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NUCLEIC ACIDS ENCODING SARCOCYSTIS
NEURONA ANTIGEN AND USES THEREOF

The present application is a continuation of U.S. utility
patent application Ser. No. 11/445,045, filed on Jun. 1, 2006
now U.S. Pat. No. 7,256,282, which in turn claims priority to
U.S. utility patent application Ser. No. 10/369,430, filed on
Feb. 19, 2003, which claims the benefit of priority of U.S.
provisional patent application No. 60/357,479, filed Feb. 15,
2002, the disclosures of each of which are incorporated herein
in their entirety by reference.

TECHNICAL FIELD

The present invention relates to nucleic acids of Sarcocys-
tis neurona. In particular, the present invention relates to
nucleic acids of Sarcocystis neurona and to nucleic acid
reagents and antibodies for use in methods of detection and
prevention of Sarcocystis neurona infection. More particu-
larly, the present invention relates to novel nucleic acid
sequences of Sarcocystis neurona and to utilization thereof
including primers, probes, antigen/antibody diagnostic kits,
vectors for production of peptides encoding the novel nucleic
acids, and to antigenic proteins and vaccines against Sarco-
cystis neurona.

BACKGROUND OF THE INVENTION

Sarcocystis neurona is an apicomplexan parasite that is the
primary cause of equine protozoal myeloencephalitis (EPM;
Dubey et al., 1991), which is a common and debilitating
infectious disease that affects the central nervous system of
horses. S. neurona is related to the human and animal patho-
gen Toxoplasma gondii and to the important veterinary patho-
gen Neospora spp. The geographic range of S. neurona
appears to be limited to the western hemisphere, thus EPM
primarily affects horses in the Americas.

Definitive antemortem diagnosis of EPM remains exceed-
ingly difficult, for a variety of reasons. Horses afflicted with
EPM exhibit signs that are similar to a number of different
neurological disorders (MacKay et al., 2000). Furthermore,
S. neurona infection does not equate to disease, since only a
small proportion of seropositive horses will sufter from EPM
(MacKay et al., 2000); as a consequence, the detection of
anti-S. neurona antibodies in serum provides little diagnostic
information other than indicating previous exposure to the
parasite. Analysis of cerebrospinal fluid (CSF) to reveal
intrathecal antibody production has improved the predictive
value of antibody detection for EPM diagnosis. However,
interpretation of CSF antibody presence can be confounded
by contamination of the CSF sample with minute amounts of
serum antibodies (Miller et al., 1999).

Other contemporary diagnostic assays provide only
mediocre predictive value for EPM diagnosis. Western blot
analysis (ak.a., immunoblot) of crude S. neurona lysate
remains the principal immunodiagnostic test that is used to
detect antibodies in suspect EPM horses (Granstrom et al.,
1993). The assay relies on the recognition of several antigens,
primarily in the low molecular weight range, by serum/CSF
antibodies (Dubey et al., 2001b; Granstrom et al.,, 1993;
MacKay et al., 2000). Unfortunately, Western blot analysis is
primarily a research tool that is relatively laborious and some-
what hindered by subjectivity, so any improvements to the
immunoblot are of limited value. While the immunoblot has
been utilized for a number of years to help diagnose EPM, it
is a first-generation test that needs to be replaced with
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2

Improved assays based on simplified, and thus more reliable,
techniques that are more appropriate for diagnostic use.

Nucleic acid amplification assays (polymerase chain reac-
tion; PCR) for S. reurona detection have been developed
based on the S. neurona ribosomal RNA genes (Fenger et al.,
1994; Marshet al., 1996). These PCR-based assays detect the
presence of S. neurona DNA, and therefore the parasite, in the
horse, so they can provide a definitive indication of active
infection. However, prior to the present invention, these
nucleic acid-based tests have been inherently unreliable. Spe-
cifically, parasites may be very few or non-existent in a CSF
sample, so there will be few or no available target molecules
(i.e., parasite genomic DNA) for PCR amplification. More
importantly, the general use of PCR for diagnosis is still
suspect. Although measures can be taken to improve the
reliability of PCR, the technique continues to be troubled by
both false positive and false negative results.

The selection of an antigen for development of a diagnostic
test can be somewhat subjective since any particular pathogen
is composed of numerous antigenic proteins. Logically, the
target molecule in a diagnostic assay must elicit a detectable
antibody response in the infected animal. In this regard, sur-
face antigens of the Coccidia, such as the primary surface
antigens of Toxoplasma gondii (Handman and Remington,
1980; Sharma et al., 11983) and Neospora caninum (Howe et
al., 1998), are exceedingly immunogenic. These surface anti-
gens have been designated SAGs and SAG-related sequences
(SRSs). Significantly, the TgSAG1 surface antigen of 7° gon-
dii has been shown to protect mice against acute toxoplasmo-
sis (Bulow and Boothroyd, 1991), and the NcSAG1 (p29)
major surface antigen of N. caninum has been used to develop
an ELISA for detection of Neospora infection in cattle (Howe
etal., 2002). Collectively, these previous studies demonstrate
that coccidian SAGs are at least candidate proteins for the
development of both diagnostic assays and protective vac-
cines.

Despite the foregoing art, prior to the present invention it
had not been shown that the surface antigens of S. reurona
(i.e., SnSAG2, SnSAG3, and SnSAG4) are effective target
molecules for examining immune responses in infected
horses and for developing improved assays for EPM diagno-
sis. Such molecules would also provide the basis for
improved vaccines and diagnostic kits, including antigen and
antibody kits, for fast and reliable diagnosis of S. neurona
infection.

SUMMARY OF THE INVENTION

The present invention satisfies the aforementioned need in
the art by providing a novel isolated nucleic acid encoding an
antigenic protein derived from Sarcocystis neurona, or a
unique fragment thereof. In one embodiment, the invention
provides novel isolated nucleic acids encoding membrane-
associated polypeptides SnSAG2, SnSAG3, and SnSAG 4.

The present invention also provides purified antigenic
polypeptide fragments encoded by the novel nucleic acid
sequences set forth herein that encode for Sarcocystis neu-
rona. In one embodiment, the invention provides purified
antigenic proteins or purified antigenic polypeptide frag-
ments encoded by the novel nucleic acid sequences set forth
herein that encode for SnSAG2, SnSAG3, and SnSAG4. In
another embodiment, the present invention provides a puri-
fied antigenic polypeptide fragment encoded by the nucleic
acid sequences set forth herein or a selective portion thereof
in a pharmaceutically acceptable carrier.

The present invention also provides isolated nucleic acids
capable of selectively hybridizing with the nucleic acid from
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Sarcocystis neurona including, but not limited to, primers and
probes for utilization in polymerase chain reaction (PCR) and
other nucleic acid amplification techniques. The isolated
nucleic acids of the present invention are capable of hybrid-
izing under conditions of low, moderate, and high stringency
with a nucleic acid from Sarcocystis neurona.

Further, the present invention provides vectors comprising
the isolated nucleic acids, or degenerate variants thereof, set
forth herein encoding Sarcocystis neurona or a unique frag-
ment thereof and provides the vector in a host capable of
expressing the polypeptide encoded by that nucleic acid.

Still yet further, the present invention also provides a puri-
fied polyclonal and or a monoclonal antibody specifically
reactive with Sarcocystis neurona and a method of detection
of Sarcocystis neurona utilizing the antibodies of the present
invention.

The above-described embodiments provided by the
present invention, provide a method for detecting Sarcocystis
neurona in a biological sample, comprising detecting the
presence in the sample of an antibody or fragment thereof
which specifically binds to a polypeptide comprising an iso-
lated amino acid sequence selected from the group set forth in
the Sequence Listing as SEQ ID NO.: 24, SEQ ID NO: 26,
and SEQ ID NO: 28. In one embodiment of the method, the
biological sample is serum. In another embodiment, the
present invention provides a method as described for detect-
ing Sarcocystis neurona in cerebrospinal fluid (CSF).

Finally, the present invention provides a kit for detecting
Sarcocystis neurona in a biological sample, comprising at
least one isolated amino acid sequence selected from the
group set forth in the Sequence Listing as SEQ ID NO.: 24,
SEQID NO: 26, and SEQ ID NO: 28, and a reporter molecule
for detecting a first antibody or fragment thereof which spe-
cifically binds to a polypeptide comprising the at least one
isolated amino acid sequence. The reporter molecule may be
any suitable detectable second antibody or fragment thereof
which binds to the first antibody or fragment thereof, and
which is labeled with a detectable moiety or bound to a
substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a sequence comparison of mature SnSAG1 (SEQ
ID NO.:31), SnSAG4 (SEQ ID NO: 32), and SnSAG3 (SEQ
ID NO.: 33) with SmMSA (SEQ ID NO.: 34) and TeSAG2E
(SEQ ID NO.:35). The S. neurona surface antigens SnSAG1,
SnSAG3 and SnSAG4 are most similar to the TgSAG2 family
of 7. gondi surface antigens. The sequences presented in the
Figure are for the mature proteins after cleaving off the N-ter-
minal signal peptide and the C-terminal signal for the GPI
anchor. Sequence alignments of the predicted mature proteins
revealed very moderate sequence identity (<25%). However,
the SnSAGs contain 10/12 conserved cysteine residues that
have been observed previously, suggesting that the SnSAGs
have a tertiary structure that is similar to what has been
determined for the TgSAGs/SRSs.

FIG. 2 is a sequence comparison of mature SnSAG2 (SEQ
ID NO.: 36) with TgSAG1 (SEQ ID NO.: 37) and TgSRS2
(SEQID NO.: 38). The sequences presented in the Figure are
for the mature proteins after cleaving oft the N-terminal sig-
nal peptide and the C-terminal signal for the GPI anchor. The
S. neurona surface antigen SnSAG2 is most similar to the
TgSAGI family of 7. gondii surface antigens. Similar to the
other SnSAGs, SnSAG2 shares modest sequence identity to
its TgSAG orthologues, but contains 6/6 conserved cysteine
residues that have been observed in each half of the proto-
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typical two-domain apicomplexan SAG. SnSAG2 will also
align with the carboxyl-terminal domain of the TgSAGs.

FIG. 3 shows a Western blot analysis of the SnSAGs in S.
neurona merozoites. The SnSAG genes were expressed in F.
coli, and monospecific polyclonal antisera were generated
against the recombinant proteins. Western blot analysis of
reduced antigen revealed that each SnSAG migrated signifi-
cantly higher than its predicted molecular weight, consistent
with what has been observed for the 7. gonrdii SAGs/SRS.
SnSAGI1 and SnSAG4 co-migrated and corresponded to the
immunodominant band at about 30-32 kDa. SnSAG2 corre-
sponded to an immunodominant band at approximately 18-20
kDa.

FIG. 4 shows the SnSAGs are membrane-associated in
Sarcocystis neurona merozites. Triton X-114 partitioning
assays indicated that the SnSAGs are associated with mem-
branes, consistent with their surface localization via gly-
colipid anchoring. Western blot analysis of the partitioned
proteins with the SnSAG-specific polyclonal antisera
revealed that all four SnSAGs were separated exclusively into
the detergent phase (D). The control protein, SnMIC10, was
partitioned into the aqueous phase (A), as expected.

FIG. 5 shows that the four SnSAGs are displayed on the
surface of Sarcocystis neurona merozoites. Surface biotiny-
lation of S. neurona merozoites indicated that the four
SnSAGs are displayed on the surface of the parasite. Western
blot analysis with the SnSAG-specific antisera revealed each
of the SnSAGs in the biotinylated protein fraction precipi-
tated with immobilized streptavidin. The SnSAGs were not
present in the non-labeled parasites, thus indicating that the
streptavidin precipitation were specific for biotin-labeled
proteins. The negative control protein (actin) was not detected
in the biotin-labeled/streptavidin-precipitated protein frac-
tion.

FIG. 6 shows reciprocal antibody titers in serum of EPM-
confirmed horses, determined by an ELISA using the recom-
binant surface antigens of the present invention.

FIG. 7 shows reciprocal antibody titers in CSF of EPM-
confirmed horses, determined by an ELISA using the recom-
binant surface antigens of the present invention.

FIG. 8 shows expression of S. reurona surface antigens in
COS-1 (green monkey kidney) cells, detected by immunot-
Iuorescent labeling with fluorescein isothiocyanate.

DETAILED DESCRIPTION OF THE INVENTION

The present invention may be understood more readily by
reference to the following detailed description of specific
embodiments and the examples included therein. As used in
the claims, “a” can mean one or more. As can be appreciated
by one of skill in the art, methods and materials similar or
equivalent to those described herein can be used in the prac-
tice of the present invention. All publications, patent applica-
tions, patents, and other references mentioned herein are
incorporated by reference in their entirety in order to more
fully describe the state of the art to which this invention
pertains. It is noted that the abbreviated citations of literature
referenced herein are set forth fully in U.S. patent application
Ser. No. 10/369,430, the disclosure of which is also incorpo-
rated herein in its entirety by reference.

Although the present invention has been described with
reference to specific details of certain embodiments thereof, it
is not intended that such details should be regarded as limi-
tations upon the scope of the invention except as and to the
extent that they are included in the accompanying claims. In
the case of a conflict with incorporated references, the present
specification, including definitions, will control. In addition,
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the particular embodiments discussed below are illustrative
only and not intended to be limiting.

The present invention satisfies the long felt need in the art
by providing novel isolated nucleic acid sequences which
encode antigenic proteins derived from Sarcocystis neurona,
or which encode unique antigenic protein fragments thereof.
As used herein, a “nucleic acid” means a chain of at least two
or more nucleotides such as DNA (deoxyribonucleic acid) or
RNA (ribonucleic acid). As used herein, a “purified” nucleic
acid is one that is substantially separated from other nucleic
acid sequences in a cell or organism in which the nucleic acid
naturally occurs. Likewise, by “isolated” nucleic acid is
meant separated from at least some of other nucleic acids
found in the naturally-occurring organism. The nucleic acids
of the present invention can include positive and negative
strand RNA as well as DNA. The above terms encompass
double-stranded DNA, single-stranded DNA, and RNA and
are meant to include genomic and subgenomic nucleic acids
found in the naturally-occurring Sarcocystis neurona organ-
ism. The nucleic acids contemplated by the present invention
include a nucleic acid having sequences from which a Sarco-
cystis neurona cDNA can be transcribed; or allelic variants
and/or homologs of thereof. By “capable of selectively
hybridizing” is meant a sequence which does not hybridize
with other nucleic acids to prevent an adequate positive
hybridization with nucleic acids from Sarcocystis neurona
and is meant to include stringent hybridization conditions
including low, moderate and high stringency conditions. Such
stringency conditions are known in the art, e.g., in US Patent
Publication No.: 2002/0115828 A1. By “unique fragment” is
meant a fragment of the nucleic acids set forth in the
Sequence Listing that is less than the full length that can
selectively hybridize with a RNA, DNA or cDNA sequence
derived from the novel sequences set forth herein or that can
selectively hybridize with nucleic acids from Sarcocystis
neurona. Modifications to the nucleic acids of the invention
are also contemplated as long as the essential structure and
function of the polypeptide encoded by the nucleic acids is
maintained. Likewise, fragments used as primers or probes
can have substitutions so long as enough complementary
bases exist for selective hybridization (Kunkel et al. Methods
Enzmol. 1987: 154-367, 1987). As one of skill in the art can
appreciate, there can be naturally occurring allelic variants
and non-naturally occurring variants or modifications of the
nucleic acids of the invention. For example, homologs or
naturally occurring allelic variants of the nucleic acids of the
invention having from about 50% and up to about 99%
sequence identity are contemplated by the invention. Like-
wise, it is contemplated that non-naturally occurring variants
or modifications of the nucleic acids of the invention can
range from about 50% to about 99% sequence identity to
native S. neurona are contemplated.

In particular, one embodiment of the present invention
provides isolated nucleic acids derived from three Sarcocystis
neurona cluster sequences, namely Sn Cluster 144, Sn Clus-
ter 21 and Sn Cluster 4, which comprise the nucleotide
sequences set forth in the Sequence Listing as SEQ ID NOS:
1, 3, and 29 respectively and the sequences complimentary
thereto. Also provided by the invention are the corresponding
protein or polypeptide amino acid sequences for these three
Sarcocystis neurona cluster sequences. The polypeptide
sequence comprising Sn Cluster 144 is set forth in the
Sequence Listing as SEQ ID NO: 2. The polypeptide
sequence comprising Sn Cluster 21 is set forth in the
Sequence Listing as SEQ ID NO: 4 and the polypeptide
sequence comprising Sn Cluster 4 is set forth in the Sequence
Listing as SEQ ID NO: 30. As used herein, the terms
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“polypeptide” and “protein” are used interchangeably and are
meant to include any peptide-linked chain of amino acids,
regardless of length or post-translational modification, e.g.,
glycosylation or phosphorylation. By “purified” polypeptide
is meant a polypeptide that has been substantially separated
or isolated away from other polypeptides in a cell, organism,
or mixture in which the polypeptide occurs.

Similar to other members of the Apicomplexa, S. neurona
is an obligate intracellular pathogen that utilizes a number of
unique structures and molecules (i.e., virulence factors) to
support its parasitic lifestyle. Parasite surface molecules are
virulence factors that are typically novel and undoubtedly
important since they are responsible for the initial interac-
tions with the host cell surface and host immune response. In
Toxoplasma gondii, for example, an extensive family of 25+
surface antigens has been identified, which are developmen-
tally regulated and exhibit various levels of sequence similar-
ity to either of the major 7. gondii surface antigens TgSAG1
or TgSAG2. These surface molecules appear to be involved in
receptor/ligand interactions with the host cell surface, and
there is increasing evidence that some of the 7. gondii SAGs
are involved in modulation of host immune responses.

In one embodiment, the present invention provides identity
and characterization of certain of the virulence factors of S.
neurona. In particular, the present invention provides four
isolated nucleic acids of S. neurona (genes) that encode para-
sitic surface antigens. A sequencing project was conducted
that generated approximately 8500 expressed sequence tags
(ESTs) from this organism. Examination of this sequence
database has revealed a family of at least four S. neurona
surface antigens that are orthologues of the SAG/SRS family
of surface proteins in 7 gondii. Each protein is predicted to
contain an amino-terminal signal peptide and a carboxyl-
terminal glycolipid anchor addition site, indicating surface
localization, and Triton X-114 partitioning and surface bioti-
nylation assays confirmed that all four proteins are mem-
brane-associated and displayed on the S. neurona merozoite
surface (See, FIGS. 4 and 5). Additionally, these novel S.
neurona proteins possess multiple conserved cysteine resi-
dues that have been described previously for 7. gondii SAGs
and which are likely important for the tertiary structure of the
proteins (See, FIGS. 1 and 2). Due to their surface localiza-
tion and relative homology to 7. gondii surface antigens, these
S. neurona proteins have been designated SnSAG1, SnSAG2,
SnSAG3, and SnSAG4.

Accordingly, one embodiment of the present invention
comprises an isolated nucleic acid as set forth in the Sequence
listing as SEQ ID NO: 21. The nucleic acid identified in SEQ
ID NO: 21 comprises an 828-nucleotide open reading frame
of'the SnSAG1 gene of Sarcocystis neurona which encodes a
276 amino acid polypeptide set forth in the Sequence Listing
as SEQ ID NO: 22. The polypeptide encoded by SEQ ID NO:
22 has a predicted amino-terminal signal peptide (indicating
expression via the secretory pathway) and a glycolipid anchor
addition site at the carboxy-terminal end (indicating surface
localization). Database searches with the predicted protein
sequence of SnSAG1 (rSnSAGI) revealed significant simi-
larity (alignment score=80, E value=2x10-14) to a 31 kDa
surface antigen from Sarcocystis muris.

A recombinant form of the Sarcocystis neurona SnSAG1
(rSnSAG1) has been expressed in E. coli. Western blot analy-
sis of rSnSAG1 demonstrated that the recombinant antigen is
recognized by antiserum from a rabbit that was immunized
with S. neurona merozoites and by antibodies in cerebrospi-
nal fluid (CSF) from an EPM (Sarcocystis neurona infected)
horse (See, e.g., FIG. 3).
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Another embodiment of the present invention comprises an
isolated nucleic acid as set forth in the Sequence listing as
SEQ ID NO: 23. The nucleic acid identified in SEQ 1D NO:
23 comprises an 975 nucleotide open reading frame of the
SnSAG2 gene of Sarcocystis neurona which encodes a 168
amino acid polypeptide set forth in the Sequence Listing as
SEQ ID NO: 24.

The present invention also provides an isolated nucleic
acid as set forth in the Sequence listing as SEQ ID NO: 25.
The nucleic acid identified in SEQ ID NO: 25 comprises an
1585 nucleotide open reading frame of the SnSAG3 gene of
Sarcocystis neurona which encodes a 281 amino acid
polypeptide set forth in the Sequence Listing as SEQ ID NO:
26.

Also provided by the present invention is an isolated
nucleic acid as set forth in the Sequence listing as SEQ 1D
NO: 27. The nucleic acid identified in SEQ ID NO: 27 com-
prises an 1111 nucleotide open reading frame of the SnSAG4
gene of Sarcocystis neurona which encodes a 287 amino acid
polypeptide set forth in the Sequence Listing as SEQ ID NO:
28.

As set forth more fully below, these genes have been
expressed as recombinant proteins in E. coli. The recombi-
nant SnSAG proteins can be implemented into antibody-
capture ELISAs and used to detect the presence of S. neurona
antibodies in a sample. Likewise, the recombinant proteins
provided by the invention can be used as reagents for use in
vaccines against S. neurona.

Another embodiment of the present invention includes the
discovery of additional novel expressed sequence tags (EST)
that encode novel antigenic peptides for utilization in the
vaccines and diagnostic kits as disclosed by this invention.

In particular, cluster analysis of the Sarcocystis neurona
expressed sequence tags (ESTs) generated from the cSn.1
c¢DNA library has revealed a gene family that encodes at least
eight homologous proteins. Of the approximately 8500 S.
neurona ESTs that have been generated thus far, roughly 540
sequences can be placed in this gene family, which has been
provisionally designated SnGF1 (S. neurona Gene Family 1).
Based on its relative abundance in the collection of S. neurona
ESTs, SnGF1 encodes a set of similar proteins (at least eight)
that are highly expressed and most likely play significant
roles in the biology of S. reurona (i.e., parasite virulence
factors). In addition to their biological importance, the abun-
dance of these proteins would suggest that they elicit signifi-
cant immune responses in infected animals. Collectively, the
characteristics of the novel nucleic acids of SnGF1, and the
encoded proteins therefrom, make this gene family well
suited for the development of improved diagnostics and/or
vaccines for EPM as set forth herein.

The eight SnGF1 isoforms identified thus far have been
designated SnGF1a-h. These genes are predicted to encode
proteins of; e.g., 109 amino acids, 106 amino acids, and 107
amino acids in length, and the proteins share approximately
70% to 80% sequence identity. These proteins have a pre-
dicted N-terminal signal peptide and a predicted transmem-
brane domain near the C-terminus. The SnGF1 members
show no similarity to sequences in the current public gene
databases, suggesting that SnGF1 is relatively unique to S.
neurona.

Accordingly, one embodiment of the present invention
provides an isolated nucleic acid designated SnGF1a which
comprises the nucleic acid set fort in SEQ ID NO: 5 and
sequences complimentary thereto. Another embodiment of
the invention comprises the polypeptide sequence encoded by
SnGF1a set forth in the Sequence Listing as SEQ ID NO: 6.
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Another embodiment of the present invention provides an
isolated nucleic acid designated SnGF1b which comprises
the nucleic acid set forth in SEQ ID NO: 7 and sequences
complimentary thereto. Another embodiment of the invention
comprises the polypeptide sequence encoded by SnGF1b set
forth in the Sequence Listing as SEQ ID NO: 8.

Yet another embodiment of the present invention provides
an isolated nucleic acid designated SnGF1c¢ which comprises
the nucleic acid set forth in SEQ ID NO: 9 and sequences
complimentary thereto. Another embodiment of the invention
comprises the polypeptide sequence encoded by SnGF 1c set
forth in the Sequence Listing as SEQ ID NO: 10.

Still another embodiment of the present invention provides
an isolated nucleic acid designated SnGF1d which comprises
the nucleic acid set forth in SEQ ID NO: 11 and sequences
complimentary thereto. Another embodiment of the invention
comprises the polypeptide sequence encoded by SnGF1d set
fort in the Sequence Listing as SEQ ID NO: 12.

The present invention also provides an isolated nucleic
acid designated SnGF le which comprises the nucleic acid set
fortin SEQID NO: 13 and sequences complimentary thereto.
Another embodiment of the invention comprises the polypep-
tide sequence encoded by SnGF1e set forth in the Sequence
Listing as SEQ ID NO: 14.

Another embodiment of the present invention provides an
isolated nucleic acid designated SnGF1fwhich comprises the
nucleic acid set forth in SEQ ID NO: 15 and sequences
complimentary thereto. Another embodiment of the invention
comprises the polypeptide sequence encoded by SnGF 11 set
forth in the Sequence Listing as SEQ ID NO: 16.

Yet another embodiment of the present invention provides
an isolated nucleic acid designated SnGF1g which comprises
the nucleic acid set forth in SEQ ID NO: 17 and sequences
complimentary thereto. Another embodiment of the invention
comprises the polypeptide sequence encoded by SnGF1g set
forth in the Sequence Listing as SEQ ID NO: 18.

Still another embodiment of the present invention provides
an isolated nucleic acid designated SnGF1h which comprises
the nucleic acid set forth in SEQ ID NO: 19 and sequences
complimentary thereto. Another embodiment of the invention
comprises the polypeptide sequence encoded by SnGF1h set
forth in the Sequence Listing as SEQ ID NO: 20.

The present invention provides isolated nucleic acids as set
forth in the Sequence Listing and nucleic acid reagents
derived therefrom which can be utilized to diagnose and
prevent infection of S. nreurona. Purified polypeptides
encoded by the nucleic acids are also provided. These
polypeptides can be utilized in methods of diagnosis or as
vaccine components for prevention of infection. Vectors are
also provided which comprise the nucleic acids of the present
invention. The vectors can be utilized in host expression
systems to produce antigenic peptide reagents for diagnostic
and prophylactic applications. The present invention also pro-
vides purified antibodies selectively reactive with S. neurona.
These antibodies can be used in various diagnostic methods
or as a therapeutic.

In one embodiment, the invention provides purified anti-
genic polypeptides encoded by the nucleic acids set forth in
the Sequence Listing. The invention also provides these anti-
genic polypeptides in a pharmaceutically acceptable carrier.
The amino acid sequence of these polypeptides can be
deduced from the nucleotide sequences set forth in the
Sequence Listing.

Purified antigenic polypeptide fragments encoded by the
nucleic acids of the present invention are also contemplated.
As used herein, “purified” means the antigen is at least suffi-
ciently free of contaminants or cell components with which
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the antigen normally occurs to distinguish the antigen from
the contaminants or components. Purified antigenic polypep-
tides of S. neurona and antigenic fragments thereof of the
present invention are also referred to herein as “the antigen”
or “the S. neurona antigen.” It is contemplated that the anti-
genic fragments can be encoded from any portion of the
nucleic acid encoding S. reurona as set forth in the Sequence
Listing, but especially from fragments encoded by the open
reading frames set forth in SEQ ID NOS: 24, 26 and 28 as
described herein. Specifically, one example provides an
approximately 12 kDa antigenic polypeptide encoded by an
open reading frame of SEQ ID NO: 24 consisting essentially
of'the amino acids encoded by the nucleotide as sequence set
forth in the Sequence Listing as SEQ ID NO: 23.

An antigenic fragment of the antigen can be isolated from
the whole antigen by chemical or mechanical disruption. The
purified fragments thus obtained can be tested to determine
their antigenicity and specificity by the methods taught
herein. Antigenic fragments of the antigen can also be syn-
thesized directly. An immunoreactive fragment is generally
an amino acid sequence of at least about five consecutive
amino acids derived from the antigen amino acid sequence.

The polypeptide fragments of the present invention can
also be recombinant proteins obtained by cloning nucleic
acids encoding the polypeptide in an expression system
capable of producing the antigenic polypeptide or fragments
thereof.

Once the amino acid sequence of the antigen is provided, it
is also possible to synthesize, using standard peptide synthe-
sis techniques, peptide fragments chosen to be homologous to
immunoreactive regions of the antigen and to modify these
fragments by inclusion, deletion or modification of particular
amino acids residues in the derived sequences. Thus, synthe-
sis or purification of an extremely large number of peptides
derived from the antigen is possible.

The amino acid sequences of the present polypeptides can
contain an immunoreactive portion of the S. reurona antigen
attached to sequences designed to provide for some addi-
tional property, such as solubility. The amino acid sequences
of'an S. neurona antigen can include sequences in which one
or more amino acids have been substituted with another
amino acid to provide for some additional property, such as to
remove/add amino acids capable of disulfide bonding, to
increase its bio-longevity, alter enzymatic activity, or alter
interactions, e.g., with gastric acidity. In any case, the peptide
should posses a bioactive property, such as immunoreactivity,
immunogenicity, etc.

The purified polypeptide fragments thus obtained can be
tested to determine their immunogenicity and specificity.
Briefly, various concentrations of a putative immunogeni-
cally specific fragment are prepared and administered to an
animal and the immunological response (e.g., the production
of antibodies or cell mediated immunity) of an animal to each
concentration is determined. The amounts of antigen admin-
istered depend on the subject, e.g. a horse or a guinea pig, the
condition of the subject, the size of the subject, etc. Thereafter
ananimal so inoculated with the antigen can be exposed to the
parasite to test the potential vaccine effect of the specific
immunogenic fragment. The specificity of a putative immu-
nogenic fragment can be ascertained by testing sera, other
fluids or lymphocytes from the inoculated animal for cross
reactivity with other closely related Sarcocystis spp.

A vector comprising the nucleic acids of the present inven-
tion is also provided. The vectors of the invention can be in a
host capable of expressing the antigenic polypeptide frag-
ments contemplated by the present invention. There are
numerous E. coli expression vectors known to one of ordinary
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skill in the art useful for the expression of the antigen. Other
microbial hosts suitable for use include bacilli, such as Bacil-
lus subtilis, and other enterobacteriaceae, such as Salmonella,
Serratia, and various Pseudomonas species. In these prokary-
otic hosts one can also make expression vectors, which will
typically contain expression control sequences compatible
with the host cell (e.g., an origin of replication). In addition,
any number of a variety of well-known promoters can be
present, such as the lactose promoter system, a tryptophan
(Trp) promoter system, a beta-lactamase promoter system, or
a promoter system from phage lambda. The promoters will
typically control expression, optionally with an operator
sequence, and have ribosome binding site sequences for
example, for initiating and completing transcription and
translation. If necessary, for example, an amino terminal
methionine can be provided by insertion of a Met codon 5'and
in-frame with the antigen. Also, the carboxyterminal exten-
sion of the antigenic fragments can be removed using stan-
dard oligonucleotide mutagenesis procedures.

Additionally, yeast expression can be used. There are sev-
eral advantages to yeast expression systems. First, evidence
exists that proteins produced in a yeast secretion systems
exhibit correct disulfide pairing. Second, post-translational
glycosylation is efficiently carried out by yeast secretory sys-
tems. In one example, the Saccharomyces cerevisiae pre-pro-
alpha-factor leader region (encoded by the MF.alpha.-1 gene)
is routinely used to direct protein secretion from yeast (Brake
et al., 1984). The leader region of pre-pro-alpha-factor con-
tains a signal peptide and a pro-segment which includes a
recognition sequence for a yeast protease encoded by the
KEX2 gene: this enzyme cleaves the precursor protein on the
carboxyl side of a Lys-Arg dipeptide cleavage-signal
sequence. The antigen coding sequence can be fused in-frame
to the pre-pro-alpha-factor leader region. This construct is
then put under the control of a strong transcription promoter,
such as the alcohol dehydrogenase I promoter or a glycolytic
promoter. The antigen coding sequence is followed by a trans-
lation termination codon which is followed by transcription
termination signals. Alternatively, the antigen coding
sequences can be fused to a second protein coding sequence,
such as Sj26 or .beta.-galactosidase, used to facilitate purifi-
cation of the fusion protein by affinity chromatography. The
insertion of protease cleavage sites to separate the compo-
nents of the fusion protein is applicable to constructs used for
expression in yeast.

Mammalian cells permit the expression of proteins in an
environment that favors important post-translational modifi-
cations such as folding and cysteine pairing, addition of com-
plex carbohydrate structures, and secretion of active protein.
Vectors useful for the expression of antigen in mammalian
cells are characterized by insertion of the antigen coding
sequence between a strong viral promoter and a polyadeny-
lation signal. The vectors can contain genes conferring either
gentamicin or methotrexate resistance for use as selectable
markers. The antigen and immunoreactive fragment coding
sequence can be introduced into a Chinese hamster ovary cell
line using a methotrexate resistance-encoding vector. Pres-
ence of the vector DNA in transformed cells can be confirmed
by Southern analysis and production of a cDNA or opposite
strand RNA corresponding to the antigen coding sequence
can be confirmed by northern analysis. A number of other
suitable host cell lines capable of secreting intact proteins
have been developed in the art, and include the CHO cell
lines, HelLa cells, myeloma cell lines, Jurkat cells, etc.
Expression vectors for these cells can include expression
control sequences, such as an origin of replication, a pro-
moter, an enhancer, and necessary information processing
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sites, such as ribosome binding sites, RNA splice sites, poly-
adenylation sites, and transcriptional terminator sequences.
Preferred expression control sequences are promoters derived
from immunoglobulin genes, SV40, Adenovirus, Bovine
Papilloma Virus, etc. The vectors containing the nucleic acid
segments of interest can be transtferred into the host cell by
well-known methods, which vary depending on the type of
cellular host. For example, calcium chloride transfection is
commonly utilized for prokaryotic cells, whereas calcium
phosphate treatment or electroporation may be used for other
cellular hosts.

Alternative vectors for the expression of antigen in mam-
malian cells can be employed, similar to those developed for
the expression of human gammainterferon, tissue plasmino-
gen activator, clotting Factor VIII, hepatitis B virus surface
antigen, protease Nexinl, and eosinophil major basic protein.
Further, the vector can include CMV promoter sequences and
a polyadenylation signal available for expression of inserted
nucleic acid in mammalian cells (such as COS7).

The nucleic acid sequences can be expressed in hosts after
the sequences have been operably linked to, i.e., positioned to
ensure the functioning of, an expression control sequence.
These expression vectors are typically replicable in the host
organisms either as episomes or as an integral part of the host
chromosomal DNA. Commonly, expression vectors can con-
tain selection markers, e.g., tetracycline resistance or hygro-
mycinresistance, to permit detection and/or selection of those
cells transformed with the desired nucleic acid sequences
(see, e.g., U.S. Pat. No. 4,704,362).

Polynucleotides encoding a variant polypeptide may
include sequences that facilitate transcription (expression
sequences) and translation of the coding sequences such that
the encoded polypeptide product is produced. Construction
of'such polynucleotides is well known in the art. For example,
such polynucleotides can include a promoter, a transcription
termination site (polyadenylation site in eukaryotic expres-
sion hosts), a ribosome binding site, and, optionally, an
enhancer for use in eukaryotic expression hosts, and, option-
ally, sequences necessary for replication of a vector.

One presently preferred vector system for expression of the
peptides of the invention comprises the use of Alphavirus
vector constructs, for example, as set forth in U.S. Pat. Nos.
5,643,576, 5,843,723, 6,156,558; and 6,242,259, the teach-
ings of which are hereby incorporated herein by reference.

A purified monoclonal antibody specifically reactive with
S. neurona is also provided. The antibodies can be specifically
reactive with a unique epitope of the antigen or they can also
react with epitopes of other organisms. The term “reactive”
means capable of binding or otherwise associating non ran-
domly with an antigen. “Specifically reactive” as used herein
refers to an antibody or other ligand that does not cross react
substantially with any antigen other than the one specified, in
this case, S. neurona. Antibodies can be made as described in
the Examples (see also, Harlow and Lane, Antibodies; A
Laboratory Manual, Cold Spring Harbor Laboratory, Cold
Spring Harbor, N.Y., 1988). Briefly purified antigen can be
injected into an animal in an amount and in intervals sufficient
to elicit an immune response. Antibodies can either be puri-
fied directly, or spleen cells can be obtained from the animal.
The cells are then fused with an immortal cell line and
screened for antibody secretion. The antibodies can be used to
screen clone libraries for cells secreting the antigen. Those
positive clones can then be sequenced (see, for example,
Kelly et al., Bio/Technology, 10: 163-167, (1992) and Beb-
bington et al., Bio/Technology, 10: 169-175, (1992).

The antibody can be bound to a substrate or labeled with a
detectable moiety or both bound and labeled. The detectable
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moieties contemplated by the present invention include, but
are not limited to fluorescent, enzymatic and radioactive
markers.

A purified S. neurona antigen bound to a substrate and a
ligand specifically reactive with the antigen are also contem-
plated. Such a purified ligand specifically reactive with the
antigen can be an antibody. The antibody can be a monoclonal
antibody obtained by standard methods and as described
herein. The monoclonal antibody can be secreted by a hybri-
doma cell line specifically produced for that purpose (Harlow
and Lane, 1988). Likewise, nonhuman polyclonal antibodies
specifically reactive with the antigen are within the scope of
the present invention. The polyclonal antibody can also be
obtained by the standard immunization and purification pro-
tocols (Harlow and Lane, 1988).

The present invention provides a method of detecting the
presence of S. neurona in a subject, comprising the steps of
contacting an antibody-containing sample from the subject
with a detectable amount of the antigenic polypeptide frag-
ment of the present invention and detecting the reaction of the
fragment and the antibody, the reaction indicating the pres-
ence ofthe S. neurona or a previous infection with S. neurona.

One example of the method of detecting S. neurona is
performed by contacting a fluid or tissue sample from the
subject with an amount of a purified antibody specifically
reactive with the antigen as defined herein, and detecting the
reaction of the ligand with the antigen. It is contemplated that
the antigen will be on intact cells containing the antigen, or
will be fragments of the antigen. As contemplated herein, the
antibody includes any ligand which binds the antigen, for
example, an intact antibody, a fragment of an antibody or
another reagent that has reactivity with the antigen. The fluid
sample of this method can comprise any body fluid which
would contain the antigen or a cell containing the antigen,
such as blood, plasma, serum, cerebrospinal fluid, saliva,
feces and urine. Other possible examples of body fluids
include sputum, mucus, gastric juice and the like.

Enzyme immunoassays such as immunofluorescence
assays (IFA), enzyme linked immunosorbent assays (ELISA)
and immunoblotting can be readily adapted to accomplish the
detection of the antigen. An ELISA method effective for the
detection of the antigen can, for example, be as follows: (1)
bind the antibody to a substrate; (2) contact the bound anti-
body with a fluid or tissue sample containing the antigen; (3)
contact the above with a secondary antibody bound to a
detectable moiety (e.g., horseradish peroxidase enzyme or
alkaline phosphatase enzyme); (4) contact the above with the
substrate for the enzyme; (5) contact the above with a color
reagent; (6) observe color change. The above method can be
readily modified to detect antibody as well as antigen.

Another immunologic technique that can be useful in the
detection of S. reurona or previous S. neurona infection uti-
lizes monoclonal antibodies (M Abs) for detection of antibod-
ies specifically reactive with S. neurona antigen. Briefly, sera
or other body fluids from the subject is reacted with the
antigen bound to a substrate (e.g. an ELISA 96-well plate).
Excess sera is thoroughly washed away. A labeled (enzyme-
led, fluorescent, radioactive, etc.) monoclonal antibody is
then reacted with the previously reacted antigen serum anti-
body complex. The amount of inhibition of monoclonal anti-
body binding is measured relative to a control (no patient
serum antibody). The degree of monoclonal antibody inhibi-
tion is a very specific test for a particular variety or strain since
it is based on monoclonal antibody binding specificity. MAbs
can also be used for detection directly in cells by IFA.

A micro-agglutination test can also be used to detect the
presence of S. neurona in a subject. Briefly, latex beads (orred
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blood cells) are coated with the antigen and mixed with a
sample from the subject, such that antibodies in the tissue or
body fluids that are specifically reactive with the antigen
crosslink with the antigen, causing agglutination. The agglu-
tinated antigen-antibody complexes form a precipitate, vis-
ible with the naked eye or capable of being detected by a
spectrophotometer. In a modification of the above test, anti-
bodies specifically reactive with the antigen can be bound to
the beads and antigen in the tissue or body fluid thereby
detected.

In addition, as in a typical sandwich assay, the antibody can
be bound to a substrate and reacted with the antigen. There-
after, a secondary labeled antibody is bound to epitopes not
recognized by the first antibody and the secondary antibody is
detected. Since the present invention provides S. neurona
antigen for the detection of infectious, S. neurona or previous
S. neurona infection other serological methods such as flow
cytometry and immunoprecipitation can also be used as
detection methods.

In the diagnostic methods taught herein, the antigen can be
bound to a substrate and contacted by a fluid sample such as
serum, cerebrospinal fluid, urine, saliva, feces or gastric juice.
This sample can be taken directly from the patient or in a
partially purified form. In this manner, antibodies specific for
the antigen (the primary antibody) will specifically react with
the bound antigen. Thereafter, a secondary antibody bound to,
or labeled with, a detectable moiety can be added to enhance
the detection of the primary antibody. Generally, the second-
ary antibody or other ligand which is reactive, either specifi-
cally with a different epitope of the antigen or nonspecifically
with, the ligand or reacted antibody, will be selected for its
ability to react with multiple sites on the primary antibody.
Thus, for example, several molecules of the secondary anti-
body can react with each primary antibody, making the pri-
mary antibody more detectable.

The detectable moiety will allow visual detection of a
precipitate or a color change, visual detection by microscopy,
or automated detection by spectrometry, radiometric mea-
surement or the like. Examples of detectable moieties include
fluorescein and rhodamine (for fluorescence microscopy),
horseradish peroxidase (for either light or electron micros-
copy and biochemical detection), biotin-streptavidin (for
light or electron microscopy) and alkaline phosphatase (for
biochemical detection by color change). The detection meth-
ods and moieties used can be selected, for example, from the
list above or other suitable examples by the standard criteria
applied to such selections (Harlow and Lane, 1988).

The antigen, e.g., a purified antigenic polypeptide frag-
ment encoded by the Sequence Listing of this invention can
be used in the construction of a vaccine comprising an immu-
nogenic mount of the antigen and a pharmaceutically accept-
able carrier. The vaccine can be the entire antigen, the antigen
on an intact S. reurona organism, E. coli or other strain, or an
epitope specific to the antigen. The vaccine can also be poten-
tially cross-reactive with antibodies to other antigens. The
vaccine can then be used in a method of preventing EPM or
other complications of S. neuronra infection.

Immunogenic amounts of the antigen can be determined
using standard procedures. Briefly, various concentrations of
a putative specific immunoreactive epitope are prepared,
administered to an animal and the immunological response
(e.g., the production of antibodies) of an animal to each
concentration is determined.

The pharmaceutically acceptable carrier can comprise
saline or other suitable carriers (Arnon, R. (Ed.) Synthetic
Vaccines 1: 83-92, CRC Press, Inc., Boca Raton, Fla., 1987).
An adjuvant can also be a part of the carrier of the vaccine, in
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which case it can be selected by standard criteria based on the
antigen used, the mode of administration and the subject
(Arnon, R. (Ed.). 1987). Methods of administration can be by
oral or sublingual means, or by injection, depending on the
particular vaccine used and the subject to whom it is admin-
istered.

It can be appreciated from the above that the vaccine can be
used as a prophylactic or a therapeutic modality. Thus, the
invention provides methods of preventing or treating S. neu-
rona infection and the associated diseases by administering
the vaccine to a subject.

Nucleic acid vaccines against S. neurona are also contem-
plated by the invention. The antigenic agent for use in the
vaccines of the invention can be any nucleic acid, e.g., as set
forth in the Sequence Listing, that can stimulate an immune
response against, e.g., SnSAG2, SnSAG3 or SnSAG4 when
administered to a subject. Suitable nucleic acids include those
that encode the native proteins of S. neurona, e.g., SnSAG2,
SnSAG3 or SnSAGH4 protein or a variant or antigenic peptide
fragment thereof, such as, e.g., the nucleic acid set forth in the
Sequence listing as SEQ ID NO:23, SEQ ID NO:25 or SEQ
ID NO:27. The nucleic acid used as a vaccine can be e.g., a
naked DNA, or the nucleic acid can be incorporated in an
expression vector as set forth herein, e.g., in an Alpha virus
vector (see, e.g., Rosenberg, S. A., Immunity 10:281, 1999).

The presence of S. neurona can also be determined by
detecting the presence of a nucleic acid specific for S. neurona
orthe antigens of S. reurona encoded by the nucleic acids set
forth herein. The present invention provides a method of
detecting the presence of S. neurona in a subject, comprising
detecting the presence of the nucleic acid encoding an S.
neurona antigen. As set forth more fully in the examples
below, the specificity of these sequences for S. neurona canbe
determined by conducting a computerized comparison with
known sequences, catalogued in GenBank, a computerized
database, using the computer programs Word Search or
FASTA of the Genetics Computer Group (Madison, Wis.),
which search the catalogued nucleotide sequences for simi-
larities to the nucleic acid in question.

The nucleic acid specific for S. reurona antigen can be
detected utilizing a nucleic acid amplification technique, such
as polymerase chain reaction or ligase chain reaction. Alter-
natively, the nucleic acid is detected utilizing direct hybrid-
ization or by utilizing a restriction fragment length polymor-
phism. For example, the present invention provides a method
of detecting the presence of S. neurona comprising ascertain-
ing the presence of a nucleotide sequence associated with a
restriction endonuclease cleavage site. In addition, PCR
primers which hybridize only with nucleic acids specific for
S. neurona can be utilized. The presence of amplification
indicates the presence of S. neurona sequence. In another
embodiment a restriction fragment of a nucleic acid sample
can be sequenced directly using, techniques known in the art
and described herein and compared to the known unique
sequence to detect S. neurona. In a further embodiment, the
present invention provides a method of detecting the presence
of S. neurona by selective amplification by the methods
described herein. In yet another embodiment S. reurona can
be detected by directly hybridizing the unique sequence with
a S. neurona selective nucleic acid probe. Furthermore, the
nucleotide sequence could be amplified prior to hybridization
by the methods described above.

Alternative probing techniques, such as ligase chain reac-
tion (LCR), involve the use of mismatch probes, i.e., probes
which are fully complementary with the target except at the
point of the mutation. The target sequence is then allowed to
hybridize both with oligonucleotides which are fully comple-
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mentary and have oligonucleotides containing a mismatch,
under conditions which will distinguish between the two. By
manipulating the reaction conditions, it is possible to obtain
hybridization only where there is fall complementarity. If a
mismatch is present there is significantly reduced hybridiza-
tion.

The polymerase chain reaction (PCR) and reverse tran-
scriptase PCR are techniques that amplify specific nucleic
acid sequences with remarkable efficiency. Repeated cycles
of denaturation, primer annealing and extension carried out
with polymerase; e.g., a heat stable enzyme Taq polymerase,
leads to exponential increases in the concentration of desired
nucleic acid sequences. Given a knowledge of the nucleotide
sequence of S. neurona as set forth herein, synthetic oligo-
nucleotides can be prepared which are complementary to
sequences which flank the nucleic acid of interest. Each oli-
gonucleotide is complementary to one of the two strands. The
nucleic acid can be denatured at high temperatures (e.g.,
95.degree. C.) and then reannealed in the presence of a large
molar excess of oligonucleotides. The oligonucleotides, ori-
ented with their 3' ends pointing towards each other, hybridize
to opposite strands of the target sequence and prime enzy-
matic extension along the nucleic acid template. The end
product is then denatured again for another cycle. After this
three-step cycle has been repeated several times, amplifica-
tion of a nucleic acid segment by more than one million-fold
can be achieved. The resulting nucleic acid may then be
directly sequenced.

In yet another method, PCR may be followed by restriction
endonuclease digestion with subsequent analysis of the
resultant products. Nucleotide substitutions can result in the
gain or loss of specific restriction endonuclease sites. The
gain or loss of a restriction endonuclease recognition site
facilitates the detection of the organism using restriction frag-
ment length polymorphism (RFLP) analysis or by detection
of'the presence or absence of a polymorphic restriction endo-
nuclease site in a PCR product that spans the sequence of
interest.

For RFLP analysis, nucleic acid is obtained, for example
from the blood, cerebrospinal fluid, gastric specimen, saliva,
dental plaque, other bodily fluids of the subject suspected of
containing S. neurona, is digested with a restriction endonu-
clease, and subsequently separated on the basis of size by
agarose gel electrophoresis. The Southern blot technique can
then be used to detect, by hybridization with labeled probes,
the products of endonuclease digestion. The patterns obtained
from the Southern blot can then be compared. Using such an
approach, S. neurona nucleic acid is detected and their mobil-
ity on the gel by determining the number of bands detected
and comparing this pattern to the nucleic acid from S. reu-
rona.

Similar creation of additional restriction sites by nucle-
otide substitutions at the disclosed mutation sites can be
readily calculated by reference to the genetic code and a list of
nucleotide sequences recognized by restriction endonu-
cleases. Single strand conformational analysis (SSCA) offers
a relatively quick method of detecting sequence changes
which may be appropriate in at least some instances.

In general, primers for PCR and LCR are usually about 20
bp in length and the preferable range is from 15-25 bp. Better
amplification is obtained when both primers are the same
length and with roughly the same nucleotide composition.
Denaturation of strands usually takes place at about
94 .degree. C. and extension from the primers is usually at
about 72.degree. C. The annealing temperature varies accord-
ing to the sequence under investigation. Examples of reaction
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times are: 20 mins denaturing; 35 cycles of 2 min, 1 min, 1
min for annealing, extension and denaturation; and finally a 5
min extension step.

PCR amplification of specific alleles (PASA) is a rapid
method of detecting single-base mutations or polymor-
phisms. PASA (also known as allele specific amplification)
involves amplification with two oligonucleotide primers such
that one is allele-specific. The desired allele is efficiently
amplified, while the other allele(s) is poorly amplified
because it mismatches with a base at or near the 3' end of the
allele-specific primer. Thus, PASA or the related method of
PAMSA may be used to specifically amplify the mutation
sequences of the invention. Where such amplification is done
on S. neurona isolates or samples obtained from an indi-
vidual, it can serve as a method of detecting the presence of'S.
neurona. As mentioned above, a method known as ligase
chain reaction (LCR) can be used to successfully detect a
single-base substitution. LCR probes may be combined or
multiplexed for simultaneously screening for multiple differ-
ent mutations. Thus, LCR can be particularly useful where, as
here, multiple mutations are predictive of the same disease.

The present invention is more particularly described in the
following examples which are intended as illustrative only,
since numerous modifications and variations therein will be
apparent to those skilled in the art.

EXAMPLES

Identification and Characterization of SnSAG1

Surface biotinylation of extracellular merozoites revealed
only two dominant labeled molecules that migrate at about 30
kDaand 16 kDa in SDS-PAGE. Analysis of a S. reurona EST
database (currently 1800+ sequences) identified an ortho-
logue of the 31-kDa surface antigen from Sarcocystis muris.
The sequence of the S. neurona surface antigen gene, desig-
nated SnSAG], is predicted to encode a 276-residue protein
with an amino-terminal signal peptide and a carboxy-termi-
nal GPI anchor addition. Antiserum raised against recombi-
nant SnSAGT] recognized a 25-kDa antigen in western blots
of non-reduced S. neurona lysates, consistent with the
molecular weight predicted for the mature SnSAG1. Under
reducing conditions, SnSAG1 migrated aberrantly at about
30 kDa, similar to what has been observed in western blot
analyses of reduced 7. gondii surface antigens. Immunofiuo-
rescence labeling of SnSAG1 during intracellular growth of
S. neurona indicated that the protein is expressed throughout
schizogony. Interestingly, a filamentous staining pattern was
observed in intermediate schizonts that likely reflects local-
ization of the surface antigen to previously-described invagi-
nations of the schizont surface membrane.

Parasite Culture

S. neurona strain SN3 [Granstrom, 1992 #1600] merozoi-
tes were propagated by serial passage in bovine turbinate
(BT) cells and maintained in RPMI 1640 medium supple-
mented with 10% fetal bovine serum, 2 mM sodium pyruvate,
Pen/Strep Fungizone (Bio Wittaker, Inc.). Extracellular mero-
zoites were harvested and purified from disrupted host cell
monolayers by filtration through 3.0 pm membranes, as
described previously for Neospora caninium [Howe, 1997
#1372].

Immunoscreen of S. neurona cDNA Library

Construction and analyses of the ¢cSn.1 S. neurorna mero-
zoite cDNA library has been described previously [Howe,
2001 #1787]. The library was plaqued for 3 hrs at 42° C. on
XL1-Blue MRF' E. coli host cells (Stratagene) grown on 150
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mm NZY agar plates. When plaques became visible, plates
were overlayed with nitrocellulose filters previously soaked
in 10 mM isopropyl-p-D-thiogalactopyranoside (IPTG) for
an additional 3 hr incubation at 37° C. Filters were lifted from
the plates, washed with TNT buffer (10 mM Tris-HCL, pH 7.5,
150 mM NaCl, 0.05% Tween 20), and blocked in phosphate
buffered saline (PBS), 5% dry milk, 5% normal goat serum,
0.05% Tween 20.

Antigenic cDNA clones were identified by screening with
cerebrospinal fluid (CSF) from a horse that had been naturally
infected with S. neurona and exhibited a high titer of intrath-
ecal antibodies against S. reurona in western blot analysis.
Prior to screening the S. neurona cDNA library, the CSF was
diluted 1:20in PBS, 0.1% dry milk, 0.1% normal goat serum,
0.05% Tween 20 and incubated for 30 min with filters carry-
ing plaque lifts of a previously-described N. caninum cDNA
library [Howe, 1999 #1759] to remove antibodies that were
reactive with E. coli and phage proteins. After adsorption of
potential cross-reactive antibodies, the diluted CSF solution
was incubated for 1 hr with the ¢Sn.1 filters. After washing,
filters were incubated for 1 hr with goat anti-equine IgG
conjugated to horseradish peroxidase (HRP) (Jackson Immu-
noresearch Labs, Inc.) diluted to 1:10,000. Immuno-reactive
phage plaques were picked with sterile pipet tips and sus-
pended in 40 pl of SM buffer (50 mM Tris-HCI, pH 7.5, 100
mM NaCl, 8 mM MgSO,, 0.01% gelatin). The cDNA inserts
were PCR amplified using the T3 and T7 oligonucleotide
primers, and the resulting products were analyzed by agarose
gel electrophoresis. Sequencing reactions using T3 primer
were conducted on the amplified cDNAs to provide a prelimi-
nary identification of the immunoreactive clones. Phagemid
excision was performed on selected cDNA clones, and plas-
mids were rescued in SOLR cells according to the manufac-
turer’s protocol (Stratagene).

S. neurona EST Database Searches and Sequence Analyses

S. neurona homologues to previously-characterized coc-
cidian surface antigens were identified in the S. neurona
clustered EST database (See, e.g., paradb.cis.upenn.edu/
sarco/index.html) using the BLAST (basic local alignment
search tool) set of programs [Altschul, 1990 #616]. At the
time the database was searched, it contained 686 consensus
sequences that had been generated from 1883 S. neurona
ESTs. Selected cDNAs were obtained from the archived col-
lection of EST clones and sequenced using ABI Prism Big-
Dye Terminator Cycle Sequencing reaction mix (Perkin
Elmer Applied Biosystems). The reactions were purified
using Centri-Sep spin columns (Princeton Separations), and
the eluted extension products were resolved and analyzed on
an ABI 310 Genetic Analyzer. Sequence analyses were con-
ducted with Genetics Computer Group (GCG) software [De-
vereux, 1984 #1176] and programs available on the National
Center for Biotechnology Information (NCBI) web site (See,
e.g., www.ncbi.nlm.nih.gov/) and the Expert Protein Analy-
sis System (ExPASy) server of the Swiss Institute of Bioin-
formatics (See, e.g., www.expasy.ch/). Multiple sequence
alignments were performed using Multalin software [Corpet,
1988 #2046]. The sequence reported herein has been depos-
ited into GenBank under accession number AY032845.

Recombinant SnSAG1 Expression and Generation of Poly-
clonal Antiserum

The SnSAGI open reading frame without the predicted
amino-terminal signal peptide and the carboxyl-terminal
hydrophobic tail was amplified by PCR from the pSnAg8
c¢DNA using primers that introduce a Ndel restriction site
prior to base 45 (numbered from the initiation codon) and an
Xhol site after base 743. The amplification product was
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digested with Ndel and Xhol, ligated into Ndel/Xhol-di-
gested pET22b expression vector (Novagen), and trans-
formed into INVaF' E. coli. The resulting expression plas-
mid, designated prSnSAG1, was transformed into BL21-
CodonPlus E. coli (Stratagene), and a clone that expressed
high levels of recombinant SnSAG1 (rSnSAG1) was selected
for use. The histidine-tagged rSnSAG1 was purified by
nickel-column chromatography according to the manufactur-
er’s protocol (Novagen), and monospecific polyclonal antis-
era were produced against the purified protein by immuniza-
tion of a rabbit and rat (Cocalico Biologicals, Inc.).

Western Blot Analysis

Parasites were lysed in sodium dodecyl sulfate (SDS)
sample buffer supplemented with protease inhibitor cocktail
(Sigma) and 2% 2-mercaptoethanol, and the lysates were
separated in 10% or 12% polyacrylamide gels [Laemmli,
1970 #393]. Proteins were transferred to nitrocellulose mem-
branes by semidry electrophoretic transfer in Tris-glycine
buffer (pH 8.3). Membranes were blocked with PBS contain-
ing 5% nonfat dry milk, 5% goat serum, and 0.05% Tween 20,
and then incubated for 1 hr with primary antibody. After
washing, membranes were incubated with HRP-conjugated
immunoglobulin G secondary antibody (Jackson Immunore-
search Labs, Inc.). Blots were washed, processed for chemi-
luminescence using Supersignal substrate (Pierce Chemical
Company), and exposed to film.

Biotinylation of Surface Proteins and Precipitation with
Immobilized Streptavidin

Approximately 3x107 freshly harvested merozoites were
resuspended in 1 ml cold PBS (pH 7.8). Sulfo-N-hydroxy-
succinimide-biotin (Pierce) was added to a concentration of
0.5 mg/ml and incubated at room temperature for 30 min. The
labeled parasites were washed twice with 5 ml of PBS and
stored at —20° C.

The labeled parasite pellet was lysed with 1 ml radio-
immunoprecipitation assay (RIPA) buffer (50 mM Tris [pH
7.5], 1% Triton X-100, 0.5% sodium deoxycholate, 0.2%
SDS, 100 mM NaCl, 5 mM EDTA) supplemented with
RNase, DNase, protease inhibitor cocktail, and the sample
was centrifuged at 16,000xg to remove the insoluble fraction.
The soluble proteins were incubated with Ultral.ink immo-
bilized streptavidin (Pierce), and the precipitated biotin-la-
beled protein fraction was analyzed by western blotting, as
described above.

Immunofluorescent Labeling of Extracellular and Intracellu-
lar Parasites

For detection of SnSAGT1 on extracellular parasites and in
trails deposited by gliding parasites, freshly lysed merozoites
were suspended in fresh RPMI 1640 and incubated on poly-
L-lysine-coated slides for approximately 30 min. Slides were
washed with PBS, and the parasites were fixed in 2.5% for-
malin-PBS containing 0.01% glutaraldehyde. For detection
of SnSAGTI on intracellular parasites, merozoites were inocu-
lated onto BT cells grown on LabTek chamber slides (Nuc).
At 24 hr, 48 hr, or 72 hr post-inoculation, the cells were fixed
in 2.5% formalin-PBS/0.01% glutaraldehyde and permeabi-
lized with 0.2% TritonX-100. After incubation with primary
antibody, the slides were rinsed, then incubated with fluores-
cein isothiocyanate (FITC)-conjugated goat anti-rabbit IgG
(Jackson Immunoresearch Labs, Inc.). The slides were
mounted in Vectashield with DAPJ (Vector Laboratories,
Inc.) and examined with a Zeiss axioscope equipped for epi-
fluorescence microscopy.
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Results

Isolation and Analysis of Immunoreactive cDNA Clones

A primary screen of the cSn.1 cDNA library identified
multiple immunoreactive phage plaques, and a total of 25
plaques were isolated and resuspended in SM buffer. Ampli-
fication of the cDNA inserts with T3 and T7 oligonucleotides
revealed that 22 of the phage clones had similar lengths of
approximately 1500 base pairs (bp), and sequence analysis
using T3 primer indicated that these 22 cDNAs represent the
same gene. A secondary screen was performed on five of the
selected cDNAs, and two highly reactive phage clones, des-
ignated SnAgl.8 and SnAgl.9, were chosen for further analy-
ses.

To obtain a preliminary identification of the parasite pro-
tein encoded by the selected cDNAs, the SnAgl.9 clone was
used to affinity purify antibodies that bind the antigen
expressed by this clone, and the eluted antibodies were used
to probe a western blot of S. neurona merozoite lysate. As
shown in FIG. 1, the purified antibodies reacted with an
approximately 31-kDa antigen in reduced S. neurona lysate.
Furthermore, the antigen revealed by the phage-purified anti-
bodies comigrated with a protein that is recognized by equine
or rabbit antisera against S. neurona as the major immun-
odominant antigen of this parasite (FIG. 1, lanes 2 and 3).
This result implies that the 22 matching cDNA clones isolated
during the library screen and represented by SnAgl.8 and
SnAgl.9 encode the immunodominant antigen of S. neurona.

Full-length sequence analysis of SnAgl.8 revealeda cDNA
insert of 1493 nucleotides, with an open reading frame (ORF)
that encodes a 276 amino acid protein. Sequence analysis of
SnAgl.9 indicated that this clone was virtually identical to
SnAgl.8, although its 3' untranslated region (UTR) was
approximately 160 nucleotides longer due to an alternative
polyadenylation site. A hydrophobicity plot of the encoded
protein showed hydrophobic domains at both termini, which
correspond to a predicted signal peptide at the amino termi-
nus and a GPI anchor addition sequence at the carboxyl
terminus (data not shown). The signal peptide cleavage is
predicted to occur at Ala>-Arg'® (SignalP; [Nielsen, 1997
#2047], and the most likely GPI transamidase cleavage site is
predicted to be at Ala®*”-Asn>*® (DGPI; Swiss Institute of
Bioinformatics). A single N-glycosylation site was predicted
atresidues 140-143. Removal of the N-terminal and C-termi-
nal signal sequences results in a mature protein of 242 amino
acids that has a predicted molecular weight of 24.2 kDa
before any potential post-translational modifications (e.g.,
glycolipid anchor addition, glycosylation).

To identify homology to previously characterized
sequences, BLAST searches [Altschul, 1990 #616] of the
non-redundant GenBank databases were conducted with the
SnAgl.8 coding sequence as the query. These searches
revealed a statistically significant similarity to the 31 kDa
major surface antigen of Sarcocystis muris [Eschenbacher,
1992 #1767] and a less significant but recognizable similarity
to several SAG2-related surface antigens from 7. gondii [Le-
kutis, 2000 #2049]. (FIG. 2). In conjunction with the western
blot analysis and the predictions of a signal peptide and a
GPI-anchor addition, these results suggested that the gene
represented by the SnAgl.8 and SnAgl.9 cDNAs encodes an
immunodominant surface antigen of S. reurona; conse-
quently, we tentatively designated this protein SnSAG1, fol-
lowing the genetic nomenclature that is utilized for the related
apicomplexan parasites 7. gondii and N. caninum [Sibley,
1991 #13; Howe, 1999 #1759].

The sequence analysis for SnSAG2, SnSAG3, and
SnSAGH4 as well as for the SnGF Cluster sequences provided
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by the invention and set forth herein have been derived in a
fashion similar to that set forth above for SnSAG1. These
novel nucleotide sequences and protein sequences of Sarco-
cystis neurona can be utilized in the production of vaccines
and/or antigen/antibody kits for prevention and diagnosis of
Sarcocystis neurona infection. One preferred embodiment of
the invention is a vaccine comprised of an alpha virus expres-
sion vector and nucleic acid selected from the nucleic acid
sequences disclosed herein.

Identification of S. neurona Surface Antigens and Expression
as Recombinant Proteins

Analysis of the S. reurona EST database revealed four
paralogous proteins that are homologous to the SAG and SRS
surface antigens of Toxoplasma gondii. Each S. neurona gene
was predicted to encode a protein that possessed an amino-
terminal signal peptide and a carboxyl-terminal glycolipid
anchor site, consistent with the proteins being surface anti-
gens. Because of their similarity to Toxoplasma SAGs and
their probable surface display on merozoites, the four S. neu-
rona proteins were designated SnSAG1, SnSAG2, SnSAG3,
and SnSAG4. The four putative surface antigens were each
expressed as a recombinant protein in £. coli, and these were
used to immunize rabbits and rats for monospecific poly-
clonal antisera production. The resulting polyclonal antisera
were used in western blot analysis of reduced (with 2-mer-
captoethanol) S. neurona lysate to reveal each of the SnSAGs
(See, FIG. 3). The mature forms of native SnSAG1 and
SnSAGH4 are predicted to be approximately 24 kDa, but these
antigens co-migrated at approximately 30-32 kDa and corre-
spond to the immunodominant antigen Sn30 that has been
described previously (See, FIG. 3) (Granstrom et al., 1993;
Liangetal., 1998). SnSAG1 has also been identified by others
as a major surface antigen matching the immunodominant
Sn30 band (Ellison et al., 2002), but it is apparent that
SnSAGH4 likely contributes to the antibody reactivity at this
molecular weight. The mature form of SnSAG?2 is predicted
to be about 12 kDa, but this antigen migrated at approxi-
mately 18-19 kDa and corresponds to the previously
described immunodominant Snl6 antigen (See, FIG. 3)
(Granstrom et al., 1993; Liang et al., 1998). Mature SnSAG3
is predicted to be 23 kDa, but migrated at about 28 kDa (See,
FIG. 3). The aberrant migration of the SnSAGs under reduc-
ing conditions is a characteristic that has been observed pre-
viously for the surface antigens of both 7. gondii (Burg et al.,
1988; Cesbron-Delauw et al., 1994) and N. caninum (Howe et
al., 1998). Importantly, the western blot experiments demon-
strated that the recombinant forms of the SnSAGs are recog-
nized by antibodies from S. neurona-infected horses. There is
strong concordance between antibody recognition of recom-
binant SnSAG1 (rSnSAG1) and standard western blot analy-
sis of complete parasite antigen (i.e., S. neurona merozoite
lysate). Similar results were obtained with rSnSAG2, rSn-
SAG3, and rSnSAG4. These data demonstrate the utility of
using the rSnSAGs in ELISA formats to monitor antibody
responses in S. neurona-infected horses.

Enzyme-Linked Immunosorbent Assays (ELISAs) Based on
Recombinant S. neurona Surface Antigens (rSnSAGs)

The rSnSAGs expressed in E. coli have been shown in
western blots to be recognized by equine antibodies; conse-
quently, these recombinant antigens can be utilized as the key
reagents for developing ELISAs based on single S. rneurona
antigens. An ELISA test was developed for each of the four
rSnSAGs that have been identified by the invention.

Expression and Purification of Recombinant SnSAGs.
To produce highly purified recombinant forms of the
SnSAGs, the genes for each antigen were cloned into the
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pET22b expression plasmid from Novagen (Madison, Wis.).
This plasmid vector provides a carboxyl-terminal fusion to a
6-residue oligohistidine domain (His-Tag), which binds to
metal ion affinity columns and allows for the efficient one-
step purification of the expressed recombinant protein. Plas-
mid constructs were transformed into BL.21 DE3) host cells
(CodonPlus, Stratagene, Inc.), and expression of recombinant
protein was induced by addition of IPTG. Bacterial clones
that reliably expressed the recombinant SnSAGs were
selected and cyropreserved for future study. The recombinant
S. neurona surface antigens have been designated rSnSAGI,
rSnSAG?2, rSnSAG3, and rSnSAG4.

To obtain recombinant protein, the appropriate bacterial
clone was grown to logarithmic phase in LB medium, and
protein expression was induced by addition of IPTG to the
culture. The recombinant protein was extracted from inclu-
sion bodies with 6 M urea and purified from the host cell
lysate by Ni**-column chromatography according to the
manufacturer’s protocol (His-Bind resin and buffers,
Novagen). Urea was removed by dialysis. If necessary,
recombinant proteins was concentrated by centrifugal ultra-
filtration in Centricon-10 columns (Amicon).

ELISA Assay

The SN3 strain of S. reurona and the Oregon strain of
Neospora hughesi were maintained by serial passage in
bovine turbinate cell monolayers. Upon lysis of the host cell
monolayer, zoites were dispersed and filtered (3.0 um Nucle-
opore membrane filter, Whatman) to remove debris. Har-
vested parasites were counted, washed, and stored at —20° C.

Concentration of purified recombinant proteins prepared
as described above was determined by a calorimetric assay
(Coomassie Plus Protein Assay Reagent, Pierce). Purified
rSnSAGI, rSnSAG2, rfSnSAG3, and rSnSAG4 were diluted
in buffer (0.5 M NaCl and 20 mM Tris-HCI) without urea to
final protein concentrations of 8.15 png/ml, 23.0 ug/ml, 14.56
pg/ml, and 10.3 pg/ml, respectively.

Positive control serum samples were obtained from two
horses with histologically confirmed EPM. The negative con-
trol sample for all assays was a preinfection serum sample
from a weanling used in an experimental infection trial.
Thirty six equine serum samples submitted for S. neurona
serology testing were used for standardization of the rSnSAG
ELISAs. The samples had previously been classified as posi-
tive or negative by Western blot. Twenty-seven samples from
horses of confirmed EPM status were obtained from a collec-
tion of the University of Kentucky Gluck Equine Research
Center. All cases were confirmed by histological examination
of central nervous system tissues for the presence of lesions
consistent with EPM, as well as Western blot analysis of CSF
fluids. Three equine serum samples from an S. fayeri chal-
lenge trial were used to examine assay cross-reactivity. An N.
hughesi positive control serum sample was also evaluated.

Native and recombinant proteins were suspended in SD
S-PAGE buffer supplemented with protease inhibitor cocktail
(Sigma) and separated on 12% polyacrylamide gels. For
Western blot proteins were transferred to nitrocellulose mem-
branes by semi-dry electrophoresis. Membranes were
blocked with PBS containing nonfat dry milk, 0.1% Tween
20, and 5% normal goat serum, and incubated for 1 hour in
primary antibody solution. The membranes were washed,
followed by incubation for 45 min. with horseradish peroxi-
dase-conjugated secondary antibodies (Jackson ImmunoRe-
search Laboratories, Inc.). Membranes were processed for
chemiluminescent detection using SuperSignal substrate
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(Pierce) and exposed to radiographic film or documented
with a FluorChem 8800 imaging system (Alpha Innotech
Corp.).

For rSnSAS ELISAs, high-binding 96-well plates (Corn-
ing) were incubated overnight at 4° C. with 100 pl purified
rSnSAGTI, rSnSAG?2, rSnSAG3, or rfSnSAG4 diluted to 0.20
pg/ml, 1.00 pg/ml, 0.09 pg/ml, and 0.21 pg/ml, respectively.
The plates were rinsed with PBS/0.05% Tween 20 and
blocked for 1.5 h at room temperature with PBS/1% Tween
20/0.5% normal goat serum/0.001 g/ml nonfat dry milk. Pri-
mary sera or CSF was diluted with PBS/1% Tween 20/0.5%
normal goat serum/0.001 g/ml nonfat dry milk. One hundred
ul aliquots of the sera or CSF containing mixed antibody
populations were added to duplicate wells and incubated for
2 h at room temperature. The wells were rinsed, and then
incubated for 2 h at room temperature with 150 pl of horse-
radish peroxidase-conjugated goat anti-horse immunoglobu-
lin G (IgG) secondary antibody (Jackson ImmunoResearch
Laboratories, Inc.) diluted to 1:10,000 in PBS/1% Tween
20/0.5% normal goat serum/0.001 g/ml nonfat dry milk. The
wells were then again rinsed. The chromogenic substrate
o-phenylenediamine dihydrochloride (Sigma) at 0.4 mg/ml
(200 pl) was added. After 10 min incubation, the reaction was
stopped with 50 ul of 3 M H,SO,, and OD,,,, was measured
inanE,,, microplate reader (Molecular Devices). To account
for interplate variation, the OD of each sample was expressed
as a percentage of the high positive standard on the plate.

Serum antibody titers against rSnSAG4 were detected in
25 of 26 (96.2%) EPM-confirmed horses (see FIG. 6). The
rSnSAG2 and rSnSAG3 ELISAs yielded seropositive results
in 24 0f26 (92.3%) EPM-confirmed horses. Only 18 of the 26
(69.2%) horses had detectable serum antibody titers against
rSnSAG1. In total, 18 (81.8%), 18 (81.8%), 20 (90.0%), and
21 (95.5%) of the 22 CSF samples had detectable antibody
titers against rSnSAG1, rSnSAG2, rSnSAG3, and rSnSAG4,
respectively (see FIG. 7). No significant cross-reactivity of
the ELISAs was found when tested against samples contain-
ing antibodies to two related pathogens, S. fayeri and S.
hughesi (data not shown).

Expression of Recombinant S. neurona Surface Antigens
(rSnSAGs) in Mammalian Cells

The open reading frame of each SnSAG as previously
described was directionally cloned into the Kpnl and Xbal
restriction sites of the pVAX1 DNA vaccine plasmid vector
(Invitrogen), and the fidelity of the pVAX:SnSAG plasmid
constructs was confirmed by expression in COS-1 (green
monkey kidney) cells with (+GPI) and without (-GPI) the
GPI anchor. Cells were grown on coverslips in 24-well plates.
The pVAX:SnSAG plasmids were transfected into the COS-1
cells using the cationic lipid reagent Lipofectamine 2000
(Invitrogen). At 48 hr post-transfection, the coverslips were
removed and the cells were fixed with formalin. The cells
were then labeled with an anti-rabbit SnSAG serum as appro-
priate, followed by goat anti-rabbit antibody conjugated to
fluorescein isothiocyanate (FITC). Cell nuclei were labeled
with DAPI for contrast. As shown in FIG. 8, mammalian cells
clearly expressed each transfected surface antigen (SnSAG1,
SnSAG2, SnSAG3, and SnSAG4).

Accordingly, a simple, reliable assay is provided for detec-
tion of S. reurona infection. Importantly, the assays did not
cross-react with antisera against related pathogens. The assay
described herein provides numerous advantages over current
serologic assays, including ease of use, high sample through-
put, and more objective interpretation of results. Further, the
use of recombinant S. neurona surface antigens obviates the
need to propagate parasites in tissue culture. Relative to
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propagation of the parasite in tissue culture, production of the
recombinant proteins described herein is inexpensive and
simple.

An important tool is therefore provided for detection of S.

24

intended to be exhaustive or to limit the invention to the
precise form disclosed. Obvious modifications or variations
are possible in light of the above testing. The embodiment
was chosen and described to provide the best illustration of

neurona infection, as well as for in-depth examination of the 5 the principles of the invention and its practical application to
equine humoral response to such infection. For example, thereby enable one of ordinary skill in the art to utilize the
combining rSnSAGs in a single ELISA, along with investi- invention in various embodiments and with various modifi-
gation using larger sample sets with more negative controls, cations as are suited to the particular use contemplated. All
may prove useful as serodiagnostic tests due to the high such modifications and variations are within the scope of the
sensitivity and specificity exhibited. 10 invention as determined by the claims made in this applica-

The foregoing descriptions have been presented for pur- tion when interpreted in accordance with the breadth to which
poses of illustration and description. The descriptions are not they are fairly, legally and equitably entitled.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 38

<210> SEQ ID NO 1

<211> LENGTH: 1148

<212> TYPE: DNA

<213> ORGANISM: Sarcocystis neurona

<400> SEQUENCE: 1

gtgccacaat gccacacaga gcagtcattt tgacatcctc tggaaacctc cctttgcaac 60

tgactggtga acaacgttgt cagccttteg ctectctcac gtcaggatga agceggegttg 120

caacttccga aaagaattag tttccttttt ctggetgtte gtgetgctag gegcggecaa 180

cgtgtttggg atttacgcgg acgatgagtyg ccagcccctg ttggaacacg cagatgatga 240

cacgccaccc gaaaccccta taaggccgga gagaccagtg tcgetgtetg ggtttctcca 300

caaactacta cagcgtggac dgtgaacacag gccgaagtct cccgcaagcc gtacggcacg 360

gatgggaagg cagagcgacg acgccaagca aaggcgagca ggggtacttt acacaaacct 420

acttgactac gtgttcgaag cccctgaggt ggaacctaag accacgttct ggggeggegt 480

taaacagctg cctgctggga gcogtggegat gactggtttce acgatgttge ctagatagta 540

ccecgcegatg gttggaaaag ttggtcaggt cctgcectgaa acatacacag ccgegtttgg 600

cgggggttat attgcecgtga caggcgacag gagtacagac aatgattata tccctetgeg 660

gactgtcaat tcaaactaac tgctgcgtct cctgegectt agecgecttt gttcagecca 720

tatagccgge ggtcctettt ctttegtaat gecatggggac tgctgtgaac aagaaggaag 780

acggaggcaa tggggactag gccgccaaca ctagttgagg cactggaact gtgtgegtgt 840

ctttgttgtt gctgctttca cctgcatggt tgcacgttac agacgggtga ggctcaccta 900

gaacaaggga tcctgccege cgcegggtgag tgccggtggg tccaatttta agegcegegta 960

gaatgccacg cgttgggctt ggcagatgag acaacaaagt gtggtgacaa atttgcgatc 1020

cgttgcagac cggtagaggc gtagagacga caacctgctce ttgtgctgga aaacagttat 1080

tctgaaagaa ttttctaatg aacagcggct cggcacggtc cgccgaaaac ccgggtgtag 1140

tggtggtc 1148

<210> SEQ ID NO 2

<211> LENGTH: 143

<212> TYPE: PRT

<213> ORGANISM: Sarcocystis neurona

<400> SEQUENCE: 2

Met Lys Arg Arg Cys Asn Phe Arg Lys Glu Leu Val Ser Phe Phe Trp

1 5 10

15
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-continued

26

Leu

Asp

Glu

His

65

Ser

Arg

Pro

Pro

Phe

Glu

Thr

50

Lys

Arg

Ala

Glu

Ala
130

Val

Cys

35

Pro

Leu

Thr

Gly

Val

115

Gly

Leu Leu
20

Gln Pro

Ile Arg

Leu Gln

Ala Arg

85

Val Leu
100

Glu Pro

Ser Val

<210> SEQ ID NO 3
<211> LENGTH: 1393
<212> TYPE: DNA

<213> ORGANISM: Sarcocystis

<400> SEQUENCE: 3

Gly Ala Ala
Leu Leu Glu
40

Pro Glu Arg
55

Arg Gly Arg
70

Met Gly Arg

Tyr Thr Asn

Lys Thr Thr
120

Ala Met Thr
135

agtattttce cgegtttttg agagaccaca

cgegeagetyg

gcgattacgt

cegegteagt

catgcgtcaa

dggaaggcegy

agcagcagtyg

caacacaacc

ggccatgagg

gatttctegyg

gcagctctaa

gatcgagtte

gcgageccat

ggtggagtgt

gegteggtee

gecatgetee

aaggttacgt

ctggaaccga

ttaagtgtat

cgegtgagtt

cttttataat

atggtgaatg

gtgcegtttee

agccacacct

ccgecattgtt cggtegtteg

atcgcatcaa ctttatcceg

agtcggggac gcacgtettt

gactcgccac taagegegcece

tgacaggact tttcctttge

tttttactta caaccacctce

agcagctage tcagctageg

acgacatcga ggctgectta

ttgcgcacge gcagatgett

agggggccat agceccttget

gacgcgatac gtttgtaacyg

cgggcaagcet tacgtaaatc

aaaaaccggt ctgttecttt

gecctagtee aaagtaaatce

ccatttgggyg tgataaatca

ttgtactacc tgaacaacga

cagacggcge aggaatgege

gectgegaaa tccccaccceyg

gggtgttcat gatgttgggt

attgcggegt ggtgtegtgt

ttgtgcgaga gagccacgaa

acttttcaca ctgtggcatt

999

Asn Val Phe
25

His Ala Asp

Pro Val Ser

Glu His Arg
75

Gln Ser Asp
90

Leu Leu Asp
105

Phe Trp Gly

Gly Phe Thr

neurona

ctgtgetteg

tcagttagca

attccgtggt

ttcegtgteg

acgagcectca

gtgacgctee

gtceggagta

gcaaggtgee

gctagtgacy

ctaccacttce

tcacaagagg

gectattacyg

tggcgagece

tatgttacgt

atgcaaaagc

cegtttettt

agttactgeg

ctggtgttte

gtatcgtgte

ctgtcggggt

tataaacgct

ggaatgacac

tatgcttett

Gly Ile Tyr Ala Asp

Asp

Leu

60

Pro

Asp

Tyr

Gly

Met
140

Asp

45

Ser

Lys

Ala

Val

Val

125

Leu

30

Thr

Gly

Ser

Lys

Phe

110

Lys

Pro

tttacagtta

cctattetygy

ggatgctett

ttegtegtgt

tccgtgaaca

ttatttgetg

tatttcgaat

tgcaagaagt

ctgtcgtcaa

gaaaggatcc

actttgctga

cggacaccga

attggacaat

getgtggaca

attcgagaaa

acgggagggce

gettgcagga

aactgaaagc

atccgeatgt

tgacgtttece

ttgacttett

gctggcgcag

ccaatgatge

Pro Pro

Phe Leu

Pro Ala

80

Gln Arg
95

Glu Ala

Gln Leu

Arg

tgctgaatgt
taacgtaacc
ggcacgtgge
tttcectceta
actcgaaatg
cecgeectgte
gectgacgtyg
aaaacgcgcet
gtgtcttagt
ggaaacaatt
ggttatcegg
cataaatctyg
tctacgaatg
gcgaggtaag
tggggaggat
agacaagtag
acggactttyg
agcctececeg
tgtctttgag
tccegtgtgta
tggcttacgt
acatagtact

cgaacgtetyg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1393
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-continued
<210> SEQ ID NO 4
<211> LENGTH: 149
<212> TYPE: PRT
<213> ORGANISM: Sarcocystis neurona
<400> SEQUENCE: 4
Met Gly Lys Ala Val Thr Gly Leu Phe Leu Cys Val Thr Leu Leu Ile
1 5 10 15
Cys Cys Arg Pro Val Ser Ser Ser Val Phe Thr Tyr Asn His Leu Val
20 25 30
Arg Ser Ile Phe Arg Met Pro Asp Val Gln His Asn Gln Gln Leu Ala
35 40 45
Gln Leu Ala Ala Arg Cys Leu Gln Glu Val Lys Arg Ala Gly His Glu
50 55 60
Asp Asp Ile Glu Ala Ala Leu Ala Ser Asp Ala Val Val Lys Cys Leu
65 70 75 80
Ser Asp Phe Ser Val Ala His Ala Gln Met Leu Leu Pro Leu Arg Lys
85 90 95
Asp Pro Glu Thr Ile Ala Ala Leu Lys Gly Ala Ile Ala Leu Ala Ser
100 105 110
Gln Glu Asp Phe Ala Glu Val Ile Arg Asp Arg Val Arg Arg Asp Thr
115 120 125
Phe Val Thr Ala Tyr Tyr Ala Asp Thr Asp Ile Asn Leu Ala Ser Pro
130 135 140
Ser Gly Lys Leu Thr
145
<210> SEQ ID NO 5
<211> LENGTH: 973
<212> TYPE: DNA
<213> ORGANISM: Sarcocystis neurona
<400> SEQUENCE: 5
agagagagag agaactagtc tcgagttttg ttacttcgea ggtgcttege aggtgettca 60
cattcatatt tcacttgtca ctcaactgcg gcagagtttt cagctctega agtgettcetg 120
tgtacacaga tttgcacaat tctgttecte ttcaactacce aacgacgttyg cacagcaaaa 180
aaaccttatc aacaatgccg cgagtgtege tecttaatet cetggtggtyg gegacggece 240
ttetegetge tggetctace gtectgtgeg cggaggaaga tgtaccagga ggtacccettg 300
acacagggag ttccececggga aatccagega gaccaccgga gaatccacta tggagecgac 360
tgactaaact cgatgcggga ccgctgacga actcattacyg gaggcaactyg aaaagcgcett 420
cgetegtgtt ggcgagtett attgctgecag cgatgttgte gtecactaat ggaccatttg 480
tggacgcaat ggagatgaat tttacaacgc cactgtagag tcgcataact gctcgaaagg 540
agacagccaa aactagaaaa gagctctctce aaaaggctga gtacctcegtyg ggcatcccac 600
aacgaaccgt gtcgacaccg tcgagttcte aagcattgag cagtgattag tcccataatt 660
gatgatcacyg gccttagtat cagtttctgt atgcatacac acacgtgcetg tttegetgeg 720
ccctecactta ttgaaattgt tgtgccatceg gtgecattgt cacacctgtyg tgttgetgge 780
cectgeccac gtacacatgt aatcgtaatt cectgtategt cggeggtagt gtacgtaget 840
tggctgtace ctactcgegt aacaaattte ctttattgte tgtggcagtyg taacgccaac 900
aagtaaatga tcagcatttt aaggggatac gatacgcgct aaaaaaaaaa aaaaaaaaaa 960
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30

aaaaaaaaaa aaa

<210> SEQ ID NO 6
<211> LENGTH: 107
<212> TYPE: PRT

<213> ORGANISM: Sarcocystis

<400> SEQUENCE: 6

Met Pro Arg Val Ser Leu Leu Asn

1 5

Leu Ala Ala Gly Ser Thr Val Leu

20

Gly Thr Leu Asp Thr Gly Ser Ser

35

40

Glu Asn Pro Leu Trp Ser Arg Leu

50

55

Thr Asn Ser Leu Arg Arg Gln Leu

65 70

Ser Leu Ile Ala Ala Ala Met Leu

85

Asp Ala Met Glu Met Asn Phe Thr

100

<210> SEQ ID NO 7
<211> LENGTH: 917
<212> TYPE: DNA

<213> ORGANISM: Sarcocystis

<400> SEQUENCE: 7

ctagtctcga gttttttgtt

aactgtggca gagttttcag

gttcctette aactgccaac

actgtecgete cttaacctee

cctgtgegeyg gaggaagatg

tgcagggggg ccaccggtga

getgacgaac tcattacgga

tgctgcageyg atgttgtegt

tacgtcattyg tagagtcgec

ctctcaaaag gctgaatagg

tctcaaacat tgaacagtga

ttctgtatge atacaggtge

ccatcggtge cagtgtgaca

ggaattcctyg tctegtegge

gaattggegt attttcgatg

aaaaaaaaaa aaaaaaa

<210> SEQ ID NO 8

<211> LENGTH: 106
<212> TYPE: PRT

acttcgcacyg

ctctegaagt

gacgttgcac

tecttggtgge

taccaggagg

atccagtacg

ggcaactgaa

ccactggtygyg

taactgcteg

ctgatgtggg

ttagtcccat

gtgttgette

gatgtgtgtt

ggtagtgtac

gcagtgtaac

neurona

Leu Leu Val
10

Cys Ala Glu
25

Pro Gly Asn

Thr Lys Leu

Lys Ser Ala

75

Ser Ser Thr
90

Thr Pro Leu
105

neurona

tgcttcacat

gettetgtgt

agcaaaaaca

gacggcccett

taaccttgac

gagccgagag

aagcgetteg

accatttgtg

acaggagaca

catcccacac

aattgatgag

getgageect

gettgectgt

gtagctgggc

gtcatcgegt

<213> ORGANISM: Sarcocystis neurona

<400> SEQUENCE: 8

Val Ala Thr Ala Leu
15

Glu Asp Val Pro Gly
30

Pro Ala Arg Pro Pro
45

Asp Ala Gly Pro Leu
60

Ser Leu Val Leu Ala
80

Asn Gly Pro Phe Val
95

tcatatttca cttgtecgete
acacagtttt gcacaattct
atcttatcaa caatgccgeg
ctcgetgetyg gttectacegt
acagagagtc cgccgggaga
actgaactcyg gagcgcggec
ctcegtgttgyg cgagtcettat
gacgcagtgg ggacgaattt
gccaaaacta gaaaagagcg
gaaccgtgte gacaccgagt
gatcacggcet caagacctcet
tacttattga aattgttgtg
geccacgtac acacggaatce
tgcgccegta ctegegtaaa

aaatgactat tttaagttaa

973

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

917
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Met

Leu

Gly

Val

Thr

65

Ser

Asp

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

<400>

Pro

Ala

Asn

Asn

50

Asn

Leu

Ala

Arg Leu Ser Leu Leu Asn

Ala Gly Ser Thr Val Leu

Leu Asp Thr Glu Ser Pro

35

40

Pro Val Arg Ser Arg Glu

55

Ser Leu Arg Arg Gln Leu

70

Ile Ala Ala Ala Met Leu

85

Val Gly Thr Asn Phe Thr

100

SEQ ID NO 9
LENGTH: 523
TYPE: DNA

ORGANISM: Sarcocystis neur

SEQUENCE: 9

acttcgcacyg tgcttcacat

ctttcgaagt getttetgtg

cgacgttgca cagcaaaaaa

tggtggtgge gacggeccte

taccagactc aggtggtaac

agaaggatcc gctacggage

tagggagaca actgaagaag

tgttgaccga agttggggaa

gaagtcgege aaacttcaat

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

<400>

SEQ ID NO 10
LENGTH: 109
TYPE: PRT
ORGANISM: Sarcocystis

SEQUENCE: 10

tcatatttca

tacacaaatt

accttatcag

ctcgetgetyg

ctttacacag

cgacagactyg

ggctegetet

tttgcggatg

ttcctgagag

Met Pro Arg Leu Ser Leu Leu Asn

1

Leu

Ser

Pro

Pro

65

Leu

Phe

Ala

Gly

Gln

50

Leu

Ala

Ala

Ala Gly Ser Thr Val Leu

20

Gly Asn Leu Tyr Thr Gly

Lys Asp Pro Leu Arg Ser

55

Thr Asn Ser Leu Gly Arg

70

Ser Leu Ile Ile Ala Ala

85

Asp Ala Ser Met His Asn

100

<210> SEQ ID NO 11
<211> LENGTH: 994

Leu Leu Leu
10

Cys Ala Glu
25

Pro Gly Asp

Thr Glu Leu

Lys Ser Ala

75

Ser Ser Thr
90

Ser Leu
105

ona

cttgtegete
tgcacacttce
caatgccgeg
getetacegt
gaagtccgee
aactcggage
tgttggcgag
cgtccatgea

gagacagcca

neurona

Leu Leu Val
10

Cys Ala Glu
25

Ser Pro Pro

Arg Gln Thr

Gln Leu Lys

75

Ala Met Leu
90

Phe Thr Thr
105

Val Ala Thr Ala Leu

Glu

Ala

Gly

60

Ser

Gly

Asp

Gly

45

Ala

Leu

Gly

15

Val Pro Gly

Gly Pro Pro

Arg Pro Leu

Val Leu Ala

80

Pro Phe Val
95

aactgtggca gggttttcag

tgttgcactt caactggcaa

actgtcgete cttaacctee

cctgtgegeyg gaggaagatg

gggegattca geggggecac

gegacegetyg acgaactcat

tctcattatt gctgcagega

taacttcact acaacttttt

aaa

Val

Glu

Gly

Glu

60

Lys

Thr

Thr

Ala

Asp

Asp

Leu

Gly

Glu

Phe

Thr Ala Leu
15

Val Pro Asp
30

Ser Ala Gly

Gly Ala Arg

Ser Leu Leu
80

Val Gly Glu
95

60

120

180

240

300

360

420

480

523
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<212> TYPE: DNA
<213> ORGANISM: Sarcocystis neurona
<400> SEQUENCE: 11
cgcacgteeg tcacattcat agttcatttg tegetcaact gtggcagggt tttcagettt 60
cgaaatactt tctgtgtaca caaatttgca cacttctcett caccttcaac tgacaacgac 120
gtegcacage aaaaaaatct tatcaacaat gccgegectyg tegctectta acctectggt 180
ggtggcgatyg gecttecteg ctgetggete taccgtactyg tgcgceggacyg aagatgtaac 240
cggaggtgac gatacagcaa gcccgecgeg agattcageg cggecaccgyg agaatccact 300
acggagccga ttgacggaac tcgtagggeg acggctgatyg aactcattag gaagacaagce 360
gacgaacggt tcgcetectgt tggegagtcet tcetcattget gecagcegatge tegtcgacat 420
ggggccagtt gcgaacgcegt actcgtacaa catgacacac ccactttaat ttcttgacag 480
gaaacagaca aaaacagaaa atagctatcc tcaaaggctg aatacatcac aacggacata 540
gcaacataac ggacgcgtgg acaccgccga ggtcgcaaac gtttcacagt aattggtecg 600
ataattcatg aggattgagg ccttagtacc actttctgta tgcatataca tgattgctge 660
tttgctgcga aatcgttgtg ccatcggtge cagtgctaca caagtgtgtt gettgectge 720
geecccegtac aaacgtaatc ggaattcectg tatcctetge ggtggtgtac gtactttege 780
ggtgccegty cecegegtaac gaatttteeg tettetetgt tegeggatge tetgtgggta 840
ccagetgtge aagagtgagce aagtgcacaa gacatcgatyg aagcatagaa ctacgtegtt 900
cgeggcaagg catacgeget gtcacteggt tgtegeggat getgtgtggyg taccagttgt 960
gcaaaaatta gcaagtgaaa aaaaaaaaaa aaaa 994
<210> SEQ ID NO 12
<211> LENGTH: 106
<212> TYPE: PRT
<213> ORGANISM: Sarcocystis neurona
<400> SEQUENCE: 12
Met Pro Arg Leu Ser Leu Leu Asn Leu Leu Val Val Ala Met Ala Phe
1 5 10 15
Leu Ala Ala Gly Ser Thr Val Leu Cys Ala Asp Glu Asp Val Thr Gly

20 25 30
Gly Asp Asp Thr Ala Ser Pro Pro Arg Asp Ser Ala Arg Pro Pro Glu

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

Ala Tyr Ser Tyr Asn Met Thr His Pro Leu

100 105
<210> SEQ ID NO 13
<211> LENGTH: 822
<212> TYPE: DNA
<213> ORGANISM: Sarcocystis neurona
<220> FEATURE:
«<221> NAME/KEY: misc_feature
<222> LOCATION: (746) ..(746)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<400> SEQUENCE: 13
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aaacggtcat

ccaaactgag

tgttacgcac

tggtggccac

tcggagcaag

cggcagtegt

ccctecatat

cactgagacc

ccgaggeact

gttgcggett

aactcgagtyg

cgcaccgeac

aacgactttg

atttttgcca

ttctacgtac

cagaacagtc

gttectecte

taaccaccgt

agaggatggg

tgtctcaget

aggagtggag

tcgactggea

ttcegeagte

tgggtgggtt

gaacgctaca

tttcagcaac

acgtgtcaag tcgatgaccc

<210> SEQ ID NO 14
<211> LENGTH: 122
<212> TYPE:

<213> ORGANISM:

PRT

<400> SEQUENCE: 14

Sarcocystis

gttgtegete

acaaatctgg

acatcagcaa

gCtggtggCt

dgcggeggga

acagaagcag

gtagccagtyg

aagcgectge

atggactatc

acggtgcaat

ctgtagcage

agtggcgeca

ccecegngeag

taaaaaaaaa

Met Pro Arg Leu Pro Leu Leu Lys

1

Leu

Ala

Gln

Arg

Val

Glu

Ala

Ala

Ser

Glu

50

Phe

Leu

Lys

Leu

Gly

Asn

35

Ser

Glu

Asn

Arg

Arg
115

Gly Ser Gly Val Leu

20

His Arg Gly Gly Gly

40

Ala Val Val Glu Asp

55

Glu Arg Leu Ala Leu

70

Thr Phe Ile Arg Asp

85

Leu Gln Ser Pro Tyr

100

Leu Ala Met Asp Tyr

<210> SEQ ID NO 15
<211> LENGTH: 771
<212> TYPE: DNA

<213> ORGANISM: Sarcocystis

<400> SEQUENCE: 15

gttactttge acgtccttca

cagctttega

caaccttgta

tcctggtgat

atgtaacagg

agtgcttett

caccaaaaaa

ggcgacggcc

aggtgacaat

120

cattcatgtt
gtgtacaaaa
agaaccttat
ctecctegetyg

acagcaaacc

aagtgtageg
tcctttegee
tgcecgegett
ceggegtect
gtgtggatat
actcagattt
tattgaacac
agtcgecgta
acatgtaacc
cgggaactee
ggatggttgt
ccagtggtgt
ccaaacgcac

aaaaaaaaaa

neurona

His Leu Leu
10

Cys Gly Glu
25

Ser Val Asp

Gly Thr Glu

His Ile Val

75

Gly Thr Pro
90

Leu Arg Arg
105

His Met

neurona

tcatttgteg
atttgcacac
caacgatgec
ctggetetac

cgcegegaaa

gtegtgectyg cttegcaagg

ttccectegy

geegetectt

gtgcggggaa

cecctggaget

gagatttgag

gtttatacgce

tctecgacgt

tggcgttcgg

agagggggat

cctttctact

ttggtcegty

tcgactagte

aa

Val

Arg

Ile

Ala

60

Ser

Leu

Leu

Ala

Gly

Pro

45

Asp

Ala

Arg

Ala

Thr

Glu

30

Gly

Ser

Val

Pro

Tyr
110

ctcaactgte

tcctgttece

gegactgteg

cgtettgtge

tccagcgggg

tcggcagegt
aagcacctct
agaggagagc
cctecaggagt
gagcggcteg
gacgggacce
ttggcttate
atgacgcact
gccagcagga
gaccaatagt
ttaacggagyg

gctggcgtga

Phe Leu
15

Leu Gly

Ala Pro

Asp Leu

Ala Ser

80

Gly Val
95

Pro Glu

gcagggtttt
ctttaactgyg
cttettaace
geggaggaag

ccactggaga

60

120

180

240

300

360

420

480

540

600

660

720

780

822

60

120

180

240

300
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atccactacg

gacatgtaag

tcgactttgt

ttgacaggag

ggacataaca

cgataattca

gettegetge

gggcccactyg
gaacggttcyg
gecagttgeg
acggccaaaa
acacaacgga
tgagggttga

gegettactt

gtgttgettyg cctgegecca

<210> SEQ ID NO 16
<211> LENGTH: 106
<212> TYPE:

<213> ORGANISM: Sarcocystis

PRT

<400> SEQUENCE: 16

Met Pro Arg

1

Leu

Gly

Asn

Asn

65

Leu

Ala

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

<400>

Ala

Asp

Pro

50

Ser

Ile

Arg

Ala

Asn

35

Leu

Leu

Ile

Met

geggaacteg

ctettetteg

aacgcgegea

gcagaaaaga

cgcegtggaca

ggccttagta

atcgaaaatg

cgtacacacyg

Leu Ser Leu Leu Asn

Gly Ser Thr Val Leu

20

Thr Ala Asn Pro Pro

40

Arg Gly Pro Leu Ala

55

Gly Arg His Val Arg

70

Val Ala Ala Met Leu

85

Asp Asn Gly Thr Leu

100

SEQ ID NO 17
LENGTH: 755
TYPE: DNA
ORGANISM: Sarcocystis

SEQUENCE: 17

tgcctgette gcaaggccaa

ccteggtegy

ctcettaage

dgggaaagag

ggagctecte

cattactgtt

acttgeggtyg

cgaatggatc

ggggcgtgtyg

gcetgattace

ttctgegtee

gttgcttgge

gacgataatg

cagegttgtt

acctecttggt

gagagctegg

aggagtcggc

aacgcagetyg

aaactgggga

tgcttaattyg

gtcacagcge

ctatacacct

tttegetgag

tggtccegta

tttagectggy

actgagttct
acgcaccaga
ggccacgtte
agcaagtaac
agtcgtagag
tagcgaatgt
cgccagcagyg
acagcaatcg
aactatagga
caaagacgtyg
ccgagactca
cccatggaat

cccacactca

gagegegacyg
cgagtcttat
tggacaacgg
getgtectea
cegecgagtt
ccactttetyg
ctgtgecace

taatcggaat

neurona

Leu Leu Val
10

Cys Ala Glu
25

Arg Asn Pro

Glu Leu Gly

Asn Gly Ser

75

Val Asp Phe

Glu Leu
105

neurona

acgtacacaa
acagtcacat
ctecctegetyg
caccgtggeyg
gatgggacag
gttggacaag
aaacttgagt
ttcacaacga
geteggeagt
gectcaatee
cctgaatett
cggaacttet

tctag

gttgatgaac tcattaggga

cattgttgca

gacacttgaa

aaggctgaat

cggaaacaaa

tatggatata

ggtgccagtg

gegatgeteg
ctttaatttc
acatcacaac
gtaattagtc
catgcttget

ctacacaagt

tcctgtateg t

Met

Glu

Ala

Ala

60

Leu

Val

Ala

Asp

Gly

45

Arg

Phe

Pro

Thr

Val

Pro

Arg

Phe

Val

atctggtect

cagcaatgece

gtggetcegg

gegggagtgt

aagcaggtga

attatatgaa

gtgggagaat

cgtgacaact

ccteggaatce

ctctgetgat

tggcactgtt

gtaacccagg

Ala Leu
15

Thr Gly

Leu Glu

Leu Met

Ala Ser

80

Ala Asn

ttcgecttee
gegettgeeg
cgtectgtyge
ggatatccct
geggetgtet
gettttttge
tctggageag
ggtgccttca
aatgcgtgaa
acgtatactt
gtacgtgtga

tggtcgecac

360

420

480

540

600

660

720

771

60

120

180

240

300

360

420

480

540

600

660

720

755
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40

<210> SEQ ID NO 18
<211> LENGTH: 68
<212> TYPE: PRT

<213> ORGANISM: Sarcocystis

<400> SEQUENCE: 18

Met Pro Arg Leu Pro Leu Leu Lys

1 5

Leu Ala Gly Gly Ser Gly Val Leu

20

Ala Ser Asn His Arg Gly Gly Gly

35

Gln Glu Ser Ala Val Val Glu Asp

50

Ser His Tyr Cys
65

<210> SEQ ID NO 19
<211> LENGTH: 811
<212> TYPE: DNA

<213> ORGANISM: Sarcocystis

<400> SEQUENCE: 19

tgcctgette gcaaggccaa

ccteggtegy cagegttgtt

ctcecttaage acctettggt

ggggaaagag gagagctcgg

gaagctccte aggagtcegge

actctggagt tgcgagacge

ggtatctcaa ctgtagttag

gcagaacaga gggagcctat

atggactaac acgtgtaacc

acggtgcaat cgggaactcc

ctgtagcage ggatggttgt

agtggcgeca ccagtggtgt

ccecegegeay ccaaacgcag

aaaaaaaaaa aaaaaaaaaa

<210> SEQ ID NO 20

<211> LENGTH: 127
<212> TYPE: PRT

<213> ORGANISM: Sarcocystis

<400> SEQUENCE: 20

55

actgagttct

acgcaccaga

ggccacgtte

agcaagtaac

agtcgtagag

gttgagtgag

cgtattggac

tcagttceeg

tggcgttcgg

agagggggat

catttctatt

ttggtcegty

tcgacagteg

aaaaaaaaaa

Met Pro Arg Leu Pro Leu Leu Lys

1 5

Leu Ala Gly Gly Ser Gly Val Leu

20

Ala Ser Asn Leu Arg Gly Gly Gly

35

Gln Glu Ser Ala Val Val Glu Ala

50

55

neurona

His Leu Leu
10

Cys Gly Glu
25

Ser Val Asp

Gly Thr Glu

neurona

acgtacacaa
acagtcacat
ctecctegetyg
ctcegtggeyg
gcagggacag
gtgggacagg
ggtgttttag
catcteccaac
atgacgcact
gccagcagga
gaccaacagt
tcagcggatyg
ctggtgtgaa

a

neurona

His Leu Leu
10

Cys Gly Glu
25

Ser Val Tyr

Gly Thr Glu

Val Ala Thr Phe Leu
15

Arg Gly Glu Leu Gly
30

Ile Pro Gly Ala Pro
45

Ala Gly Glu Arg Leu
60

atctggtect ttegecttee
cagcaatgcce gegettgecg
gtggctecegyg cgtectgtge
gegggagtgt gtatacccct
aagaagactc aggagttgeg
ggatgeggat ggcattgeat
gegacatgtt cccagcegaca
gtttgetteg tcgactggca
gttgcggett tteegetgte
aactcgagtyg tgggtgggtt
cgcaccgcac gaacgctaca
aacgactttyg tttcagcaac

cgtgtcaagt cgattaaact

Val Ala Thr Phe Leu
15

Arg Gly Glu Leu Gly
30

Thr Pro Glu Ala Pro
45

Glu Asp Ser Gly Val
60

60

120

180

240

300

360

420

480

540

600

660

720

780

811
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42

Ala Thr Leu
65

Arg Met Ala

Val Leu Gly

Gln Phe Pro
115

Glu Leu Ar
70

Leu His Gl

g Asp Ala

y Ile Ser

Asp Met Phe Pro Ala

100

His Leu GL

<210> SEQ ID NO 21
<211> LENGTH: 1493

<212> TYPE:

<213> ORGANISM: Sarcocystis

DNA

<400> SEQUENCE: 21

ggggaggtaa
cattctegee
agtgtcectt
tgttactaag
cgegeccagy
gaatcctgta
ccecgacecte
gcagcaacce
tccgaatace
aacagcagtc
ggatgaagce
tggtgggete
ttgtacgaat
cgcagcgaac
cgcacgcage
ctaatcctge
ctgccaaaag
actgttccaa
ttcagttacg
gtgggctege
ttcattttga
cgccatagea
acagttgcag
caatccagat

ggtgtcgaac

gtgttggegg

agaatgacga

gtgagggecg

ctcggeaget

gctgggaatg

aacatacgag

accgtecege

gacaaccaat

tgcgeggege

ttcagetgeg

tgctccaaag

caccttggtt

ggtggtgtge

ccagacggaa

gectetgegt

cgtgtagegt

gggcaacgac

aacgggaaaa

actggacgag

atattttttt

gegectgtte

gcaaccagtt

ttatcagect

cgegtgteag

gatcaaattt

<210> SEQ ID NO 22
<211> LENGTH: 276

<212> TYPE:

PRT

n Arg Leu
120

taatgctgca
gggcggtget
gagegecgee
ctggegeact
acgccggtcea
acgtccetgec
aattgccege
gettcateca
tgcagtccac
gcgagggact
agcaggecect
ttccteaget
aggcagaggce
gegttecagyg
tagggttgge

ctetggtgge

cgctccaaga
tccgaagatg
tgtagtcaca
tgtagtgtge
cacgtaggeg
agtagcttge
ccataggttt
tttecatatgg

tccttecacgy

Leu Ser Glu
75

Thr Val Val
Thr Ala Glu
105

Leu Arg Arg

neurona

tcattagggt

getgacgttt

tcaagcaacyg

acgaatccac

gatgcaggte

cggegeatcet

caaagctacg

ggtagaagta

gatcgectte

tgctgtgtte

acccagtgge

tcctcageag

ggcccaacgg

ggctaacgga

tctegttgea

ccgecccaca

gecatgcctag

caaaattcat

tggttttaca

cgttgtagat

getggaaaat

agtgccatga

taatggcage

aactgggtcc

tcaaaaaaaa

<213> ORGANISM: Sarcocystis neurona

<400> SEQUENCE: 22

Val Gly Gln Gly Met
80

Ser Val Leu Asp Gly
95

Gln Arg Glu Pro Ile
110

Leu Ala Met Asp
125

cagacacgct gtccatctgt
ctgacactct gcteegecag
tgcgccaatyg gcgaaacgac
tgcccaaata attttcgact
tatgcaactyg cggttgctga
tacctctetyg tacagaacgt
agcgtetttt ttcactgeca
gegecggete cgegectagg
gaagttcaac aagcgaatga
ccgcaaggta gcaaagegtt
gecgetttag ctccaaagga
gctatgaaga tttgctatat
tgtgaggttc gcatcteegt
geegectete taggagetge
ggcgetttet tgcacttttg
gatcctggtt attcccacag
acgcgttcag taacgtgect
ceggtgcage gtcccatgtyg
tccattcegeca gtgcagagge
ccagcaagtt aaatatgtta
tttetgggeyg ctegteggty
cgceggtetca agatggttca
gttaccaacg ggctgetttt
gcagtegtta tacgaaattt

aaaaaaaaaa aaa

Met Thr Arg Ala Val Leu Leu Thr Phe Leu Thr Leu Cys Ser Ala Arg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1493
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44

Val

Gly

Gly

65

Ile

Pro

Phe

Val

Ser

145

Ser

Asp

Ala

Gln

Glu

225

Asp

Ala

Leu

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

<400>

Ser

Glu

Cys

50

Gln

Arg

Thr

His

Ala

130

Thr

Cys

Glu

Pro

Ala

210

Ala

Gly

Arg

His

Leu

Thr

35

Pro

Met

Asp

Leu

Cys

115

Pro

Ile

Gly

Ala

Lys

195

Met

Ala

Ser

Ser

Phe
275

Val Arg Ala Gly Ala

20

Thr Val Thr Lys Leu

40

Asn Asn Phe Arg Leu

55

Gln Val Tyr Ala Thr

70

Val Leu Pro Gly Ala

85

Thr Val Pro Gln Leu

100

Gln Gln Gln Pro Asp

120

Ala Pro Arg Leu Gly

135

Ala Phe Glu Val Gln
150

Glu Gly Leu Ala Val

165

Cys Ser Lys Glu Gln

180

Asp Gly Gly Leu His

200

Lys Ile Cys Tyr Ile

215

Gln Arg Cys Glu Val
230

Val Pro Gly Ala Asn

245

Ala Ser Ala Leu Gly

260

Cys

SEQ ID NO 23
LENGTH: 975
TYPE: DNA

ORGANISM: Sarcocystis

SEQUENCE: 23

atgtaccctt gecggcegageg

tcagggcagg

cttgcageceyg

actcceegat

ttcteegteg

gtttetetgg

acgcctgeca

gaaacgtacyg

agcactagtg

cgtctegeag

tgttggattt

gecattettge

cgteggecca

geceeggtea

actttcacac

ccaagttgtt

cgactcatac

gegttttcag
ttgtggtgte
ttgctgecaa
ctgegetgea
agtcgcaaca
gagetttgty
ccacgettgt

cccaaaggeg

ctggacggca

10

Pro Pro Gln
25

Gly Ser Ser

Ala Pro Arg

Ala Val Ala

75

Ser Tyr Leu
90

Pro Ala Lys
105

Asn Gln Cys

Pro Asn Thr

Gln Ala Asn

155

Phe Pro Gln
170

Ala Leu Pro
185

Leu Gly Phe

Cys Thr Asn

Arg Ile Ser

235

Gly Ala Ala
250

Leu Ala Leu
265

neurona

attgtaacgt
ggtgtacgtyg
tatcccacceyg
ggcatagcag
attgcgtgeca
ctgaactgec
gegggeactg
tccaaccacy

ccegetgega

Ala

Gly

Ala

60

Glu

Ser

Ala

Phe

Cys

140

Glu

Gly

Ser

Pro

Gly

220

Val

Ser

Val

Thr

Ala

45

Gly

Asn

Val

Thr

Ile

125

Ala

Thr

Ser

Gly

Gln

205

Gly

Ala

Leu

Ala

Cys

30

Leu

Asn

Pro

Gln

Ser

110

Gln

Ala

Ala

Lys

Ala

190

Leu

Val

Ala

Gly

Gly
270

gacatagtce

ttcataattt

tccacgetet

cagttattat

cacaagctygg

aggcacccett

gtgccaattg

tgtgggtgag

accagttgag

15

Ala Asn

Arg Ile

Asp Ala

Val Asn

80

Asn Val
95

Val Phe

Val Glu

Leu Gln

Val Phe

160

Ala Leu
175

Ala Leu

Pro Gln

Gln Ala

Asn Pro

240

Ala Ala
255

Ala Phe

tgggtectet
tcacagecety
caacatggag
ttgcagttct
aatgaccect
taccatagcg
tcagaatcct
tccageggac

cggcaaaact

60

120

180

240

300

360

420

480

540
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gtgtttagtg

acagtttcca

gcatctctea

tgaaggtacg

acacttgect

cgaccgtatt

tggtgggaaa

caaaaaaaaa

tgggatgcac
gctcagtgaa
cagtgttgta
taatcgggge
tegtttttea
ttttgegecac
gacactattg

aaaaa

<210> SEQ ID NO 24
<211> LENGTH: 168
<212> TYPE:

<213> ORGANISM: Sarcocystis

PRT

<400> SEQUENCE: 24

cagtacaggc
gacagtcgcet
aggtgtgaag
ctgggaagge
aacgcacgaa
gtaaccggta

ctgttttteg

gacccagecyg
tctggtgtec
atgaaattgt
gtgcaggttt
gtgtgacgta
cctgegtecy

aggccttgge

neurona

Met Glu Thr Pro Arg Cys Ile Leu Ala Cys Ala
1 5 10
Val Ile Ile Cys Ser Ser Phe Ser Val Ala Ser
20 25
Ile Ala Cys Thr Gln Ala Gly Met Thr Pro Val
35 40
Gln Ser Phe Val Leu Asn Cys Gln Ala Pro Phe
50 55
Ala Asn Phe His Thr His Ala Cys Ala Gly Thr
65 70 75
Asn Pro Glu Thr Tyr Ala Lys Leu Phe Pro Lys
85 90
Trp Val Ser Pro Ala Asp Ser Thr Ser Ala Thr
100 105
Pro Ala Ala Asn Gln Leu Ser Gly Lys Thr Val
115 120
Thr Ser Thr Gly Asp Pro Ala Gly Ile Cys Ala
130 135
Ser Ser Ser Val Lys Thr Val Ala Ser Gly Val
145 150 155
Ser Leu Ala Ser Leu Thr Val Leu
165
<210> SEQ ID NO 25
<211> LENGTH: 1585
<212> TYPE: DNA
<213> ORGANISM: Sarcocystis neurona
<220> FEATURE:
«<221> NAME/KEY: misc_feature
<222> LOCATION: (1064)..(1064)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
«<221> NAME/KEY: misc_feature
<222> LOCATION: (1114)..(1114)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
«<221> NAME/KEY: misc_feature
<222> LOCATION: (1164)..(1164)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
«<221> NAME/KEY: misc_feature
<222> LOCATION: (1497)..(1497)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

ggatctgege cgtcgacgtg

tgcttgcaat

cececegtgegy

gagatacatc

cggtttgaac

cgaaacattt

tgatgtgcta

Ala

Ala

Ser

Thr

60

Gly

Ala

His

Phe

Val

140

Leu

Gly

Gln

Leu

45

Ile

Ala

Ser

Thr

Ser

125

Asp

Leu

Ile

Val

Gly

Ala

Asn

Asn

Trp

110

Val

Val

Ala

gtgttcacte
cagagectte
ggtgtacage
tctgtgcate

tttgctgatt

aaagggtggg

Ala Ala

15

Ala Thr

Pro Gly

Thr Pro

Cys Gln

80

His Val

Thr Ala

Gly Cys

Thr Val

Met Cys
160

600

660

720

780

840

900

960

975
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-continued
«<221> NAME/KEY: misc_feature
<222> LOCATION: (1502)..(1502)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
«<221> NAME/KEY: misc_feature
<222> LOCATION: (1508)..(1508)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
«<221> NAME/KEY: misc_feature
<222> LOCATION: (1510)..(1510)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
«<221> NAME/KEY: misc_feature
<222> LOCATION: (1512)..(1513)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
«<221> NAME/KEY: misc_feature
<222> LOCATION: (1517)..(1517)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
«<221> NAME/KEY: misc_feature
<222> LOCATION: (1520)..(1520)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
«<221> NAME/KEY: misc_feature
<222> LOCATION: (1525)..(1528)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
«<221> NAME/KEY: misc_feature
<222> LOCATION: (1530)..(1530)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
«<221> NAME/KEY: misc_feature
<222> LOCATION: (1533)..(1533)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
«<221> NAME/KEY: misc_feature
<222> LOCATION: (1539)..(1539)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
«<221> NAME/KEY: misc_feature
<222> LOCATION: (1543)..(1545)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
«<221> NAME/KEY: misc_feature
<222> LOCATION: (1550)..(1550)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
«<221> NAME/KEY: misc_feature
<222> LOCATION: (1554)..(1554)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:
«<221> NAME/KEY: misc_feature
<222> LOCATION: (1557)..(1558)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<400> SEQUENCE: 25
catttccecce atcacctgec gtcaaggacyg tttttecectg taaagaccat ttcaatcacce 60
gtgcgtetee cectgecttt ctggtetett acatctgcga agatgatgaa aacttegttt 120
ctgtcgeteg cagttgectyg cecttgtgtgg gecccetgtac attgecattge cgcagatcca 180
cctgttgcaa cttgtgtgte cagggatgac agtccgacac aaacatatca actggecatca 240
attgggcaag tgagaattac atgcccagga ggaactactt tagcaaatag gggggeggag 300
caagccgata acggcccgac ggcagaggtt tactetgaag cggacgetgg gaaaaacgtce 360
gegttgaata ctttgttggt tggtgggace tacgtteggg cggacgccaa tgacaacctce 420
acagtctege agetgeccac caaagcagtyg acggtgettt tectetgtaa caggcagect 480
ggccetggtyg ttggatgetg gattgcetgtt gaagtcgegg ctcagectee tetgggacca 540
caggcttgta cggttggtgg aagcgaggta acgttgactg taacagetge aaacgccacce 600
geccagtteg cetgtgecge tacgaagaac gtatttccag aaggcacaaa tgtttacaac 660
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tcggattgta aaacggaaac ccctttaage actgcattge caggtgccac gctcaccegt 720
ggaaacatga atgcgctaaa aattcctacg ttgccttegg ctgcaaagaa cctttgette 780
gtgtgtgcaa caaatgttgg ggacgaagcc aaccaaaagt gcagcgttaa aattaatgtg 840
agtggcagcee ctcagggtgg tgggaacggg tcegtgggat tgacagcacyg ggctgectceg 900
gcattaggga ttctcatggt cggagcageg ttggttcgaa atgtttaagg cggaattacg 960
ctcgccagac ttcacaaact agtccttcta tcgcatgact gagcatgtte ttcatggetg 1020
cttctgtacce gaagtcaccce acgtggtgcg ttaatcagaa tacntgcaga tggtctttgg 1080
ggagaattca cgatttcgtg gatttcacgt gaanacgtgt caacagacgt gcatctggta 1140
ctgatttgtg cattgtcgtc gaanagacgt gtggttggaa acccgggtgce ctttettgtt 1200
tcgaatccat tcaaggtggt attgtccgta cacaactgta tgtgagtgaa gtggcgaggg 1260
ggaatctgcc aattttgtac actgttgttg tgcgtgtacg ttacgacggc ctcggcgatg 1320
cgtgccacac ccatgtggat tttgattaca ggaaggtgcg cacaaagcag cattttttat 1380
gcggaaacaa tttecgcggat tagactcgec gecattcatt gcagcatgca gaggcaccgt 1440
gtgggggggy ccttcaagaa acgcttttca agctctcttt tcetcecctcaaa aaaaccnata 1500
cnctaatnan tnnaaanatn tcacnnnncen tcntatatnce aannnaaaan ctentgnngg 1560
ggggcccegt cccaaattce cctat 1585
<210> SEQ ID NO 26
<211> LENGTH: 281
<212> TYPE: PRT
<213> ORGANISM: Sarcocystis neurona
<400> SEQUENCE: 26
Met Met Lys Thr Ser Phe Leu Ser Leu Ala Val Ala Cys Leu Val Trp
1 5 10 15
Ala Pro Val His Cys Ile Ala Ala Asp Pro Pro Val Ala Thr Cys Val
20 25 30
Ser Arg Asp Asp Ser Pro Thr Gln Thr Tyr Gln Leu Ala Ser Ile Gly
35 40 45
Gln Val Arg Ile Thr Cys Pro Gly Gly Thr Thr Leu Ala Asn Arg Gly
50 55 60
Ala Glu Gln Ala Asp Asn Gly Pro Thr Ala Glu Val Tyr Ser Glu Ala
65 70 75 80
Asp Ala Gly Lys Asn Val Ala Leu Asn Thr Leu Leu Val Gly Gly Thr
85 90 95
Tyr Val Arg Ala Asp Ala Asn Asp Asn Leu Thr Val Ser Gln Leu Pro
100 105 110
Thr Lys Ala Val Thr Val Leu Phe Leu Cys Asn Arg Gln Pro Gly Pro
115 120 125
Gly Val Gly Cys Trp Ile Ala Val Glu Val Ala Ala Gln Pro Pro Leu
130 135 140
Gly Pro Gln Ala Cys Thr Val Gly Gly Ser Glu Val Thr Leu Thr Val
145 150 155 160
Thr Ala Ala Asn Ala Thr Ala Gln Phe Ala Cys Ala Ala Thr Lys Asn
165 170 175
Val Phe Pro Glu Gly Thr Asn Val Tyr Asn Ser Asp Cys Lys Thr Glu
180 185 190
Thr Pro Leu Ser Thr Ala Leu Pro Gly Ala Thr Leu Thr Arg Gly Asn
195 200 205
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52

Met Asn Ala Leu Lys Ile Pro Thr

210

215

Cys Phe Val Cys Ala Thr Asn Val
225 230

Ser Val Lys Ile Asn Val Ser Gly

245

Ser Val Gly Leu Thr Ala Arg Ala

260

Val Gly Ala Ala Leu Val Arg Asn

275

<210> SEQ ID NO 27
<211> LENGTH: 1111
<212> TYPE: DNA

<213> ORGANISM: Sarcocystis

<220> FEATURE:

280

«<221> NAME/KEY: misc_feature

<222> LOCATION: (267).

. (267)

<223> OTHER INFORMATION: n is a,

<400> SEQUENCE: 27

gaggtgaagt attaatgcca
cggegtcace ctattgggaa
cgacacttgt tgctactgeg
ggaacccega gcaggctaca
cattcggtgyg cctcaatatt
cceccagggge ggcecgacggyg
accgacaggyg agtagttctce
ataatcagce caacgttttg
ttctgtgteyg tccacaagag
cctegectee tttgggacceyg
cgggatccag caacgccace
aacaggctac taaaatttte
cceetggtge gacgtgecag
gectgecgee acaaaatcgg
aggttattat cgatgtagca
gtaccgegte ggcattgggt

ttcecegtteg cagagtcaac

gtggacggct gaaaggaaca
ctattggtgyg accaaaaaaa
<210> SEQ ID NO 28

<211> LENGTH: 287
<212> TYPE: PRT

cgtactgetyg

cagtttccat

gttatatacc

tgcgtteteg

gtatgcencta

gcccagggcg

gaacaagtgg

aacgtecgege

aacgaacaac

aatgcgtgtyg

gtccagttet

gaccaaactt

ngCCthgg

aaactctget

gcggacceegy

atcgtegteg

ggttgagtgg

gettegtege

aaaaaaaaaa

Leu Pro Ser
Gly Asp Glu
235

Ser Pro Gln
250

Ala Ser Ala
265

Val

neurona

tttegtatge

cgaaaatgtt

ttgcecggteg

ggcaagcaac

acggttccac

cgggatatgt

thCtggggC

agctgeecte

agacttgett

tcgtacacaa

cctgeggcaa

gtcagcaaga

caggggggat

ttgtctgcac

Cngtggth

ctgcagcagyg

ttettgtgga

atggggagct

a

<213> ORGANISM: Sarcocystis neurona

<220> FEATURE:

«<221> NAME/KEY: misc_feature

<222> LOCATION: (58)..

(58)

Ala Ala Lys
220

Ala Asn Gln

Gly Gly Gly

Leu Gly Ile
270

tacctgtcaa
acgtgcgaca
tttacaatac
agcggtaaca
tttgcaacag
tttttectca
tatcttcgea
ggcgecccag
tatacgcgty
taccgaggta
cgcegeagea
actggagcta
ggttacagtg
ccgeggacaa
agctgtgggg
cctegteggt
gacagccatt

gattatcgtt

Asn Leu
Lys Cys
240

Asn Gly
255

Leu Met

taccatacct
gtgttacgceg
gtcgtageac
gagcttgtaa
gttectgegg
gatcaggaga
gtagggcaaa
agcatttact
aatattcceg
cagttcaagg
ctgcaaccac
gacacagtga
acgttecege
gagaattgca
atcacagctce
gtgttctaac
tgaataggtyg

tcagcctaaa

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1111

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

<400> SEQUENCE: 28

Met Leu Arg Ala Thr Val Leu Arg Ala Thr Leu Val Ala Thr Ala Val
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54

Ile

Gln

Thr

Gln

65

Tyr

Gln

Asn

Phe

Val

145

Gln

Lys

Thr

Val

225

Cys

Asp

Ala

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

<400>

Tyr

Ala

Phe

50

Val

Val

Val

Val

Leu

130

Asn

Asn

Phe

Ile

Pro

210

Thr

Thr

Pro

Leu

Leu

Thr

35

Gly

Pro

Phe

Val

Leu

115

Cys

Ile

Thr

Ser

Phe

195

Gly

Phe

Arg

Ala

Gly
275

Ala Gly Arg Leu Gln

20

Cys Val Leu Gly Gln

40

Gly Leu Asn Ile Val

55

Ala Ala Pro Gly Ala

70

Ser Ser Asp Gln Glu

Pro Gly Ala Ile Phe

100

Asn Val Ala Gln Leu

120

Arg Pro Gln Glu Asn

135

Pro Ala Ser Pro Pro
150

Glu Val Gln Phe Lys

165

Cys Gly Asn Ala Ala

180

Asp Gln Thr Cys Gln

200

Ala Thr Cys Gln Arg

215

Pro Arg Leu Pro Pro
230

Gly Gln Glu Asn Cys

245

Gly Gly Ala Ala Val

260

Ile Val Val Ala Ala

SEQ ID NO 29
LENGTH: 1342
TYPE: DNA

ORGANISM: Sarcocystis

SEQUENCE: 29

cgtectcactyg cctactteta

aagtaacttg

cteetegttyg

gccagcagte

agcgggaacc

gttccactty

aatacagtac

tgtaatacaa

ggaggcgtac

cgtgttgegy
tcagcctgga
ctegegttte
atcatggcga
tgctcaagac
ggccteteag
caatgccaac

actaaggctyg

280

gaattatggg
ctgcggtgga
getgegeace
cgggaagggce
actttgetct
ctgttecatge
gatatccget
ctccaactgt

ttgttgecgt

10

Tyr Val Val
25

Ala Thr Ala
Cys Xaa Asn
Ala Asp Gly
75
Asn Arg Gln
Ala Val Gly

105

Pro Ser Ala

Glu Gln Gln

Leu Gly Pro

155

Ala Gly Ser
170

Ala Leu Gln
185

Gln Glu Leu

Pro Ala Ala

Gln Asn Arg

235

Lys Val Ile
250

Gly Ile Thr
265

Ala Gly Leu

neurona

ataaggctca
atcctggtat
aacgactttt
tcggcaatte
tegetttgte
gtcttttgaa
tgcggtgagg
agatcgtgca

gctactggge

Ala

Val

Gly

60

Ala

Gly

Gln

Pro

Thr

140

Asn

Ser

Pro

Glu

Gly

220

Lys

Ile

Ala

Val

Arg

Thr

45

Ser

Gln

Val

Asn

Gln

125

Cys

Ala

Asn

Gln

Leu

205

Gly

Leu

Asp

Arg

Gly
285

Asn

30

Glu

Thr

Gly

Val

Asn

110

Ser

Phe

Cys

Ala

Gln

190

Asp

Met

Cys

Val

Thr

270

Val

cccgatcetee

ctgeggtgaa

tgcgctgeaa

tgcgtecegtt

gettttgtaa

accttcctaa

cactacattg

ttgcagacce

gcactggatg

15

Pro Glu

Leu Val

Leu Gln

Ala Gly

80

Leu Glu
95

Gln Pro

Ile Tyr

Ile Arg

Val Val

160

Thr Val
175

Ala Thr

Thr Val

Val Thr

Phe Val

240

Ala Ala
255

Ala Ser

Phe

ttctcataga
attaccaacyg
cagtgaacgce
tttcagggte
tcgtgteegt
cggegeccat
cgtggetgga
aagaaggtca

aaggcgttaa

60

120

180

240

300

360

420

480

540
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tgtacagcat

gaaggcgtta

aagaagccgg

ggttettetyg

cccaccttte

ttCnggggC

gagacctttt

tgcgacgagt

agaggaagat

cgttgatgee

gagggtactce

acacggaaat

ctettttggy

aaaaaaaaaa

aaggaatttt

agagatgaga

ctcecccaag

gtgacttgtyg

gtttacgtge

ttgagtcege

cgectgaagt

gtctgttega

gggggacgta

atttctaagt

ttacgtgcat

ctttttacgg

gggtggccaa

aaaaaaaaaa

<210> SEQ ID NO 30
<211> LENGTH: 171
<212> TYPE:

<213> ORGANISM:

PRT

<400> SEQUENCE: 30

acatgcagct

gtcagagagce

gattctcaaa

tegegttgee

gaacatcaaa

tcgtatcegt

tctgaatgte

tcaagcgegyg

atgggtgaac

gtgtaacctce

ttcacceetyg

agaaagtatc

acacgcgcaa

aa

Met Ala Asn Phe Ala Leu Arg Phe

1

Phe

Thr

Arg

Thr

65

Lys

Val

Gly

Gln

Ser

145

Thr

His

Ala

His

50

Val

Ala

Gln

Ala

Glu

130

Asn

Cys

Leu

Pro

35

Tyr

Asp

Val

His

Phe

115

Tyr

Lys

Val

Cys Ser Arg Pro Val

20

Ile Ile Gln Tyr Gly

40

Ile Ala Trp Leu Asp

55

Arg Ala Leu Gln Thr

70

Val Ala Val Leu Leu

85

Lys Glu Phe Tyr Met

100

Leu Lys Ala Leu Arg

120

Leu Asp Lys Lys Gly

135

Ala Val Gln Thr Ala
150

Ala Leu Pro Leu Val

165

<210> SEQ ID NO 31
<211> LENGTH: 240
<212> TYPE:

<213> ORGANISM: Sarcocystis

PRT

<400> SEQUENCE: 31

Arg Val Ser Leu Val Arg Ala Gly

1

5

cctgaagaac

catcctteag

taaggctgtt

gttggtatta

cggaagtegt

gegttecteyg

gttatggect

tccgcactgt

ccggaaaact

cttttggtge

tcteggaaag

tctttteatg

ctgaggttat

Sarcocystis neurona

Val Ala Phe
10

His Ala Ser

Leu Ser Gly

Val Ile Gln

Gln Glu Gly

75

Gly Ala Leu
90

Gln Leu Leu
105

Asp Glu Ser

Arg Ser Arg

Ser His Val
155

Leu Met His
170

neurona

Ala Pro Pro
10

atacagagcg gcgecttett
gagtacctag acaagaaggg
caaaccgcat cacacgtggyg
atgcattaaa atccacttat
tgacggtgga gggcgtttet
ccggttcaca catttgtgta
attccgttca gacgcgaact
gtgacgcage gaatccgcac
ctttacggag agcgcatttt
gttgccacac attcgtaact
gttggggttyg taacttgtgg
tcacttcege ctetgtaace

tgttacgtcce aaaaaaaaaa

Val Ile Val Ser Val
15

Phe Glu Thr Phe Leu
30

Tyr Pro Leu Ala Val
45

Gln Cys Gln Pro Pro
60

Gln Glu Ala Tyr Thr
80

Asp Glu Gly Val Asn
Lys Asn Ile Gln Ser
110

Gln Arg Ala Ile Leu
125

Leu Pro Gln Gly Phe
140

Gly Val Leu Leu Val
160

Gln Ala Thr Cys Ala
15

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1342
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58

Asn

Ile

Ala

Asn

65

Val

Phe

Glu

Gln

Phe

145

Leu

Leu

Gln

Ala

Pro
225

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

<400>

Arg

1

Thr

Ser

Gln

Val

65

Asn

Gln

Cys

Ala

Asn

Gly

His

Gly

50

Ile

Pro

Phe

Val

Ser

130

Ser

Asp

Ala

Gln

Glu

210

Asp

Glu

Cys

35

Gln

Arg

Thr

His

Ala

115

Thr

Cys

Glu

Pro

Ala

195

Ala

Gly

Thr

20

Pro

Met

Asp

Leu

Cys

100

Pro

Ile

Gly

Ala

Lys

180

Met

Ala

Ser

PRT

SEQUENCE :

Asn Pro Glu

Glu

Thr

Gly

50

Val

Asn

Ser

Phe

Cys

130

Ala

Leu

Leu

35

Ala

Leu

Gln

Ile

Ile

115

Val

Thr

Val

20

Gln

Gly

Glu

Pro

Tyr

100

Arg

Val

Val

Thr

Asn

Gln

Val

Thr

85

Gln

Ala

Ala

Glu

Cys

165

Asp

Lys

Gln

Val

SEQ ID NO 32
LENGTH:
TYPE :
ORGANISM: Sarcocystis

232

32

Gln

Thr

Gln

Tyr

Gln

Asn

85

Phe

Val

His

Gln

Val

Asn

Val

Leu

70

Val

Gln

Pro

Phe

Gly

150

Ser

Gly

Ile

Arg

Pro
230

Ala

Phe

Val

Val

Val

70

Val

Leu

Asn

Asn

Phe

Thr

Phe

Tyr

55

Pro

Pro

Gln

Arg

Glu

135

Leu

Lys

Gly

Cys

Cys

215

Gly

Thr

Gly

Pro

Phe

55

Val

Leu

Cys

Ile

Thr

135

Ser

Lys

Arg

Ala

Gly

Gln

Pro

Leu

120

Val

Ala

Glu

Leu

Tyr

200

Glu

Ala

Leu

25

Leu

Thr

Ala

Leu

Asp

105

Gly

Gln

Val

Gln

His

185

Ile

Val

Asn

neurona

Cys

Gly

Ala

40

Ser

Pro

Asn

Arg

Pro

120

Glu

Cys

Val

Leu

25

Ala

Ser

Gly

Val

Pro

105

Ala

Val

Gly

Gly

Ala

Ala

Ser

Pro

90

Asn

Pro

Gln

Phe

Ala

170

Leu

Cys

Arg

Gly

Leu

10

Asn

Pro

Asp

Ala

Ala

90

Gln

Ser

Gln

Asn

Ser

Pro

Val

Tyr

75

Ala

Gln

Asn

Ala

Pro

155

Leu

Gly

Thr

Ile

Ala
235

Gly

Ile

Gly

Gln

Ile

Gln

Glu

Pro

Phe

Ala

Ser

Arg

Ala

60

Leu

Lys

Cys

Thr

Asn

140

Gln

Pro

Phe

Asn

Ser

220

Ala

Gln

Val

Ala

Glu

60

Phe

Leu

Asn

Pro

Lys

140

Ala

Gly

Ala

45

Glu

Ser

Ala

Phe

Cys

125

Glu

Gly

Ser

Pro

Gly

205

Val

Ser

Ala

Cys

Ala

45

Asn

Ala

Pro

Glu

Leu

125

Ala

Ala

Ala

30

Gly

Asn

Val

Thr

Ile

110

Ala

Thr

Ser

Gly

Gln

190

Gly

Ala

Leu

Thr

Pro

30

Asp

Arg

Val

Ser

Gln

110

Gly

Gly

Leu

Leu

Asn

Pro

Gln

Ser

95

Gln

Ala

Ala

Lys

Ala

175

Leu

Val

Ala

Gly

Ala

Asn

Gly

Gln

Gly

Ala

95

Gln

Pro

Ser

Gln

Arg

Asp

Val

Asn

80

Val

Val

Leu

Val

Ala

160

Ala

Pro

Gln

Asn

Ala
240

Val

Gly

Ala

Gly

Gln

80

Pro

Thr

Asn

Ser

Pro
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60

145 150

Gln Gln Ala Thr Lys Ile Phe
165

Leu Asp Thr Val Thr Pro Gly
180

Gly Met Val Thr Val Thr Phe
195

Leu Cys Phe Val Cys Thr Arg
210 215

Asp Val Ala Ala Asp Pro Ala
225 230

<210> SEQ ID NO 33

<211> LENGTH: 226

<212> TYPE: PRT

<213> ORGANISM: Sarcocystis

<400> SEQUENCE: 33

Ile Ala Ala Asp Pro Pro Val
1 5

Pro Thr Gln Thr Tyr Gln Leu
20

Cys Pro Gly Gly Thr Thr Leu
35

Asn Gly Pro Thr Ala Glu Val
50 55

Val Ala Leu Asn Thr Leu Leu
65 70

Ala Asn Asp Asn Leu Thr Val
85

Val Leu Phe Leu Cys Asn Arg
100

Ile Ala Val Glu Val Ala Ala
115

Thr Val Gly Gly Ser Glu Val
130 135

Thr Ala Gln Phe Ala Cys Ala
145 150

Thr Asn Val Tyr Asn Ser Asp
165

Ala Leu Pro Gly Ala Thr Leu
180

Ile Pro Thr Leu Pro Ser Ala
195

Thr Asn Val Gly Asp Glu Ala
210 215

Val Ser
225

<210> SEQ ID NO 34

<211> LENGTH: 231

<212> TYPE: PRT

<213> ORGANISM: Sarcocystis

<400> SEQUENCE: 34

Ser Asn Val Ser Ser Thr Leu

Asp

Ala

Pro

200

Gly

Gly

Gln
Thr
185

Arg

Gln

neurona

Ala

Ala

Ala

40

Tyr

Val

Ser

Gln

Gln

120

Thr

Ala

Cys

Thr

Ala

200

Asn

Thr

Ser

25

Asn

Ser

Gly

Gln

Pro

105

Pro

Leu

Thr

Lys

Arg

185

Lys

Gln

muris

Thr
170
Cys

Leu

Glu

Cys

10

Ile

Arg

Glu

Gly

Leu

90

Gly

Pro

Thr

Lys

Thr

170

Gly

Asn

Lys

155

Cys

Gln

Pro

Asn

Val

Gly

Gly

Ala

Thr

75

Pro

Pro

Leu

Val

Asn

155

Glu

Asn

Leu

Cys

Gln Gln

Arg Pro

Pro Gln
205

Cys Lys
220

Ser Arg

Gln Val

Ala Glu

45

Asp Ala
60

Tyr Val

Thr Lys

Gly Val

Gly Pro
125

Thr Ala
140

Val Phe

Thr Pro

Met Asn

Cys Phe

205

Ser Val
220

Glu
Ala
190

Asn

Val

Asp

Arg

Gln

Gly

Arg

Ala

Gly

110

Gln

Ala

Pro

Leu

Ala

190

Val

Lys

Leu
175
Ala

Arg

Ile

Asp

15

Ile

Ala

Lys

Ala

Val

95

Cys

Ala

Asn

Glu

Ser

175

Leu

Cys

Ile

160

Glu

Gly

Lys

Ile

Ser

Thr

Asp

Asn

Asp

80

Thr

Trp

Cys

Ala

Gly

160

Thr

Lys

Ala

Asn

Gln Cys Asp Lys Thr Asn Lys Arg Leu
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Ala

Pro

Gln

Thr

65

Glu

Tyr

Lys

Gly

Ala

145

Leu

Glu

Phe

Leu

Ala
225

Thr

Ser

Thr

50

Ala

Met

Phe

Glu

Pro

130

Asn

Ser

Glu

Val

Cys

210

Val

Glu

Ser

35

Val

Leu

Thr

His

Val

115

Gln

Glu

Pro

Ser

Leu

195

Glu

Leu

Thr

20

Thr

Tyr

Pro

Leu

Cys

100

Cys

Ala

Gly

Thr

Leu

180

Thr

Pro

Ile

Ile

Thr

Leu

Gly

Thr

85

Leu

Gly

Cys

Asp

Ala

165

Lys

Ala

Asp

Ala

<210> SEQ ID NO 35

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Gln

1

Cys

Thr

Gln

Pro

65

Thr

Asp

Pro

Ser

Asp Asp Gly

Asp

Val

Asn

50

Val

Val

Ser

Pro

Ala
130

Val

Lys

35

Ser

Lys

Ser

Ala

Ser

115

Ala

Ala

20

Phe

Ala

Leu

Glu

Gly

100

Ala

Asp

267

Ser

Phe

Thr

Ala

70

Phe

Gly

Phe

Val

Thr

150

Ala

Asp

Thr

Pro

Val
230

Thr

Leu

Gln

55

Thr

Pro

Thr

Ala

Val

135

Thr

Asp

Leu

Lys

Thr

215

Gly

Pro

Pro

40

Asp

Ala

Gln

Glu

Val

120

Pro

Arg

Lys

Lys

Thr

200

Lys

Gln

25

Thr

Gly

Lys

Leu

Asn

105

Thr

Gly

Phe

Val

Arg

185

Pro

Lys

Toxoplasma gondii

35

Glu

Ala

Lys

Asp

Ala

Gly

85

Ser

Leu

Ala

Gly

Gly

Cys

Gln

Asp

70

Val

Ile

Arg

Cys

Ser

Thr

Gly

Thr

55

Leu

Glu

Phe

Gln

Thr
135

Val

Lys

Ala

40

Val

Phe

Tyr

Phe

Ala

120

Val

Val

Leu

25

Ser

Cys

Asp

Ser

Ser

105

Glu

Arg

10

Ala

Tyr

Ser

Gln

Pro

90

Ile

Leu

Thr

Thr

Phe

170

Ser

Ser

Gly

Tyr

10

Val

Leu

Asp

Gly

Phe

90

Cys

Glu

Ile

Thr

Thr

Ser

Glu

75

Asp

Ala

Thr

Thr

Cys

155

Lys

Glu

Lys

His

Ser

Ile

Pro

Tyr

Ala

75

Thr

Lys

Asp

Gly

Leu

Gly

Thr

60

Asp

Thr

Gly

Ala

Ile

140

Gly

Glu

Asp

Thr

Asn
220

Asp

Val

Thr

Pro

60

Ser

Thr

Pro

Pro

Ile
140

Lys

Asp

Glu

Ser

Ser

Gln

Pro

125

Arg

Gly

Asp

Lys

Thr

205

Asp

Thr

Glu

Leu

45

Asn

Leu

Ser

Asn

Gln

125

Arg

Leu

30

Ala

Lys

Gln

Gln

Gly

110

Pro

Leu

Asp

Cys

Asn

190

His

Lys

Gly

Lys

30

Tyr

Cys

Thr

Lys

Pro

110

Ser

Gly

15

Ala

Gly

Leu

Thr

Thr

95

Ser

Pro

Gly

Leu

Ser

175

Ser

Cys

Asn

Thr

15

Pro

Pro

Arg

Lys

Trp

95

Pro

Thr

Lys

Cys

Thr

Gln

Asn

80

Val

Arg

Gln

Ile

Lys

160

Thr

Tyr

Tyr

Cys

Val

Gly

Ala

Thr

Glu

80

Pro

Thr

Thr

Pro



63

US 7,524,946 B2
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64

Glu

145

Phe

Ala

Cys

Thr

Leu

225

Leu

Val

Lys

Phe

Glu

Thr

Gln

210

Thr

Cys

Leu

Glu

Arg

Met

Asp

195

Asp

Val

Lys

Ile

Ile

Val

Ala

180

Leu

Thr

Pro

Ser

Gly
260

Pro

Asp

165

Leu

Thr

Ser

Gln

Lys

245

Phe

<210> SEQ ID NO 36

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Gln

1

Leu

Ile

Ala

Ser

65

Thr

Ser

Asp

Val Ala Thr

Gly

Ala

Asn

50

Asn

Trp

Val

Val

Pro

Thr

35

Cys

His

Thr

Gly

Thr
115

Gly

20

Pro

Gln

Val

Ala

Cys

100

Val

118

Ser

150

Ser

Glu

Pro

Gln

Leu

230

Glu

Glu

Tyr

Ser

Thr

Leu

Ser

215

Pro

Ser

Thr

Sarcocystis

36

Ile

Gln

Ala

Asn

Trp

Pro

85

Thr

Ser

<210> SEQ ID NO 37

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Ser

1

Lys

Leu

Ser

Ser
65

Asp Pro Pro

Ser

Lys

Pro

50

Lys

Thr
Cys
35

Asn

Ala

Ala
20
Pro

Arg

Val

263

Ala

Ser

Asn

Pro

Val

70

Ala

Ser

Ser

Cys

Phe

Phe

Glu

55

Ser

Ala

Thr

Glu

Gly

Gln

Thr

200

Gly

Gly

Ser

Leu

Cys

Asp

Thr

185

Thr

Thr

Glu

Ser

Pro
265

neurona

Thr

Val

His

Thr

Pro

Asn

Gly

Gln

Leu

25

Thr

Tyr

Ala

Gln

Asp
105

Toxoplasma gondii

37

Leu

Ala

Lys

Gln

Thr

Val

Val

Thr

Ile

Leu
70

Ala

Ile

Ala

Cys

55

Ser

Asn

Leu

Leu

40

Pro

Ser

Gln

Thr

25

Thr

Ala

Leu

Ser

Ala

170

His

Leu

Leu

Pro

Ser

250

Asn

Ala

10

Asn

His

Ala

Asp

Leu

90

Pro

Val

10

Pro

Glu

Gly

Ile

Thr

155

Val

Ala

Leu

Glu

Ile

235

Thr

Asp

Cys

Ala

Lys

Ser

75

Ser

Ala

Val

Thr

Pro

Thr

Pro
75

Pro Thr Gly Gln

Ser

Tyr

Pro

Asn

220

Asn

Pro

Met

Gln

Cys

Leu

60

Thr

Gly

Gly

Thr

Glu

Pro

Thr

60

Glu

Phe

Gln

Ser

205

Pro

Gln

Asp

Thr

Ala

Ala

45

Phe

Ser

Lys

Ile

Cys

Asn

Thr

45

Ser

Ala

Ser

Thr

190

Ala

Leu

Leu

Val

Pro

Pro

30

Gly

Pro

Ala

Thr

Cys
110

Pro

His

30

Leu

Ser

Glu

Cys

175

Ala

Ser

Tyr

Cys

Cys
255

Val

15

Phe

Thr

Lys

Thr

Val

95

Ala

Asp

15

Phe

Ala

Cys

Asp

Arg

160

Gly

Glu

Leu

Thr

Phe

240

Lys

Ser

Thr

Gly

Ala

His

80

Phe

Val

Lys

Thr

Tyr

Thr

Ser
80
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66

Trp

Thr

Gly

Val

Tyr

145

Pro

Gln

Glu

Gln

Glu

225

Gly

Ala

Trp

Val

Cys

Gln

130

Gly

Thr

Asp

Lys

Gly

210

Ala

Ser

Ala

Thr

Pro

Ile

115

Ala

Ala

Thr

Asn

Ser

195

Asn

Phe

Pro

Gly

Gly

Ile

100

Lys

Arg

Asn

Met

Asn

180

Phe

Ala

Pro

Glu

Ser
260

Asp

85

Glu

Gly

Ala

Ser

Thr

165

Gln

Lys

Ser

Ala

Lys

245

Ala

<210> SEQ ID NO 38

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Gly Pro Pro Tyr

1

Lys

Asn

Ile

Glu

65

Ala

Ile

Val

Ile

Cys

145

Asp

Pro

Gly

Ile

Ser

50

Glu

Thr

Ser

Gly

His

130

Ser

Ser

Glu

Ile

Thr

35

Glu

Cys

Lys

Val

Cys

115

Val

Tyr

Asn

Ser

Leu

20

Phe

Glu

Glu

Glu

Pro

100

Arg

Glu

Thr

Thr

Tyr
180

296

Ser

Lys

Asp

Ser

Thr

150

Leu

Tyr

Asp

Ser

Glu

230

His

Lys

Ala

Phe

Asp

Ser

135

Leu

Val

Cys

Ile

Asp

215

Ser

His

Ser

Ser

Pro

Ala

120

Val

Gly

Cys

Ser

Leu

200

Asn

Lys

Cys

Leu

Val

105

Gln

Val

Pro

Gly

Gly

185

Pro

Gly

Ser

Thr

Toxoplasma gondii

38

Arg

Ser

Ala

His

Ala

Trp

85

Glu

His

Pro

Glu

Met

165

Thr

Tyr

Gln

Cys

Gly

Asn

70

Val

Ser

Asn

Arg

Asn

150

Thr

Glu

Glu

Trp

Glu

Leu

55

Pro

Thr

Gln

Thr

Asp

135

Ser

Leu

Asn

Pro

Val

Glu

40

Met

Ala

Gly

Tyr

Lys

120

Pro

Thr

Ala

Tyr

Glu

Ser

25

Ala

Val

Pro

Asp

Pro

105

Thr

Ala

Leu

Cys

Cys
185

Asp

90

Thr

Ser

Asn

Val

Lys

170

Thr

Lys

Ala

Val

Val
250

Lys

10

Leu

Thr

Cys

Leu

Ser

90

Ala

Gly

Val

Pro

Gly

170

Ser

Thr

Thr

Cys

Asn

Lys

155

Asp

Thr

Leu

Thr

Ile

235

Gln

Phe

Leu

Pro

Ala

Ser

75

Val

Asn

Asn

Glu

Lys

155

Pro

Thr

Ala Gly Ile

Gln

Met

Val

140

Leu

Gly

Leu

Ser

Leu

220

Ile

Leu

Thr

Tyr

Val

Glu

60

Ala

Leu

Ala

Thr

Arg

140

Ile

His

Pro

Thr

Val

125

Ala

Ser

Val

Thr

Glu

205

Thr

Gly

Glu

Cys

Gln

Pro

45

Asn

Phe

Thr

Lys

Cys

125

Gln

Phe

Gly

Asp

Phe

110

Thr

Arg

Ala

Lys

Gly

190

Asn

Ile

Cys

Phe

Arg

Val

30

Thr

Met

Leu

Gly

Ser

110

Met

Glu

Val

Ala

Thr
190

Lys

95

Val

Val

Cys

Glu

Val

175

Cys

Pro

Asn

Thr

Ala
255

Pro

15

Gln

Thr

Thr

Pro

Leu

95

Phe

Leu

Ala

Thr

Pro

175

Cys

Leu

Val

Thr

Ser

Gly

160

Pro

Asn

Trp

Lys

Gly

240

Gly

Lys

His

Leu

Pro

Gly

80

Lys

Arg

Thr

Arg

Lys

160

Met

Asp
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68

-continued

Phe Thr Val Ile

200

Glu Ser

205

Pro Ser Pro

195

Lys Gly Tyr Leu

Phe Pro Leu Ala

215

Gly Pro Ser

210

Asp Lys Gly Arg Val

220

Arg

Glu Gln Ile

225

Gln Ile Ser Pro Asn

230

Pro Ser Tyr Phe

235

Gly

Glu
245

Thr Glu Asn Val

250

Pro Gly Gly Pro Lys Tyr Cys Thr

Leu Gly Gly Gly Pro Ser Glu Ser

260

Asp Gly

265

Arg Pro Gly

Gly Gly Gly Gln

275

Lys Arg Gly Gly Gly

280

Gly Gly Gly Gly

285
Phe

Phe Gln

290

Gly Asp Arg Gly Ser

295

Lys

Ile

Cys

Pro

Gly

270

Ser

Trp Phe

Pro Pro

Thr Gly

240

Val
255

Pro
Ser

Gly

Leu Ala

What is claimed is:

1. A composition comprising an isolated nucleic acid set
forth in the Sequence Listing as SEQ ID NO: 27, and
sequences fully complementary thereto.

2. A vector comprising the nucleic acid of claim 1.

3. The vector of claim 2 in a host that expresses a polypep-
tide encoded by the nucleic acid.

4. The vector of claim 2, wherein the vector is selected from
the group consisting of an Escherichia coli bacteria and an
Alpha virus.

5. The composition of claim 1, wherein the isolated nucleic
acid is capable of hybridizing under stringent conditions with
a nucleic acid from Sarcocystis neurona.

6. The composition of claim 5, wherein the isolated nucleic
acid is capable of hybridizing under conditions of low strin-
gency with a nucleic acid from Sarcocystis neurona.

7. The composition of claim 5, wherein the isolated nucleic
acid is capable of hybridizing under conditions of moderate
stringency with a nucleic acid from Sarcocystis neurona.

8. The composition of claim 5, wherein the isolated nucleic
acid is capable of hybridizing under conditions of high strin-
gency with a nucleic acid from Sarcocystis neurona.

9. The composition of claim 1, further comprising a phar-
maceutically acceptable carrier.

10. A composition comprising an isolated nucleic acid
capable of encoding an antigenic protein from Sarcocystis

25

30

35

40

45

neurona, comprising a nucleotide sequence set forth in the
Sequence Listing as SEQ ID NO: 27 and sequences fully
complementary thereto.

11. A vector comprising the nucleic acid of claim 10.

12. The vector of claim 11 in a host that expresses the
polypeptide encoded by the nucleic acid.

13. The vector of claim 11, wherein the vector is selected
from the group consisting of an Escherichia coli bacteria and
an Alpha virus.

14. An isolated nucleic acid sequence comprising the
nucleotide sequence of SEQ ID NO: 27, or a degenerate
variant thereof, that encodes a polypeptide comprising the
amino acid sequence of SEQ ID NO: 28.

15. A vector comprising the nucleic acid of claim 14.

16. The vector of claim 15 in a host that expresses the
polypeptide encoded by the nucleic acid.

17. A composition comprising an immunogenic amount of:
(a) an isolated agent comprising a nucleotide sequence set
forth in the Sequence Listing as SEQ ID NO: 27 or a degen-
erate variant thereof that encodes a polypeptide comprising
the amino acid sequence set forth in the Sequence Listing as
SEQ ID NO: 28; and (b) a pharmaceutically acceptable car-
rier.
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