gln Glu Gln Asn Ala Lys Phe Phe 2Ala
20 25 30

Asp Lys Pro Asp Glu Ser Thr Leu Ser Pro Glu Met Lys Glu His Tyr
35 40 45

Glu Lys Phe Glu Arg Met Ile Lys Glu His Thr Glu Lys Phe Asn Lys
50 55 60

Lys Met His Glu His Ser Glu His Phe Lys Gln Lys Phe Ala Glu Leu
65 70 75 80

Leu Glu Gln Gln Lys Ala Ala Gln Tyr Pro Ser Lys Thr Ser Ser 2Ala
85 90 95

Gly Gly Arg Glu Thr Ala Pro Thr Asn Leu Ile Arg Arg Arg Asn Lys
100 105 110

Asp Glu Thr Asn Gly Asp Val Ser Ala Ala Ala Asp Arg Phe Arg Asp
115 120 125

Arg Phe Glu Lys Ala Thr Leu Glu Glu Arg Lys Ala Ala Thr Thr Thr
130 135 140

Met Val Asn Glu Tyr Tyr Asp Leu Val Thr Asp Phe Tyr Glu Tyr Gly
145 150 155 160

Trp Gly Gln Asn Phe Hig Phe Ala Pro Arg Tyr Ala Gly Glu Thr Phe
165 170 175

Phe Glu Ser Leu Ala Arg His Glu Tyr Phe Leu Ala Ala Arg Gly Gly
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180 185 190

Phe Met Glu Gly Asp His Ile Val Asp Val Gly Cys Gly Val Gly Gly
195 200 205

Pro Ala Arg Asn Met Val Arg Leu Thr Arg Cys Asn Val Ile Gly Val
210 215 220

Asn Asn Asn Asp Tyr Gln Ile Ser Arg Ala Arg Arg His Asp Ala Leu
225 230 235 240

Ala Gly Met Ser Ser Lys Ile Asp Tyr Val Lys Thr Asp Phe Cys Asn
245 250 255

Met Ser Leu Ala Asp Asn Thr Phe Asp Gly Ala Tyr Ala Ile Glu 2la
260 265 270

Thr Cys His Ala Lys Asp Lys Val Lys Cys Tyr Ser Glu Val Phe Arg
275 280 285

Val Ile Lys Pro Gly Thr Cys Phe Val Leu Tyr Glu Trp Cys Met Thr
290 295 300

Asp Lys Tyr Asn Pro Asn Asp Glu Tyr His Arg Thr Ile Lys His Arg
305 310 315 320

Ile Glu Leu Gly Asp Gly Leu Pro Glu Met Glu Thr Cys Lys Gln Val
325 330 335

Ile Glu Tyr Met Lys Gln Ala Gly Phe Val Val Glu Glu Ala Ile Asp
340 345 350

Val Ile Ser Gln Phe Glu Ser Ser Pro Ile Lys Ser Ile Pro Trp Tyr
355 360 365

Gln Pro Leu Val Gly Asp Tyr Ser Ser Leu Gln Gly Leu Arg Ser Thr
370 375 380

Pro Ile Gly Arg Ile Leu Thr Asn Val Met Cys Arg Val Leu Glu Phe
385 390 395 400

Val Arg Leu Ala Pro Lys Gly Thr Tyr Lys Ala Thr Glu Ile Leu Glu
405 410 415

Glu Ala Ala Glu Ser Leu Val Val Gly Gly Gln Leu Gly Ile Phe Thr
420 425 430

Pro Ser Phe Tyr Ile Arg Ala Arg Lys Pro Ser Lys Gln Ala Gly Ser
435 440 445

Glu Pro His Lys Ala Ala Val Asp Val Gly Pro Leu Ser Val Gly Pro
450 455 460

Gln Ser Val Gly Pro Leu Ser Val Gly Pro Gln Ala Val Gly Pro Leu
465 470 475 480

Ser Val Gly Pro Gln Ser Val Gly Pro Leu Ser Val Gly Pro Gln Ala
485 490 495

Val Gly Pro Leu Ser Val Gly Pro Gln Ser Val Gly Pro Leu Ser Val
500 505 510

Gly Pro Leu Ser Val Gly Pro Gln Ser Val Gly Pro Leu Ser Val Gly
515 520 525

Ser Gln Ser Val Gly Pro Leu Ser Val Gly Pro Gln Ser Val Gly Pro
530 535 540

Leu Ser Val Gly Pro Gln Ala Val Gly Pro Leu Ser Val Gly Pro Gln
545 550 555 560

Ser Val Gly Pro Leu Ser Val Gly Pro Gln Ala Val Gly Pro Leu Ser
565 570 575

Val Gly Pro Gln Ser Val Gly Pro Leu Ser Val Gly Pro Gln Ser Val
580 585 590
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Gly Pro Leu Ser Val Gly Ser Gln Ser Val Gly Pro Leu Ser Val Cly
595 600 605

Pro Gln Ser Val Gly Pro Leu Ser Val Gly Pro Gln Ser Val Gly Pro
610 615 620

Leu Ser Val Gly Pro Gln Ser Val Gly Pro Leu Ser Val Gly Pro Gln
625 630 635 640

Ser Val Gly Pro Leu Ser Val Gly Pro Gln Ser Val Asp Val Ser Pro
645 650 655

Val Ser Gly Ser
660

<210> SEQ ID NO 22

<211> LENGTH: 1989

<212> TYPE: DNA

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

<223> OTHER INFORMATION: Nucleic acid sequence encoding the KSA fusion

polypeptide.

<400> SEQUENCE: 22

atggccacca cgtacgagga gtttteggeg aagectggace gectggatga ggagttcaac
aggaagatge aggagcagaa cgccaagtte tttgeggaca agecggatga gtegacgety
tecgeecgaga tgaaggagca ctacgagaag ttcegagegca tgatcaagga acacacagag
aagttcaaca agaagatgca cgagcacteg gagcacttca ageagaagtt cgecgagety
ctegageage agaaggetge geagtaceeg tecaagacta gtteegeegy tggeegtygay
accgegecega cgaacctgat tegtegeege aacaaggacyg agacaaacgyg ggatgteage
geegeogeey acegetteeyg cgaccegette gagaaggcaa cecetegagga gegeaaggece
gccaccacga cgatggtcaa cgagtactac gacctggtga cggacttcta cgagtacgge
tggggcecaga acttecattt cgegecgege tacgecggeg agaccttett cgagteccte
gegegecacy agtactteet ggecgetege ggeggettea tggagggega ccacategte
gacgtggget geggegtegyg cggteeggeg cgecaacatgg ttegectcac gegetgeaac
gtecatecggeg tcaacaacaa cgattaccag atcageegeg ctegeegtea tgacgegete
geeggtatga getccaagat cgactacgte aagaccgact tcetgcaacat gagettagee
gacaacacct tcgacggegce ctacgccatce gaggccacct gecacgcaaa ggacaaggte
aagtgctata gcgaggtett ccgtgtecate aagcceggea cctgetttgt cctgtacgag
tggtgcatga ccgacaagta caaccccaat gacgagtacc accgcacaat caagcaccge
atcgagetgg gcgacggecet gccggagatg gagacgtgca aacaggtgat cgagtacatg
aagcaggccg gettegtggt ggaggaggcec atagacgtca tcagtcagtt cgagtecage
cccatcaaga gtatccegty gtaccagecg ctggteggeg actattegte cctgecaggge
ctgegeteta ccecgattgy ccgeatccte acgaacgtcea tgtgtegegt getggagtte
gtgcgectag ctecgaaggg cacgtacaag gcgacggaga ttttggagga ggetgcggaa
agcctggtgyg tgggeggtea gecteggecate ttcacgecgt ccttetacat cegegetege
aagcegteca agcaggetgg atccgagecg cacaaggegg ccgttgacgt cggeeegete
teegttggee cgcagteegt cggecegete tetgttggece cgeaggetgt tggecegete

tcegttggee cgeagteegt cggecogete tetgttggee cgeaggetgt tggecegete

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500
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tetgttggee cgecagtccegt tggecccgete tcegttggee cgctetecegt tggccegcag 1560

tetgttggee cgetetceegt tggectcegcag tccegteggee cgctetetgt tggtcegeag 1620

tecegteggee cgetetcecegt tggeccgcag gectgttggee cgctetecegt tggccegeag 1680

tecegteggee cgetetetgt tggecccgcag getgttggee cgctetetgt tggccegeag 1740

tecegttggee cgetetceegt tggeccgcag tetgttggee cgctetecegt tggctegeag 1800

tecegteggee cgetetetgt tggteccgcag tccegteggee cgctetecegt tggccegeag 1860

tetgteggee cgetetceegt tggecccgcag tccegteggee cgctetecegt tggtceegeag 1920

tecegttggee cgetetceegt tggeccgcag tccgttgacg tttcecteceggt gtetggatcece 1980

gaattctaa 1989

<210> SEQ ID NO 23

<211> LENGTH: 978

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence for a KSAC fusion
polypeptide.

<400> SEQUENCE: 23

Met Ala Thr Thr Tyr Glu Glu Phe Ser Ala Lys Leu Asp Arg Leu Asp
1 5 10 15

Glu Glu Phe Asn Arg Lys Met Gln Glu Gln Asn Ala Lys Phe Phe Ala
20 25 30

Asp Lys Pro Asp Glu Ser Thr Leu Ser Pro Glu Met Lys Glu His Tyr
35 40 45

Glu Lys Phe Glu Arg Met Ile Lys Glu His Thr Glu Lys Phe Asn Lys
50 55 60

Lys Met His Glu His Ser Glu His Phe Lys Gln Lys Phe Ala Glu Leu
65 70 75 80

Leu Glu Gln Gln Lys Ala Ala Gln Tyr Pro Ser Lys Thr Ser Ser 2Ala
85 90 85

Gly Gly Arg Glu Thr Ala Pro Thr Asn Leu Ile Arg Arg Arg Asn Lys
100 105 110

Asp Glu Thr Asn Gly Asp Val Ser Ala Ala Ala Asp Arg Phe Arg Asp
115 120 125

Arg Phe Glu Lys Ala Thr Leu Glu Glu Arg Lys Ala Ala Thr Thr Thr
130 135 140

Met Val Asn Glu Tyr Tyr Asp Leu Val Thr Asp Phe Tyr Glu Tyr Gly
145 150 155 160

Trp Gly Gln Asn Phe His Phe Ala Pro Arg Tyr Ala Gly Glu Thr Phe
165 170 175

Phe Glu Ser Leu Ala Arg His Glu Tyr Phe Leu Ala Ala Arg Gly Gly
180 185 190

Phe Met Glu Gly Asp Hisg Ile Val Asp Val Gly Cys Gly Val Gly Gly
195 200 205

Pro Ala Arg Asn Met Val Arg Leu Thr Arg Cys Asn Val Ile Gly Val
210 215 220

Agn Asn Asn Asp Tyr Gln Ile Ser Arg Ala Arg Arg His Asp Ala Leu
225 230 235 240

Ala Gly Met Ser Ser Lys Ile Asp Tyr Val Lys Thr Asp Phe Cys Asn
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245 250 255

Met Ser Leu Ala Asp Asn Thr Phe Asp Gly Ala Tyr Ala Ile Glu 2Ala
260 265 270

Thr Cys His Ala Lys Asp Lys Val Lys Cys Tyr Ser Glu Val Phe Arg
275 280 285

Val Ile Lys Pro Gly Thr Cys Phe Val Leu Tyr Glu Trp Cys Met Thr
290 295 300

Asp Lys Tyr Asn Pro Asn Asp Glu Tyr His Arg Thr Ile Lys His Arg
305 310 315 320

Ile Glu Leu Gly Asp Gly Leu Pro Glu Met Glu Thr Cys Lys Gln Val
325 330 335

Ile Glu Tyr Met Lys Gln Ala Gly Phe Val Val Glu Glu Ala Ile Asp
340 345 350

Val Ile Ser Gln Phe Glu Ser Ser Pro Ile Lys Ser Ile Pro Trp Tyr
355 360 365

Gln Pro Leu Val Gly Asp Tyr Ser Ser Leu Gln Gly Leu Arg Ser Thr
370 375 380

Pro Ile Gly Arg Ile Leu Thr Asn Val Met Cys Arg Val Leu Glu Phe
385 390 395 400

Val Arg Leu Ala Pro Lys Gly Thr Tyr Lys Ala Thr Glu Ile Leu Glu
405 410 415

Glu Ala Ala Glu Ser Leu Val Val Gly Gly Gln Leu Gly Ile Phe Thr
420 425 430

Pro Ser Phe Tyr Ile Arg Ala Arg Lys Pro Ser Lys Gln Ala Gly Ser
435 440 445

Glu Pro His Lys Ala Ala Val Asp Val Gly Pro Leu Ser Val Gly Pro
450 455 460

Gln Ser Val Gly Pro Leu Ser Val Gly Pro Gln Ala Val Gly Pro Leu
465 470 475 480

Ser Val Gly Pro Gln Ser Val Gly Pro Leu Ser Val Gly Pro Gln 2Ala
485 490 495

Val Gly Pro Leu Ser Val Gly Pro Gln Ser Val Gly Pro Leu Ser Val
500 505 510

Gly Pro Leu Ser Val Gly Pro Gln Ser Val Gly Pro Leu Ser Val CGly
515 520 525

Ser Gln Ser Val Gly Pro Leu Ser Val Gly Pro Gln Ser Val Gly Pro
530 535 540

Leu Ser Val Gly Pro Gln Ala Val Gly Pro Leu Ser Val Gly Pro Gln
545 550 555 560

Ser Val Gly Pro Leu Ser Val Gly Pro Gln Ala Val Gly Pro Leu Ser
565 570 575

Val Gly Pro Gln Ser Val Gly Pro Leu Ser Val Gly Pro Gln Ser Val
580 585 590

Gly Pro Leu Ser Val Gly Ser Gln Ser Val Gly Pro Leu Ser Val Gly
595 600 605

Pro Gln Ser Val Gly Pro Leu Ser Val Gly Pro Gln Ser Val Gly Pro
610 615 620

Leu Ser Val Gly Pro Gln Ser Val Gly Pro Leu Ser Val Gly Pro Gln
625 630 635 640

Ser Val Gly Pro Leu Ser Val Gly Pro Gln Ser Val Asp Val Ser Pro
645 650 655
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Val Ser Gly Ser Glu Phe Asp Ala Val Asp Trp Arg Glu Lys Gly Ala
660 665 670

Val Thr Pro Val Lys Asn Gln Gly Ala Cys Gly Ser Cys Trp Ala Phe
675 680 685

Ser Ala Val Gly Asn Ile Glu Ser Gln Trp Ala Arg Ala Gly His Gly
690 695 700

Leu Val Ser Leu Ser Glu Gln Gln Leu Val Ser Cys Asp Asp Lys Asp
705 710 715 720

Asn Gly Cys Asn Gly Gly Leu Met Leu Gln Ala Phe Glu Trp Leu Leu
725 730 735

Arg His Met Tyr Gly Ile Val Phe Thr Glu Lys Ser Tyr Pro Tyr Thr
740 745 750

Ser Gly Asn Gly Asp Val Ala Glu Cys Leu Asn Ser Ser Lys Leu Val
755 760 765

Pro Gly Ala Gln Ile Asp Gly Tyr Val Met Ile Pro Ser Asn Glu Thr
770 775 780

Val Met Ala Ala Trp Leu Ala Glu Asn Gly Pro Ile Ala Ile Ala Val
785 790 795 800

Asp Ala Ser Ser Phe Met Ser Tyr Gln Ser Gly Val Leu Thr Ser Cys
805 810 815

Ala Gly Asp Ala Leu Asn His Gly Val Leu Leu Val Gly Tyr Asn Lys
820 825 830

Thr Gly Gly Val Pro Tyr Trp Val Ile Lys Asn Ser Trp Gly Glu Asp
835 840 845

Trp Gly Glu Lys Gly Tyr Val Arg Val Val Met Gly Leu Asn 2Ala Cys
850 855 860

Leu Leu Ser Glu Tyr Pro Val Ser Ala His Val Pro Arg Ser Leu Thr
865 870 875 880

Pro Gly Pro Gly Thr Glu Ser Glu Glu Arg Ala Pro Lys Arg Val Thr
885 890 895

Val Glu Gln Met Met Cys Thr Asp Met Tyr Cys Arg Glu Gly Cys Lys
900 905 910

Lys Ser Leu Leu Thr Ala Asn Val Cys Tyr Lys Asn Gly Gly Gly Gly
915 920 925

Ser Ser Met Thr Lys Cys Gly Pro Gln Lys Val Leu Met Cys Ser Tyr
930 935 940

Ser Asn Pro His Cys Phe Gly Pro Gly Leu Cys Leu Glu Thr Pro Asp
945 950 955 960

Gly Lys Cys Ala Pro Tyr Phe Leu Gly Ser Ile Met Asn Thr Cys Gln
965 970 875

Tyr Thr

<210> SEQ ID NO 24

<211> LENGTH: 2937

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence encoding the KSAC fusion
polypeptide.

<400> SEQUENCE: 24

atggccacca cgtacgagga gttttoggeg aagctggace gectggatga ggagttcaac 60
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aggaagatgc aggagcagaa cgccaagtte tttgcggaca agccggatga gtcgacgcetg 120
tecgeecgaga tgaaggagca ctacgagaag ttcegagegca tgatcaagga acacacagag 180
aagttcaaca agaagatgca cgagcactcg gagcacttca agcagaagtt cgccgagcetyg 240
ctcgagcage agaaggctgce gcagtacccg tccaagacta gttecgecgg tggecgtgag 300
accgecgecga cgaacctgat tcgtegecge aacaaggacg agacaaacgg ggatgtcagce 360
gcegecgeeyg accgcetteeg cgaccgette gagaaggcaa ccctcegagga gcegcaaggece 420
gccaccacga cgatggtcaa cgagtactac gacctggtga cggacttcta cgagtacgge 480
tggggccaga acttecattt cgcgecgege tacgeccggeg agaccttett cgagteccte 540
gcgegecacy agtactteet ggecgetege ggeggetteca tggagggcega ccacategte 600

gacgtggget gceggegtegg cggtecggeg cgcaacatgyg ttegectcac gegetgeaac 660

gtcatcggeyg tcaacaacaa cgattaccag atcageccgeg ctegecgtca tgacgegetce 720
gcecggtatga gcetccaagat cgactacgte aagaccgact tctgcaacat gagcttagece 780
gacaacacct tcgacggcege ctacgccatce gaggccacct gccacgcaaa ggacaaggtce 840

aagtgctata gegaggtett cegtgteate aageceggea ccetgetttgt ccetgtacgay 900
tggtgcatga ccgacaagta caaccccaat gacgagtacc accgcacaat caagcaccgce 960
atcgagetgy gegacggect gecggagatyg gagacgtgca aacaggtgat cgagtacatg 1020
aagcaggeeg gettegtggt ggaggaggee atagacgtcea tcagteagtt cgagtecage 1080
cccatcaaga gtatecegtyg gtaccageeg ctggteggeg actattegte cctgeaggge 1140
ctgegeteta ceecgattgg cegeatecete acgaacgtea tgtgtegegt getggagtte 1200
gtgegectay ctecgaaggy cacgtacaag gegacggaga ttttyggagga ggetgeggaa 1260
agectyggtgy tgggeggtea geteggecate ttceacgeegt ccttetacat cecgegetege 1320
aagcegteca ageaggetgy atccgagecyg cacaaggegyg cegttgacgt cggecegete 1380
tecegttggee cgeagteegt cggecegete tetgttggee cgcaggetgt tggecegete 1440
teegttggee cgeagtecegt cggeccegete tetgttggee cgeaggetgt tggecegete 1500
tetgttggee cgecagteegt tggecegete teegttggee cgeteteegt tggecegeag 1560
tetgttggee cgeteteegt tggetegecag tecegteggee cgetetetgt tggteegeag 1620
tecegteggee cgeteteegt tggecegecag getgttggee cgeteteegt tggecegeag 1680
tecegteggee cgetetetgt tggecegecag getgttggee cgetetetgt tggecegeag 1740
tecegttggee cgetetceegt tggeccgcag tetgttggee cgeteteegt tggcetegeag 1800
tecegteggee cgetetetgt tggtecegecag teegteggee cgeteteegt tggecegeag 1860
tetgteggee cgeteteegt tggecegeag tecegteggee cgetetecegt tggteegeag 1920
tecegttggee cgeteteegt tggeccgcag tecegttgacg ttteteeggt gtetggatee 1980
gaattcgatg cggtggactg gegcgagaag ggegecgtga cgecggtgaa gaatcaagge 2040
gcgtgegggt cgtgetggge gttceteggeg gteggcaaca tcgagtegea gtgggecegt 2100
geceggeocacyg gettggtgag cctgteggag cagcagetgg tgagetgcga tgacaaagac 2160
aatggctgca acggeggget gatgetgecag gegttcegagt ggctgcetgeg acacatgtac 2220
gggatcgtgt tcacggagaa gagctaccece tacacgtecyg gcaacggtga tgtggecgag 2280

tgcttgaaca gcagtaaact cgtteccecgge gegcaaatcyg acggcetacgt gatgatcccg 2340
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agcaacgaaa cggttatggc tgcgtggctt gcggagaatg gccccatcge gattgeggtce 2400
gacgccagct ccttcatgte ttaccagagc ggegtgctga ccagetgege tggecgatgea 2460
ctgaaccacg gcgtgctget cgtecgggtac aacaagaccg gtggggttcc gtactgggtg 2520

atcaagaact cgtggggtga ggactggggc gagaagggct acgtgcgcegt ggtcatgggg 2580
ctgaacgcgt gcctgctcag tgaataccce gtgtccgege atgtgecgeg gagtctcacce 2640
cectggeeegg gcacggagag cgaggagege geccctaaac gggtgacggt ggagcagatg 2700
atgtgcaccg atatgtactg cagggagggg tgcaagaaga gtcttctcac cgcgaacgtg 2760
tgctacaaga acgggggagg cggctcctcet atgacgaagt gcggtccgca gaaggtgcetg 2820
atgtgctcegt actcgaaccc tcattgecttt ggtecctggge tgtgectcecga gactcctgat 2880

ggcaagtgcg cgccgtactt cttgggcteg atcatgaaca cctgccagta cacgtaa 2937

<210> SEQ ID NO 25

<211> LENGTH: 92

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence for an immunogenic portion
of a KMP1l polypeptide.

<400> SEQUENCE: 25

Met Ala Thr Thr Tyr Glu Glu Phe Ser Ala Lys Leu Asp Arg Leu Asp
1 5 10 15

Glu Glu Phe Asn Arg Lys Met Gln Glu Gln Asn Ala Lys Phe Phe Ala
20 25 30

Asp Lys Pro Asp Glu Ser Thr Leu Ser Pro Glu Met Lys Glu His Tyr
35 40 45

Glu Lys Phe Glu Arg Met Ile Lys Glu His Thr Glu Lys Phe Asn Lys
50 55 60

Lys Met His Glu His Ser Glu His Phe Lys Gln Lys Phe Ala Glu Leu
65 70 75 80

Leu Glu Gln Gln Lys Ala Ala Gln Tyr Pro Ser Lys
85 90

<210> SEQ ID NO 26

<211> LENGTH: 352

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence for an immunogenic portion
of a SMP polypeptide.

<400> SEQUENCE: 26

Ser Ala Gly Gly Arg Glu Thr Ala Pro Thr Asn Leu Ile Arg Arg Arg
1 5 10 15

Asn Lys Asp Glu Thr Asn Gly Asp Val Ser Ala Ala Ala Asp Arg Phe
20 25 30

Arg Asp Arg Phe Glu Lys Ala Thr Leu Glu Glu Arg Lys Ala 2la Thr
35 40 45

Thr Thr Met Val Asn Glu Tyr Tyr Asp Leu Val Thr Asp Phe Tyr Glu
50 55 60

Tyr Gly Trp Gly Gln Asn Phe His Phe Ala Pro Arg Tyr Ala Gly Glu
65 70 75 80

Thr Phe Phe Glu Ser Leu Ala Arg His Glu Tyr Phe Leu Ala 2Zla Arg
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85 90 95

Gly Gly Phe Met Glu Gly Asp His Ile Val Asp Val Gly Cys Gly Val
100 105 110

Gly Gly Pro Ala Arg Asn Met Val Arg Leu Thr Arg Cys Asn Val Ile
115 120 125

Gly Val Asn Asn Asn Asp Tyr Gln Ile Ser Arg Ala Arg Arg His Asp
130 135 140

Ala Leu Ala Gly Met Ser Ser Lys Ile Asp Tyr Val Lys Thr Asp Phe
145 150 155 160

Cys Asn Met Ser Leu Ala Asp Asn Thr Phe Asp Gly Ala Tyr 2la Ile
165 170 175

Glu Ala Thr Cys His Ala Lys Asp Lys Val Lys Cys Tyr Ser Glu Val
180 185 190

Phe Arg Val Ile Lys Pro Gly Thr Cys Phe Val Leu Tyr Glu Trp Cys
195 200 205

Met Thr Asp Lys Tyr Asn Pro Asn Asp Glu Tyr His Arg Thr Ile Lys
210 215 220

His Arg Ile Glu Leu Gly Asp Gly Leu Pro Glu Met Glu Thr Cys Lys
225 230 235 240

Gln Val Ile Glu Tyr Met Lys Gln Ala Gly Phe Val Val Glu Glu 2Ala
245 250 255

Ile Asp Val Ile Ser Gln Phe Glu Ser Ser Pro Ile Lys Ser Ile Pro
260 265 270

Trp Tyr Gln Pro Leu Val Gly Asp Tyr Ser Ser Leu Gln Gly Leu Arg
275 280 285

Ser Thr Pro Ile Gly Arg Ile Leu Thr Asn Val Met Cys Arg Val Leu
290 295 300

Glu Phe Val Arg Leu Ala Pro Lys Gly Thr Tyr Lys Ala Thr Glu Ile
305 310 315 320

Leu Glu Glu Ala Ala Glu Ser Leu Val Val Gly Gly Gln Leu Gly Ile
325 330 335

Phe Thr Pro Ser Phe Tyr Ile Arg Ala Arg Lys Pro Ser Lys Gln 2Ala
340 345 350

<210> SEQ ID NO 27

<211> LENGTH: 210

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence for an immunogenic portion
of an A2 polypeptide.

<400> SEQUENCE: 27

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

Gln Ser Val Gly Pro Leu Ser Val Gly Pro Gln Ala Val Gly Pro Leu
20 25 30

Ser Val Gly Pro Gln Ser Val Gly Pro Leu Ser Val Gly Pro Gln 2Ala
35 40 45

Val Gly Pro Leu Ser Val Gly Pro Gln Ser Val Gly Pro Leu Ser Val
50 55 60

Gly Pro Leu Ser Val Gly Pro Gln Ser Val Gly Pro Leu Ser Val Gly
65 70 75 80
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Ser Gln Ser Val Gly Pro Leu Ser Val Gly Pro Gln Ser Val Gly Pro
85 90 85

Leu Ser Val Gly Pro Gln Ala Val Gly Pro Leu Ser Val Gly Pro Gln
100 105 110

Ser Val Gly Pro Leu Ser Val Gly Pro Gln Ala Val Gly Pro Leu Ser
115 120 125

Val Gly Pro Gln Ser Val Gly Pro Leu Ser Val Gly Pro Gln Ser Val
130 135 140

Gly Pro Leu Ser Val Gly Ser Gln Ser Val Gly Pro Leu Ser Val Cly
145 150 155 160

Pro Gln Ser Val Gly Pro Leu Ser Val Gly Pro Gln Ser Val Gly Pro
165 170 175

Leu Ser Val Gly Pro Gln Ser Val Gly Pro Leu Ser Val Gly Pro Gln
180 185 190

Ser Val Gly Pro Leu Ser Val Gly Pro Gln Ser Val Asp Val Ser Pro
195 200 205

Val Ser
210

<210> SEQ ID NO 28

<211> LENGTH: 316

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence for an immunogenic portion
of a CBP polypeptide.

<400> SEQUENCE: 28

Agp Ala Val Asp Trp Arg Glu Lys Gly Ala Val Thr Pro Val Lys Ash
1 5 10 15

Gln Gly Ala Cys Gly Ser Cys Trp Ala Phe Ser Ala Val Gly 2Asn Ile
20 25 30

Glu Ser Gln Trp Ala Arg Ala Gly His Gly Leu Val Ser Leu Ser Glu
35 40 45

Gln Gln Leu Val Ser Cys Asp Asp Lys Asp Asn Gly Cys Asn Gly CGly
50 55 60

Leu Met Leu Gln Ala Phe Glu Trp Leu Leu Arg His Met Tyr Gly Ile
65 70 75 80

Val Phe Thr Glu Lys Ser Tyr Pro Tyr Thr Ser Gly Asn Gly Asp Val
85 90 85

Ala Glu Cys Leu Asn Ser Ser Lys Leu Val Pro Gly Ala Gln Ile Asp
100 105 110

Gly Tyr Val Met Ile Pro Ser Asn Glu Thr Val Met Ala Ala Trp Leu
115 120 125

Ala Glu Asn Gly Pro Ile Ala Ile Ala Val Asp Ala Ser Ser Phe Met
130 135 140

Ser Tyr Gln Ser Gly Val Leu Thr Ser Cys Ala Gly Asp Ala Leu 2Asn
145 150 155 160

Hig Gly Val Leu Leu Val Gly Tyr Asn Lys Thr Gly Gly Val Pro Tyr
165 170 175

Trp Val Ile Lys Asn Ser Trp Gly Glu Asp Trp Gly Glu Lys Gly Tyr
180 185 190

Val Arg Val Val Met Gly Leu Asn Ala Cys Leu Leu Ser Glu Tyr Pro
195 200 205
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Val Ser Ala His Val Pro Arg Ser Leu Thr Pro Gly Pro Gly Thr Glu
210 215 220

Ser Glu Glu Arg Ala Pro Lys Arg Val Thr Val Glu Gln Met Met Cys
225 230 235 240

Thr Asp Met Tyr Cys Arg Glu Gly Cys Lys Lys Ser Leu Leu Thr 2Ala
245 250 255

Asn Val Cys Tyr Lys Asn Gly Gly Gly Gly Ser Ser Met Thr Lys Cys
260 265 270

Gly Pro Gln Lys Val Leu Met Cys Ser Tyr Ser Asn Pro His Cys Phe
275 280 285

Gly Pro Gly Leu Cys Leu Glu Thr Pro Asp Gly Lys Cys Ala Pro Tyr
290 295 300

Phe Leu Gly Ser Ile Met Asn Thr Cys Gln Tyr Thr
305 310 315

<210> SEQ ID NO 29

<211> LENGTH: 276

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence encoding the KMP11l
polypeptide.

<400> SEQUENCE: 29
atggecacca cgtacgagga gtttteggeg aagetggace gectggatga ggagttceaac 60

aggaagatyge aggagcagaa cgecaagtte tttgeggaca agecggatga gtegacgetg 120

tegecegaga tgaaggagea ctacgagaag ttegagegca tgatcaagga acacacagay 180
aagttcaaca agaagatgca cgagcacteg gagcacttca ageagaagtt cgecgagety 240
ctecgagecage agaaggcetge gcagtacceg tecaag 276

<210> SEQ ID NO 30

<211> LENGTH: 1056

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence encoding the SMP
polypeptide.

<400> SEQUENCE: 30

tecegecggtyg goegtgagac cgegecgacg aacctgatte gtegecgcaa caaggacgag 60

acaaacyggygg atgtcagege cgecgeegac cgetteegeg accgettega gaaggeaacce 120

ctegaggage gcaaggecge caccacgacg atggtcaacg agtactacga cctggtgacg 180

gacttctacg agtacggctg gggccagaac ttecattteg cgecgegeta cgecggegag 240

accttetteg agtcectege gegecacgag tactteetgg cegetegegg cggetteatg 300

gagggcgace acategtega cgtgggetge ggegteggeg gtecggegeg caacatggtt 360

cgectoacge goetgecaacgt catcggegte aacaacaacyg attaccagat cagcegeget 420
cgeegteaty acgegetege cggtatgage tccaagateg actacgtcaa gaccgactte 480
tgcaacatga gettageega caacacctte gacggegect acgecatega ggecacctge 540
cacgcaaagg acaaggtcaa gtgctatage gaggtcttee gtgtcatcaa geccggcace 600

tgetttgtee tgtacgagty gtgcatgacce gacaagtaca accccaatga cgagtaccac 660
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cgcacaatca agcaccgcat cgagetggge gacggcctge cggagatgga gacgtgcaaa 720

caggtgatcg agtacatgaa gcaggccgge ttcegtggtgg aggaggecat agacgtcatce 780

agtcagttcg agtccageccce catcaagagt atccecgtggt accagceget ggteggegac 840

tattecgtece tgcagggect gecgetctace cecgattggee gecatcctcac gaacgtcatg 900

tgtcgegtge tggagttegt gecgectaget ccgaagggca cgtacaaggce gacggagatt 960

ttggaggagg ctgcggaaag cctggtggtg ggcggtcage tcggecatctt cacgcegtcece 1020

ttctacatce gcgectegcaa gccgtccaag cagget 1056

<210> SEQ ID NO 31

<211> LENGTH: 629

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence encoding the A2
polypeptide.

<400> SEQUENCE: 31

gagccgcaca aggcggecgt tgacgtegge ccgeteteeg ttggeccegea gtecegtegge 60

cecgetetetg ttggecegea ggctgttgge cegetceteeg ttggecegea gteegtegge 120

cegetetetyg ttggecegea ggetgttgge cegetetetyg ttggecegea gteegttgge 180

cecgetetecg ttggeceget cteoegttgge cegecagtceotg ttggeceget cteoegttgge 240

tegeagteey teggeceget ctetgttggt cegeagteey teggeceget cteegttgge 300

cegeaggetyg ttggeceget cteegttgge cegeagteeyg teggeceget ctetgttgge 360

cegeaggetyg ttggeceget ctetgttgge cegeagteeyg ttggeceget cteegttgge 420

cegeagtetyg ttggeceget ctecgttgge tegeagteeyg teggeceget ctetgttggt 480

cegecagtecg teggeceget cteegttgge cegeagtetyg teggeceget cteegttgge 540

cegeagtecy teggeceget cteegttggt cegeagteeyg ttggeceget cteegttgge 600

cegeagtecg ttgacgttte teeggtgte 629

<210> SEQ ID NO 32

<211> LENGTH: 948

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence encoding the CBP
polypeptide.

<400> SEQUENCE: 32

gatgeggtgg actggegega gaagggegece gtgacgecgg tgaagaatca aggcgegtge 60

gggtegtget gggegttete ggeggtegge aacatcgagt cgeagtggge cegtgecgge 120

cacggettgg tgagectgte ggagcagcag ctggtgaget gcgatgacaa agacaatgge 180

tgcaacggeg ggctgatget gcaggegtte gagtggetge tgegacacat gtacgggate 240

gtgttcacgg agaagagcta ccectacacg tcecggcaacyg gtgatgtgge cgagtgettg 300

aacagcagta aactcgttec cggcgegcaa atcgacgget acgtgatgat cccgagcaac 360

gaaacggtta tggctgegtg gettgeggag aatggeccca tegegattge ggtcegacgec 420

agctecttea tgtcttacca gageggegtyg ctgaccaget gegetggega tgcactgaac 480

cacggogtge tgetegtegy gtacaacaag accggtgggg ttecgtactyg ggtgatcaag 540
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aactcgtggg gtgaggactg gggcgagaag ggctacgtge gcgtggtcat ggggetgaac 600

gcgtgectge tcagtgaata ccccgtgtec gegecatgtge cgeggagtet caccectgge 660

ccgggcacgg agagcgagga gcgegceccct aaacgggtga cggtggagca gatgatgtgce 720

accgatatgt actgcaggga ggggtgcaag aagagtcttce tcaccgegaa cgtgtgetac 780

aagaacgggg gaggcggctc ctctatgacg aagtgcggte cgcagaaggt gctgatgtgce 840

tegtactega accctcattg ctttggtect gggectgtgee tcgagactece tgatggcaag 900

tgcgegeegt acttettggg ctcgatcatg aacacctgece agtacacg 948

<210> SEQ ID NO 33

<211> LENGTH: 1003

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence for the KSAC fusion
polypeptide

<400> SEQUENCE: 33

Met Ala Thr Thr Tyr Glu Glu Phe Ser Ala Lys Leu Asp Arg Leu Asp
1 5 10 15

Glu Glu Phe Asn Arg Lys Met Gln Glu Gln Asn Ala Lys Phe Phe 2Ala
20 25 30

Asp Lys Pro Asp Glu Ser Thr Leu Ser Pro Glu Met Lys Glu His Tyr
35 40 45

Glu Lys Phe Glu Arg Met Ile Lys Glu His Thr Glu Lys Phe Asn Lys
50 55 60

Lys Met His Glu His Ser Glu His Phe Lys Gln Lys Phe Ala Glu Leu
65 70 75 80

Leu Glu Gln Gln Lys Ala Ala Gln Tyr Pro Ser Lys Thr Ser Ser Ala
85 90 85

Gly Gly Arg Glu Thr Ala Pro Thr Asn Leu Ile Arg Arg Arg Asn Lys
100 105 110

Agp Glu Thr Asn Gly Asp Val Ser Ala Ala Ala Asp Arg Phe Arg Asp
115 120 125

Arg Phe Glu Lys Ala Thr Leu Glu Glu Arg Lys Ala Ala Thr Thr Thr
130 135 140

Met Val Asn Glu Tyr Tyr Asp Leu Val Thr Asp Phe Tyr Glu Tyr CGly
145 150 155 160

Trp Gly Gln Asn Phe His Phe Ala Pro Arg Tyr Ala Gly Glu Thr Phe
165 170 175

Phe Glu Ser Leu Ala Arg His Glu Tyr Phe Leu Ala Ala Arg Gly Gly
180 185 190

Phe Met Glu Gly Asp Hisg Ile Val Asp Val Gly Cys Gly Val Gly Gly
195 200 205

Pro Ala Arg Asn Met Val Arg Leu Thr Arg Cys Asn Val Ile Gly Val
210 215 220

Agn Asn Asn Asp Tyr Gln Ile Ser Arg Ala Arg Arg His Asp Ala Leu
225 230 235 240

Ala Gly Met Ser Ser Lys Ile Asp Tyr Val Lys Thr Asp Phe Cys Asn
245 250 255

Met Ser Leu Ala Asp Asn Thr Phe Asp Gly Ala Tyr Ala Ile Glu Ala
260 265 270
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Thr Cys His Ala Lys Asp Lys Val Lys Cys Tyr Ser Glu Val Phe Arg
275 280 285

Val Ile Lys Pro Gly Thr Cys Phe Val Leu Tyr Glu Trp Cys Met Thr
290 295 300

Asp Lys Tyr Asn Pro Asn Asp Glu Tyr His Arg Thr Ile Lys His Arg
305 310 315 320

Ile Glu Leu Gly Asp Gly Leu Pro Glu Met Glu Thr Cys Lys Gln Val
325 330 335

Ile Glu Tyr Met Lys Gln Ala Gly Phe Val Val Glu Glu Ala Ile Asp
340 345 350

Val Ile Ser Gln Phe Glu Ser Ser Pro Ile Lys Ser Ile Pro Trp Tyr
355 360 365

Gln Pro Leu Val Gly Asp Tyr Ser Ser Leu Gln Gly Leu Arg Ser Thr
370 375 380

Pro Ile Gly Arg Ile Leu Thr Asn Val Met Cys Arg Val Leu Glu Phe
385 390 395 400

Val Arg Leu Ala Pro Lys Gly Thr Tyr Lys Ala Thr Glu Ile Leu Glu
405 410 415

Glu Ala Ala Glu Ser Leu Val Val Gly Gly Gln Leu Gly Ile Phe Thr
420 425 430

Pro Ser Phe Tyr Ile Arg Ala Arg Lys Pro Ser Lys Gln Ala Gly Ser
435 440 445

Lys Ile Arg Ser Val Arg Pro Leu Val Val Leu Leu Val Cys Val Ala
450 455 460

Ala Val Leu Ala Leu Ser Ala Ser Ala Glu Pro His Lys Ala Ala Val
465 470 475 480

Agp Val Gly Pro Leu Ser Val Gly Pro Gln Ser Val Gly Pro Leu Ser
485 490 495

Val Gly Pro Gln Ala Val Gly Pro Leu Ser Val Gly Pro Gln Ser Val
500 505 510

Gly Pro Leu Ser Val Gly Pro Gln Ala Val Gly Pro Leu Ser Val CGly
515 520 525

Pro Gln Ser Val Gly Pro Leu Ser Val Gly Pro Leu Ser Val Gly Pro
530 535 540

Gln Ser Val Gly Pro Leu Ser Val Gly Ser Gln Ser Val Gly Pro Leu
545 550 555 560

Ser Val Gly Pro Gln Ser Val Gly Pro Leu Ser Val Gly Pro Gln 2Ala
565 570 575

Val Gly Pro Leu Ser Val Gly Pro Gln Ser Val Gly Pro Leu Ser Val
580 585 590

Gly Pro Gln Ala Val Gly Pro Leu Ser Val Gly Pro Gln Ser Val Gly
595 600 605

Pro Leu Ser Val Gly Pro Gln Ser Val Gly Pro Leu Ser Val Gly Ser
610 615 620

Gln Ser Val Gly Pro Leu Ser Val Gly Pro Gln Ser Val Gly Pro Leu
625 630 635 640

Ser Val Gly Pro Gln Ser Val Gly Pro Leu Ser Val Gly Pro Gln Ser
645 650 655

Val Gly Pro Leu Ser Val Gly Pro Gln Ser Val Gly Pro Leu Ser Val
660 665 670

Gly Pro Gln Ser Val Agp Val Ser Pro Val Ser Gly Ser Glu Phe Asp



US 2009/0291099 A1 Nov. 26, 2009
49

-continued

675 680 685

Ala Val Asp Trp Arg Glu Lys Gly Ala Val Thr Pro Val Lys Asn Gln
690 695 700

Gly Ala Cys Gly Ser Cys Trp Ala Phe Ser Ala Val Gly Asn Ile CGlu
705 710 715 720

Ser Gln Trp Ala Arg Ala Gly His Gly Leu Val Ser Leu Ser Glu Gln
725 730 735

Gln Leu Val Ser Cys Asp Asp Lys Asp Asn Gly Cys Asn Gly Gly Leu
740 745 750

Met Leu Gln Ala Phe Glu Trp Leu Leu Arg His Met Tyr Gly Ile Val
755 760 765

Phe Thr Glu Lys Ser Tyr Pro Tyr Thr Ser Gly Asn Gly Asp Val 2Ala
770 775 780

Glu Cys Leu Asn Ser Ser Lys Leu Val Pro Gly Ala Gln Ile Asp Cly
785 790 795 800

Tyr Val Met Ile Pro Ser Asn Glu Thr Val Met Ala Ala Trp Leu 2Ala
805 810 815

Glu Asn Gly Pro Ile Ala Ile Ala Val Asp Ala Ser Ser Phe Met Ser
820 825 830

Tyr Gln Ser Gly Val Leu Thr Ser Cys Ala Gly Asp Ala Leu Asn His
835 840 845

Gly Val Leu Leu Val Gly Tyr Asn Lys Thr Gly Gly Val Pro Tyr Trp
850 855 860

Val Ile Lys Asn Ser Trp Gly Glu Asp Trp Gly Glu Lys Gly Tyr Val
865 870 875 880

Arg Val Val Met Gly Leu Asnh Ala Cys Leu Leu Ser Glu Tyr Pro Val
885 890 895

Ser Ala His Val Pro Arg Ser Leu Thr Pro Gly Pro Gly Thr Glu Ser
900 905 910

Glu Glu Arg Ala Pro Lys Arg Val Thr Val Glu Gln Met Met Cys Thr
915 920 925

Asp Met Tyr Cys Arg Glu Gly Cys Lys Lys Ser Leu Leu Thr Ala Asn
930 935 940

Val Cys Tyr Lys Asn Gly Gly Gly Gly Ser Ser Met Thr Lys Cys Gly
945 950 955 960

Pro Gln Lys Val Leu Met Cys Ser Tyr Ser Asn Pro Hig Cys Phe Gly
965 970 875

Pro Gly Leu Cys Leu Glu Thr Pro Asp Gly Lys Cys Ala Pro Tyr Phe
980 985 990

Leu Gly Ser Ile Met Asn Thr Cys Gln Tyr Thr
995 1000

<210> SEQ ID NO 34

<211> LENGTH: 3021

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleic acid sequence encoding the KSAC fusion
polypeptide

<400> SEQUENCE: 34
catatggeca ccacgtacga ggagtttteg gegaagetgyg accgectgga tgaggagtte 60

aacaggaaga tgcaggagca gaacgccaag ttetttgegg acaageegga tgagtegacyg 120
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ctgtcgeccg agatgaagga gcactacgag aagttcgage gcatgatcaa ggaacacaca 180
gagaagttca acaagaagat gcacgagcac tcggagcact tcaagcagaa gttcgecgag 240

ctgctcgage agcagaaggc tgcgecagtac ccgtccaaga ctagttecge cggtggecegt 300
gagaccgcege cgacgaacct gattcegtege cgcaacaagg acgagacaaa cggggatgtce 360
agcgecgeceg ccgaccgett ccgegaccge ttcegagaagg caaccctcega ggagcegcaag 420
gcegecacca cgacgatggt caacgagtac tacgacctgg tgacggactt ctacgagtac 480
ggctggggece agaacttcca tttegegeeg cgctacgeeyg gcgagacctt cttcgagtece 540
ctcgegegee acgagtactt cctggecget cgeggcegget tcatggaggg cgaccacatce 600

gtcgacgtgyg gctgeggegt cggeggteeg gcegegcaaca tggttegect cacgegetge 660

aacgtcatcg gcgtcaacaa caacgattac cagatcagce gecgctegecg tcatgacgeyg 720
ctcgecggta tgagetecaa gatcgactac gtcaagaccyg acttcectgcaa catgagetta 780
gccgacaaca ccttegacgg cgectacgec atcgaggcca cctgccacgce aaaggacaag 840

gtcaagtget atagcgaggt cttccgtgte atcaagcceg gcacctgett tgtcctgtac 900
gagtggtgca tgaccgacaa gtacaacccc aatgacgagt accaccgcac aatcaagcac 960
cgeategage tygggegacgy cctgeeggag atggagacgt gcaaacaggt gatcegagtac 1020
atgaagcagg ccggcttcgt ggtggaggag gccatagacg tcatcagtca gttcgagtcce 1080
agecccatea agagtatcee gtggtaccag cegetggteg gegactatte gteccetgeag 1140
ggeetgeget ctacccegat tggecgeate ctecacgaacy tcatgtgteg cgtgetggay 1200
ttegtgegee tagetecgaa gggcacgtac aaggegacgg agattttgga ggaggetgeg 1260
gaaagcetgyg tggtgggegy tcagetegge atcettceacge cgtectteta cateegeget 1320
cgcaageegt ccaagcaggce tggatccaag atcegeageg tgegtecget tgtggtgttg 1380
ctggtygtgey tegeggeggt getegeacte agegecteeyg ctgageegea caaggeggee 1440
gttgacgtecg gecegetgag cgttggeceg cagagegteg geccgetgag cgttggeceey 1500
caggeggtty geecgetgag cgttggeceg cagagegteg geccgetgag cgttggeceg 1560
caggeggttyg geceegetgag cgttggeceeg cagagegttyg gecegetgag cgttggececeg 1620
ctgagegtty geeccgecagag cgttggeceg ctgagegttyg geagecagag cgteggeceg 1680
ctgagegttyg gtecgcagag cgteggececeg ctgagegttyg gecegeagge ggttggecceg 1740
ctgagegtty geeccgeagag cgteggeceg ctgagegttyg gecegeagge ggttggeceg 1800
ctgagcgttg geccgcagag cgttggecceg ctgagegttyg geccgcagag cgttggecceyg 1860
ctgagcgtty gcagccagay cgteggeceg ctgagegttyg gtecgcagag cgtceggeccg 1920
ctgagcgtty geccgcagay cgteggeceg ctgagegttyg geccgcagag cgtceggeccg 1980
ctgagcgttg gtcecgcagag cgttggecceg ctgagegttyg geccgcagag cgttgacgtt 2040
agcceggtga gecggatccga attegatgeg gtggactgge gegagaaggy cgecgtgacg 2100
ccggtgaaga atcaaggege gtgegggteg tgcetgggegt teteggeggt cggcaacatce 2160
gagtcgcagt gggcccgtge cggccacgge ttggtgagece tgteggagea gcagetggtg 2220
agctgcgatg acaaagacaa tggctgcaac ggcgggcetga tgctgcagge gttegagtgg 2280
ctgctgcgac acatgtacgg gatcgtgtte acggagaaga gctaccecta cacgtecggce 2340

aacggtgatg tggccgagtyg cttgaacage agtaaactcg ttcececggege gcaaatcgac 2400
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ggctacgtga tgatccecgag caacgaaacg gttatggctg cgtggcttgce ggagaatggce 2460

cccatcgega ttgeggtcga cgccagectece ttcatgtett accagagcegg cgtgctgacce 2520

agctgcgetg gcgatgcact gaaccacggce gtgctgcteg tcgggtacaa caagaccggt 2580

ggggttcegt actgggtgat caagaactcg tggggtgagg actggggcga gaagggctac 2640

gtgcgegtgg tcatggggcet gaacgegtge ctgctcagtg aatacccegt gtcegegcat 2700

gtgccegegga gtetcaccee tggoceggge acggagageyg aggagcegcegce ccctaaacgg 2760

gtgacggtgg agcagatgat gtgcaccgat atgtactgca gggaggggtg caagaagagt 2820

cttctcacecg cgaacgtgtg ctacaagaac gggggaggcg gctcctcectat gacgaagtgce 2880

ggtccgcaga aggtgctgat gtgctegtac tcgaacccte attgetttgg tcctgggcetg 2940

tgcctecgaga ctectgatgg caagtgcgeg ccgtacttet tgggetcecgat catgaacacc 3000

tgccagtaca cgtaaaagcet t 3021

<210> SEQ ID NO 35

<211> LENGTH: 660

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amino acid sequence for a KSA (no Cys) fusion
polypeptide

<400> SEQUENCE: 35

Met Ala Thr Thr Tyr Glu Glu Phe Ser Ala Lys Leu Asp Arg Leu Asp
1 5 10 15

Glu Glu Phe Asn Arg Lys Met Gln Glu Gln Asn Ala Lys Phe Phe Ala
20 25 30

Asp Lys Pro Asp Glu Ser Thr Leu Ser Pro Glu Met Lys Glu His Tyr
35 40 45

Glu Lys Phe Glu Arg Met Ile Lys Glu His Thr Glu Lys Phe Asn Lys
50 55 60

Lys Met His Glu His Ser Glu His Phe Lys Gln Lys Phe Ala Glu Leu
65 70 75 80

Leu Glu Gln Gln Lys Ala Ala Gln Tyr Pro Ser Lys Thr Ser Ser 2Ala
85 90 85

Gly Gly Arg Glu Thr Ala Pro Thr Asn Leu Ile Arg Arg Arg Asn Lys
100 105 110

Asp Glu Thr Asn Gly Asp Val Ser Ala Ala Ala Asp Arg Phe Arg Asp
115 120 125

Arg Phe Glu Lys Ala Thr Leu Glu Glu Arg Lys Ala Ala Thr Thr Thr
130 135 140

Met Val Asn Glu Tyr Tyr Asp Leu Val Thr Asp Phe Tyr Glu Tyr Gly
145 150 155 160

Trp Gly Gln Asn Phe His Phe Ala Pro Arg Tyr Ala Gly Glu Thr Phe
165 170 175

Phe Glu Ser Leu Ala Arg His Glu Tyr Phe Leu Ala Ala Arg Gly Gly
180 185 190

Phe Met Glu Gly Asp Hisg Ile Val Asp Val Gly Ser Gly Val Gly Gly
195 200 205

Pro Ala Arg Asn Met Val Arg Leu Thr Arg Ser Asn Val Ile Gly Val
210 215 220
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Asn Asn Asn Asp Tyr Gln Ile Ser Arg Ala Arg Arg His Asp Ala Leu
225 230 235 240

Ala Gly Met Ser Ser Lys Ile Asp Tyr Val Lys Thr Asp Phe Ser Asn
245 250 255

Met Ser Leu Ala Asp Asn Thr Phe Asp Gly Ala Tyr Ala Ile Glu 2Ala
260 265 270

Thr Ser His Ala Lys Asp Lys Val Lys Ser Tyr Ser Glu Val Phe Arg
275 280 285

Val Ile Lys Pro Gly Thr Ser Phe Val Leu Tyr Glu Trp Ser Met Thr
290 295 300

Asp Lys Tyr Asn Pro Asn Asp Glu Tyr His Arg Thr Ile Lys His Arg
305 310 315 320

Ile Glu Leu Gly Asp Gly Leu Pro Glu Met Glu Thr Ser Lys Gln Val
325 330 335

Ile Glu Tyr Met Lys Gln Ala Gly Phe Val Val Glu Glu Ala Ile Asp
340 345 350

Val Ile Ser Gln Phe Glu Ser Ser Pro Ile Lys Ser Ile Pro Trp Tyr
355 360 365

Gln Pro Leu Val Gly Asp Tyr Ser Ser Leu Gln Gly Leu Arg Ser Thr
370 375 380

Pro Ile Gly Arg Ile Leu Thr Asn Val Met Ser Arg Val Leu Glu Phe
385 390 395 400

Val Arg Leu Ala Pro Lys Gly Thr Tyr Lys Ala Thr Glu Ile Leu Glu
405 410 415

Glu Ala Ala Glu Ser Leu Val Val Gly Gly Gln Leu Gly Ile Phe Thr
420 425 430

Pro Ser Phe Tyr Ile Arg Ala Arg Lys Pro Ser Lys Gln Ala Gly Ser
435 440 445

Glu Pro His Lys Ala Ala Val Asp Val Gly Pro Leu Ser Val Gly Pro
450 455 460

Gln Ser Val Gly Pro Leu Ser Val Gly Pro Gln Ala Val Gly Pro Leu
465 470 475 480

Ser Val Gly Pro Gln Ser Val Gly Pro Leu Ser Val Gly Pro Gln 2Ala
485 490 495

Val Gly Pro Leu Ser Val Gly Pro Gln Ser Val Gly Pro Leu Ser Val
500 505 510

Gly Pro Leu Ser Val Gly Pro Gln Ser Val Gly Pro Leu Ser Val CGly
515 520 525

Ser Gln Ser Val Gly Pro Leu Ser Val Gly Pro Gln Ser Val Gly Pro
530 535 540

Leu Ser Val Gly Pro Gln Ala Val Gly Pro Leu Ser Val Gly Pro Gln
545 550 555 560

Ser Val Gly Pro Leu Ser Val Gly Pro Gln Ala Val Gly Pro Leu Ser
565 570 575

Val Gly Pro Gln Ser Val Gly Pro Leu Ser Val Gly Pro Gln Ser Val
580 585 590

Gly Pro Leu Ser Val Gly Ser Gln Ser Val Gly Pro Leu Ser Val Gly
595 600 605

Pro Gln Ser Val Gly Pro Leu Ser Val Gly Pro Gln Ser Val Gly Pro
610 615 620

Leu Ser Val Gly Pro Gln Ser Val Gly Pro Leu Ser Val Gly Pro Gln
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625

630

635

640

Ser Val Gly Pro Leu Ser Val Gly Pro Gln Ser Val Asp Val Ser Pro

645

Val Ser Gly Ser

660

<210> SEQ ID NO 36
<211> LENGTH: 1990

<212> TYPE:

DNA

650

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Nucleotide sequence of KSA (no cys) Cloned in

NdeI/EcoRI in pET29

<400> SEQUENCE: 36

catatggcca
aaccgcaaga
ctgagceegyg
gagaagttca
ctgctggage
gagaccgege
agcgeegecy
geegecacca
ggetggggee
ctggegegee
gtegacgtgy
aacgtcateg
ctggeeggta
geccgacaaca
gtcaagaget
gagtggagca
cgeategage
atgaagcagg
agccegatca
ggecctgegea
ttegtgegee
gaaagcetgyg
cgcaagecga
ctgagegttyg
ctgagegttyg
ctgagegttyg
cagagcgttyg
cagagcgteg

cagagcgteg

ccacgtacga
tgcaggagca
agatgaagga
acaagaagat
agcagaaggce
cgacgaacct
cecgaccgett
cgacgatggt
agaacttcca
acgagtactt
geageggegt
gcgtcaacaa
tgagecagcaa
cettegacgg
atagegaggt
tgacecgacaa
tgggegacgy
ceggettegt
agageatcce
gcacccegat
tggcgcegaa
tggtgggcyg
gcaagcagge
gcecgcagay
gcecgcagag
gcecgcagag
gcecgetgag
gcecgetgag

gcecgetgay

ggagtttagce
gaacgccaag
gcactacgag
gcacgagcac
ggcgcagtac
gattegtege
ccgegaccge
caacgagtac
tttegegeey
cectggeegey
cggeggteey
caacgattac
gatcgactac
cgectacgee
ctteegtgte
gtacaaccey
cctgeeggay
ggtggaggag
gtggtaccag
tggcegeate
gggcacgtac
tcagetggge
gggatccgag
cgteggecey
cgtcggecey
cgttggeeey
cgttggeage
cgttggeeey

cgttggecey

gcgaagetgg
ttectttgegyg
aagttcgagce
agcgagcact
ccgagcaaga
cgcaacaagy
ttcgagaagyg
tacgacetygy
cgetacgeey
cgeggegget
gegegeaaca
cagatcagece
gtcaagacey
atcgaggeca
atcaagececgg
aatgacgagt
atggagacga
gcecattgacy
cegetggteg
ctgacgaacg
aaggegacgg
atcttcacge
ccgcacaagg
ctgagegttyg
ctgagcgttyg
ctgagcgttyg
cagagcgteg
caggeggtty

caggcggttg

accgectgga
acaagccgga
gcatgatcaa
tcaagcagaa
ctagtagcge
acgagaccaa
caaccctgga
tgacggactt
gegagacett
teatggaggg
tggttegeet
gegegegeey
acttcagcaa
ccagecacge
gcaccagett
accaccgeac
gcaaacaggt
tcatcagcca
gcgactatag
tcatgageey
agattctgga
cgagetteta
cggeegttga
gcecgeagge
gcecgeagge
gcecgetgag
gcecgetgag
gcecgetgag

gcecgetgag

655

tgaggagttc
tgagagcacyg
ggaacacacc
gttcgecgag
cggtggeegt
cggegatygte
ggagcgcaag
ctacgagtac
cttegagage
cgaccacate
gacgegeage
tcatgacgey
catgagecty
aaaggacaag
tgtcetgtac
catcaagcac
gatcgagtac
gttegagage
cagcetgeay
cgtgetggag
ggaggeggeyg
catcegegeg
cgteggeceeyg
ggttggeeey
ggttggceeg
cgttggeecyg
cgttggtecyg
cgttggeecyg

cgttggecey

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740
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cagagcgttg gcccgetgag cgttggcceg cagagegttg gcccegetgag cgttggecage 1800

cagagcgtceg geccgetgag cgttggtecg cagagcegteg gecegctgag cgttggeccyg 1860

cagagcgtceg geccgetgag cgttggecceg cagagcegteg gecegctgag cgttggtecyg 1920

cagagcgttg gccecgetgag cgttggcceg cagagegttg acgttagcce ggtgagegga 1980

tcctgaatte 1990

<210> SEQ ID NO 37

<211> LENGTH: 978

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATICN: Amino acid sequence of original KSAC (no cys)
polyprotein fusion

<400> SEQUENCE: 37

Met Ala Thr Thr Tyr Glu Glu Phe Ser Ala Lys Leu Asp Arg Leu Asp
1 5 10 15

Glu Glu Phe Asn Arg Lys Met Gln Glu Gln Asn Ala Lys Phe Phe 2Ala
20 25 30

Asp Lys Pro Asp Glu Ser Thr Leu Ser Pro Glu Met Lys Glu His Tyr
35 40 45

Glu Lys Phe Glu Arg Met Ile Lys Glu His Thr Glu Lys Phe Asn Lys
50 55 60

Lys Met His Glu His Ser Glu His Phe Lys Gln Lys Phe Ala Glu Leu
65 70 75 80

Leu Glu Gln Gln Lys Ala Ala Gln Tyr Pro Ser Lys Thr Ser Ser Ala
85 90 85

Gly Gly Arg Glu Thr Ala Pro Thr Asn Leu Ile Arg Arg Arg Asn Lys
100 105 110

Agp Glu Thr Asn Gly Asp Val Ser Ala Ala Ala Asp Arg Phe Arg Asp
115 120 125

Arg Phe Glu Lys Ala Thr Leu Glu Glu Arg Lys Ala Ala Thr Thr Thr
130 135 140

Met Val Asn Glu Tyr Tyr Asp Leu Val Thr Asp Phe Tyr Glu Tyr CGly
145 150 155 160

Trp Gly Gln Asn Phe His Phe Ala Pro Arg Tyr Ala Gly Glu Thr Phe
165 170 175

Phe Glu Ser Leu Ala Arg His Glu Tyr Phe Leu Ala Ala Arg Gly Gly
180 185 190

Phe Met Glu Gly Asp His Ile Val Asp Val Gly Ser Gly Val Gly Gly
195 200 205

Pro Ala Arg Asn Met Val Arg Leu Thr Arg Ser Asn Val Ile Gly Val
210 215 220

Agn Asn Asn Asp Tyr Gln Ile Ser Arg Ala Arg Arg His Asp Ala Leu
225 230 235 240

Ala Gly Met Ser Ser Lys Ile Asp Tyr Val Lys Thr Asp Phe Ser Asn
245 250 255

Met Ser Leu Ala Asp Asn Thr Phe Asp Gly Ala Tyr Ala Ile Glu Ala
260 265 270

Thr Ser Hig Ala Lys Asp Lys Val Lys Ser Tyr Ser Glu Val Phe Arg
275 280 285
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Val Ile Lys Pro Gly Thr Ser Phe Val Leu Tyr Glu Trp Ser Met Thr
290 295 300

Asp Lys Tyr Asn Pro Asn Asp Glu Tyr His Arg Thr Ile Lys His Arg
305 310 315 320

Ile Glu Leu Gly Asp Gly Leu Pro Glu Met Glu Thr Ser Lys Gln Val
325 330 335

Ile Glu Tyr Met Lys Gln Ala Gly Phe Val Val Glu Glu Ala Ile Asp
340 345 350

Val Ile Ser Gln Phe Glu Ser Ser Pro Ile Lys Ser Ile Pro Trp Tyr
355 360 365

Gln Pro Leu Val Gly Asp Tyr Ser Ser Leu Gln Gly Leu Arg Ser Thr
370 375 380

Pro Ile Gly Arg Ile Leu Thr Asn Val Met Ser Arg Val Leu Glu Phe
385 390 395 400

Val Arg Leu Ala Pro Lys Gly Thr Tyr Lys Ala Thr Glu Ile Leu Glu
405 410 415

Glu Ala Ala Glu Ser Leu Val Val Gly Gly Gln Leu Gly Ile Phe Thr
420 425 430

Pro Ser Phe Tyr Ile Arg Ala Arg Lys Pro Ser Lys Gln Ala Gly Ser
435 440 445

Glu Pro His Lys Ala Ala Val Asp Val Gly Pro Leu Ser Val Gly Pro
450 455 460

Gln Ser Val Gly Pro Leu Ser Val Gly Pro Gln Ala Val Gly Pro Leu
465 470 475 480

Ser Val Gly Pro Gln Ser Val Gly Pro Leu Ser Val Gly Pro Gln Ala
485 490 495

Val Gly Pro Leu Ser Val Gly Pro Gln Ser Val Gly Pro Leu Ser Val
500 505 510

Gly Pro Leu Ser Val Gly Pro Gln Ser Val Gly Pro Leu Ser Val CGly
515 520 525

Ser Gln Ser Val Gly Pro Leu Ser Val Gly Pro Gln Ser Val Gly Pro
530 535 540

Leu Ser Val Gly Pro Gln Ala Val Gly Pro Leu Ser Val Gly Pro Gln
545 550 555 560

Ser Val Gly Pro Leu Ser Val Gly Pro Gln Ala Val Gly Pro Leu Ser
565 570 575

Val Gly Pro Gln Ser Val Gly Pro Leu Ser Val Gly Pro Gln Ser Val
580 585 590

Gly Pro Leu Ser Val Gly Ser Gln Ser Val Gly Pro Leu Ser Val Gly
595 600 605

Pro Gln Ser Val Gly Pro Leu Ser Val Gly Pro Gln Ser Val Gly Pro
610 615 620

Leu Ser Val Gly Pro Gln Ser Val Gly Pro Leu Ser Val Gly Pro Gln
625 630 635 640

Ser Val Gly Pro Leu Ser Val Gly Pro Gln Ser Val Asp Val Ser Pro
645 650 655

Val Ser Gly Ser Glu Phe Asp Ala Val Asp Trp Arg Glu Lys Gly Ala
660 665 670

Val Thr Pro Val Lys Asn Gln Gly Ala Ser Gly Ser Ser Trp 2Ala Phe
675 680 685

Ser Ala Val Gly Asn Ile Glu Ser Gln Trp Ala Arg Ala Gly His Gly
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690 695 700

Leu Val Ser Leu Ser Glu Gln Gln Leu Val Ser Ser Asp Asp Lys Asp
705 710 715 720

Asn Gly Ser Asn Gly Gly Leu Met Leu Gln Ala Phe Glu Trp Leu Leu
725 730 735

Arg His Met Tyr Gly Ile Val Phe Thr Glu Lys Ser Tyr Pro Tyr Thr
740 745 750

Ser Gly Asn Gly Asp Val Ala Glu Ser Leu Asn Ser Ser Lys Leu Val
755 760 765

Pro Gly Ala Gln Ile Asp Gly Tyr Val Met Ile Pro Ser Asn Glu Thr
770 775 780

Val Met Ala Ala Trp Leu Ala Glu Asn Gly Pro Ile Ala Ile Ala Val
785 790 795 800

Asp Ala Ser Ser Phe Met Ser Tyr Gln Ser Gly Val Leu Thr Ser Ser
805 810 815

Ala Gly Asp Ala Leu Asn His Gly Val Leu Leu Val Gly Tyr Asn Lys
820 825 830

Thr Gly Gly Val Pro Tyr Trp Val Ile Lys Asn Ser Trp Gly Glu Asp
835 840 845

Trp Gly Glu Lys Gly Tyr Val Arg Val Val Met Gly Leu Asn Ala Ser
850 855 860

Leu Leu Ser Glu Tyr Pro Val Ser Ala His Val Pro Arg Ser Leu Thr
865 870 875 880

Pro Gly Pro Gly Thr Glu Ser Glu Glu Arg Ala Pro Lys Arg Val Thr
885 890 895

Val Glu Gln Met Met Ser Thr Asp Met Tyr Ser Arg Glu Gly Ser Lys
900 905 910

Lys Ser Leu Leu Thr Ala Asn Val Ser Tyr Lys Asn Gly Gly Gly Gly
915 920 925

Ser Ser Met Thr Lys Ser Gly Pro Gln Lys Val Leu Met Ser Ser Tyr
930 935 940

Ser Asn Pro His Ser Phe Gly Pro Gly Leu Ser Leu Glu Thr Pro Asp
945 950 955 960

Gly Lys Ser Ala Pro Tyr Phe Leu Gly Ser Ile Met Asn Thr Ser Gln
965 970 875

Tyr Thr

<210> SEQ ID NO 38

<211> LENGTH: 2946

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Nucleotide sequence of original KSAC (no cys)
Cloned in Ndel/HindIII in pET29

<400> SEQUENCE: 38

catatggeca ccacgtacga ggagtttage gegaagetgg accgectgga tgaggagtte 60
aaccgcaaga tgcaggagca gaacgccaag ttetttgegg acaageegga tgagagcacyg 120
ctgagoecgy agatgaagga gcactacgag aagttegage geatgatcaa ggaacacace 180
gagaagttca acaagaagat gcacgagcac agcgagcact tcaagcagaa gttegecgag 240

ctgctggage agcagaaggce ggegcagtac ccgagcaaga ctagtagege cggtggeogt 300
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gagaccgcege cgacgaacct gattcegtcege cgcaacaagg acgagaccaa cggcgatgte 360
agcgecgeceg ccgaccgett ccgegaccge ttcegagaagg caaccctgga ggagcegcaag 420
gcegecacca cgacgatggt caacgagtac tacgacctgg tgacggactt ctacgagtac 480
ggctggggece agaacttcca tttegegeeg cgctacgeeyg gcgagacctt cttcegagage 540
ctggecgegee acgagtactt cctggecgeg cgceggcegget tcatggaggg cgaccacatce 600

gtcgacgtgyg gcageggcegt cggceggteeg gcegegcaaca tggttegect gacgegecage 660

aacgtcatcg gecgtcaacaa caacgattac cagatcagce gecgegcegeceg tcatgacgeyg 720
ctggeccggta tgagcagcaa gatcgactac gtcaagaccg acttcagcaa catgagectg 780
gccgacaaca ccttegacgg cgectacgece atcgaggcca ccagccacgc aaaggacaag 840

gtcaagagct atagcgaggt cttccgtgte atcaageccgg gcaccagett tgtcctgtac 900
gagtggagca tgaccgacaa gtacaacccg aatgacgagt accaccgcac catcaagcac 960
cgcatcgage tgggegacgg cctgecggag atggagacga gcaaacaggt gatcgagtac 1020
atgaagcagg ccggcttcgt ggtggaggag gccattgacg tcatcagcca gttcgagagce 1080
agecegatcea agagcatcee gtggtaccag cegetggteg gegactatay cagectgeag 1140
ggcctgegea gcaccccgat tggecgecatce ctgacgaacyg tcatgageeg cgtgctggag 1200
ttegtygegee tyggegecgaa gggcacgtac aaggegacygyg agattetgga ggaggeggeyg 1260
gaaagcetgyg tggtgggegy tcagetggge atcttceacge cgagetteta cateegegey 1320
cgeaagecga gcaagceagge gggateegag cegcacaagyg cggeegttga cgteggeceg 1380
ctgagegtty geecgcagay cgteggecey ctgagegtty gecegeagge ggttggecey 1440
ctgagegtty geccegeagay cgteggeceyg ctgagegttyg gecegeagge ggttggeceg 1500
ctgagegtty gecegecagag cgttggeceg ctgagegttyg gecegetgag cgttggecey 1560
cagagegtty gecegetgag cgttggcage cagagegteg gecegetgag cgttggtecy 1620
cagagegteg geecgetgag cgttggeceg caggeggttyg gecegetgag cgttggeceg 1680
cagagegtey geecgetgay cgttggecey caggeggtty gecegetgay cgttggeceyg 1740
cagagcgttyg geecegetgag cgttggeceeg cagagegttg gecegetgag cgttggeage 1800
cagagegteg geecgetgag cgttggteeg cagagegteg geccgetgag cgttggeceg 1860
cagagegteg geecgetgag cgttggeceg cagagegteg geccgetgag cgttggtecg 1920
cagagcgttyg gcecgetgag cgttggeceeg cagagegttg acgttagece ggtgagegga 1980
tccgaatteg atgeggtgga ctggegegag aagggcegecyg tgacgeeggt gaagaatcaa 2040
ggegegagey geageagetyg ggegttecage geggteggea acatcegagag ccagtgggee 2100
cgtgecggee acggectggt gagectgage gagcagcage tggtgagcag cgatgacaaa 2160
gacaatggca gcaacggcegyg cctgatgetyg caggegtteg agtggetget gegecacatg 2220
tacggcatcg tgttcacgga gaagagctac ccgtacacga geggcaacgg tgatgtggec 2280
gagagcctga acagcagcaa actggttceg ggegegcaaa tcgacggcta cgtgatgate 2340
ccgagcaacg aaacggttat ggeggegtgg ctggeggaga atggeccgat cgegattgeg 2400
gtecgacgeca gcagettcat gagctaccag ageggegtge tgaccagcag cgegggegat 2460
gcactgaacc acggcgtget gctggtegge tacaacaaga ccggtggegt tccgtactgg 2520

gtgatcaaga acagctygggg tgaggactgg ggcgagaagyg gctacgtgeg cgtggtecatg 2580
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ggcctgaacy cgagcectget gagcgaatac ccggtgageg cgcatgtgec gcegcagectg 2640

acccegggece cgggcacgga gagcegaggag cgcgeccega aacgegtgac ggtggagcag 2700

atgatgagca ccgatatgta cagccgegag ggcagcaaga agagcectget gaccgcegaac 2760

gtgagctaca agaacggcgg cggcggcagce agcatgacga agagcggtcec gcagaaggtg 2820

ctgatgagca gctacagcaa cccgcatage tttggtccgg gcctgagect ggagaccccg 2880

gatggcaaga gcgcgccegta cttoctggge agcatcatga acaccagcca gtacacgtaa 2940

aagctt

2946

1. A fusion polypeptide comprising an immunogenic por-
tion of at least two Leishmania antigens, wherein the Leish-
mania antigens are selected from the group consisting of
KMP11,SMT, A2 and CPB, or sequences having at least 90%
identity thereto, wherein the fusion polypeptide is capable of
providing protection against leishmaniasis in anin vivo assay.

2. The fusion polypeptide of claim 1, wherein the Leish-
mania antigens are KMP11, SMT and A2, or sequences hav-
ing at least 90% identity thereto.

3. The fusion polypeptide of claim 2, wherein the fusion
polypeptide comprises an amino acid sequence set forth in
any one of SEQ ID NOs: 21 or 35, or a sequence having at
least 90% identity thereto.

4. The fusion polypeptide of claim 1, wherein the Leish-
mania antigens are KMP11, SMT, A2 and CPB, or sequences
having at least 90% identity thereto.

5. The fusion polypeptide of claim 4, wherein the fusion
polypeptide comprises an amino acid sequence set forth in
any one of SEQ ID NOs: 23,33 or 37, or a sequence having at
least 90% identity thereto.

6. The fusion polypeptide of claim 1, wherein the Leish-
mania antigens comprise amino acid sequences of KMP11,
SMT, A2 and/or CPB from L. major ., L. infantum or L.
donovani.

7. An isolated polynucleotide encoding a fusion polypep-
tide of claim 1.

8. A composition comprising at least one component
selected from the group consisting of a polypeptide according
to claim 1 and a polynucleotide according to claim 7, in
combination with at least one immunostimulant.

9. The composition according to claim 8, wherein the
immunostimulant is selected from the group consisting of a
CpG-containing oligonucleotide, synthetic lipid A, MPL™,
3D-MPL™, saponins, saponin mimetics, AGPs, Toll-like
receptor agonists, or a combination thereof.

10. The composition according to claim 8, wherein the
immunostimulant is selected from the group consisting of a
TLR4 agonist, a TLR7/8 agonist and a TLRY agonist.

11. The composition according to claim 8, wherein the
immunostimulant is selected from the group consisting of
GLA, CpG-containing oligonucleotide, imiquimod,
gardiquimod and resiquimod.

12. A method for stimulating an immune response against
Leishmania in a mammal comprising administering to a
mammal in need thereof a composition according to claim 8.

13. A method for inducing protective immunity against
leishmaniasis in a mammal comprising administering to a
mammal in need thereof a composition according to claim 8.

14. A method for inducing protective immunity against
leishmaniasis in a canine comprising administering a canine
in need thereof a composition according to claim 8, wherein
the immunostimulant is GL A and wherein the composition is
formulated as a stable oil-in-water emulsion.

15. The method according to claim 14, wherein the com-
position further comprises at least one component selected
from a TLR7/8 agonist and a TLR9 agonist.

16. The method according to claim 15 wherein the TLR7/8
agonist is selected from the group consisting of imiquimod,
gardiquimod and resiquimod, and the TLR9 agonist is a CpG-
containing oligonucleotide.

17. The method according to claim 14, wherein the com-
position comprises a KSAC fusion polypeptide having an
amino acid sequence set forth in any one of SEQ ID NOs: 23,
33 or 37.

18. A method for detecting Leishmania infection in a bio-
logical sample, comprising:

(a) contacting a biological sample with a fusion polypep-

tide of claim 1; and

(b) detecting in the biological sample the presence of anti-

bodies that bind to the fusion polypeptide, thereby
detecting Leishmania infection in a biological sample.

19. The method of claim 18, wherein the biological sample
is selected from the group consisting of sera, bloodand saliva.

20. The method of claim 18, wherein the fusion polypep-
tide comprises an amino acid sequence set forth in any one of
SEQ ID NOs: 21, 23, 33, 35 or 37.

21. The method of claim 18, wherein the fusion polypep-
tide is bound to a solid support.

22. A diagnostic kit for detecting Leishmania infectionin a
biological sample comprising:

(a) a fusion polypeptide of claim 1; and

(b) a detection reagent.
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