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Theileria parva, an intracellular apicomplexan pathogen transmitted by Rhipicephalus appendiculatus
ticks, infects and transforms lymphocytes of cattle and African buffalo causing the disease called East
Coast fever (ECF). The genome of of T. parva was sequenced in order to facilitate research on parasite
biology, assist the identification of schizont antigens for vaccine development and extend comparative
apicomplexan genomics. In the present study, eight putative apicomplexan antigens were identified
from literature and their homologs purified from a T. parva Muguga schizont cDNA library. These were
immunoscreened for MHC CD4" and CD8" CTL response. The results showed that of the expressed
proteins, only the T. parva T-complex 1 protein zeta subunit ortholog was found to elicit CD4" response;
none elicited CD8* response. The elicitation of CD4" T cell response by the T. parva T complex Protein-1
zeta subunit homolog indicates that it is a candidate T-helper cell target antigen.
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INTRODUCTION

Theileria parva, an apicomplexanpathogen causing
economic losses to small holder farmers in Africa, infects
and transforms lymphocytes of cattle and African buffalo
causing the disease called East Coast fever (ECF).
Transmitted by Rhipicephalus appendiculatus ticks, the
parasite causes a severe lymphoproliferative disease of
cattle in eastern, central, and southern Africa (Katzer et
al., 2006). It is an intracellular parasite that infects and
transforms bovine lymphocytes. This disease, which Kills
over 1 million cattle each year in sub-Saharan
Africa, results in economic losses exceeding $200 million
annually (Norval et al., 1992).

The genome of T. parvawas sequenced in order to
facilitate researchon parasite biology, assist the identi-
fication of schizont antigensfor vaccine development
(Graham et al, 2006) and extend comparative
apicomplexan genomics, in particular with Plasmodium
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falciparum, which causesmalaria. The haploid T.
parvanuclear genome is 8.3 x 10° base pairs (Mbp) in
length and consists of four chromosomes. Gardner et al.
(2005) also sequenced the parasite apicoplast and
mitochondrial genomes (Kairo et al., 1994). The T.
parva chromosomes contain  one extremely A+T-rich
region (>97%) about 3kbpin length that may be the
centromere. The telomeric repeats are short. The T.
parvanuclear genome contains about 4035 protein-
encoding genes, 20% fewer than P. falciparum, but
exhibits higher genedensity, a greater proportion of
genes with introns, and shorter intergenic regions.

Mining of sequence data has proved useful in the
searchfor candidate vaccine antigens (Graham et al,,
2006). Two approaches have been previously adopted
for antigen identification in T. parva (Graham et al.,
2006). Both techniques depend on screening of
transiently transfected antigen-presenting cells with fully
characterized cytotoxic T lymphocyte (CTL) (Taracha et
al., 1995; Goddeeris and Morrison, 1988) from live
vaccine-immunized cattle of diverse bovine leukocyte



Table 1. Primers for amplifying T. parva apicomplexan homologs.
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Putative antigen

Apicomplexan parasite

Primer name

Primer sequence

Forward
12D3 antigen Babesia spp.
g PP Reverse
Forward
110kDa antigen Plasmodium knowlensi
Reverse
. . . Forward
T-complex proteini Plasmodium falciparum
Reverse
i i Forward
'(A‘Ap':;:g)m embrane antigen Plasmodium chaubadi
Reverse
Forward
22.4.1 protein Cryptosporidium parvum
Reverse
: i Forward
l—uct;%?i‘tjlex protein  zeta Plasmodium falciparum
Reverse
: i Forward
ge?t% n;zlgl):ni ¢ protein 1, Babesia microti
Reverse
ing-i Forward
?&?}% ér;fi%tﬁ de ne rythrocyte Plasmodium falciparum
9 Reverse
Forward
HSP-70 Plasmodium berghei
Reverse

GCCGCCACCATGGGCTACTACCCACTTCCTTCAAC
TTAAAGTTCATTCACCGTTTGAACACTT

GCCGCCACCATGAAAGATGAAGAGTTGCATCATGC
TTAACAAGTTACTTCCGTTCCGCTCTGA
GCCGCCACCATGTCGAAGAGTATGCCATCTATTGA
TTACTCTGTACCAATTAGCGTAACTTGA
GCCGCCACCATGAGTTTTAGCCCTAACACTGCTGA
TTATATGAATGGTCCTGAAGAAACGGGT
GCCGCCACCATGAGTTCAAGGTATAAAAGAAATTA
TTAGGAGGGTGTGTATTCAGGGCAGTTG
GCCGCCACCATGGCAGTCAATATCTTAAATAGCAG
TTACGAAGGAGCGTTATGCATAGACCTT
GCCGCCACCATGCCACCGCCTTCTAATAATTCTGT
TTACTCGAACATGTCAGAGATGCTATTC
GCCGCCACCATGTCCGAATGTGATACCATGGAGAT
TTAGTAAAAGGGCTCGTTTGAGTAGTGT
GCCGCCACCATGAGTTGCATTTTAAAGTGTAATGA
TTAATTTTGATCATTATTATTATCAATG

antigen (BoLA) major histocompatibility complex (MHC)
class | genotypes. First, in a targeted gene approach,
genes that were predicted by using preliminary sequence
data from one of the four T. parvachromosomes
(Gardner et al., 2005) to contain a secretion signal were
immunoscreened. The approach was based on the
observation that the schizont lies free in the host cell
cytoplasm (Shaw, 2003) whereby signal peptide-
containing parasite proteins would directly access the
host cell MHC class | antigen processing and
presentation pathway. In the second approach, a random
immunoscreen of schizont cDNA clones was conducted
because secretion of proteins that do not contain signal
sequences has been reported (Nacer et al., 2001).
However, gene homologs encoding antigens from other
apicomplexan parasites constitute a source of possible
vaccine candidate antigens. This complimentary homolog
screen approach to antigen identification would be to
screen proteins with related amino acid sequence from
related apicomplexan parasites that are known to be
antigenic (Tonukari and Kangethe, 2009a, b). Here, eight
putative apicomplexan antigens were identified from
literature and their homologs purified from aT.
parva Muguga schizont cDNA library (Graham et al.,
2006). These were immunoscreened for MHC CD4" and

CD8" CTL response.

MATERIALS AND METHODS
Cloning of targeted genes

The homologs of apicomplexan antigens described as antigenic in
literature were selected for analysis (Tonukari and Kangethe,
2009b). The selected gene sequences were used to perform a
BLAST search (Altschul et al., 1990; Altschul et al., 1997) of the T.
parva genome database to identify homologous genes. Those
identified in the T. parva database were translated to their amino
acid sequences and analyzed using Signal P-2.0 and TMHMM
software for the presence of signal peptides, glycosyl-phosphatidyl-
inositol (GPI) anchor (which can be equated as a signal for their
expression and possible antigenicity) and transmembrane domains.
This would identify secreted proteins or proteins located on the
surface of the parasite. Eight putative antigen identified (Table 1)
were amplified from a purified T. parva Muguga schizont cDNA
library (Graham et al., 2006) and cloned as previously described
(Tonukari and Kangethe, 2009a, b).

PCR and cloning
Polymerase chain reaction (PCR) was performed with a

thermocycler (MJ Research, Watertown, MA) using Taqg DNA
polymerase (Promega) and two primers based on the sequences
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identified in T. parva using cDNA library as template (Graham et al.,
2006). The PCR product generated above was cloned into pGEM
T-easy vector (Promega, Madison and WI). Vector specific primers
both forward and reverse were synthesized (Table 1). These
primers were then used to amplify the ortholog genes from cDNA.
All the PCRs were performed as described using the following
conditions: initial denaturation at 94°C for 3 min, 35 cycles of
denaturation at 94°C for 1 min; annealing at 55°C for 1 min and
polymerization at 72°C for 2 min. A final round of polymerization at
72°C for 10 min was performed at the end of the 35 cycles. Aliquots
(10 pl) of PCR products with 5 ul loading buffer were loaded onto a
0.8% TAE agarose gel, stained with ethidium bromide and
visualized on a UV transilluminator.

PCR products were extracted and purified using QIA quick gel
DNA extraction kit protocol (QIAGEN Co.) and the purified PCR
products ligated into pGEM-T Vector (Promega Co., USA)
according to the manufacturer’s instructions. 1 pl of ligation reaction
was transformed into Escherichia coli strain DH5-a competent cells.
DNA nucleotide sequences were determined by gel based
sequencing at the International Livestock Research Institute
sequencing unit in Nairobi, Kenya. Sequences were analyzed using
various basic alignment search tools (BLAST) served at the
National Center for Biotechnology Information (NCBI) website
(http://www.ncbi.nlm.nih.gov/BLAST/).

Expression and purification of T. parva proteins

After sequence verification, the cloned fragment or part of it was
excised from pGEM-T by digestion with Hind 1ll and Xhol and
cloned into pET 28b, a bacterial based expression vector. The
cloning sites used were generated by digesting with Hind Il and
Xhol. The constructs were transformed into E. coli BL21 (DE3). For
expression using E. coli cells harbouring pET 28b with the cloned
fragment, 500 ml of 2xYT bacterial broth was inoculated with 50 ml
of overnight cultures of the respective E. coli transformed with
homolog clones and grown in a 3 litre conical flask, in a 37°C
rotatory incubator at 255 rpm (Becton Dickinson, Franklin Lakes,
NJ, USA) to an optical density of 0.6 at 600 nm. Protein expression
was induced by addition of isopropyl-B-D-thiogalactopyranoside
(IPTG) to 2 mM and incubated for 24 h with time-lapse samples
picked after 0, 3, 5 and 24 h. Bacterial cells were harvested,
pelleted and weighed. Each batch of cells was then lysed with 5 ml
of 8 M Urea, 0.1 M phosphate buffer at pH 8.0 per 1 g of pellet, by
gently stirring overnight at 4°C. This was then spun down at 10,000
g in a J100 Sorval rotor to get rid of cell debris. The supernatant
was then mixed with 2 ml of 50% Ni-NTA agarose affinity matrix for
1 h, and the resin washed three times with 8 M urea-100 mM
NazHPO4-50 mM NaCl at pH 8.0 and once with the same solution at
pH 7.5. Elution of bound recombinant proteins was performed by
addition of 50 mM ethylenediaminetetraacetic acid (EDTA). Eluted
proteins were analyzed for purity and molecular mass on a 12.5%
sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE), followed by Western blot analysis. The samples were then
dialyzed against phosphate-buffered saline (PBS), passed through
a 0.2 pm filter, and protein concentrations determined by a
bicinchoninic acid protein assay (Pierce).

Western blot analysis

Expressed and purified proteins were confirmed using western
blotting. 5ug of each sample was run on a 12.5% SDS-PAGE gel at
35 mA in a 1 X running buffer (25 mM Tris, 250 mM glycine
(electrophoresis grade) pH 8.3, 0.1% SDS prepared from a 10x
running buffer stock solution). The transfer of proteins onto
nitrocellulose sheets was performed as described by Towbin et al.
(1979). After electrophoresis, the gel was equilibrated in transfer

buffer (10% methanol, 24 mM Tris, 194 mM glycine) for 30 min to
avoid any change in its size during transfer. The samples were
electro-transferred onto nitrocellulose paper (0.45 um protan
nitrocellulose, Schelcher and Schuell, Dassel, Germany) at 70 V for
1 h at 4°C, or 15 V overnight, in the transfer buffer. The blot was
then stained with ponceau S (Sigma Aldrich, St. Louis MO, USA) to
monitor the transfer, and then destained in transfer buffer and
several rinses with water. The nitrocellulose filter was then blocked
with blocking solution (TBS-Tween: 20 mM Tris-HCI, 200 mM NacCl
(pH 7.4) containing 5% non-fat dry milk) for 1 h. The primary
antibody, anti-His-tag protein (His-tag monoclonal antibody,
ovagen; EMB Sciences, SanDiego CA, USA), was added to the
blocking solution at a dilution of 1:2000 with 0.02% NaNs; and
incubated overnight. The next morning, the filter was washed 4
times with PBS/0.1% Tween 20, for 10 min each. The second
antibody, rabbit anti-mouse IgG HRP conjugate (Amersham
International PLC, Aylesbury Buckinghamshire, England), was
added at a dilution of 1:1500 in blocking solution and incubated for
3 h. The filter was then washed two times with PBS/0.1% Tween
20, then twice with PBS. The blot was developed by the addition of
the chromogenic substrate 3, 3-diaminobenzidine (DAB; Sigma) in
PBS at a concentration of 1 mg/ml in the presence of 0.1% (v/v)
hydrogen peroxide. The filter was rinsed rapidly with water and
dried sandwiched between two Whatmann 3 mm filters.

SDS-PAGE

Total proteins as well as the purified T. parva proteins from the E.
coli cells harbouring pET 28b with the cloned fragment were
analysed by SDS-PAGE according to Laemmli (1970) using 12%
polyacrylamide gels followed by staining with coomassie brilliant
blue. Protein quantitative analysis was determined by the Bradford
method (Bradford, 1976) with bovine serum albumin as a standard.

Transfection of iSF and COS-7 Cells

iSF were immortalized by using standard procedures (Jha et al.,
1998) with modifications (unpublished observations). iSF were
transfected in 96-well plates with clones or pools of schizont cDNA
(100 ng per well) by using FUGENE 6 (Roche Diagnostics,
Mannheim, Germany) and cultured for 24 h. COS-7 cells were
cotransfected with 100 ng of each clone per well or pooled together
with 50 ng of pcDNA3 BoLA-N*00101 (Bensaid et al., 1991) or
BoLA-N*01301 cDNA per well (Graham et al., 2006).

IFN-y ELISpot

Transfectants were cocultured with schizont-specific CTL, and
recognition was assessed by using an IFN-y ELISpot assay
(Taracha et al., 2003; Graham et al., 2006).

RESULTS AND DISCUSSION

Eight T. parva homologs of apicomplexan antigens were
isolated and sub-cloned. Recombinant proteins were
generated using E. coli expression vector system. The
expressed proteins were tested by ELlspot. Only the T.
parva T-complex 1 protein zeta subunit ortholog was
found to elicit CD4" response; none elicited CD8"
response (Table 2 and Figure 1).
The T. parva ortholog of the zeta subunit of T-complex

protein 1 (TCP-1) which plays a role in protein folding,
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Table 2. Apicomplexan antigen homologs identified in Theileria parva.

T. parva T. parva T. parva
Putative antigen Apicomplexan parasite homolog homolog CD4* homolog CD8*

OREF (bp) response response
12D3 antigen Babesia spp. 1218 - -
110kDa antigen Plasmodium knowlensi 936 - -
T-complex proteini Plasmodium falciparum 489 - -
Apical membrane antigen (AMA-1) Plasmodium chaubadi 1425 - -
22.4.1 protein Cryptosporidium parvum 576 - -
T-complex protein zeta subunit Plasmodium falciparum 1647 + -
T-complex protein 1, delta subunit Babesia microti 1479 - -
Ring-infected erythrocyte surface antigen Plasmodium falciparum 1710 - -
HSP-70 Plasmodium berghei 792 — —
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Figure 1. Response of T. parva specific CD4" and CD8" polyclonal T cells to recombinant T. parva T-
complex 1 protein zeta subunit protein. T. parva specific CD4* and CD8" polyclonal T cell lines
isolated from ITM immunised cattle BW014 were co-cultured with autologous monocytes and
stimulated with a titration of truncated recombinant T. parva T-complex 1 protein zeta subunit protein.
Responses are presented as mean numbers of spot-forming cells (SFC)/well.

assembly and transport has been previously reported
(Tonukari and Kangethe, 2009a). The deduced amino
acid sequence of the T. parva ortholog has a 55% identity
and 77% similarity to the same protein in a number of
eukaryotes such as Danio rerio (zebra fish) and man. T-
complex protein 1 is a chaperonin-containing protein
(Kubota et al., 1995) and is abundant in the eukaryotic
cytosol. It is involved in the folding of actin and tubulin
concomitant with ATP hydrolysis in vitro. One of the
characteristics that distinguish TCP-1 from other
chaperonins is its hetero-oligomeric nature, which in
general comprises of eight different polypeptide species
(Kubota et al., 1994).

The major mechanism responsible for the elimination of
cells infected with the parasite is MHC-class 1-restricted
(parasite specific) CD8" CTL activity. However, CTL
activity requires the input of specific CD4" T-cell help for
induction. Katzer et al. (2006) observed that protective
immunity against T. parva has considerable impact on
the emergence of targeted parasites following challenge

but fails to prevent their differentiation into transmissible
forms. Furthermore, the genotypic compositions of the
transmitted parasites arising from a given challenge vary
between immune individuals with distinct MHC
phenotypes.

Five candidate vaccine antigens that are the targets of
MHC class I-restricted CD8" CTL from immune cattle
have been previously identified (Graham et al., 2006).
Schizont-infected  cell-directed  CD8" cytotoxic T
lymphocytes (CTL) constitute the dominant protective
bovine immune response after a single exposure to
infection. CD8" T cell responses to these antigens were
boosted in T. parva-immune cattle resolving a challenge
infection and when used to immunize naive cattle, it
induced CTL responses that significantly correlated with
survival from a lethal parasite challenge. These data
provide a basis for developing a CTL-targeted anti-East
Coast fever subunit vaccine (Graham et al., 2006).

According to Graham et al. (2006), the ultimate vaccine
against T. parva will almost certainly need to incorporate
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multiple antigens and epitopes in order to confer
protection in the genetically diverse outbred cattle
population exposed to challenge by antigenetically
diverse parasite populations in the field. Furthermore, the
major challenge in the development of a vaccine against
T. parva based on the induction of T-cell responses will
be to generate responses that are effective against all
parasite strains. The elicitation of CD4" T cell response
by the T. parva T Complex Protein-1 zeta subunit
homolog indicates that it is a candidate T-helper cell
target antigen. Incorporation and further evaluation of this
antigen for vaccine design in East Coast fever disease
should be of interest.

ACKNOWLEDGEMENT

Part of this work was done at the International Livestock
Research Institute, Nairobi, Kenya.

REFERENCES

Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ (1990). Basic
local alignment search tool. J. Mol. Biol. 215(3): 403-410.

Altschul SF, Madden TL, Schéffer AA, Zhang J, Zhang Z, Miller W,
Lipman DJ (1997). Gapped BLAST and PSI-BLAST: a new
generation of protein database search programs. Nucleic Acids Res.
(17): 3389-3402.

Bensaid A, Kaushal A, Baldwin CL, Clevers H, Young JR, Kemp SJ,
MacHugh ND, Toye PG, Teale AJ (1991). Identification of expressed
bovine class | MHC genes at two loci and demonstration of physical
linkage Immunogenetics 33: 247-254.

Bradford MM (1976). A rapid and sensitive method for quantitation of
microgram quantities of protein utilizing the principle of protein-dye-
binding. Anal. Biochem. 72: 248-254.

Gardner Malcolm J, Richard B, Trushar S, Etienne P. de Villiers, Jane
M, Carlton, Neil H, Qinghu R, lan T, Paulsen A, Pain, Matthew
Berriman, Robert JMW, Shigeharu S, Stuart AR, David JM, Zikai
X, Shamira JS, Janice W, Lingxia J, Jeffery L, Bruce W, Azadeh
S, Alexander RD, Delia W, Jonathan C, Jennifer R, Wortman
BH, Samuel VA, Todd HC, Charles L, Bernard S, Joana CS, Teresa
RU, Tamara VF, Mihaela P, Jonathan A, William CN, Evans
LNT, Steven LS, Owen RW, Henry AF, Subhash MJ, Craig V, Claire
MF, Vishvanath N (2005). Genome Sequence of Theileria parva, a
Bovine Pathogen that Transforms Lymphocytes.
Science 309(57310): 134-137.

Goddeeris BM, Morrison WI (1988). Techniques for the generation,
cloning, and characterization of bovine cytotoxic T cells specific for
the protozoan Theileria parva. J. Tissue Cult. Methods 11: 101-110.

Graham SP, Roger P, Yoshikazu H, Duncan MM, Nyerhovwo JT, Mat
Y, Glew EJ, Etienne PD, Trushar S, Richard B, Evelyne A, Elias A,
James G, Anthony EL, Ferdinand M, Anthony MM, David MN, Moses
N, John KN, Fredrick OO, Julius O, Rosemary MS, Claude W, Claire
MF, lan M, Malcolm JG, Subhash PM, Sheena L, Sarah CG, Jean-
Christophe A, Pierre van der B, Vishvanath N, Evans LNT (2006).
Theileria parva candidate vaccine antigens recognized by immune
bovine cytotoxic T lymphocytes. Proc. Natl. Acad. Sci. 103(9): 3286-
3291.

Jha KK, Banga S, Palejwala V, Ozer HL (1998). SV40-Mediated
immortalization. Exp Cell Res. 245(1): 1-7.

Kairo A, Fairlamb AH, Gobright E, Nene V (1994). A 7.1 kb linear DNA
molecule of Theileria parva has scrambled rDNA sequences and
open reading frames for mitochondrially encoded proteins. EMBO

J. 13 (4): 898-905.

Katzer F, Daniel N, Chris O, Richard P, Bishop EL, Taracha N, Alan
RW, Declan JM (2006). Extensive Genotypic Diversity in a

Recombining Population of the Apicomplexan Parasite Theileria parva.
Infect. Immun. 74(10): 5456-5464.

Kubota H, Masashige S, Terunobu M (1995). Temperature dependence
of the giant magnetoresistance in Ni-Co/Cu, Ni-Fe/Cu, and Co-Fe/Cu
multilayer films. Phys. Rev. B 52: 343-349.

Kubota Y, Lattery M, Nelson JK, Patton S, Perticone D, Poling R,
Savinov V, Schrenk S, Wang R, Alam MS, Kim IJ, Nemati B, O'Neill
JJ, Severini H, Sun CR, Zoeller MM, Crawford G, Daubenmier CM,
Fulton R, Fujino D, Gan KK, Honscheid K, Kagan H, Kass R, Lee J,
Malchow R, Morrow F, Skovpen Y, Sung M, White C, Butler F, Fu X,
Kalbfleisch G, Ross WR, Skubic P, Snow J, Wang PL, Wood M,
Brown DN, Fast J, Mcllwain RL, Miao T, Miller DH, Modesitt M,
Payne D, Shibata El, Shipsey IPJ, Wang PN, Battle M, Ernst J, Kwon
Y, Roberts S, Thorndike EH, Wang CH, Dominick J, Lambrecht M,
Sanghera S, Shelkov V, Skwarnicki T, Stroynowski R, Volobouev I,
Wei G, Zadorozhny P, Artuso M, Goldberg M, He D, Horwitz N,
Kennett R, Mountain R, Moneti GC, Muheim F, Mukhin Y, Playfer S,
Rozen Y, Stone S, Thulasidas M, Vasseur G, Zhu G, Bartelt J,
Csorna SE, Egyed Z, Jain V, Kinoshita K, Edwards KW, Ogg M,
Britton DI, Hyatt RF, MacFarlane DB, Patel PM, Akerib DS, Barish B,
Chadha M, Chan S, Cowen DF, Eigen G, Miller JS, O’'Grady C,
Urheim J, Weinstein AJ, Acosta D, Athanas M, Masek G, Paar HP,
Gronberg J, Kutschke R, Menary S, Morrison RJ, Nakanishi S,
Nelson HN, Nelson TK, Qiao C, Richman JD, Ryd A, Tajima H,
Schmidt D, Sperka D, Witherell MS, Procario M, Balest R, Cho K,
Daoudi M, Ford WT, Johnson DR, Lingel K, Lohner M, Rankin P,
Smith JG, Alexander JP, Bebek C, Berkelman K, Bloom K, Browder
TE, Cassel DG, Cho HA, Coffman DM, Drell PS, Ehrlich R, Garcia-
Sciveres M, Geiser B, Gittelman B, Gray SW, Hartill DL, Heltsley BK,
Jones CD, Jones SL, Kandaswamy J, Katayama N, Kim PC, Kreinick
DL, Ludwig GS, Masui J, Mevissen J, Mistry NB, Ng CR, Nordberg E,
Patterson JR, Peterson D, Riley D, Salman S, Sapper M, Wirthwein
F, Avery P, Freyberger A, Rodriguez J, Stephens R, Yelton J,
Cinabro D, Henderson S, Liu T, Saulnier M, Wilson R, Yamamoto H,
Bergfeld T, Eisenstein B, Gollin G, Ong B, Palmer M, Selen M, Thaler
JJ, Sadoff AJ, Ammar R, Ball S, Baringer P, Bean A, Besson D,
Coppage D, Copty N, Davis R, Hancock N, Kelly M, Kwak N, Lam H
(1994). Observation of a new charmed strange meson. Phys. Rev.
Lett. 72: 1972-1976.

Laemmli UK (1970). Cleavage of structural proteins during the
assembly of the head of bacteriophage T4. Nature 227(5259): 680-
685.

Nacer A, Berry L, Slomianny C, Mattei D (2001). Plasmodium
falciparum signal sequences: Simply sequences or special signals?
Int. J. Parasitol. 31: 1371-1379.

Norval RAIl, Perry BD, Young AS (1992). The Epidemiology of
Theileriosis in Africa (Academic Press, London) p. 481.

Shaw MK (2003). Cell invasion by Theileria sporozoites. Trends
Parasitol. 19: 2-6.

Taracha EL, Goddeeris BM, Teale AJ, Kemp SJ, Morrison WI (1995).
Parasite strain specificity of bovine cytotoxic T cell responses to
Theileria parva is determined primarily by immunodominance. J.
Immunol. 155(10): 4854-4860.

Taracha ELN, Bishop R, Musoke AJ, Hill AVS, Gilbert SC (2003).
Heterologous Priming-Boosting Immunization of Cattle with
Mycobacterium tuberculosis 85A Induces Antigen-Specific T-Cell
Responses. Infect. Immun. 71: 6906-6914.

Taracha ELN, Goddeeris BM, Teale AJ, Kemp SJ, Morrison WI (1995).
Parasite strain specificity of bovine cytotoxic T cell responses to
Theileria parva is determined primarily by immunodominance. J.
Immunol. 155: 4854-4860.

Tonukari NJ, Richard TK (2009a). Cloning and expression of Theileria
parva T-complex 1 protein zeta subunit ortholog. J. Cell Anim. Biol.
3(10): 183-187.

Tonukari NJ, Richard TK (2009b). Isolation of Theileria parva ring-
infected erythrocyte surface antigen (RESA) homolog. J. Cell Anim.
Biol. 3(10): 179-182.

Towbin H, Staehelin T, Gordon J (1979). Electrophoretic transfer of

proteins from polyacrylamide gels to nitrocellulose sheets: procedure
and some applications. Proc. Natl. Acad. Sci. 76(9): 4350-4354.



