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Abstract

Protein profiles of two isolates dfeospora caninurtKBA-2 and JPA1) andoxoplasma gondRRH strain were investigated by proteomic
approach. Approximately, 78% of protein spots on two-dimensional gel electrophoresis (2-DE) profiles and 80% of antigen spots on 2-DE
immunoblotting profiles were exhibited to share the saingng M, between KBA-2 and JPAL dfl. caninum On the other hand, a total of
30 antigen spots dF. gondiiwere recognized on 2-DE immunoblotting profile using rabbit antiserum agdirstninumkKBA-2. A number
of homologue proteins, such as heat shock protein 70, tubukEmdB-chain, putative protein disulfide isomerase, actin, enolase and 14-3-3
protein homologue are believed as the conserved proteins ilNoatminumandT. gondii On the contrary, NcSUB1, NcGRA2 and NCDG1
(NcGRAY) might be the species-specific proteinsNorcaninumtachyzoites. The present study showed that the high degree of similarity
betweenN. caninumisolates (KBA-2 and JPA1), whereas large differences betWwearaninumandT. gondiiwere noticed by proteome
comparisons.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction include the number, appearance and location of rhoptries,
micronemes, dense granules and micropores. Especially,
morphology of tissue cysts is quite different from each other
[1-4]. In molecular phylogenetic analysis based on small
subunit ribosomal RNA (18S rRNA) sequendé&,caninum
was placed as a sister group To gondii in the phylum
Apicomplexa [5]. Comparison of nuclear small subunit
ribosomal RNA[6], internal transcribed spacer[I] and
large subunit ribosomal RNA gerj&] also revealed that the

N. caninumand T. gondii are closely related, but distinct

Neospora caninunand Toxoplasma gondiare obligate,
cyst-forming intracellular apicomplexan parasitebl.
caninumwas misdiagnosed ag& gondii due to their mor-
phological and biological similarities until at the mid-1980s.
RecentlyN. caninunwas distinguished frorh. gondiibased
on ultrastructural features of the tachyzoites, bradyzoites
and tissue cysts. The differential morphological features

species.
* Corresponding author. Fax: +82 55 751 5803. Ana}lyss of protein 'proflles Woulq be valuable for
E-mail addressjungts@nongae.gsnu.ac.kr (T.-s. Jung). obtaining a comprehensive understanding on several aspects
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of biological proceedings including development, evolution 2.3. Production of rabbit-antiserum against N. caninum
and pathogenicity of these organisms. Proteomics involvesKBA-2 tachyzoites

the systematic analysis of gene expression at protein level

[9]. The two-dimensional gel electrophoresis (2-DE) with Anti-N. caninunpolyclonal antibodies were raised by im-
powerful image analysis software and biological mass munizing a New Zealand White rabbit which was serologi-
spectrometry in combination with database searching madecally negative by indirect fluorescence antibody test (IFAT)
it possible to analyze complex protein mixtures extracted using antigen slide dil. caninumandT. gondiitachyzoites
from cells, tissues, or other biological samplg®,11] [18]. The rabbit was immunized subcutaneously with 10
These proteomic methods have been proved successfullflive tachyzoites (KBA-2) mixed with Freund’'s adjuvants
for characterizing the proteome ®f gondii[12] and 2-DE three times at 2-week intervals. Final booster was done 1
combined with immunoblotting assay enables characterizingweek after last immunization. Antiserum was collected by
the antigen profiles off. gondii using specific antibodies  heart puncture 1 week after final injection. IFAT titer of an-
[13,14] The comparison of 2-DE antigen profiles between tiserum was 1:6400.

N. caninumandT. gondiihas been conducted by using spe-

cific antiserd15], however, they could not identify the anti-

gen spots that showing different 2-DE profiles between them.

We previously established 2-DE map\bfcaninuntachy-
zoites including conserved proteins betwéertaninumand

2.4. Two-dimensional gel electrophoresis

Purified tachyzoites were dissolved in 40 mM Tris-base,
disrupted three times by freeze—thaw cycle in liquid nitrogen,

T. gondii[16]. On the basis of previous study, the proteinand and then sonicated (XL-2020, Misonix Inc., Farmingdale,
antigen profiles expressed in tachyzoites of two isolates of USA) at 5.5W for 2min (5s pulse/10s rest) on ice slurry.
N. caninunbetween Korea and Japan (KBA-2 and JPA1), in The disrupted tachyzoites were mixed with lysis buffer com-
addition, between. caninumandT. gondiitachyzoiteswere  posed of 7 M urea, 2 M thiourea, 40 mM Tris-base, 4% (w/v)
compared by proteomic approach. CHAPS, 1% (w/v) DTT, 1 mM phenylmethanesulfonyl flu-
oride (PMSF) and 0.5% (v/v) IPG buffer (pH 3-10). The
samples were kept for 1 h in ice slurry and then centrifuged
at 16,000x g for 30 min at #C. Protein concentrations of
the resulting supernatants were determined by the Bradford
method[19] using bovine serum albumin as a standard.
Isoelectric focusing (IEF) was performed using an
IPGphorM systeni11]. The tachyzoite samples mixed with
rehydration buffer containing 6 M urea, 2 M thiourea, 2%
mobilized pH gradient (IPG) strip (Immobiline DryStrip, pH  (w/v) CHAPS, 0.4% (w/v) DTT, 0.5% IPG buffer and 0.002%
4-7 liner, 13 cm), IPG-buffer (pH 3—10 and 4-7) and B¥L (w/v) bromophenol blue, were loaded on IPG strips (pH 4-7)
detection reagent were obtained from Amersham Bioscienceby in gel rehydration and focused for a total of 86.1 kV h. The
(Uppsala, Sweden). Aceton, acetonitril, 2-propanol, trifluo- IPG strips were then subjected to 10% SDS-polyacrylamide
roacetic acid (TFA) and Coomassie brilliant blue G-250 were gels (160 mmx 160 mmx 1 mm). The gels were visualized
purchased from Merck (Darmstadt, Germany). Unless statedwith silver nitrate[20] or colloidal Coomassie blue G-250
otherwise, all reagents and chemicals were purchased from21].
Sigma (St. Louis, MO, USA).

2. Materials and methods
2.1. Chemicals and reagents

PercollM, urea, 3-[(3-cholamidopropyl)dimethylammo-
nio]-1-propanesulfonate (CHAPS), dithiothreitol (DTT), im-

2.5. Immunoblotting and image analysis
2.2. Maintenance and purification of parasites
Gels after 2-DE separation were transferred to a

N. caninunkKBA-2 [17] and JPAZ18] strain, and’. gondii polyvinylidene fluoride membrane (ImmobilBA-P, Milli-
(RH strain) tachyzoites were maintained in Vero cell mono- pore, Bedford, USA). The blotted membranes were blocked
layer (CRL6318, ATCC, Rockville, USA) according to Kim  with TBS-T buffer [20 mM Tris—HCI, 500 mM NacCl, 0.05%
etal.[17]. (v/v) Tween 20, pH 7.4] containing 5% (w/v) skim milk

N. caninumandT. gondiitachyzoites were harvested by overnight at 4C. The membranes were incubated with
scraping infected Vero cell monolayers into growth medium. rabbit antiserum againsh. caninum KBA-2 diluted at
The suspension was loaded on 30, 50 and 80% (v/v) osmotic1:200 for 2h and subsequently with goat anti-rabbit IgG
Percoll gradient and centrifuged at 2080y for 30 min. antibody conjugated with horseradish peroxidase (Santa
A viable tachyzoites band formed between 50 and 80% on Cruz Biotechnology, Santa Cruz, USA) in dilution of 1:2000
the osmotic PercolM gradient were collected and washed for 1 h. Immuno-reactive spots were visualized by E¥L
three times with phosphate buffered saline (PBS, pH 7.4). detection Kit.
Approximately 1x 10° tachyzoites (counted using a hemo- Stained and immunoblotted spots were digitalized using
cytometer) were purified from infected cells and stored at an Agfa Arcus 1200 image scanner (Agfa-Gevaert, Mort-
—70°C until required. sel, Belgium) and the acquired images were analyzed using
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PhoretiXx™ 2D software (Nonlinear Dynamics, Newcastle, tected for KBA-2 and JPA1, respectively, by immunoblot-
UK). The gel images were calibrated figr and g using 2D tings probed with rabbit-antiserum agaiNstcaninunkKBA-

SDS-PAGE Standards (Bio-Rad, Hercules, USA). 2 (Fig. 1B and D). Among these immunoreactive spots, 80%
o o (73/91 spots) of JPA1 strain was recognized to be same spot
2.6. Protein identification by mass spectrometry positions with silver stained protein spots in terms bépd

M;. On the other hand, a total of 419 protein spots were ob-
ibed . ‘i sed f served fronT. gondiiRH strain stained with silver nitrate, of
scribed[22]. Protein spots of interest were excised from which 30 antigen spots were recognized by immunoblotting

stai'n.ed ge'ls. The gel pieces were.washed with 50% aC€-3gainst rabbit antiserum agaim&tcaninumkBA-2 (Fig. 1E
tonitrile, dried, after and rehydrated in 210 mM DTT/100 mM and F)

NH4HCOs; at room temperature (RT). The gel pieces

were further incubated in 55mM iodoacetamide/100mM 5 5 5 iain identification from 2-DE maps of N
NH4HCO; at RT in the dark, washed with 50 MM NHCOs o '
and dried again. They were rehydrated in digestion buffer
composed of 50 mM NHT'.C%’ N ”_"V' CaCig_and 12.5ngll . On the basis of 2-DE map ™. caninumpreviously es-

of sequence-gr:_—,lde modified porcine tryps_ln (Promega, Iv'ad"tablished, some proteins were also identified from 2-DE map
son, USA) and incubated on ice. After being remove the ex- of T. gondii[16]. In this study, three protein spots such as

cess liquid, they were subject to overnight digestion. The g ,ijisin-jike serine protease (NcSUBL, spot 21), lactate de-

supernatants recovered extracted in 1:1 (v/v) mixture of 5% hydrogenase (spot 43) and serine—threonine phosphatase 2C

formic acid:acetonitrile, pooled and dried in a vacuum cen- (spot 45) were newly identified from 2-DE map Nf can-

tnfugg}e. < di dissolved in absolut inum Eleven protein spots corresponding to nine different
The tryptic digests were redissolved in quPsolution proteins were also identified from 2-DE mapTlofgondiius-

co!’]taining _distilled water, acetonitri_le and trifluoroacetic ing PMF analysis. The newly identified protein spots were
acid (93:5:2). The target preparation for MALDI-TOF summarized ifrable 1

mass spectrometry was followed by a solution-phase ni-

trocellulose method23]. a-Cyano-4-hydroxycinamic acid 5 5 Comparison of N. caninum and T. gondii protein
(40mg/ml) and nitrocellulose (20 mg/ml) were separately spots

prepared in acetone and mixed with isopropanol. The

sample peptide prepared by trypsin digestion was mixed Protein spots ofN. caninum(KBA-2 and JPA1) and

With internal standards of des-Arg-Bradykinin (monoiso- gondiiwere further analyzed by dividing the 2-DE maps of
topic mass, 904.4681) and angiotensin | (1296.6853). The oo, girain into seven different pairfiég. 2shows a protein

solution (1) was spotted onto a circle of target plate and g6 of the part 1, in which heat shock protein 70 (HSP 70;
dried. The sample spots on the target were analyzed usingy_, 54 T-2), tubuling-chain (N-7 and T-5), putative pro-
a VoyagerDE STR MALDI-TOF MS (PerSeptive Bio- oy gisulfide isomerase (N-9 and T-7) and actin (N-10 and

sys.tems., Franingham, USA): Ma.ss.spectra were chuiredT_S) were found to locate in similar placeshfcaninumand
as ion signals generated by irradiating the target with 128 T. gondiiat the range of between pH 4.7 and 5.1, with the

laser pulses. Monoisotopic peptide masses were sel_e_cted ir?Tmlecular weights ranged from 41 to 76 kDa. Although T-6
the mass range of 800-2500 Da. Proteins were identified byof T. gondiiwas not identified, it located similar positions

PhMF./L/Jsing MS-EIT Qttp://prospecfjor.Ecsf.e@i_and IMascot with tubulin a-chain (N-8) ofN. caninum
(http://www.matrixscience.comand the National Center As seen inFig. 3 (protein profile of the part 2), some

for Blotechnhology Infolrmat|on (NCBI) protein sequence protein spots showed identical patterns betwdenaninum
database. The mass tolerance w#® ppm and one missed 41 gondii N-1, N-3 and N-5 ofN. caninum which are

cleavage site was allowed. Carbamidomethylation of cys- equivalent to T-1, T-3 and T-4 d. gondij appeared at sim-
teines and oxidation of methionine were considered during ;... |ocations at F;H ranges beMeen 4.8 and 5.4 and molec-

In gel digestion was done essentially as previously de-

caninum and T. gondii

the search. ular weight between 52 and 76 kDa. These spots were not
identified, but T-1, T-3 and T-4 of. gondii were recog-
3. Results nized by rabbit antiserum agairst caninumkKBA-2. Anti-

gen spot 232 (69.4 kDa/[3.36), 245 (65.0 kDalps.34) and
3.1. Protein and immunoblot profiles of N. caninumand 248 (64.1kDa/p4.97) were located at the same positions on
T. gondii 2-DE map ofN. caninumkKBA-2 and JPAL.
In part 3 of 2-DE maps, enolase (spots 34, 35 and 36) of
Approximately 516 and 573 protein spots were observed N. caninumlocated at the same positions with spot T-101
from silver staining of 2-DE of KBA-2 and JPAL, respec- (unidentified), 515 (enolase) and spot 514 (enolase) of
tively. Of these, 78% (403/516 spots) of protein spots were T. gondii at the range of pH between 5.3 and 5.7 with molec-
found to have samd @andM; values compared to each other ular weight between 42 and 57 kDa. Spot 516 (enolase) equi-
(Fig. 1A and C), and 94 and 91 antigen spots were only de- valents with spot 101 were also shown to locate at the compa-
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Fig. 1. 2-DE and its immunoblot profiles &f. caninumKBA-2 (A and B), JPAL (C and D), and. gondii(E and F). A total of 516 (A), 573 (C), and 419

(E) protein spots were detected on the 2-DE profiles, respectively. Of these, 94 (B), 91 (D), and 30 (F) spots were identified as antigenic spots on 2-DE
immunoblot profiles using rabbit antiserum agastaninumkKBA-2. IEF was performed for a total of 86.1 kV h using pH 4— IPG strips (13 cm). SDS-PAGE

was performed on a 12% gel which was then stained with silver nitrate. Separated proteins on the other gel were transferred to PVYDF membrane and antige
spots were visualized using an E@{ detection reagent. 2-DE profiles were divided into seven parts for comparative analysis.
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Table 1

List of proteins identified on the 2-DE map Nf caninumandT. gondiitachyzoites after 2-DE followed by MALDI-TOF MS analysis
Spot number Proteins Number of matched Sequence coverage Theoretical Accession Species

peptides (%) M, (Da)/p number

21 Subtilisin-like serine protease 9 13 93650/5.4 6119851 N. caninum

43 Lactate dehydrogenase 4 24 35549/6.0 1695772 T. gondii

45 Serine—threonine phosphatase 2C 9 26 36817/5.4 18076806 T. gondii
501 Heat shock protein 70 7 15 68530/5.2 5738969 T. gondii
503 Heat shock protein 70 13 24 73254/5.2 6682359 T. gondii
507 Nucloside-triphosphatase I 19 36 69586/5.7 2499221 T. gondii
508 Nucloside-triphosphatase | 7 14 69160/6.0 2499220 T. gondii
510 Heat shock protein 60 7 22 61014/5.8 5052052 T. gondii
511 Pyruvate kinase 7 21 57530/6.0 13928580 T. gondii
515 Enolase 6 24 48219/5.7 12619316  T. gondii
516 Enolase 10 26 48219/5.7 12619316 T. gondii
522 Fructose-1,6-bisphosphatase 11 35 42398/6.1 21715907 T. gondii
523 Serine—threonine phosphatase 2C 8 25 36817/5.4 18076806 T. gondii
524 Lactate dehydrogenase 4 24 35549/6.0 1695772 T. gondii
rable positions. Spots of 269 and 27Mofcaninunand those Fig. 5showed the protein profile of the part 4. The 14-3-3
of T-102 and T-103 of. gondiiexhibited strong antibody re-  protein homologue (N-12 and T-10) and N-11 and T-9 were
sponses against rabbit antiserum agaihgtaninunkKBA-2 found to be identical betweé¥h caninumandT. gondiiat pH
which were located simila¥l; but different p (Fig. 4). ranges between 4.3 and 4.7 and molecular weight between 31

/ / /
() 47 €—E—> 51 47 €—L—> 51 47 —E—> 5.1

t‘-.“l

KBA-2 JPA1 Tg-RH

Fig. 2. Comparison of protein (A, C and E) and antigen (B, D and F) profiles of part 1 on 2-DE maps at the range of pH 4.7-5.1 and molecular weight 41-76 kDa.
2-DE profiles of part 1 were showed similar protein spot patterns betiveesninunmandT. gondiiin terms of p andM; which were N-2 and T-2, N-7 and T-5,

N-8 and T-6, N-9 and T-7, N-10 and T-8, respectively. Protein spots identified were HSP 70 (spots 16, 17, 18, 501, 502, 503 and 5@t;Habu(spots 28

and 513), tubulire-chain (spots 29, 30 and 31), putative protein disulfide isomerase (spots 33 and 519) and actin (spots 39, 40 and 520) using PMF analysis.
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KBA-2 JPA1 Tg-RH

Fig. 3. Comparison of protein (A, C and E) and antigen (B, D and F) profiles of part 2 on 2-DE maps at the range of pH 4.8-5.4 and molecular weight 52—76 kDa.
2-DE profiles of part 2 were showed similar protein and antigen spot patterns betlvesninumandT. gondiiwhich were circle N-1 and T-1, N-3 and T-3
and box N-5 and T-4, respectively.

KBA-2

JPA1

T-101 515 514
| | ‘
-~ b
T-102 19 Tg-RH
T-103

. ®

Fig. 4. Comparison of protein (A, C and E) and antigen (B, D and F) profiles of part 3 on 2-DE maps at the range of pH 5.3-5.7 and molecular weight 42-57 kDa.
2-DE profiles of part 3 were showed similar protein and antigen spot patterns which were spots 34 and T-101, spots 35 and 515, spots 36 and 814 between
csninumandT. gondii respectively. Spots 269 and 270N fcaninumand spots T-102 and T-103 ©f gondiion 2-DE profiles were showed antigenic response

by rabbit-antiserum againbt caninumkKBA-2 but they were located different pndM;. Spots 34, 35, 36, 514, 515 and 516 were identified as enolase using

PMF.
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M 43 p! 47 43 p! 47 4. Discussion
(0= & (N1 Recent advances in 2-DE, mass spectrometry and bioin-
formatics have significantly improved the possibility of map-
= 46 N-12 13 . ping and gharacterizz_ition of protein po_pulations in medical
L : and veterinary parasitd42,24—26] In this study, we used
33 - proteomic approach for the comparative analysis of proteins
- @ expressed betwedwh. caninumandT. gondiitachyzoites.
2-DE is one of the powerful and widely used tools
- [N-11 . for the analysis of c_omple>$ p_roteln mlxtu_re[§7,28]. _
Moreover, 2-DE combined with immunoblotting assay is

el allowed to find out many and distinct antigens compared
JPA1 with conventional SDS-PAGE (one-dimensional) and its
immunoblotting analysif29,30] These methods have been
@ employed successfully in characterizing the antigen profiles
of T. gondii either with monoclonal antibody or patient's
sera[13,14] 2-DE map ofT. gondiiwas reported12] and

Tg-RH detected average 630 (591-685) spots from 2-DE gel using
.. T pH 4-7 IPG strips (18 cm) stained with silver nitrate. On the
T'1,°, contrary, average 469 (416-573) spots were detected from
g three 2-DE gels stained with silver nitrate using pH 4-7 IPG
527 ® ® strips (13 cm). These differences could be mainly due to the
-

different sample preparation, sample volume and gel size.
_ . _ _ . No morphological, biological, or molecular differences
Fig. 5. Comparison of protein (A, C and E) and antigen (B, D and F) profiles have been found betwedh caninunisolates obtained from

of part 4 on 2-DE maps at the range of pH 4.3-4.7 and molecular weight . ]
31-40kDa. Box N-11 and T-9 and 14-3-3 protein homologue (spots 46 and cattle and d0g$6,7,31,32] N. caninumKBA-2 and JPAL

527) were observed identical location but NCDG1 (spot 49), specific antigen Strains were isqlated from very close geera_phical nations,
of N. caninumwas exhibited only on 2-DE profiles bf. canium such as Republic of Korea and Japan, respectively. They were

exhibited almost the same 2-DE patterns, furthermore, anti-
and 40 kDa. A specific antigen bf. caninumNCDG1 (spot  gen spots of KBA-2 and JPA1 on 2-DE immunoblotting pro-
49), was found to locate in this region. This protein clearly files were located at the similar range of pH and molecular
distinguishedN. caninumfrom T. gondii weight. On the other hand, comparison of 2-DE profiles be-
In part 5 of 2-DE maps, fructose-1,6-bisphosphatase tweenN. caninumandT. gondiiwas shown no sufficiently
(spots 41 and 522), serine-threonine phosphatase 2C (spot§pot matching using analyzing software at the mode of pro-
45 and 523) and lactate dehydrogenase (spots 43, 44, 524 angramming matching. One of the reasons was suspected that
525) were identified if. gondiidatabase using PMF analy-  different 2-DE profiles ofN. caninumand T. gondii were
sis; however, these spots were observed at different positionshot allowed to match the proteins in spite of locating some
on 2-DE profiles betweeN. caninumandT. gondiiat pH proteins at similar positions on 2-DE profilEs)].
ranges of 5.1 and 6.6 with molecular Weight between 32 and Antigenic Cross_reactivity betweeiN. caninum and
51 kDa. In addition, spots 41, 44 and 45 were specifically rec- T. gondiiwere reported in ELISA test using cruthe can-
ognized on immunoblotting dfi. caninunbut notT. gondii inum tachyzoites extract as coating antig@8—37]and in
(Fig. 6). immunohistochemical test using afti-gondii polyclonal
In 2-DE profiles of part 6, N-4 (marked by circle) con- and monoclonal antibodief88,39] Rabbit antiT. gondii
sisted of three protein spots and contained NcSUB1 (spot 21).actin monospecific polyclonal antibody was also reacted with
The spots could distinguigit. caninumfrom T. gondiisince  |ysate antigen dfl. caninunNC-1 isolatg40]. In the present
N-4 was not observed at pH ranges 5.2-6.4 and molecularstudy, some of protein spots on 2-DE profile3 ajondiiwere
weight between 52 and 70 kDa. NTPase (spots 22 and 23) ofreacted with rabbit antiserum against caninumkBA-2.
N. caninumwere antigen proteins, but NTPase Il (spot 507) Consequently, three antigenic proteindofondij including
and NTPase | (spot 508) dt gondiiwere not recognized by ~ HSP70, actin and enolase, were believed as common antigens
rabbit antiserum againbk caninunkBA-2. Pyruvate kinase  petweerN. caninumandT. gondii
(spots 27 and 511) and heat shock protein 60 (spots 24 and  Micronemes and dense granules were known as secretary
510) were located similar position on 2-DE profilésy. 7). organelles of the Apicomplexan parasite which were play-
NCcGRA-2 (spot 50) and spot 88 (unidentified) were shown jng a crucial role in invading host celfg1]. NcSUB1 of
to be antigenic protein spots M. caninumbut these spots  N. caninumwas microneme protein which was homologous
were not observed ifi. gondiiat pH ranges between 4.9 and  to TgSUBL1 ofT. gondiiwith 66% identity in the predicted
5.9 and molecular weight between 26 and 33 kBia.(8). catalytic domain§42,43] NcGRA2 and NCDG1 (NcGRA?7)
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Fig. 6. Comparison of protein (A, C and E) and antigen (B, D and F) profiles of part 5 on 2-DE maps at the range of pH 5.1-6.6 and molecular weight 32-51 kDa.
Fructose-1,6-bisphosphatase (spots 41 and 522), serine—threonine phosphatase 2C (spots 45 and 523), and lactate dehydrogenase (spats 32544, 524 a
were identified withT. gondiidatabase using PMF but different antigenic response by rabbit-antiserum agaiasinumKBA-2.

. -
KBA-2 JPA1 Tg-RH

Fig. 7. Comparison of protein (A, C and E) and antigen (B, D and F) profiles of part 6 on 2-DE maps at the range of pH 5.2—6.4 and molecular weight 52—70 kDa.
Circle N-4 consist of three protein spots which were containing subtilisn-like serin protease (spot 21) was showed different protein profilés. loatvieem

andT. gondiisince these spots were not observed on 2-DE profil@s@dndii NTPase (spots 22 and 23)Mf caninumwere antigen spots but NTPase (spots

507 and 508) off. gondiiwere not. Pyruvate kinase (spots 27 and 511) and HSP 60 (spots 24 and 510) were located similar positions on 2-DE profiles.
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Fig. 8. Comparison of protein (A, C and E) and antigen (B, D and F) profiles of part 7 on 2-DE maps at the range of pH 4.9-5.9 and molecular weight 26—-33 kDa.
NcGRA-2 (spot 50) and spot 298 (unidentified) were showed different protein profiles betweaninumandT. gondii

were dense granule proteins, which were homologous to Tg-

GRA2 and TgGRAY ofl. gondii respectively. However, the
dense granule proteins have relatively low homology in pro-

KBA-2 in the present study. Serine—threonine phosphatase
2C, fructose-1,6-bisphosphatase, and lactate dehydrogenase
were shown as conserved proteins with gondii and

tein levels between NcGRA2 and TgGRA2, and between N. caninumon 2-DE map. They were, however, exhibited

NCDG1 and TgGRAT40,44—-46]In this study, NcSUB1and
NcGRA2 were exhibited different 2-DE profiles betweén
caninumandT. gondii Moreover, NCDG1 oN. caninurrand
TgGRA7 of T. gondiiwere also located at different positions
on the 2-DE mapgL6]. In addition, NcSUB1, NcGRA2 and

different antigenic response on 2-DE immunoblot profiles
with rabbit antiserum againbt caninunKBA-2. These pro-
teins were needs further investigation to explain the different
immunogenic properties by use of anti-toxoplasma serum.
As a consequence, the present studies were showed that

NCDG1 were suspected as possible species-specific proteinshere were very high similarities betwelincaninunkKBA-2

of N. caninumon the 2-DE maps on the basis of comparing
2-DE profiles betweei. caninumandT. gondii

Incomparison of the predicted protein sequenetibulin
of N. caninunwas identical to the-tubulin of T. gondii[47].
Previous studyy-tubulins (spots 29—-31) ¢{. caninunon 2-
DE map was identified as conserved proteins usirgpndii
databas§l16]. In the present studg-tubulins ofN. caninum
were able to identify usingN. caninumdatabase since ge-
nomic sequence ef-tubulin was added in genomic database
of N. caninun{data not shown). Protein spots of N-8 contain-
ing a-tubulins ofN. caninumwere exhibited similar protein
spot distribution compared with T-6 @t gondii(Fig. 2). As
a result of this studyy-tubulins of T. gondiiandN. caninum
were highly suspected as conserved proteins.

NTPase (spots 22 and 23) &i. caninumis dense
granule protein which was known to have similar enzymatic
activity with NTPase | ofT. gondii,and showed antigenic
cross-reactivity with antiF. gondii NTPase rabbit serum
[48]. However, NTPase (spots 507 and 508)Tofgondii
were not reacted with rabbit antiserum agaiNstcaninum

and JPA1, whereas the differences betwienaninumand

T. gondiihad been highly noticed on 2-DE profiles at pH
range 4—7. Moreover, 2-DE coupled with immunoblot and
mass spectrometry techniques were proved as very useful
tools for finding specific antigens and the phylogenetic com-
parison either inter-species or closely related two apicom-
plexian parasites.
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