neurona genome, out of which two, SnSAG7 and SnSAG8 have been characterized in
detail.
4.3. Materials and Methods
Sequence identification and annotation of the SAG1-related sequence gene family

The S. neurona genome was sequenced using a combination of Roche 454
pyrosequencing of genomic DNA and traditional Sanger sequencing of paired ends from
fosmid clones of a S. neurona genomic DNA library. Approximately 29X coverage were
achieved for the S. neurona genome thus sequenced. The S. neurona genome sequence
was assembled into 3193 contigs that come together into 172 scaffolds and suggests an
approximate genome size of 124 Mb. RNA sequence database was generated from S.
neurona extracellular merozoites and intracellular schizonts using Roche 454 and
[llumina sequencing platforms. A de novo assembly was generated from the RNA
sequence database using the CLC Genomics Workbench, version 7.0 (CLC Bio, Boston,
USA). The de novo assembly, thus, created was converted into transcriptome database
using CLC Genomics Workbench, version 7.0. Using SnNSAGs as query sequences, the
transcriptome database was searched to find transcripts for potential SNSAGs.

Multiple searches were done in S. neurona raw genome database to identify SRS
paralogues. SNnSAGs and SnSAG orthologues in T. gondii and N. caninum were used as
query sequences to perform searches using Basic Local Alignment Search Tool (BLAST)

accessible via the S. neurona genome database website (www.sarcodb.org). Initial

identification of putative SnSAGs/SRSs was made by TBLASTN analyses of the S.
neurona version 1.0 (release date August 11, 29010) genome database using the query

sequences of SnSAGs, TgSAGs and NCcSAGs. Putative SAG/SRS sequences with
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Table 4.1: Compilation of ShSAG/SRS genes in S. neurona.

With 16 newly identified SnSAGs, together with 6 previously identified SnSAGs, we
have a total of 22 SnSAGs in S. neurona
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Figure 4.1: Cloning strategy for SnSAG8
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Figure 4.2: Sketch diagram of SnSAGs distributed on different scaffolds.

Grey boxes show location of SnSAGs, bend arrows show translation start site. The
diagram shows that some SnSAGs are tandemly arrayed on scaffold. Scaffold 2 and 4
carry multiple SnSAGs arranged in a tandemly arrayed fashion.
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Figure 4.3: Triton-114 partitioning indicating that SnSAG7 is membrane associated.
SnSAG?2 detected in detergent phase, was used as a control. Membranes were incubated
with rabbit polyclonal antisera against SnSAG7 (1:1000) and SnSAG2 (1:10,000). DP =
detergent phase; AP = aqueous phase.
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Figure 4.4: Immunofluorescence assay to see localization of ShnSAG7 during
endopolygeny and extracellular merozoites.

(A) Labelling was seen in all stages of intracellular development as well as extracellular
merozoites (arrows). SnSAG7 appeared to be concentrated more towards the apical end
(asterisks). (B) Co-visualization of SnASAG7 with SnSAGL1 revealed that both the surface
antigens share about the similar location on the parasite surface. Primary antibody
incubattion was done against SnSAG7 (1:700) and SnSAG1 (1:1000).
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Figure 4.5: Western blot analysis in S. neurona strains.
Results revealed that SnSAG7 is expressed in SN3, SN4, and SN-138 strains.
Membranes were incubated with rabbit polyclonal antisera against SnSAG7 (1:1000).

SnSAG7

Figure 4.6: PCR amplification of SnNSAG7 from various S. neurona strains.
Results demonstrated that SnSAG7 is present in most of the strains tested.
SnSAG7 gene was not amplified from SN6, SN7 and SN-MUL.
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Figure 4.7: Western blot analysis of S. neurona merozoites and sporozoites to see
expression of SNSAGY.

The analysis revealed that SnSAG?7 is expressed in both the life cycle stages (arrow).
Actin served as a control for protein loading (block arrow). Membranes were
incubated with rabbit polyclonal antisera against parasite actin (1:5000) and SnSAG7
(1:1,000). M = merozoite, S = sporozoite.

56



B rSnSAG2
M rSnSAG4/3
mrSnSAG7

Figure 4.8: Enzyme Linked Immunosorbent Assay to see reactivity of ShSAG?7 in
EPM positive horse sera samples.
Binding ratios were compared by the mean OD4so obtained for the seropositive samples.

SnSAG7 was recognized by EPM positive horse sera samples SnSAGY7 fairly well, but
not as impressive as SNSAG2 and SnSAG4/3.
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Figure 4.9: PCR amplification of SnSAG8 from various S. neurona strains.
Results demonstrated that SnNSAGS is present in most of the strains tested.
SnSAG8 was not amplified from SN7.
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Figure 4.10: Western blot analysis of S. neurona sporozoites to see expression of
SnSAGS.

SnSAG8 was not detected in sporozoites suggesting that SnSAG8S is not expressed in
the sporozoite stage of S. neurona. Actin served as a control for protein loading.
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Figure 4.11: Immunocytochemical labeling of S. neurona merozoites and
bradyzoites demonstrated that SNSAGS is expressed in the bradyzoite stage.

Primary antisera were against SnSAG2 (rabbit) (1:500) and SnSAG8 (rat) (1: 400).
Normal rabbit/rat serum was used as the negative control.

Copyright © Ablesh Gautam 2014

58



Chapter 5

Functional characterization of the surface antigens (SnSAGSs) in Sarcocystis neurona
5.1. Chapter Summary

Sarcocystis neurona is a protozoan parasite that causes the serious neurologic
disease equine protozoal myeloencephalitis (EPM). The S. neurona merozoite surface is
covered by multiple related proteins, which are orthologous to the surface antigen (SAG)
gene family of Toxoplasma gondii. The SAG surface antigens in T. gondii and another
related parasite Neospora caninum seems necessary for parasite transmission and
persistence of infection. The present study was conducted to assess the role of SnSAGs in
host cell attachment and/or invasion by S. neurona. Serum neutralization assays were
conducted using heat inactivated polyclonal serum raised against SnSAG1, SnSAG2,
SnSAG3, and SnSAG4. Results obtained from these assays suggest a potential role of
SnSAG1 and SnSAG4 in host cell attachment and/or invasion. However, results obtained
for SnSAG2 and SnSAG3 were inconsistent. The information acquired from the present
study will help to understand the importance of the SnSAG proteins for parasite survival
and could lead to improved methods for EPM prevention and/or treatment.
5.2. Introduction

The cell surface of S. neurona merozoites is covered with an array of paralogous
glycosylphosphatidylinositol (GPI)-anchored surface antigens called SnSAGs [16]. These
surface proteins were identified based on their homology to the gene family of TgSAGs
and SAG1-related sequences (SRSs) in the related parasite Toxoplasma gondii [18]. A
total of six SNSAGs have been described in S. neurona, with only a subset of these

SnSAGs expressed by individual parasite strains [16, 17, 19]. Searches of the parasite
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