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SUMMARY
(FF Q%)

Neosporosis has been reported from at least 13 countries and
is suspected to have a larger worldwide distribution. Considering
the large number of bovine neosporosis cases throughout the

world, relatively few successful isolations have been reported.

Since Neospora caninum was first isolated from naturally
infected dogs, and subsequently from dogs and cattle, it has
only been maintained by tissue culture, because it could not be
maintained in vivo. Growth rate and productivity of N. acaninum
tachyzoites in three kinds of cells, Vero cell, HsF cell and
CAPE cell, were compared. Vero cell was selected as host cell
for higher growth rate and productivity than. HsF cell and
CAPE cell. Mice treated with dexamethason (20xg/ml) in water
for 5 days were inoculated intraperitoneally with the two fold of
sarcoma 180. Peritoneal fluid enriched in tachyzoites were again
recovered 3 days after infection and used for the next passage.
The tachyzoites from mice model system were much more (43
times) than that of Vero cells.

We constructed ¢cDNA library from N. caninum tachyzoites, and



cloned DGI1, DG2, SAGI1, SAG2, SOD and proteinase gene which
have prominent antigenicity with sera from neosporosis positive

cattles.

The genes, DG1, DG2, SAG1, SAG2, SOD and proteinase, which
had an open reading frame of 700bp, 650bp, 969bp, 1,206bp,
606bp and 2,598bp, respectively, were expressed using E. coli
system and characterized.

The in vitro neutralization test using these monoclonal antisera
of each recombinant proteins compared with serum of N
aaninum tachyzoite crude antigen. The neutralization titers of
SAG2 and DGl were higher than i:hose of others.

In vaccination and challenge infection wusing mongolian
gerbil{Meriones unguiculatus), protection ratio of DGI-SAG2
complex antigen was higher than that of crude antigens and

single antigen.

These results presented that vaccination with dual complex of
recombinant proteins(DG1 and SAG2) could neutralized the N.
aaninum tachyzoites and protect experimental animal model

system.
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Neospora caninum®] 49 §4& do7E $8% Bz A4
o] Dubey 5(1988)q) ¢ja] ¥3lzl F ol digt @2 A7 TP
gt 2 A3 N aaninum®] 27 3Al Toxoplasma gondii®} &F3Z 3
ol A BEAHlife cycle) 2 3948 FAM Wi ojzEo] B3d A
@de] EAA dd 43 AR Y ASAA N aninumE 3
©@5t7] A% FHow 47 JAdo] MIHUEH, I T FIIAE o
48 AG2AGAY, HIBTARY 2 2299 AAAE ] FA

gy, Ye2¥85E X8 L 4U3] AF 71230 4+ v
A @57 olFolAA &L AAor XgA ATEHN ATNEE F
& o] AZF9 FAPd i A A ALAFY F, Hjrolo}
A(sulfadiazine), E.#) "X Z & (trimethoprin), & Z A =(lasalocid), =¥l
(monensin) &9 %At 4F o] EEFAE AATe=EHN o= X
297 Qd+= Ae2 ¥uyg v ¢oi(Lindsay and Dubey, 1989b; Lindsay
and Dubey, 1990a). E& v}-9-2 Q37 Q F FANE 4P & AT 4
3, Autiolopdoel 7HF &EHUE £L& o E vehd v gltk(Lindsay
and Dubey, 1990b). 28y}, &d diaiX = ofA7A] FA4A7 B
18 B olyg, ol AT AEAEY] Hue dA Fdx7Y ¢
254E 43tsts Aolge HE At EUS W ARAY o] A
T EAQGA EH 24 E BTy 3% Az W4 A%
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P4 gy uje- ojggos WAooz o4 £ ' U Fdo Fx
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2. A% He A

Zo@ AAA AFoz U Ve &% 2 ATAE
29 24 Fuo] U$ Fast 2L LN WA <

ofibe f, AMY, ZAFE FrhASS Zad wE A FAF &4



< o71eE WS F8¢ FAZ dFEH g 48 dodlsE 8L
Z2E B9, 3%, A2 2% Fol ded, 4343 o
TE 544 98 89e] ow, AEFHAH 29 Fde F3Y, T2E,
FeEH, 294 890 UG ol F TEAH UL FF
B el 98 {4, AR, 2Ade] WSt AP AL v #
Azt g Agdos wAd ¢ u)

AARLZ AolA R4k AR, 718 EokA 9 &4 58 dodle 3
A Agow HZ FEHI Y& W@ 2 FHF(Neosporosis) S HEH J
2o 93N Aoz gie2¥e AF(Neospora caninum)®] a4 9
& dojdtiBarr et al, 1991; Dubey et al., 1988). Je2¥el 9452
oA HEF EHFAH AXUt AEHA FFAT FLEFHER
(Toxoplasma gondii)$} vi-$- fAIG dF o= &4eA Utk Y2XEHF
of g 29 {AL 44NN JHF Bol dojuan, gAHeE F3H
A Holg EuEE ASdE dARE S vEun, 334 8ol 4
ebdth(Agerholm and Barr, 1994; Dubey et al, 1990; Holdahl et al.,
1995; Jadin and Dubey. 1992; Otter et al, 1995;0gino et al, 1992;).
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4553 AoHEAE T, 1998, Lally et al, 1996; Lindsay and Dubey,
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ojojr o} 7 & £ Ao E YEltH(Lindsay and Dubey, 1990b).
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5 Y2 2¥% cDNA library 9] ZI]Z!'

LHesxge ug 9 37

Hle2¥d 938 %-%"ﬂ o) %‘3 HFAA Aedorn d7HAl A

yhof °]%€ He2¥eE 945& 580

host cell(£FAEX)Z A vero cell ‘§< human foreskin ﬁbroblast (hsGS) cell

} host cell o] < 7 9/ Ask& W Nepsora caninum tachyzoite® 4
Z v 3-49 o sub culture, harvest® ¥ ¥zl 7§xﬂs}1 -80Coj

[

R - e
Hesxze gz dFud AE AF 758 oFolr

Axufgo] obd we-A B wYE B tﬂ% W%y dFE mouse?]
dexametasone A E|3t¥, sarcoma 180 cell® mouse EZW HE,
sarcomal80 cello] ¥ ¥ mouse 74U o] Neospora ¥, sarcoma 180
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3 W (Western,
%% AguED
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N
e

ﬂ}ii’:iﬂ"’“ = cDNA librarys 2257] 918l9 total RNASH mRNA
& 2259 mRNAE 5802 cDNA% A3t hbran' construction
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construction k1t—°— o] &38l31 EA celld] packaging %

. QAR W /\J TuEde g4

cDNA libraryE W2 2¥e §AY E 5o 47}*&%1 “41% %SH "R
A Az ’%‘2’9% o] &34 xmmunoscreenmga AA, Aol ZAYst
WA FHEAL A2} 4dFd. packaging © cell HHXMV*'I w5
colony blot¥ southern blot& 01-8-'6}04 dexxe YR Holxom
W2-8E  colonyEE AHF A¥d colonyEel W¥ automatic
sequencg%:}lat-g- o] -85 ‘37]/“1 4¢ 2483 dE geneEHY 484

BAFRELY FA H AHHH 54 73
cDN library 2} immunoscreening AAE F Add WAFHEHY #H
AAE Pt gr/NEe '—‘4?}4

..10._




a4

d7ME We ¥ U4

$E X
1 veaxs g 3 $EY 3
B AT FHube] o] £8 UL FEE A = 294 FIUG Hlex
ot Zgd AN Ex 29 FYPL F£F T Host Cell(GFAX)ZA
Vero cell ¥ Human foreskin fibroblast(Hs68) cell A}-&, Host cell ©] <F
70% A%& W Nepsorn cainum tachyzoite® HF, " 3-49 NFHo=
subculture, Harvest® ¥, 2§ &, Ao -80Co @@
e 2| HYFYA F8E ol 8% A FAE &, BE {A F ez
3% 2 & dAHE EFAAN ¥¥RP ¢33, Y, A "3’8’ 3¢ 5% vl
ax FAA xe g4 24 € Y I #G
(500 Az SEEFAY AF 3 AA 75 X
1 WA 2ER A BEALE BT GFEYAY 43 AAE FEHLER E
20 SR AF At o]88 # ol B A7 A Ao ¥ AR}aA
02) A 9 e AYyY AL T ol &FdnA ¥ )
i T3 dea¥z FAAAZY HNY A4 AA 75
7} ZZde dFE B3 F2dsan AL FH4A AXH RAFREHY

AUAAAE T Ao N 5% Y A7 ol &3 @
ZEYA BIL ascitic fluidy$ o} §¥ch

TEAYEE Y FAA A= WA &% b

1RAESY 23 dSE T8 47 MgE BY ET JHHE 2= dqo
AYE FAAARYE BN &% Y/HE AAET. I3 EFHE B3 Jigd
N9 f5ol FAHE ol R &Y % FEHIAN EQ@h
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A 27 -9 ZleAE A%

N. agninume] 49 F4HE dovlE Fad HAAHET Aol
Dubey 5(1988)d) 9l&l ¥32 & old dig HL A7t 35 st
3 A3 N. caninum®] 22 3A Toxoplasma gondii®t %522 ol
BEAHlife cycle) R FUA39 FAHE A& olFHI o] B Add9
EAA sjdel] A3 JB7t A9 AE7A N. caninume A9317)
A% BFHow 47 Adye] MEHAE, 2 F FFAE o8¢ W
Az Ay, HIFFAZAYE € ZAA9FAPAE] dA 49
o] g5 gt}

ah, ve2¥aFS XNE 9 dUsy] 94 7123U A= v
A &EE o]FolAA &L HAo AgA ATEA ATHFS F
3 o] 439 TP dg A A AEA P I}, Mdjriojo}
Z(sulfadiazine), E &) | & X & (trimethoprin), #HZ A = (lasalocid), 23
d(monensin) &9 A7t 4F 9 EEFHE A=A = A=
E77 9)e Ro= Bwd v Uch(Lindsay and Dubey, 1989b; Lindsay
and Dubey, 19%0a). =& n}-9-2 AFZE F GAX s 4¥e A 2
7, Adudoloprlo] /14 AV FL& Aoz ehd vl gIok(Lindsay
and Dubey, 1990b). Z18{y}, &d] disiy e o}fA7tx SR A7 Bud
v Q1.8 B olyd, o]E FAlE NBAE] BuE 9X Az
25dE gststs Aolge A& AAH S W XNgA Y Aol A
78 EAQdd EFgich. adxE EFSa AR AxE P o
HAMEL AT Jele FAE o] &8 WAMNEL N caninum] 4

_12_



A g ol oElfoz Wioz o]&¥ F A& UF Y Fr
7t A EVFsEty] WEele AZdEn mEtd AAd F2 ol FoH
9 N. caninum®] Zddl 28 Wiy 2 AgxA d7AAN €939
N. coninum®] 8353, A5t A7t P50 23 o o 4@
2 H2 5o 93 dFHR Y= ot N caninum 9] AstE
A, A9ty EAAPESH Qo] Fuchs et al., 1998, Hemphill, 1996;
Hemphill et al., 1997; Hemphill and Gottestein, 1996; Liddell et al.,
1998). a8t o AFGAE 2R AolmR AuA B HAMNEES A
HtEA] AR HojHokwt e HEA 71Fe 78 R T e9Ee ¥
g8 Fdrxd dF dve ddFHo=E nFY 4R "W N
aninum ¥4 EZEHNE T8 A7ALe] AL 27Ha v A
Ztdd. ages B d73e Az, dgsty s o438t N
aninum® FAEHE T Fo)gd R WATHEZDS AdEgH A

oA olg 722 FHAIAZEIEE 18T WA AFE ANFLA

_13_



A 3G AL NS R A3
1. d7+3U &
7t. A 1 AH-7A

1. N. caninum®} W&

N. caninum®] tachyzoites® Minimum Essential Medium Alpha(a
-MEM)E ©]|-&3 mMFd Vero celldl FEdto wIFadd e & 75%
7t FEHANE W FASMY A o] &3k

2. N. caninum tachyzoites®] &+%

#Hdd AEE 92322 5H FE339 1,000rpmolA 583 A4E
g3te] FE AL Wl ozt PBSIE B2 Aol pelletd FHA1A
FAZIZHZE AEE AANIIE AR E 33 WEAT. °]F PBSE
F3¥ g PD-10 column(Sephadex G-25M)¢] E#HA ¥ PBSE £33
At

3. eAxe o] 49 G4

Hlesxe So] Fd& F437] 93 Western blot& A5
Vero cell lysate®} FAEY N caninum lysateE ©]-§3td SDS-PAGEE
AA18t3L Western blot2 AAATh Gel’de] G AL nitrocellulose
membrane 2 ©]& 3 TS 3% skim milk’} ¥ phosphate-buffered
saline/Tween20(PBST) & o= H|FolutgS Add & AFsu. Ul

_14_



ex¥ad FEE 429 AL 3% skim milk7t FH¥ PBSTY 1:3,000
o2 FNsto HArlsta F2oA 2A7 weA & ¥ A
% peroxidase conjugated anti-bovine IgG(Sigma)E 3% skim milk7} ¥
¥ PBSTO 1:30000.2 3Aste] F7pg F F2dA 1A S¢ vhg
AAS. % %, PBSTZ 3085t AH® ©e Enhanced Chemi
Luminescence(ECL, Amersham Pharmacia)E& ©]&39 AXAle] 43
Wyl wet T3

F B3 N. caninum tachyzoitesE $883 Trizol reagent 1ml
€ #7beto F2dlA 1087 BX e g chloroform 0.2mle F7betn
152 ¥ SH3] EFSA A0 1587 BAFAYG )& 4T,
12,000g91 A 1583 44 288 & 79 £3& 839 2 FE

o &7131, isopropanol 05ml& AH7leted FEdA 10870 ¥AE g
4C, 12,000g914 8&3r ¥4 E® F FAEL 5% AEE Imle=
A& 3t RNA pelletS AZAZAT JAEL 10x4 DEPC A3} T 75
2 d¥AA cDNA A4S % 302 AHgsAT

5. Complement DNA(cDNA) §4

FE% RNAE FYo=Z 10mM dNTP 5¢, 5X RT 9389 4u,
MMLV reverse transcriptase(200U/ut) 05uf, oligo(dT)-M4 adapter
primer 1g¢, RNAse inhibitor 140, RNA A2 8ut9 £ 9S e o
= 37TolA 108, 42TdA 50%, 94TA 3%, 4ToA 583 WX 5o

_15ﬂ



cDNAE 3§38t

6. T¥8L A3 (Polymerase Chain Reaction; PCR)

N. caninum® cDNAE F3d27 39 degenerate oligonucleotide
primerE A &8 tHTable 1).

¥4¥d cDNAE A 82 AFE3t9 INTP(10mM) 14, 10X PCR €%
€94 54, Tag DNA vpolymerase 1, MgCl 4w, forward
primer(10pmol) 14, reverse primer(10pmol) 1469} ¢cDNA 3uE E§3+
%, HAF 8P 07t HEF AF FTHTE 271832 mineral oilS
3E FAMsl9 $%3 d-& DNA Minicycler(MJ Reserch)E ©]&34
PCRE AA3At FF cycle® F 303 4A3.2H, predenaturation
< 94Cl A 5%, cycled denaturation 94TColA 1%, annealing 55T
AA 1&, extension® 72TCTAHA 187F HAAHen HFTHOEZ final
extensionZ 72TIA 1083 AA5tArt PCR $&4 o3 44€¥ DNA
AHEL 1.2% agarose geldlA A7) %3 F ethidium bromide(EtBr)2
AAste Qs At

ulhf
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Table 1. Degenerate oligonucleotide primers for amplification of
Fe—SOD and protemase gene fmgment from N. caninum.

" Primer -Sequence
SODF 5'—AAGCACCAT GCGGGCTACGTC 3
SODR 5 ~-AAGCCATGCCCATCCTGAGCC-3’
proteinase 1F 5'-GAATTCCAATGAGGGCGTCGCATATCC-3'
proteinase 2F 5 -GAATTCCAGAACTTGGCGGGGATCGG-3'
proteinase R 5'-CTCGAGTCACACAATTAATCCTACAAC-3’

7. PCR &9 824

PCR %% A& & GeneClean Kit(Bio 101)& °]-&3td AAGHLH
AAE PCR AEE TOPO TA cloning kit(Invitrogen)$ ©]-83td Az
Aol wie] wel pCR 21 vectordl AR E249 33k °l€ E. coli
TOP10 competent cell(Invitrogen)o] #7} E@3to LA 3087 W
A & L2THA 302FL 4Z3FE Fol FZAF A7 800sL9)
SOC HiAE A7tste 37CTAN 1AES A" MLt 3248
E. colix ampicillin(100 # g/m)& E 33 agar plated] =E3t] 37TAA
3 wjgsligic. ¥A AsE E colidlA plasmid DNAE Wizard
plus minipreps DNA purification system(Viogen)& o]-&38l9] AA3 Ao
9, PCR % 389 &4 4% 4749 £4& 53 &95d

8. 47144 #4(nucleotide sequence analysis)

F299 #AAY 97144 £4& ¢F FAAE plasmid DNAE F
3o 2 3o ABI prism dye terminator cycle sequencing ready reaction

- 17 -



kit(Perkin-Elmer)E& o} &3t 4A18t4}t. &, AAE plasmid DNA 2L,
dye terminator ready mix 40 ¢ 3.2pmole®} primerE £ B F
Fr2 ¥ 97t 10wt HEF stk old AFEE sequencing
primere= MI13 forward primer$ MI13 reverse primer©l1. 2w,
sequencing W32 96Tl 10%, 50CoA 5%, 60TCA 4%3, 25%
AA AT ghgol Ed F &9 primer R dye terminator reaction
mix 2 718 94§89 EA9 AAE G5 2L e g2 A
ubg- folo] 3M sodium acetate(pH 4.6) 28, 95% ABLE 0uE A7}
# F 2/ TS -20T WEAC HXE v 14,000g914 15833 44
g F 439E AANL DNA IFHEL 70% A2 28 AF3
o oqFe E2AE& AARAY. 971HE EAHd AHEE geld 1X TBE
HZ=L A9 8M urea’} FHE 5% polyacrylamide(19:1) sequencing gel
& AHesgen, AV|9EY RE AL automatic sequencerd] 93 ¥
ZA3F 99 sequencing analysis softwared] 9)& ZAsd At 4
g AL Fu¥ sequencing W&l loading dye 4u4E #H7Fsta 95T
AA 28T JtEE F bR g &9 Yo ¥R EFE AE 15
WE FH3 geld loading 3 T2 3,000voltZ 52TCToA 8AIZHEQH A7)
gE3At.

9. Colony hybridization

AZ¥ cDNA library(A] 3AF-3}A)e] Ao o] & probeR2= N
amninum Fe-SOD9] PCRAIES AM83131e™, Digoxigenin DNA
labeling and detection kit(Boehringer Mannheim)E& ©]-§3}9] labeling3d}

_18_



Ak, & 1.38%10°719 plaque’t nylon membrane(l.2xm pore size;
surface contains 50% amino and 50% carboxyl groups; each 82 mm
diameter)2 o}& sttt Plaque® ¥ #¥3l: membraneS < DIG-labeled
probe$} hybridizationA] Y}, Hybridization standard hybridization ¢
Z8&qA 50T, 1643 whgAIZH o9, AL 2X SSC/0.1% SDS/A0.1%
SDS oz A % 68TCAHA 1584 23] AF3l. Membraned 1
X blocking-& o= 3087 ¥H3AIZ F maleic acid F&RoE 23
15¥3t A3 F NBT ¥ X-phosphate§ %< 75t 2 spotd &
Fato] 3. ddd SECZREH plasmidE AT A7IXMLEE
48t

10. N. caninum 971349 AA R A543 54 24

1) Fe-SOD ¢} proteinase?] #Ax €24

48 N. acaninum SOD #3#¢] d 3% E(open reading frame)9|
N 293 C 299 242 BamH1 3% Xhol 9 A@EL AAFHE 2L
3t primer[Forward primer(NcSODF): 5-GGATCCATGGTATTCACT-
TTTACC-3’; reverse primer (NcSODR): 5-CTCGAGTCATTTCAAG-
GCATTGTC -3'1& AFFa olF A& PCRES AAAS. PCR
Wg & PCR ¥+8 4AES TA €248 it s A28 3+ &
G20 =g AASFY BamH1F Xhol AFFaAZ AGd T AV 9%
€ AN insertd #HFE FASYSh BamHIH Xhol AGELZ
Al 4L Ye2XE Fe-SOD #3485 YdHEQ pGEX-4T-2
(Pharmacia)?ll 4)% ¥ E coli DH5e & o] 839 F243dy. &2
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AEL ampicillin(100 g/mbo] F7ted LB LA A HF3Hc. A
HE SEAGA AzxF Ed2v=g REsn 28 559U E coli
BL219 ©A] FAAE ANAT £4€ N agninum serine proteinase
Azte] AW EE(open reading frame)dl N 29z C wgd Zz
BamH 13 EcoRI 9] AREL AAFAE F7HS primerE AZ3E5L o]
g AH43t9 PCRE 4AA8t4gch PCR w8 ¥ PCR W8 4E& TA &
2Y< sdd JFEL HAEd ¥ EFFH20=E FAAS}Y BamHI 3
EcoR1 A5 42 AGE F A7l 45& AAFY insertd #F7FE &
AP, BanHIFH EcoRIATHELZ AHdsio UL dexxe
serine proteinase FAAS WAWE Y pGEX-4T-2(Pharmacia)oll A%

¥ E. coli BL219] 3AA#AZ

2) Axd d9A9 I3 9 AH

Pd AE¥E E coli BL21-% ampicillin(100 £ g/ml)°] #71d LBalA] o
HAFsa 37CTAAN B Fet] FFE 600nmolA 060 HA wjFed
F IPTGImM)E F7hste 2ds fEsdoh. A&xoezn wjdsiuA
i A1 A3} duAde ud g SdEAXN 2 EAFE SDS-
PAGE®} Western blot& AAlste] &elsidvh. Axy dWds AAs
7] 18t IPTGE #EA1Z] 10ml9] ®|Y¥ & PBSE AAF ¥, Iml
9] PBSE #EAA glass beadZ 333, 14,000rpmolA 1587 94
st FdAZT. 4 B AFdL ¢F8d9ez2 IFIAA
Glutathione Sepharose 4B columng %5 #A|7] & PBSE2 F&HX] 4L
gAd g A3 A AR elution buffer(lI0mM glutathione in 50mM

_20_



Tris-HCI pH 80)2 %€ @92 & 82, AR

3) SDS-PAGE 2 Western blot

SDS-PAGEY Laemmlis(1970)9] #¥-& ©]&3t9 ARt =,
10.0% resolving gel® 4% stacking gel& AZ3F F Z+ welld] 20u4H
FAANEE HA/std EFEAYF markerst @4 170VAA 1A A7 9
3. A7l dFo) TY ¥ gele 0.1% Coomassie blueZ 943 o
€ 10% acetic acid®t 30% methanolo] ¥FE L4022 S5
Western blot& Towbin®} Gordon(1984)¢] W& ]88 AAA
Gel W9 ©¥2d& 100Vl A 142k E<t nitrocellulose membrane® 2 ©]
AN 713 3% skim milk’} ¥ phosphate-buffered saline/ Tween
20(PBST) 4oz nEoutgg AAdd F AF3gd. AdF
anti-GST antibodyE 3% skim milk’} g+¥ PBST 9l 1:30002.2 3
Ag g9 A A 2/ T A T AFsH. ololA
peroxidase conjugated anti-mouse IgG(Sigma)E 3% skim milk7} ¥3
¥ PBSTd 1:3,00002 A3t A7k & F2oA 1N T w34
Zd. ¥ % PBSTZ 30%E %<t A3 F Enhanced Chemi
Luminescence(ECL, Amersham Pharmacia)E ©]-83to] #|ZALe] )
w2} AAA A

4) AZF SODS) A SHEN

ddy gAY g4 AL A7) A native gel
electrophoresisE A3 & Beauchmph®} Fridoovich(1971)¢] ¥¥ol] w
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g 2479 g4& dAsdd. A4 100%9 polyacrylamide gelS At
£33t A7|ATE AN bE, AY] 45l 2 gelZ 0.25mM nitro
blue tetrazolium(NBT), 30 #M rivoflavin, ImM EDTA, 20mM TEMED
7} 39 50mM potassium phosphate €& (pH 7.8)d IAdH 3
7C F2719M 302 A g §9E AASL FFTE A7
F o 08T FAHEES AAEET AL SOD 7t $#Hsa Y 75
ol &9 FTHE FAsy] & AU A¥ e AU &, FAY &
49l sodium azide(8F%E 5mM¥ 10mM), potassium cyanide(HF¥
= 5mM # 10mM) 283 HO0(HFEE 5mM#* 10mM)E 22zt A7t
3 B BASE UM Aed B4 we AAgAY. =8 249
W92 native gel electrophoresis® A & B4 F9 A8 2
ARt

1) 549 849 &4

EAFA 9 &AL hypoxanthine® xanthine oxidase®] EA3s}d] A4
H & superoxide radicaloll 984 neotetrazolium chloride (NTC) ¢ &
4L GAEE Y8 E o] 4% Noritake T (1982) 9 #id ohet &
At HFig 2). &, Alg#9 05M sodium phosphate #3894 (pH7.5)
10pe, 16% Triton X-100 58, 10mM EDTA 05p¢, 1.2mM NTC 1548,
4mM hypoxanthine 5u4$} A& 10E A7Ist3 F £Fo] 10 EF
94 FHTFE AV &3/ F, 40 U xanthine oxidase (Sigma,
USA) 05uE tA] F7Fslq 37C F&7]dA 302 weA A ¥
T urgojA) g% (IM formate buffer, pH 3.5 10% Trion X-100, 40%



formaldehyde) 100u4E A7ttty &3 thd ELISA reader (540 nm)
2 FFEE SAAIAY. S4EY FFE=E wmitE: EAFY] A& EFE
SOD (bovine liver; Sigma) & o]&3le] EFIM (standard curve) &
AGsg o NTCY #9& 50% AAd e 49 4 1 witZ ASH
1=

2) 44 A&

SOD9 $3d3 (isoelectric point)e amploline PAGplate gel
(Pharmacia; pH 55-8504¢A 2dd ¥R & Fol 23U
sample-g isoelectric focusing standards®] F/1& W3] ¥ loading$t
& 4T9A 25h%<¢¢ 15 watts/cm 22 A7|F538 A0 A7 Fl
B4 ¥, pH gradient £ E¥ AF X FHH 3 PAGplate: F F&2
2 YAAE =Y & WL Coomassie Brilliant Blue 2 gX3t3 tf& 9

rivoflavin/nitro blue tetrazolium (NBT) #e] 9% SOD Z4#Y

q4e 39

(3) £4284 dF AAAA (inhibitor)] &3}
AAE SOD7F st e F&ol29 F/RE A7) A3 92
Zol JARIA APES HAAEAT. F, FAY FHid sodium azide
(NaN3; dF5 % 5mM ¥ 10mM), potassium cyanide (KCN; HFF=
5mM 3 10mM) Z8]3 hydrogen peroxide (HxXOz HF&E 5mM 7
10mM) & ZZF Aslsta 37CoA 3080 vHgARAT HEA F, @
A Aedd SOD B4 E F3Y 4 et IE €458 54 vasiid.



(4) 52849 @ pHY &

a9 @4 uAE pHY 43S #FFd7] A8 ©Fd pHY &3
498 43t FAEY L9 BHEE SHAAT F, ¢4 AR
SOD 434 43l ol &3 ¢34 A pH 6094 pH 7.07A =
50mM sodium phosphate €%4& 9, pH 8044 pH 9.07-A= 50mM
Tris-HCl ¢%89 2832 pH 100914 pH 11.07A = 50mM glycine -
NaOH ¢389& Ag3te] 37T A 3083 WAL F 247he) pHe
Xe] BA8AES 54 s

(5) Fe-SOD ¢ 9AY 2HYFF (Stage-specific expression of
Fe-SOD)
£ ®#9  tachyzoites %X bradyzoitesd] Trizol reagent
(GIBCO-BRL)E A}&-3}9 total RNAE F&38 %3, oligo-dT primerEs
o] 838ty AMV reverse transcriptase (Promega, Madison, Wis)2Z 9
AAL A ZH Y. Fe-SOD gene?) stage-specific transcriptiong 2337
A, Z+z} stage-specific N. caninum ¢} cDNA 20 ng© 2 PCRE& 3
$o2M Fe-SOD gene® FZFAAT. o7l AH4€ primers N.
caninum Fe-SOD specific primer (NcSODF € NcSODR)©|3t 53 A]7]
ELORAL g4 71 e Fdsit giA FeA Fe-SOD 9
stage-specific expressione ¢ot¥.7] &4, N.caninum® tachyzoites
9} bradyzoites® total THRAL immunoblotdiA EA ATt 24 A
A total @¥A 10 pg & SDS-PAGEE 2% ©+&, nitrocellulose



membrane (045 m; Bio-Rad)dl] o] & AIZATE o]F9 WP wWoldy
I 593 widow 1A FAE EE FAE 111,00 (vvLeR FdAF
o A4

6) 7+ 99934 ( Indirect immunofluorescence )

AZdA SOD £E A& FAS] A3 Azxd FAE o839 2
H ag93dadyes AAstded o WRe 94s3 @Y 24 wel
microplates’doll 18mm coverslipsE Y1 vero cellsE& WY F, 2473

¢t & AAEY N aninum tachyzoitesE ZIA A Zdd AxE
5%t cold methanol2 A1 F coverslipsE PBSE AojFx
blocking buffer (PBS, 1% BSA, 50mM glycine) & ¥HEA|ZIY A=%
SOD @l (rabbit) S N. caninum A mouse)& 1:25 ¥&2 84 o
S 1AZHES Azl 3 PBSE 39 AlFIATh 23 FA= goat
anti-rabbit-fluorescence isothiocyanate (FITC) conjugate (Sigma)$}
goat anti-mouse-tetramethyl rhodamine isothiocyanate (TRITC)
conjugate (1:200) (Sigma)& 2008} 343 30&7 ¥SAZHG. PBS=E
A& %o specimensE Mowiol (Calbiochem, San Diego, Calif)-& &%t
% 3333 n7 (Axiophot, Carl Zeiss Co., Oberkochen, Germany)2.2 &
3 A

7 94 aF
AAY 5x FIFL AZEr] 918 Towbin T (1979 9 ¥
w2} Western blotting2 A5t A" &4E SDS-PAGER 7]



DES AN, gel oA EEd @A S nitrocellulose membranel
2 oFANAY. o]uf ALEH ¢#FL AL Tris—glycine (pH 80)°]7, 4T
E #AFHEA 100VelA 458, 150Vl A 158S Ho|AlZl ¥ membrane
< blocking $%4 9 (PBST-1X PBS, 0.05% Tween20; 3% skim milk)
o2 A2dA =% blocking 3%ith Blocking®] & ¥ PBSTZ 10
B4 33 membraneS A Hd 3, 155002 ANE FA 29 F3F ZA
49 Yo 2AZHES AA3] EEo FUA A2dA BEARA W
<ol 98¥ membraned PBSTE 1087 33 AFs3,
peroxidase—conjugated anti-bovine IgG (Sigma)E bolcking &)
1:1,000 o2 3N3so 247 vhgA7l & PBSTZ 1087 3d AlA3
gt Ald ¥ membraned 7]ZL A (0.5 mg/ml 3,3-diamino-benzidine;
0.01% Hz0 0IM PBS, pH 74)9 &A1 b& ALoA 1£3 w53t
3 ZFFHFSFE W8S F8AA nitrocellulose membrane’de] ¥WHSARE

Hlw #Z3s

5) Ve2¥xel dWARHa L] AseHA, AQsHs EHEH

(1) N. caninurn @R AL f5i ] ¢d

N. caninum serine proteinase #%#t¢] WS =E (open reading
frame)e] N Z¢t3} C @] Z+zt BamHI 3 Xhol 9 AgEL QA F
A& H713 primerg AFSIL o] E AHESt PCRE AA SR PCR
WS- ¥ PCR W8 AHEL TA €242 330 Jgss 448 3 &
g2n =2 AAG BamHI# Xhol AJTALE AU £, A7) 9%
& AN insertd) #FE #FUA}YT BamHIF Xhol AVELE



Adste AL 4o 2¥e serine proteinase FAAE HHHEQ]
pGEX-4T-2 (Pharmacia)dl 43 & E. coli DHS e & o} 83l9 E24
39 2™ screening L LEHAA AAFLC

(2) substrate gel electrophoresis

ad RHELE gel oA #FFEI] fst] AlFEo] X5 activity
sample buffer(2% SDS, 2% sucrose, 0.01% bromophenol blue in 0.1256M
Tris—HCI(pH 6.8)& 21 12% polyacrylamide gel2 A7]AF3saAc. A
719 % 0] B gele 1% gelatinel I# ¥ 12% polyacrylamide gel® 2
o] 25% Triton X-1008 %] A3t Ao 2083 Ast SDSE
AASASG. 2 F F gel AAHA 50 mM Tris-HCl(pH 8.0)¢5 8 Al
AZAZ & 37C FL27]194A4 2412t ¥EA 713, amido black(Sigma,
USA)e2 dAste &40 vehd HAE &UsATh

3) AAAAe] Y% _

AAY 52844 dAQAT A= dFS BFs] A& FAD
EAE JAQAI Egd 50mM Tris-HCU(pH 8.0) ¢3-8&d4 713t
37CAA 30%3 wgAZY. a8lxn 71E<Q azocaseing 75x 1387133
ok ¥hE EFES 7TCAA 243 WAl F 32EHE SAEUT
Ao AHgd AAQJQAE diisopropyl flurophosphate (DFP, 10 mM),
phenylmethyl  sulfonyfluoride(PMSF, 5 mM), L-trans-epoxy-
succinyl-leucyl-amido—(4-guanidino)-butane(E-64, 20 o M),
Leupeptin(200 x# M), Pepstatin A(01 M), N-a



—p—tosyl-L-lysine-chloromethyl keton(TLCK, 200 M),
N-tosyl-L-phenyl-alanine  chloromethyl  ketone(TPCK,  200xM),
iodoacetic acid\(\50 £ M), 1, 10-phenanthroline(25mM),
Ethylenediaminetetraccetic acid(EDTA, 10mM)eldt. A EF
SigmadlA FHsAH.

=
ZF WA o %"JE% AR

6) A=xIFRALEY vAE= pH FF

F4AEAS A pHE &7 98 435899 pHE <A 14
o2 AN BHEE SANI =Y, pH 4094 5072 50 mM
sodium phosphate &#%£ 9%, pH 7594 857tA & Tris-HCI¢F &4 1
g3, pH 9.091A4 10.07tA+= 50 mM glycine-NaOH9H5 & 48 717 A&
3te] azocaseine o] 439 FAEE AT F /MY =& 848 B
pHE 3 pH=E #AsA

6) 713 54

t} 8k chromogenic peptidesd]l 3 FAE 49 7]d FolA s
#AZs9t. 7|2 2%+E 10 mM Gly-Pro-Leu 8 -Naphthylamide,
N a -Benzyl-Arg—Gly-Phe-Phe- Leu B -Naphthylamide,



N-Succinyl-Gly—-Gly-Phe p-Nitroanilide, N-Acethyl-lle-Glu- Ala-Arg
p-Nitroanilide, N-Acetyl-Ala-Ala-Pro-Met p-Nitroanilide, N-CBZ-Leu-
Leu-Glu # -Naphthylamide, p-Gly-Phe-Leu p-Nitroanilide,
N-Succinyl-Ala-Ala—Pro- Phe p—Nitroanilide, N-CBZ-Gly—-Gly-Leu
p-Nitroanilide 5& A3t FAd &E4E 50 mM Tris-HCI(pH 8.0)
438 do &2 F, peptide’] & HFEE7 100 oMo] HES
bt 371C FL271A4 1568 &A1 v B -Naphthylamide=
340 nm, p-Nitroanilide 400 nmolA ZtZ} £35EE SAsHY BHEE
ARs o

(7) 443A

A=Y T4 4B BFZL azocaseing 71AR o] §3td AA|s}
Aok, AAE &4 10#] Tris-HClpH 80)&¢F 49 100¢15 &334
4T, 37T, 50T, 80TAA 2, 4, 16 L 24ANZE¢ WAL F 5%
azocasein® % 35 pl1E A/t 37CAA 24 T¢ H3AD g5 I
& 84=E SAAY.



Y. A 2 ARA

1. N.caninum tachyzoite®] °t9]F &5

Neospora’= $-8] Uelg 0| £3 o8 vetdlA 22 2ast glovy 34
32 ZAAE 58 Neospora® EAE 2nd 371 o vsd 433
He FrtdMw Beo AFsAh o]FK Neosporad Eed o2
olfE 7HAES ANFBUYAA AR HFF F AI3] LAFL #A
HZE stejobgt d7] HEo) 2 AAFTY 29 T EA=Z s AH
& go] ¥Ry wWEolth gy vkg-29] B sarcoma celld 7t
AE FAE Hold FEF® @ Neospora® ¥ + AU AT
HIFAT)CZ FA4L Ueld 25 fitdo}l H9 J4E FAZ wE
3 sarcoma 180 A E 2 4o}A dexametason®] 1043t A& ¥ ICR 75
29 B HFsAch HF F 49¥E EFAgM Neosporn 852
gad 4 gden JEd 48P primerg &3t PCR#A
sequencing & AR o™ Ne-Kr22 B3t

2. g e2xe gdF gy A+

vexzee Mg 2 FFL 98 1A HMEFE o439 N cgninum
tachyzoites?] %4 48 AASFAY. N. aminum tachyzoites®] 34|
8L Vero cell 7455%, HSF cell 6636%, CAPE cell 672.7%2 “lEM%
ow FA7ZHE 64, 2709, 2532 47 Jehd FA%E 3 T4
A Vero cellol 7F¢ $-F3tatt o8 AEXFE 7hed 42€ Vero cell
& o] &3t flasksWol oF 70% monolayer® FA3H-& " N. caninum



tachyzoitesE vl 3-4% ztA o=z Aduded F Fe HAsA -80T
o ¥@std TS

2& %o N caninum tachyzoitesZ R & 935t vh-9-29 sarcoma 180
cell& o]-&% o] ANEHUt} Dexamethason(20pg/mbol SFE 3l
1093+ AA® ICR micedl N. caninum tachyzoites(25% 109} host cell
2 sarcoma 180 MEE A7lste] EZY FAF F 494 rh+-2E I
o] Bodg s 348 Bede 23G9 266G FAIE o8,
A¥E back and forth #3-& AA sarcoma 180NEE HAg 3
% 8m membrane filter$} 3um membrane filterE® °J &3t &+EE 3
ach. 5289 N agninum tachyzoitesE 2-491 9] srcoma 180 cells¥}
E¢3t]  dexamethason(20gg/mlo] &+ %3 1043F HAE ICR
mice®] E7Zd AFF L A

3. ELISAY 2 ol§3 Yo% Agd 2 454

Neospora caninum ¢V E Agd) me} 2w 10~20% FAR
&3 fatgolz Ry A% RuEl Bad u Jlow, 3 Jdyoez= [FA
(EBFFANESY) testZ AHEStn Qo [FAS FHL 4% Ad34d
(Neospora caninum tachyzoite) 2 2% F87Fs8kA%, crudeddel 710 o3}
Bk AREd] glo] FRAY Y, EFEY o, 2 B ¢ 452
A7 vldgeolgle W Eo] Slol ELISAME ALstA HAH. A
3L 1008 3A3t3.ev, HRPOZl conjugate™ o] U= 23 dAE 10000812
3438l substrate™ g ANttt 2E99EAY ODE 123%, ¥
24849 ODE 009852 A on, S/P(Sample/Positive) ratio”} 0.5014

_31_



d He oz At =G 7|E9] 4ESE IDEXX Neospora ELISA
kit9}e] X E(agreement)s Lot A, k-value’l 0.7BL2HN & IAEE
By

Ag ELISAHS ol&38td 74, 35, 3¢ A &4 52 W&
2 8938 549 Yyeorxe #IdLS AT

4. AX?H FAARY T35 49.

1) ¥83 971 &4

uig AxFawAd SOD, DGIL, DG2, SAGI ¥ SAG2¢ W%
polyclonal antibody ¥ monoclonal antibodyE ©l&3ld F3% A3
AAstAt). polyclonal antibodyAAHe 93te Zzbe] Ay dHA L
E7 9&d 200py/miB e F9E 5F9 complete adjuvant®t EHA
12 HES 93, 23 F9 incomplete adjuvant®} &t 23 HF 3
Ak HF AF 2F T AY F €3S s AdFd AEsH
Zb g9 g3 F¥H drte HFBANAYAFAS T &
39 t}. monoclonal antibodyE ©]-8% %31 A¥-& hybridoma cell¥l
FhE A&

2) T35 A¥

Z} Az g O 971SAA Neospora tachyzoite crude
antige®. o} A7 A Ut AxgaRd A4 g T3 AAS
23390
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Z354488 93] 8 well Chamber slided] Vero cell& 3AI1ZF A% wj%
st F8HE 328N 26687k4 2 FAE ¥+ Neospora
tachyzoitesS 37ColA 1 A7HE<¢t vh3-AlZ T} Vero cello] Bigs i 3l
= 7 welldl 837 wSH Neospora tachyzoitesE 1x10°4 HF3}
I, AT Fol A A2 2@ HAF 3Y F Giemsa's staine 2
d43t Zgdd AX F& U9

3) Axd oot g4 A9 Wols A E

AZFANAEY N aninum tachyzoites® FZA] g Wols 3L
938t N. caninum tachyzoites®] A= gerbildl DGL, SAG2Z,
DG1-SAG2 2 N. canium tachyzoites crude ¥9-& complete Fruend's
adjuvant®} £33t vlelF 100ug® scE HFHA 25F 24 FF &
FP3 A 25 F o 1x10° wlel®]  N. canium tachyzoitesZ FAHF
< At



o Al 3 AN-A

1. cDNA library9] A%}

N. caninum®] poly(A) mRNAE oligotex mRNA kitE o] &3l 9%
oczxg £33 Double stranded cDNAE ZAP-cDNA synthesis
kit(Stratagene) S AH&3ta] AZzAe] wWddl wEl FASAY FAER
cDNA 100ng& 1x£9] UNI-Zap XR vector(Stratagene)dl T4 DNA
ligaseE ©]&3l] 4ColA 24217t &<t ligation* 71 ¥ Gigapackll Gold
packaging extract(Stratagene)E ©]-§3}9] phage particles2 22T 2
A2t <t in vitro packaging & ‘AA SR o] W4 SURE strainl
FATYANA 3 1.38%10°19) clonee AT

2. Immunoscreening

AZ”d cDNA  library= de2zel JFEHLE o431y
immunoscreening & AA3ATH AMe o] &€ 13 FA = IFHFAAT
Adg9e=w ¥y EPEL bovine serume BLOTTOY 1110002 343
o] A28, anti-bovine IgG(AP conjugate, Promega)S BLOTTO
17500082 At 23 FAZ AHLsY Y. Immunoscreening S #%
nitrocellulose(N/C) filter A2+ &3 Ze Wyoz HAAGHY. 55
AE 200u0F 1409 phage mixtureE E3t3 37CoA 1583 7HHA
Ego £ ¥ 48T=2 d9A top agars 200pto] 3mé¥ 7t LB
plate 1o 9l Ho|=E Fo 9t} 37TAA 4-6X13F A= I H
plaqueo] ¥.0]7] A ZsA N/C filter paper(Portran BA 83, Schleichert



& Schuel)E o] 1 filter?} agar vlA] 9] indian inkE JFAJ ¥ H
JITAA 2-4X2F A= WEFe Ak WG F filterE S Tris
buffered saline(TBS)2.2 524 33 A¥3x BLOTTO &AM 1X3
%< blocking3tglth. ©1E TBSZ 3¥4 33 Adstx 13 FAE Wl
16212t B¢t & ARAY. oA TBSZ 584 33 AAstx 2x FAg ¢
o] 2-4A7t wrEARAY. TBSE H5E¥ 33 A¥d o9&
5-bromo-4-chloro-3-indolyl-1-phosphate(BCIP) <} nitro blue
tetrazolium(NBT) 712 & Yol wr-3AFh ¥&o] U STHTE AF
33 05M EDTAZ whg-g AN H F4%EE Hol= plaques <
gt

3. 9471449 ¥4

ImmunoscreeningS 53t 942 ¥4 plaquer Hdd ¥ ELE A
°JA 5% chloroform& T &% SM ¢F A 200utel FHAA F o5
insert® #<37] & FPo2 A8 PCRE 24A83H PCRE 4
Ag F PCR AHE L 1% agarose gelitol A7|9Esto &g & g7
AEg 4390 #898 971449 E Genbankdl TF€ N. caninums
gene datas} B3I

4. N. cagninum® 971849 254

1) SAG1, SAG2 & NCDG1, NCDG29] #Ax E2Y

N. canirum® SAG1(29kDa)® SAG2(35kDa)9] #3AAE F24317]
A% ARow FAA SAG AARY A/IMLE SAL el primersE



Azt AZY primersE ©]-&39 PCRE AAsRer W0l &
¢ ¥ PCR WHg AHEL 1% agarose geldl A7149% S AAsto PCR 44
L A5 FFo] #od PCR AHE-L Qiaquick gel extraction
kit™(Qiagen)E °l&3ted FASAT. ¥el¥ PCR 4E2 pCR 21 #H
o] ligation¥+ ¥ E. coli INVaF competent cell] ZRAA&AZ} 2
A8E cell® ampicillin(100 ug/m)# X-gal(40 ug/mh<S E3 LB
agar WA E@3td 37C F7]dA L gt RIS o
2 7] 98 LB brothlM E colis B F QlAprep
spin miniprep kit™(Qiagen)E ©]-83 9 plasmids &3P, ATFE:
£ A% insert?] #FE &Y. FUE insert= Amersham
automatic sequencerg ©]-&3tq d7|Ad& EAHAH.

N. caninum® NCDG1# NCDG29] #3AzE F24937] 9% 480
2, 39% dense granule proteine FAxte H7jHEE TAZ JH9
primersZ A #3 At AFE primersE ©]43 PCRE dA oA
ulg-o] 4 ¥ PCR ¥h% AME2 1% agarose geldl A7|95S A
a PCR &S #EAsHd. FFe] A" PCR AEL Qiaquick gel
extraction kit (Qiagen)E o©] &3t AASZTt. EeE¥@ PCR AEL
pCR 2.1 ¥ ligationd ¥ E coli INVaF competent cellol 323
BTG YAABED cell& ampicillin(100 ug/mD 3 X-gal(40 ug/mDe
F e LB agar s Edste] 37C F27)oA sE wigs Ao
PAASR 4R E g3 7] 98 LB brothdlA E coli& g &
QIAprep spin miniprep kit™(Qiagen)E ©] €3t} plasmidE #3483,
ARaLE A3} isertd] HFE AU FYE  insertE

oL



Amersham automatic sequencerZ ©}-§3td Q7| ES EAs A

2) 9471494 ¥4

Immunoscreening S £33 42 %44 plaques BT E ¥ Eo=2 H
X 5% chloroform& E#% SM &3 200ptd FHAZD F o5
insert® &Q3}7] A FPo2 AHE3t9 PCRE 4A83dH. PCRE 4
A & PCR AFE-& 1% agarose gel’dol A7|9E3do] &% T F7]
AMEE A EU9€E 971448 € Genbankdl TE¥ N. caninumsl
gene data®} ¥]w gt

3) ¢¥

N. aminum F3%= 28 vectord pGEX-4T-2(Pharmacia)}
ligationdt 9t} Ligation® &89 1005 100gf competent cell BL219]
Ahsta E&ol 3087 $AF F 2T94 023 434S FU o
719l 500429l SOC mediume 7M1 ohF 37TAA 6083 wiF3 AT
BgE o]E £ 98 LB/ampicillin(100ug/mé) agar platedl 4AFY EF
o] 37CoA 2% wigsdch. wg® FJFEEL AEsoq 3mlY
LB/ampicillin(100pg/m¢) # =)o} wjFste] ODeoN A F3=7F 061 2 W)
7HA g F olg F IS FAstd ¥AERAS L YA &Y iso
B-D~ thiogalactopyrunosideIPTG)E 1mMe°] & wi7tx] F7bsk F tA
0TCAA 4A 7 wFAct. g F A4E2(13,000rpm, 10min)E A
3t FF AL AASR SDS-PAGES sample buffer§ TFA7MS F
125% geldlAl @71 453t d4d §FERde] e s AHS U
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it

N. coninum®] NCDGI1(700bp)® NCDG2(550bp) #dA= @@ vector
¢l pMal (Pharmacia)®} ligationAl# d2AA3d Ecoli BL21&
ampicillin(100 £ g/ml)e] H7Fg LBujAol HF3t3 37CAX AZui st
o F3X 600 nmolA OD3te] 06° HEE wY¥d F IPTGE HFTF
=7} 06 mMe] HEE FArlete 28E Ao AxE @92E A
Ast7] Ystd IPTGE #EAIZ 10mle] g #5F5 AAAA 44 &=
d FFzdLe dFgAqo=2 HYAF glutathion Sepharose 4B columng
TAANZ F PBSE FHHA & 9¥AZ 4Ad3d] AASIL elution
buffer(10mM glutathione in 50mM Tris-HCI pH 80)2 &3 d 9¥&d &
8%, AAFH.

5. @¢Z £33 (Monoclonal antibody)X4

1) &4 a9

uh9-2 FHE s FAAEE d7) H3td BF 658 BALB/c
k929 B3 NCDG 1 & 2 ¢ SAG 1 & SRS 2 349 13]¢9] Az
Fol 100uge] HEE 33d] ZA AYsUT 13 WYL FAE S ¥
Freund’s complete adjuvant(FCA)E, & o] 04 (LN F 100pg)
g v BN FARSIE 6FF o & Wz 23 AYs 44
3tAtTh 4F % HEF BuuAddgdd 22Y%9 Freund's incomplete
adjuvantE 4olA 33 W& HAIEARL, 3754 I 02ml100x0E
A FALSte 39 Fo §F4AHES AASFAL



2) §34%

Zt 402 d9d BALB/c "2 AFTHAN RS A} vt
$229] v FL FFHoR AHAFd SF DMEMOZ 3¥ AH3IHA ¥
ol & =AES AAT F AAZE JFHAG AT HAAAN 58
WA AZRF F5AE g2 4B E EAAM 1,000pmAA 10%
7 QAR AT T g3Ae AAsS] AdB W AEINE
F EEoFR YT AAA HFATY &3S Foln E AX HEE
$13td 2mle] FBSE 718 ¥ Fdxdoz 94 EHsoq 398 9
i, AEFE 8827171 9349 2ml9 0.83% HEPES-NHl €98
A7bste 287 EE53 2ml9) FBSE Yol 944 #&3A. olojA 23
o SF DMEMO 2 4. AE g8 AHE v FIAEE
Sp2/OAgl4E AHgatgith Sp2/OFFMEE FBS DMEM(15% FBS
;penicilin 100U/ml:streptomycin 100 £ g/mEHEPES 2mM)oll A} Ao} u %
sgoem NE §F4A 7Y Ad 66 X 10°M 8-azaguanined F7}std
At A ES 3742 Kohlers} Milstein (1978)¢] # e wskon
AEZF3A 9 Sp2/0O cell& SF DMEMo 2 94 #83o FBSE AAS
At w2 v TS FYAEE 27 14% 10049} 6.1X10E 4o
SF DMEMeS.2 33 94 M3 F 5 FAAAF polyethyleneglycol
3500 Imle 12¢] 2R H7}8tx 97]e] SF DMEM 1mi% 20miS 2tz
183 4327 EE9A JojFa 44 8. 4488 F 439
Helx §FAEEE 20% FBS DMEM 40mio] H##A1A 96 well tissue
culture plates] 200 Uwelld 383 5% C0.9% HESH FE7 $A8
37T incubatord] A uj %3} T},
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3) 23¢Y , 549 2 FAEE

€3E AEUg ddudsr] 93« DMEMY HATE 3A71e 9
(HAT FBS DMEM)100ul/wellB S &% 14, 29, 3¢, 54, 64 7A &
olF3 74X HE FBS DMEMY HTE FA71st & 10pl/welly Zol+d
A SRAEY FAARE dnjR FESGEY HTHAZ AHfEE Al
A 5~74 Atold] Mg RS AFol Fdd gF IFAE Hls=
well& ELISAY o2 AMsdct ELISAZAL 23, A EH7F 895
A 3 welldl d¥+= HT FBS DMEMO 2 §FAEE AT 3X35td
Z} wellell 200 18 ¥F38te] 7~109437 wigstaAA FHFAEY FHAR
g ¥r73 #Fsgod UrA welld FAwE AEEL dAFAL"3
d R#ASA bF dA £29d dusAh. WEF 3~59 Atoldl & Al
E2RE FAsd AxFeS FAT well 0ME HASA Az
o] welle] ¥ A wf ohA] FUo] g FA L ¥ S ELISAR 243}
Aot 9EFE FAE AASY] st Protein G Sepharose 4 Fast
Flow(Pharmacia, Sweden) gel& ©]43t affinity chromatography& 4|31t
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24d. 4743

7t A 145 A 25

1. e 2xd Kolgdo g4

ve2xe So] g4 gAL 943 N cninum lysate$t UIQAXE
2 $8H S o] 834 Western blot& A3} Th. Western blot 23 £
A= oF 80, 67, 45, 35 ® 29 kDa®] @] FolHow AXH A (Fig.
1.

2. 42 2% ¥ Fe-SOD cDNA fragment?] 947]14¥ &4

N.  caminum® c¢DNAE F3o= 3o AFEF  degenerate
oligonucleotide primerg °]43d PCRE #A e 47, $Zd PCR #%
AHE-9] ZY)E= 2k 600bp o)UY olF geldld AAEFIT TA vectord £
2Yd F E colidl ¥2 A&tz widsia PCR W 4AHE<] A€
FHe WAL 49Y T2e LB AANA MFehD plasmid®
e g AFESLY BamHIF Xhol2 2 43N0 F 71958 4
A& N. caninum Fe-SOD2] gene fragmentE® AA A RAH
gene fragmentE® ¥PZ  labeling® W< ©|& probeE |83 N,
amninum® cDNA libraryE colony hybridization H¥HE& ©]&3t
screening3tFh. 2 A7 2719 ¥A colonyE AAEY F don ol
B Fste] plasmidE AASFR G7IHNEE 24T 47149 €4 2
7, 606bpE TAH¥Y 9¥ d5E(open reading frame)E& 7L U=
Fe-SOD#Azte] 4714 4E AT + JRed A= ofvxitd
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2027001 tH(Fig. 2). Fe-SODY) Nuwa Cierd] #si3ste d7144e
ZAZ 39 primers(NcSODF$ NcSODR)E #1238t Fe-SODH- A A9
224s ANSQAY. F2YH N caninum Fe-SOD fraAdE F40]
29 A BRE= Roz PAHAAE 449 ofrlx, His®, His™,
Arg™ 2 His'o] 2% &A89th. £&, Fe-SODS Mn-SOD} T4
AE7 = 579 ofmxa, Al® GIn®, Tyi™, Ala™® 2 Gy™*= 2%
ZATLS ¢ ¥ YU 71&9 W EBF 9 Fe-SOD9 obnlxat Y
3 N. caninum Fe-SOD®] ojmx2t Ndg wms) ¥ Ad}(Fig 3),
Toxoplasma gondii Fe-SOD$} %= 7 &

A B

Fig. 1. Western blot analysis of N. caninum. Lane A, Vero cell
lysate control; Lane B, N. aaninum lysate.



AEAHE BYoev, Plasmodium falciparum Fe-SOD$} 58.8%,
Trypanosoma cruzi Fe-SOD$} 495%2] A5A-S 2 It (Table 2).

3. E. coli AX 9 §3a¥4d ¢4

E coli WA TA £243t9 gd& E2n=E BanHI# Xholo
2 A3t insertE #5921, o] & agarose geldlA FAIst A
BamHIZ Xhol©. 2 A3l agarose geldlA AAd pGEX-4T-2 ¥H
o 243 AxY d% = E82v=E BamHIF Xholo® AHY
3t} 39kbe] WE S} 606bpY insertE FElFozA et ArHFig. 4).
83 insert DNAS =77} g Eg2v|=& E coli BL219 B3
ARSI Yo ImM IPTGE ol4ste] Bud AL F=stgdnh $d9
9L SDS-PAGEE HAIste] A3 AH(Fig. 6). 2&@E GST
g Ao BzlEe oF 50kDaollew GSTE AAS ¥d A e
F2 9 24kDaoc| it}

do gt

ut

P

-~

He
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atg gta
A P
get  cce
H H
cac cat
T A
acc gct
T G
act gga
F Y
ttc  tac
K P
aag cca
S v
tct  git
H F
cac tit
K K
aag aaa
T E
acg gag
+
H A
cat gce
K A
aaa gca
L D
ttg  gac

ttc

cat

gcg

g7

gca

g

act

gag

ggc

gt

A
aat

act

atc

ggce

Beg

att

g]c

atg

tat

tgg

L
gee

gga

tgg

gag

g«

gac

ccg

gac

gect

8=

aat

&

gaa

gca

cag

ctc

3

=

gca

ccg

gac

gag

g

ctt

cat

ctt

teg

ata

tcg

gtc

gat

tgc

gac

gac

gcg

g

ggc

gtz

gtg

gca

tgg

geg

gat

gce

gac

cat

att

gt

gaa

gce

cCcR

tgg

ctt

Rrgc

ggc

ata

gag

atc

135

180

225

3s

315

120
360

135
406

150
450

165
49%

180
540

1%
585

202
606

Fig. 2. Nucleotide and deduced and acid sequence of N. caninum Fe-SOD gene.
The putative metal binding residues are conserved in Fe-SODs marked by pluses on
top. Residues which are primary candidates for distinguishing Fe-SODs from Mn-SODs
are indicated by asterisks on the top.
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N. caninum
T. gondii

P. falciparum
P. malariae

SEETLNFHY YVNKLNTLI

P. ovale SEETLNFHYNEKEHHAGYVNKLNTLI
P. vivax SEETLNFHY YVNEKLNT
E. histolyticdM|S F

T. eruzi SIKQQVTLIHY|

T. vaginalis TQHAVEVHV

K. caninum NNAAQ|IVIWNNHTF Y|FN
T. gondii NNAAQ‘:I_IWNHT F S
P. falciparum NNAAQIWNHTF D
P. malariae NNAAQIWNHTFYWD
P. ovale NNAAQIWNHTFYWD
P. vivax NNAAQIWNHTF D
E. histolyticd K
T. cruzi E
T. vaginalis X

N. caninum
T. gondii

P. falciparum
P. malariae

P. ovale

P. vivax

E. histolytics - Q[T K|

T. cruzi GKADENAS

T. vaginalis VPA-HVA[ELLKKN

N. caninum G

T. gondii G

P. falciparumNNKLVILQTHDAGN 17
P. malariae |[NNKLVILQTHDAGN 17
P. ovale NNELVILQTHDAGN 17
P. vivax NNKLVILQTHDAGN 17
E. histolyticaD “]PLILTCDVWEHRAYYID 17
T. cruzi s LEVY[QTHDAGC —PLTCDVW HAYY[V]D 18
T. vaginalis D LEGQ!SNAAN -PII.TVIDTW HAr;[YID 17
N. caninum |[A WW|E[VV N W|D[F AlSs K[N]- - - - - 20
T. gonditx  |[AWWNV YV NW|D|F AlS K|N|- ~ - - - 20
P. falciparum(A WWN[LlIVNWNFANEN|- - - - - 19
P. malariae NILZVNWNFANEN|- -~~~ 19
P. ovale AWWNLlVNWNFANER[----- 19
P. vivax N{IVNWNFANEN|- -~ - - 19
E. histolyticaHWW NV V N W{K|F|VE|E[Q - - - - - 19
T. cruzi  [A|FWNVVNWEKNVERQ---~--- 19
T. vaginalis N YWN[H[VNWRNF|]VEQ[F|LKAAG 19

Decoration '': Box residues that match the Consensus exactly.)

Fig 3. Alignment of the deduced amino acid sequence of Fe-SOD
of N. caninum with those of other known parasitic protozoa
Fe-SODs. Gene are introduced to maximize alignment.
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Table 2. Comparison of the deduced amino acid sequence of
Fe-SOD from N. caninum with those of the others
known Fe~-SODs

Species Homology(%)

Toxoplama gondii Fe—SOD 92.1
Plasmodium falciparum Fe-SOD

Plasmodium vivax Fe—SOD ST
Plasmodium malariae Fe—SOD 56.6
FPlasmodium ovale Fe—SOD

Entamoeba histolytica Fe—-SOD 56.8
Tryoanosoma cruzi Fe—S0OD B 52.6
Trichomonas vaginali Fe—S0OD 36.9

A B

Fig. 4. Analysis of Fe-SOD gene amplified by the PCR using
Fe-SOD primers with cDNA from N. caninum. Lane A, 1kb DNA
ladder;l Lane B, amplified Fe-SOD PCR products; and Lane C, negative
control,



Fig. 5. Gel electrophoresis of DNA fragments digested by BamHI
and Xhol for identification of pGEX-4T-2 expression vector
containing SOD gene fragment. Lane A, 1kb DNA ladder; Lane B,
pGEX-4T-2 only; and Lane C, recombinant plasmid containing
Fe-SOD PCR products. )

Fig 6. Analysis of expression and purification of N. caninum
recombinant Fe-~SOD. Lane 1: uninduced E. coli lysate: Lane 2:
IPTG-induced E.coli lysate (pGEX-4T-2); Lane 3: IPTG-induced
Ecoli lysate (pGEX-4T-2/Fe-SOD); Lane 4: purified GST/Fe-SOD
fusion protein(50kDa); Lane 5: GST/Fe-SOD fusion protein after
treatment of thrombin (26kDa); Lane 6: purified recombinant Fe-SOD
of N. caninum.(23kDa).
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4. AZE Fe-SOD 9 43553 54

1) @3 9 do g9 v+ A AA (inhibitor)®] &4

AAE SOD &7 a7t Y F&Hol29 FFE A8 94
SOD 49| azide, cyanide, hydrogen peroxide’} "X 43S @33
Aok A" 229 4L FAP SODY BHEE 100%2 39, azide
oA 2}Z} 101.60%, 98.39%, cyanidedl A= 94.35%, 89.90%= &AJo] o
A= 2] gkgtor}, hydrogen peroxidedl A= 2+t 53.22%, 3467%% 24
ol aA AdAEE & F IR 1 B, N. coninumE Feol&& 73t
£ Fe-SODY & &3t tH(Table 3 )

2) 82849 9@ pHY ¥

ZFAE SOD &4l WX pHY S A3y A8 4F &9
o] pHE WU3ANA 443 4A8 23, pH 7094 pH 1207HA=
FRE FojE ¥AY + YA, pH 80944 Hie] &84S Hehd S
JEE = AU (Fig. 7A). AAE 249 4 AAFAHES S 23, &
o ois ¢FE FFE etk F 70CAA 1AZAA ek 80% %
9 4e FAEES ¢ F IR 2Pk, 3 ojFd= 4ol F43] A
o] 100CAXE 4ol 538 AHAL, 13T ojFdAE o 98%
9] &Ho] £4H Y (Fig. 7B).



Table 3. Sensitivity of the N.caninum SOD to various

inhibitors
.. Inhibitor(Concn) =~ °© | - - ~Inhibition rate(%) -
Control 100.0
KCN (5mM) 94.4
(10mM) 89.9
NaNz(5mM) 101.6
(10mM) 98.4
Hz02(56mM) 532
(10mM) 347
A B
T "Eit“wu\o
g [ % 0] I\J .\\ \o\"
g 4y E 4o ‘\ LN
: IR
20] 20} \ ‘\’\'
7 E 3 9 p"10 " 12 061235 10 157:;2(;&35“4550

Fig 7. Characterization of expressed Fe-SOD of N. caninum. (A)
Effect of pH on enzyme activity. SOD activity was assayed in 50
mM sodium phosphate buffer (pH 7.0), 50 mM Tris-HCI buffers (pH
80 to 90) and 50 mM glycine-NaOH buffers (pH 100 to 12.0).
Maximal activity was shown as 100%. (B) Thermal stability of
enzyme. The purified enzyme was incubated at various temperatures
for indicated times and then residual enzyme activities wer measured.
Maximal activity was shown as 100%. 37T (O), 50T (@), 70C (D
and 100C (D).
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3) 44

AAE BA 9 S 3 H(soelectric point; pI)& isoelectric focusing %
Hoz & 47, AZY Fe-SOD & 5AHL pl 7102 F4 9
Fol At

4) 3944 aF

¢HE AT 99 g44E 23] A% N agninum o 7
48 42834 I 4 428 L western blotting & E3, ¥ AEHI
A e g4 Bgou &4 A¥AHAAME wgol HelA skt
(Fig. 8A). AZXY Fe-SOD ¢ N. aminum® crude extract®
SDS-PAGEE 4lAl3td Ax=¥ anti-SOD #A ¢} western blot& AA1 &
43 23 kDa $1X°] band’t #FHo] THE AxF THA] N
aminum ¢} Fe-SOD & &9 < A}tk £ Ax" anti-SOD &
A7t N. caninum Fe-SOD & A& + J&& &AsAHFig. 8B).

12345 1

e
1
1,
3
g

T

Fig. 8. Western blot analysis of purified enzyme with parasite-infected
cattle sera and antigenicity with Neospora caninum crude extracts and
anti-Fe-SOD monoclonal antibody. (A) 125% polyacrylamide SDS-PAGE
and electrophoresis transfer of purified Fe-SOD onto introcellulose membranes.
Lane 1: Normal serum; Lane 2~5: Cattle serum of infected Neospora caninum.
(B) Western blot. Lane 1: N. caminum crude extracts; Lane 2 @ purified
recombinant Fe-SOD.



5) Stage-specific expression

RT-PCR #4433 Fe-SOD ¥ parasite stagedld EF FZHURL
(Fig. 10), SOD specific primers® #Z*A]7l genomic DNAE ¢ 650bp
az|z Jepgth £3% N caninum 9 Fe-SOD $3& Az 9¥Ad
dE HL AME3t immunoblotg AAIE 23, RT-PCR £43 4X
e HYe B Fe-SODE tachyzoites® bradyzoiteso] ZFolr EAE
< ¢ F I (Fig. 9.

123

Fig. 9. Expression of Fe-SOD in two develpomental stages of
N. caninum. (A) RT-PCR. Total RNAs were purified from bradzoites
and tachyzoites and the mRNA (20 ng) reverse-transcribed into cDNA,
repectively. Fe-SOD gene was ampilified from cDNA with Fe-SOD
specific primers. Equal amounts of PCR mixtures were weparated on
agarose gel and stained with ethidium bromide. line 1: bradyzoites
cDNA; lane 2: tachyzoites cDNA; lane 3: genomic DNA. Molecular
weight markers (kb) are shown on the left side of the figure (B)
Immunoblot. Equal amounts of total proteins (10 g) from bradyzoites
and tachyzoites were separated by SOS-PAGE and immunoblotted
with polyclonal antibodies rasied against recombinant protein. lane 1:
purified recombinant Fe-SOD; lane 2: bradyzoites; lane 3: tachyzoites.
lf\i/lolecular weight magkers (kDa) are shown on the left side of the
gure,
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6) N. caninum®] Fe-SOD9 ¥X¥ 91X

AZzE anti-SOD A& |88 N. caninum WX Fe-SOD 9
¥ $4¢ gdstnx 3 A9333 S AN 2498 vero cell
e B Intracellular ¢}  extracellular  tachyzoites 2%
immunoflouorescence staining ¥ 23 SOD + tachyzoites®] entire
surfaced] ¥EEE FAE + AN (Fig. 10).

A...
B...

Fig. 10. Indirect immunofloresence staining of N. caninum
tachyzoites. (A) Surface staining. (B) Intracellular staining Fe-SOD
was stained using affinity—purified anti-Fe-SOD antibodies followed by
FITC-conjugated anti-rabbit~ antibody (a). The entire parasite was
stained with anti-N. caninum antobody followed by TRITC-conjugated
anti-mouse antibody(b). Phase contrast microscope (c).
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5. Proteinase?] 43133 £4¥4
1) v @~ ¥ ¥} proteinase cDNA fragment®] ®714 g #4

N. caninum®] ¢cDNAE F3o2 39 A &3 oligonucleotide primer
£ 0183 PCRE HAAE Z#, FZE PCRUSAES 27|+ serine
proteinase 19 = 7] 2598bp$} serine proteinase 22 Z 7= 1,882 bp
oJAth(Fig 11 a, b). °1& geldlA AAISL TA vectord) S22 ¥
Ecolidl 33 A& w3t PCREES AHEo] 4dd &&& AAdEs
ot Add &S LBAA WA wiFst plasmidE E88t, AR
&% BamHI % EcoRI o2 A¥ F insertE AN, E coli BL2L
A 32485 1 mM IPTGE o] &3t ©9d dHE& fEsdd. ¢

A" d¥AL SDS-PAGE ¥ western blotg dAlste] E1g A7 &
A GST €3I A EAFL o WkDaolA 3, GSTE AAS L4
geid e EAFL o 63 kDaollvh 2dE AxFHAAAARE AE
At olF EAFETH 54 d7E AL, vexFEgFd U

& pathogenesisel P|A= &< HHA d¥E AASGRAR, 4943
dedgx FELAEE AN

to



Fig 11. Gel electrophoresis of DNA fragments digested by BamH
I and EcoR1 for identification of recombinant plasmid
containing serine proteinase 1 & 2 gene fragment. lane M :© 1kb
ladder; lane A:arecombinant plasmid containing serine proteinase
1(prol); lane B: prol fragments digested by restrictign enzyme (EcoR
1/BamH I ;arrow a), lane C: recombinant plasmid containing pro2; lane
D: pro2 fragments digested by restriction enzyme(EcoR I /BamH
I ;arrow b).

2) N. caninum @9 A& x4 ¢
N. agninum serine proteinase 3¢l EWASE (open reading
frame)¢] N 293 C 2ol Ztzt BamH 13 XhoI ¢ A#EL AN F
A& AZME primerg AFII o] F AHE3tY PCRE 4A3A4. PCR
3 ¥ PCR W& AHES TA €248 g IAFsS Hdg ¥+ &
F2u=8 AASHS BanHI T Xhol AGELZ DS F, AV 4F
AAEY insertd] #F& FUHYY. BamHIFH Xhol ATELZ
Agse 9& YeA¥F serine proteinase #AAAE LHYEHS



pGEX-4T-2 (Pharmacia)®l 443 ¥ E coli DHGa & ©] &3t 824
3R 2™ screening L LHAIA AA LG

3) substrate gel electrophoresis

o EHIALE gel HAA #FII] HAstd A& X5 activity
sample buffer(29% SDS, 2% sucrose, 0.01% bromophenol blue in 0.125M
Tris-HCI(pH 6.8)% 231 12% polyacrylamide gel2 A7]4 %3 A
719 %50l B gel 1% gelatino] &#¥ 12% polyacrylamide gel® %
°] 2.5% Triton X-100-8& ¢ A3t HA2A 2083t As SDSE
AASDY. 2 F F gel2 AHA 50 mM Tris-HCl(pH 8.0)&3& ol
FAAND & 37C F27199A 243 ¥EAF)AL, amido black(Sigma,
UsSA)ez daste &do] vehd JXNE FUsAH.

) AR FF

A" B2EA dAAAYL A TS VIS A8 BAL
AA A7 TgE 50mM Tris-HCI(pH 8.0) €38 A7H3o

37CAA 3083 AR a2 713 azocaseing 75p 1378k

o Whg EFES 7CAA 247 AN £ 54848 FA8

Ao Ag3 A AQ A= diisopropyl flurophosphate (DFP, 10 mM),

phenylmethyl sulfonyfluoride (PMSF, 5 mM), L-trans-epoxy-

succinyl-leucyl-amido—-(4-guanidino)-butane(E-64, 20 M),
Leupeptin(200 ¢z M), Pepstatin A0.1 M), N-ea
~p-tosyl-L-lysine-chloromethyl keton(TLCK, 200 M),
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N-tosyl-L-phenyl-alanine  chloromethyl  ketone(TPCK, 200¢M),
iodoacetic acid(50 « M), 1, 10-phenanthroline(25mM),
Ethylenediaminetetraccetic acid(EDTA, 10mM)e]t}. Cysteine proteinase
9] o] A4A2xel E-64 R iodoacetic acid $} aspartic proteinase= ]
A 21212 pepstatin Aol AN ELEA ] AAHA &doh 283,
serine proteinase®] o] A&l DFP$t PMSFel 93] HAEA]
74%% 181%2 AA AAEE ¢ + A} KNTable 4). o139} 2A=2 B
ol AAE AT serineAEe 2R EHAELYE ¢ F AU
Table 4 . Effect of recombinant proteinase inhibitors on the
enzyme activity

~ ..~ Concentration - . Relative activity -

o hmhbtos o w9

Control 100%
Cysteine class

E-64 0.02 83.2
Todoacetic acid 0.05 89.0
Cysteine and serine class

Leupeptin 0.2 70.4
TPCK 0.2 450

TLCK 0.2 57.1
Serine class

DFP 10.0 74

PMSF 50 18.1
Aspartic class

Pepstatin A 0.0001 91.3
Metallo class

EDTA 10.0 5.1

1,10-Phenanthroline 25.0 724




Ax{aL G484 WA= JF 2x9 pHY IFF
2849 A 2x& #FE7] Y azocaseing 7]A= 0] 83
Ll

B
B4 whgdE 4T, 37C, 50T 2 80CH27|A 2/ < 712A% 74
Zt WgAZ b 8AEE 3 2 3 pH 6058 AAM3] 24

o] 7517l A& ste] pH 80014 E &4 €40l HA FaHUTH
F28Ae HA pHE B Hd 43899 pHE 43T 4
o2 WANTIHAN EHEE AU, pH 4094 507HAE 50 mM
sodium phosphate 94&-&< pH 7594 857 A+ Tris-HCI$#S & 1
g3, pH 9.0914 10.07tA= 50 mM glycine-NaOH$E 898 242t AL
8t azocaseine® °]43td FAHEE FAHT F T L €48 B
pHE & pHE FAHRAY. 2271 84844 A Ae 9FS #2317
A3ty ¥e 2EE WA AXFH T4 BHL FHY 23 0T
dA Hd 4ol Yeten, 1 FREE AA3 FA A Fig. 12)

_5’7—



(a) (b

Effect of temperature

Eflect of pH

/\\‘\
5 & 7 8

pH

8
8

Relative Activity(%)

Relative Activity(%)
e« B &8 8 8 8

4 14 24 34 44 54 84
Temperature( T)

9 0

Fig 12. Effect of pH and temperature on the activity of purified
enzyme. (a) The enzyme activity was assayed in 50 mM sodium
acetate buffers(pH 5.0-55), 50 mM sodium phosphate buffers(pH
6.0-7.5), 50 mM Tris-HCl buffers(75-85) and 50 mM Glycine-NaOH
buffers(pH 9.0-10). Maximal activity was shown as 100%. (b) The
purified enzyme was assayed of the incubation at various temperatures
for 2 h and the proteinase activity was assayed. Maximal activity was
shown as 100%

6) 714 5olA
t} 3% chromogenic peptidesd] thid AAd &4 713 Sol¥dL &
&3 43, 10 mM Gly-Pro-Leu 8 -Naphthylamidet= 068%, Nea

-Benzyl-Arg-Gly-Phe-Phe-Leu B —Naphthylamide+ 0.00%,
N-Succinyl-Gly-Gly-Phe p-Nitroanilide- 23.77%,
N-Acethyl-lle-Glu-Ala-Arg p—Nitroanilide-& 85.5%,
N-Acetyl-Ala-Ala-Pro-Met p-Nitroanilide< 3.81%,

N-CBZ-Leu-Leu—-Glu 8 -Naphthylamide< 0.10%, p-Gly-Phe-Leu
p-Nitroanilide 2 1.48%, N-Succinyl-Ala-Ala-Pro-Phe p-Nitroanilide=



32.78%, N-CBZ-Gly-Gly-Leu p-Nitroanilide2 35.66%¢< relative
reactiong YEHYT. ol ZIAES AHEStd BAE B4AE 50 mM
Tris-HCI(pH 80)&%-8 %) &322 ¥, peptide”] A& HFFHE7F 100
eMe] HEE Artstd 37C F27194A4 15833 wSAD HE B
~Naphthylamide: 340 nm, p-Nitroanilide® 400 nmiA 474 F3=&
57, 8459 2. 71d Sol4d2 N-Methoxysuccinyl-Ala-Ala-Pro-Met
p-NAol Y8 =& AL Rgon, N-Methoxysuccinyl-Ala-Ala-Pro-Met
p-NAol 9@ Vmax@® Km&e 727 34x10° M3 1.7%x10° Mel it

7) 4%ARA

Az Tare d94BFA FFL azocaseing 7|ARZ o] &5 HAAHA
o A" &4 101, Tris-HCl(pH 8.0)¢+3 &< 10018 &3t 4T,
37T, 50T, 80T 2, 4, 16 L 24A17HESH vEE-A1Z1 3 5% azocasein
9 35 plE FUKetA 37CAA 2A% S &A1 e ILE EHE
g ZA3Ad. 1 43, G471 4TS 37CAANE J2d UNIAAE
50% o148 83& fAs BxA AARFIY oY, 50TANE 12427}
A 1%, 16A7kol= 20% vlvte2 Ao, 24X Fos 48
o] &3 AHHAT 0TAMNE 08T il Ao &ds] &
AHE Aoz FFHAY des g vjnd BT Aoz Yeiw
oH(Fig. 13).
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Thermal stability of recombinant proteinase

120

100

80 ——
60 .
40 '

20

Relative Activity(%)

0 5 10 15 20
Time(h)

Fig 13. Thermal stability of purified proteinase from N. caninum.
The remaining activity of the purified enzyme after incubation for
various time intervals in 50 mM Tris-HCl buffers(pH 8.0) at 4T(@),
37C(lD , 50T (&) and 80 T(X) was measured.

6. SOD$} proteinase AZX Y XA o] S 2FAY B3

1) $¥44%

BALB/c w929 A7t §A%, §¥AEe HAT 2 HT A
Huj R oA o} Hedugd 238935 th SODS} proteinase ¥ WY
¥ BALB/cvt$-2F 2¥ld ZA AEFHHA 638 F F4d d3lA
%well plated] £F8 3 69z HATHA A 2e]n 643 HTHA A
AdulFd 23 F 340 well(65.4%), proteinase= ¥ 358 well(68.9%)4
A S HEY F2e FAHH Zolo] °]F 340 well, 358 welld]
#Fd o2 SODS proteinased] W Ig poly FAAPAE ELISAZ AA
23 FIE 0200182 7IEL2 9 42 well(12.4%), 53 well (15%)
A FA e AAE A



7. In Vitro 2¥ & 5% 9422 49 Axd A5FAA71A 55
4

24 well plate®] coverslipdl & FHE(vero celDE 71 F, 24A)7H%
o] SOD $ proteinas®] BFE FAE A F Ue2¥e 438 F
7hsked (¢ x10") @A o 2A12bE <t WSt Y FE F e x¥E
AZF9 & 109 F3Av G stfA Giemsad st <213}l controlol
A AFaALEL g T o8aod A& THI-(No. of N
caninum  per host cell treated/ No. of N. caninum per host cell
untreated)] X 100. = 43 mAb SOD¥E 57% , proteinase® 27%° 9
AEZH}E ZJ
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v A 245344

1L Ye2xde Wig R TH

vleszede] g 2 FFE A8 37MA AEFE o&3}9 N
caninum tachyzoites®] 2] A4¥& AASAT. N. aaninum tachyzoites
9] F24 582 Vero cell 7455%, HsF cell 663.6%, CAPE cell 672.7%%
el en FA712kE 69, 204, 252 47 e F45E 2 F4
71k A Vero celle] 7+ 43t tHTable 5). 3 AE FE 71&H
ALE Vero cell& ©]838 flaskstiol ¢F 70% monolayerg® ¥4s &
W N. caninum tachyzoitesE ] 3-494 ZH3 o2 Agujd s & F £
AA A -80To B#so FI34t

Table 5. Proliferation ratio of N. caninum tachyzoites by cell

culture
Harvest interval 6 days 2 months 2 weeks
Tachyzoite  initial 1.1x10* 1.1x10* 1.1x10*
conc.(ml)
Tachyzoite harvest| 82X10°+27| 73x10°*+24| 73x10°+21
conc.(ml) X 10° x 10 X 10
proliferation ratio(%) 7455 663.6 672.7
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2. ¥ e ¥ dF Iy A+

o] N. caninum tachyzoitesZEE 935t v}-$-29} sarcoma 180
cell& o] &g wjgo] A =HAtt Dexamethason(20ug/mlo] &F& %3
10937 AA¥ ICR micedl N. caninum tachyzoites(2.5% 1099} sarcoma
180 MEE feeder cell2 /It EZY F4 £ 4494 npg2E 3
Aste] BoAE 3. 3rd EFAL 23G9 26GS FAE ol
4, A& 2 back and forth #3& AA sarcoma 180MEE Hog I3
3 % 8um membrane filter? 3mm membrane filterE ©]&359 N
aaninum tachyzoitesgE &8 ddh

239 ARNLIE A5t £5EAE N caminum tachyzoitesE 2-4
u1¢] srcoma 180 cells# E%3}9 dexamethason(20pg/ml)e] &5& &
3 10932 AA¥ ICR miced] {7 AFEE stAHFig. 14).

N. aaninum tachyzoites®] F4& Ao TIH Foz AAHA
Toxoplasma$t= €8] W=A]  feeder cello] #2319 feeder cello] &
B35 Aol o)FoAA @yt B HAHPNAE srcoma 180 cellsE
feeder cell2 AH&3H Tt wH--2F ©] &% in vivo W¥A] Vero cell& °]
£ in vitro Bl F(7455%) .t} 7+ 43¥1(32,400%)9] F4&& JERL
®, 5x10°9] N. caninum tachyzoites®h 1 5911 25X10°8] N. caninum
tachyzoites2 HZFFS HAPS o HIFZFo] F/HETE AVLE=E F
7t oy BgAel N caninum tachyzoited] Q5 A %L sarcoma
cell®] S7t2 €FE2EEL Yol s ¢ & AN =8 vk B3
F2¥d N. aninum tachyzoites®] T5E3&2 259-325%F JYEHUIATH
(Table 6).



Table 6. Proliferation ratio of N. caninum tachyzoites by
mice—inoculation

‘dose of infection | . . . product

‘;No(;v of sarr(:ornia’ :1'\‘, L] ratio L 1 ratio.

-~ |before purification |- °  -|after purificationf

_Neospora | cell o %) AR A Y
5X10° 0 none 0 none none

5x10° 2x10° | 4x10"£1.3X10° | 8000 |1.3x10"£4.3%X10°| 325

25x10° 107 | 81X107E2.7X10° | 32,400 | 21x10°£7X10° | 259

Fig. 14. N. caninum tachyzoites in ascites fluids of mouse.

3. N. caninum tachyzoite®] ok9|F &5 #
Neospora= $-8lUEtE vj£3% q2yedA £ Bart glov ¥
A AAE T3 Neosporadl EAE BHid Z71 o s 433



HE FrtaAw e AF3d. °oJZX Neospora® EEol oz
o= HHES AFBRAAN Ao HEHR F 4IF) 2RAFS 4A
FZE Stodobt 3] Wl 1 HAAFL 29 T EAZ A A
g g&o| B}Vl dgEolt. a8y vl$-29 B sarcoma celld 7}
AE FAE A HEE T NeosporaZ® #EE ¢ Ao 3
HAIFATILEZ FA4E Yed x5 {4ddol He AF-E A= @5
3L srcoma 180 AlE ¢} 44 oA dexametason®] 10€7F A g€ ICR v}
o] B AFsRA HF F 44%H EF X Neospora %S &
A & dfern Kr2gk WA Yamage S(1996)0] A
primer(Np2l, Np6)E ©]&3t9] PCRI sequencingg Al=3Av}
Sequencing 2#E "= &8 F<Q Ncld vudt d3 FuliEa]F9 Ncl
9] PCR product 2489 37]7} 242} 334bp} 328bpol 2™ homology =
MU%Z 48] FAIY $7HE O straine 2 ALEHY ol ulE ¥
7t ol FojAotdin AZEn.

4. ELISAY & o] §3 vex¥a Ad ¢ 3HE4

A Qo] we G2 10~20% 3
AR &3 FAEol2 T E 49%9 2/ Bad b glon, €3 Adioen
[FARMEEZIZANSE) testE AHE3IR Itk [FAS AL 239 Aadd
(Neospora caninum tachyzoite) 22 % 58715 31X % crude@gd] 7198 =
g, BIAE o FHPY AY, TESY oy, 13 BL U AF
< AARldle wdgAolghe ddEe] glo] ELISAYS MwstA = A
AFE AL 1008 3145192 n, HRPOZ} conjugateo] SIE 231&AE 10,0000

Neospora aaninum< $-8] Yl A=



Z 34lal substrate® ABTSE AMS3IGITh EE9HEA 9] ODE 1235,
T84 ODE 009AEZ ARSI en, S/P(Sample/Positive) ratio”} 059]
Ad Af P2 RIS =3 7]E9 AE3E IDEXX Neospora ELISA
kitohe] Y| E(agreement)E Lol A3}, k-value’t 0708024 L dAEE
BYHTable 7).

Table 7. ¥ value between IDEXX kit and NVRQS kit

IDEXX ELISA KIT
Positive Negative
Positive 46 0
NVRQS KIT Negative 4 10
2(46%10-4*0)
K value = -—————--—- = 0.793
46+%10+50*14

Matd ELISAR S o]&£3t9 X9 &3 FA/tE A A
gz 229 AYH B$ 612F, AL 4645 F 10765 0ls) 2ASH
AHTable 8).



Table 8. Number of test cattle

o d13u1ct ‘ f‘naaﬁve;ct'tvle} | dairy cattle»}’t o sum
Gangwon 177 76 253
Gyungbuk 336 - 336

Daejon - 50 50
Chungbuk - 57 57
Incheon - 57 57
Jeonbuk 15 35 50
Chungnam &4 189 273
612 464 1,076

AWz s AEAG0] 86.0%2 M3 A Ugorn FHo] 113%=
Vg B vegd. b w4 U ARAYS ARSI Homas 3

Fo) RAEAL

o1FolAt B

o2 AmsdEdw. a4 Ax BAE

06%= U} $-2 datda vz oy L) 433 =58
¢ o AU (Fig. 15).
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0O P+++
WP+
B8P+

Fig. 15. Seroprevalence and positivity of cattle in 8 district. 1;
Gangwon, 2; Gyungbuk, 3; Daejon, 4; Incheon, 5; Jeonbuk, 6;
Chungbuk, 7; Chungnam, 8; average, P+: 0.5<SP<0.75, P++ 0.75
<SP<1.0, P+++ 10<SP

STUEE A4Vt 494% 9 348%E YEtdo] F¢RT Al
Ao FA&ol w3t B SP valueZt 1.0014¢1 P+++71 AA &= vl &
E A2 g Yehd deaxdgd g FANE 258 € F AN
tHFig. 16).



] P+++
P+
=P+

Native cattio Dairy cattle

Fig. 16. Seroprevalence and positivity in native and dairy cattle.
P+ 05<SP<0.75, P++ 0.75<SP<1.0, P+++ 10<SP

Foiglel A4W FHEe TR FF ARAYe] 667%2 P
A vgten ABAAL 113%2 7 WA U 2% 3de 2
Z} 35.0%¢} 26.2%2 Ve H(Fig. 17).
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g P+++
B P++
BP+

Ganwnn Gyungbuk Jeontusk

Chimgnam

Fig. 17. Seroprevalence and positivity in native cattle in 4
district. P+: 05<SP<0.75, P++ 0.75<SP<1.0, P+++ 1.0<SP

Ar A9 AQY PP 94 ARAGe] 043%2 HF BA UP
om 2RAG] VBYE 74 BYTH ARAGL B BE TS5 7
A7t B STR AN Fig. 18).
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3 P+t
m P++
B P+

Gangwnn MNaeaelon  Incheon Jdeonbuk Chunghtk  Chungnam

Fig. 18. Seroprevalence and positivity in dairy cattle in 6
district. P+: 0.5<SP<0.75, P++ 0.75<SP<1.0, P+++: 1.0<SP

5. 42 2¥e AR AxFoAA E5AAL 9% ALY 58
43

AR Az 2UZY 5% ARL d89 v192 D gerhil® o§
e JM5A-e gobugith A vle2o) Wl 2¥e tachyzotes 2% 10°
€ scE FAFY ¥ 22 e gA89 #F&YY. HE g2+ v
2% cystE #FE FE Aoy HY, Hgdde] AsA A0 A
#EE F YR HYApE dojd B9z AFYE AR (Fig. 19). ]
HNzHo2XE PCRE E3d Weaxele A4S A & & YL
W ddgdae §oo veazdel =AY AXE PAFHR A
Atk (Fig. 20). Gerbil®] H A M= N. aninum tachyzoite® AT
T AUTHFig. 21).

fo

to
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Fig. 19. The H.E stain of mouse brain tissue inoculated with 2X
10 tachyzoite s.c. Histology : encephalitis, meningitis and necrosis

506
344 — [om
298 —

Fig. 20. Polymerase Chain Reaction of mouse brain inoculated
with Neospora tachyzoite.

1: mouse brain inoculated with 1.25X10° Neospora tachyzoite ip

2: mouse brain inoculated with 2X10° tachyzoite s.c p.i 30 days

3: Neospora tachyzoite



Fig. 21. N. caninum tachyzoite in gerbil brain. Arrow indicates N.
carinum tachyzoite.

Gerbil & Wle 22X dis] uwj$ FeAe de AR ¢8A o
N. caaninum tachyzoitesoll dsjA ¢ AHE FP39HTable 9). 4
X10°1A 4x10'74A19] Y& 2¥2} tachyzoite® ip R sc2 JFH ¥
girbile] MEARE BAHAG. 4x10° L 4x10°e FFF B ip 2
sc AF 2F A4, 4X10°8 FFE AQTINE sclEY 3¢
BT AEFYOY ipE HEFY FAAME 2vlElF 1vtEwt HAEo o]
E9 LD 4x10°8 ip2 AT e AYL ¢ F Yo
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Table 9. Susceptibility of gerbil against Neospora tachyzoite

Group Dosage & rout Result
1 4x10° died (p.i 8 day)
10ea ip. died (p.i 8 day)
9 ax1® b died (i 8 day) ]
10ca S died pi8 day) |
‘ died (p.i 8 day)
3 4x10* died (p.i 9 day)
9ea sc. | died (pi 9 day) |
4 4x10° died (pi 12 day)
9ea ip | died (pi 13 day) |
5 4x10° alive
10ea s.C T alive |
6 4% 10° alive
9ea in. | died (pi 11 day) |
7 4x10" alive
9ea s.c T T T ahve
8 4x10" alive
10ea ip T alive

6. W22 %7 oocystBRE AT F4FA Ao dF AFFAIY
WexEes 47 Aol wHA Yor FFRAHY FG A=
t 29T ova2yy AgHE £ARGR B9E F4H}E W F

._.74_



Hoz WidgE 3L TIAM v &S
T 9tk vexxgdd A€ 7t F7

ol FdHE FHEAIE &
EAE A5 oF F{E wMAAEL FFA FEAERA 249
A gezX d4¢ dag z#sA drh

Hexxad dg Az drigded did dols AL F55U
A2FEH U2 oocyst2 FAHTE T8 59 ol g AL EA
ARE Azt @ olg Hdtd A SutElE AMSE 2AAXAE T

o Ye2¥el JHoz QM w2 5vtdle HE Z4Zte Ao ATFE
T FEAAG AT AY e AVIH o2 3o oocystBA
g 539 £%9 oocystsE AT + AT

7. AZ? 7 49 F3s AY

1) 383 971 53

HEE AW A SOD, Proteinase, DG1, DG2, SAGL ¥ SAG29
g8 F3ls 438 Zzbe) poly ¥ monoclonal antibodyE ARE3Hth
polyclonal antibody: E7Z71E ol-§3td FEAHE wWEJeH 4 Fdd
AE FdAH Arte DFIVENAYPAFAE Fstd FAsgH
(Table 10; Fig. 22).

EF 6379 AXFENAY O FIHFE 0E7] fsd, 429
Az SNdE E7 st 200uy/miN o] FAE TS complete
adjuvant®} Est 15 2L 93, 2F F9 incomplete adjuvant$}
3t 22 FFEAW HAF AT 27 T4 AE F S Y39
Add  AME3EtE  monoclonal antibodyE ol &% FHEAHL
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hybridoma cell ¥l¥ -8 o] &3}

Table 10. Antibody titer of recombinant protein using IFA

. : . e Titer ol

No- | Antigen 100X~ | 200%_| 400 | 600 | 800X _

1 SOD ++ +

2 Proteinase ++ *

3 DG1 +++ +++ ++ ++ +

4 DG2 +++ ++ ++

5 SAGI1 +++ ++ .

6 SAG2 4+ T+t t +

7 |Neospora crude Ag| +++ ++ +

Fig. 22. IFA of Neospora tachyzoites using anti-recombinant
protein(monoclonal antibody).

2) $3% A9
Zt AxF dfF dist JrtEAFAAM Neospora tachyzoite crude
antige 2.t} A 7171 =4 U2 SAGI, SAGZ 2 NCDGI, NCDG2, SOD,
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proteinaseE 9] THMEAlG]l dd F3% NP FASRAYG. FTHLYLS
$13te] 8 well Chamber slidedl Vero cell& 3412t A% wigadc. &3
& 329914 2568171x] 27 843 F Neospora tachyzoites& 37T
A 1 AREE AR Vero cello]l YA E Z welld] A
3} ¥+89 Neospora tachyzoites® 1x10°8 FF a3, 1Xzk Fof A 1)
Az m@sgo. 4% 3¢ Fol Giemsa's staine 2 G TEE A
F & U3} HFig. 23).

Fig. 23. Giemsa’s stain of Vero cell inoculated with Neospora
tachyzoites. Arrows indicate Neospora tachyzoites in Vero cell.



60
50
40
30
20

No of infected cells

10

32

Monoclonal
B Polyclonal

64 128 256 control
Reciprocal of dilution

Fig. 24. Neutralization test using monoclonal antibodies against
recombinant DG 1. ’

60
50
40
30
20

No of infected cell

10

Fig. 25. Neutralization

B Monoclonal
M Polyclonal

32

recombinant DG 2.

64 128 256 control
Reciprocal of dilution

test using monoclonal antibodies against
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%3148 43 PBS (Phosphate buffered saline)2 2% AHd =2
AME N. caninum tachyzoites®] ¥ ME+7F welld 2z 52719
5644 & ¥ & IRy FEFoE AHE welldAe ZHE AZ
7t 333 Zadd 1112899 FAIMuFA 2-3MH ] AxTS
A8 F A Fig. 24). 2 1:328) Az FEE AT}
gRAHo AT FEHE o]FojAA F&E ¢+ UM

80 r
B Monoclonal
70 r nm Polyclonal

No of infected cell

32 64 128 256 control
Reciprocal of dilution

Fig. 26. Neutralization test using monoclonal antibodies against
recombinant SOD.

SODd} dist FEAHE o]L3 FHAFAME T ¥so F9
AJE AolE B £ UUHFig. 26). ol= SOD7t N. aaninum® =&
ojF= T¥jAo] ofy] WEY AR AR

_.79._



80 r
B Monoclonal
70 r M Polyclonal

60 r
50
40 r
30
20
10 ¢

No of infected cell

32 64 128 256 control
Reciprocal of dilution

Fig. 27. Neutralization test using monoclonal antibodies against
recombinant SAG2.

60

Monoclonal
50 F B Polyclonal

40 |
30 |
20 |

No of infected cell

10 r

O Exeey S 3
32 64 128 256 control
Reciprocal of dilution

Fig. 28. Neutralization test using monoclonal antibodies against
recombinant SAGI.



DGL, SAGZ t71&€d] g FEHE o848 FdIANE d=T
o ®std FPdE Aeolg B & JAAKFig24, 27). 5 32ujd A4 4A
& Fe 2 AE oM A9 Axy SHFe T A
STERT = Rew ARG,

3) A=y o7t F49 A BolF AY

AZF SR AE] N aminum tachyzoites®) TAd tid Wols &
A& A3t N. caninum tachyzoitesdl 254 UE gerbildl DG, DG2,
SAGl, SAG2 2 N. camumn tachyzoites crude YL complete
Fruend’s adjuvant®} &3t wte]? 100ug¥ scE FF3HH(Table
11, 12, 13). 25%F 2% HAFL AR oA 23F9) 1x10° mrElg N
aanium tachyzoitesZ 57202 FAFEFT S A1, 25F o FF3Ah

_81_



Table 11. Protection ratio of single-recombinant antigens to N.
canium tachyzoites challenge in gerbil

No, of infected gesbil |~ | No. of survived gerbil| | Ratio
st | 2nd | 3d | | 1st | 20d | 3d-} /,(%)\:

Antigen

Control 10 6 7 23 2 1 1 3 13

crude ag 10 7 7 24 7 5 5 17 70.8

SAG1 10 6 8 24 3 1 1 5 20.8

SAG2 10 7 8 25 4 1 1 6 240

bGl1 10 6 8 24 8 2 4 14 583

DG2 10 7 7 24 7 3 3 13 54.2




Table 12. Protection ratio of dual-recombinant antigens to N.
canium tachyzoites challenge in gerbil

. Noofmfected gerbil/”«): No: of survwed gerbtl e ‘Ratic
st | 20 | 3 | | tst | zd e )
Control 0| 6 |7 |23 |2 |1 |1 |3 3
crude ag 0| 70 7 |2a)| 7|5 |5 | 17|08
SAGI+SAGZ | 10 | 20 | 10 | 40 | 7 | 12 | 6 | 25 | 625
SAGI+DGI | 10 | 20 | 10 | 40 | 4 | 9 | 6 | 2 | 500
SAGI+DGZ | 10 | 20 | 10 | 40 | 7 | 100 | 5 | 22 | 550
SAG2+DGL | 10 | 20 | 10 | 40 | 7 | 138 | 6 | 2 | 650
SAG2DG2 | 10 | 20 | 10 | 40 | 6 | 11 | 7 | 24 | 600
DGI+DG2 | 10 | 20 | 10 | 4 | 6 | 10 | 5 | 2 | 525




Table 13. Protection ratio of triple-recombinant antigens to N,
canium tachyzoites challenge in gerbil

" | No.-of survived gerbil | |Ratio

s fﬁé.pé‘fr infected gerbil S
G

Control 10 6 7 23 2 1 1 3 13

crude ag 10 7 7 24 7 5 5 17 | 708

SAGI+SAG2+DG1 | 10 20 10 40 8 13 6 27 | 675

SAGI+DG1+DG2 10 20 10 40 7 10 6 575

SAG2+DG1+DG2 10 20 10 40 6 14 7 27 | 675

SAGI1+SAG2+DGI+
10 20 10 40 8 12 7 27 | 675
DG2




o A 3AN-IAA 23

1. Immunoscreening

AZg  cDNA  libraryE  dl22¥e  FIHS o] §3d
immunoscreening € AAIE A3, 82749 YA FEESS FUE F U
Tt} o]Ed diste Agtll-forward ¥ Agtll-reverse primerE °]-&3}¢]
PCRE 4A}3 A3} wild type(non-recombinant) phaged] A& <¢ FZ
9He] 379 182bpEY & GH-2 ¥ 21°% immunoscreening
a3 gd4go] AsA veid 28E F 2001E A9 drIHEg &
A3t3, o]& NCBI BLAST search programe ©]-839 GenBank®l] 5
A= o] A& N. caninum A2 @713 vlxsigdeh. 2 23 67
9] E89A N aminum® SAG1# SAGZ #3xte] @749 A
- AAH(Fig. 29).

2. SAG1 9 SAG2 349 24

N. caninum®] SAG13 SAG29 E71X¥EE& 2AZ AFE primersE
H7bst] PCRE AA® ¥ 1% TAE agarose gel A719%5 L A3
. 953 gelg ethidium bromide®Z A% d3} SAGIE SAG29
bandE Z}7} /W #Ast]ow, SAGLe A7|E 9%69%bp, SAG2Y 73§
£ 1206bpel AcHFig. 30). °]& HAWEQ pGEX-4T-29) ligationdt 1
E. coli BL219] ¥R A&t



——

49
17

97
145
49

193
65

241
81
289
97

337
113

385
129

433
145

481
161

529
177

577
193

625
209
673
225

721
241

769
257

817
273

865
289

ATG TTT CCT CGG GCA GTG AGA CGC GCC GTC TCG GTG GGT GIG TTC GCC
M F P R A V R R A V S V 6 V F A
GCG OCC GCA CTG GIG GCG TTC TTIT GAC TGT GGA ACT ATG GC ATCAGAA
AP A L V A F F D C G T M A 8

AAA TCA CCT CTA CTT GTC AAT CAA GTT GTC ACC TGT GAC AAC GAA GAG
K 8§ P L L V Q@ VvV v T ¢ D N E E
AAA TCA TCA GTIT GCC GTC CTA CTA TCA COG AAG CTG AAC CAC ATC ACG
K 8§ § v A v L L 8 P K L N H I T
CTC AAG TGC CCT GAC AAT TCG ACC GCC GTG CCC GCT GCT CTIT GGT TAT
L K ¢ P D N S T A V P A A L G Y
CCA ACA AAC AGG ACC GTC TGC CCG GCG GAG TCC GGA GGT CAA ACT TGT
P T N R T V C P A E S G G Q@ T C

ACAGGCAAGGAGATACCG’I'I‘GGAAAGCCTGC'I'I'CCCGGGGCAAACGAT
T E I P L E L L P G A N D

2]

AGC TGG TGG TCA GGT GTT GAT ATC AAG ACT GGC GTT AAG CTC ACA ATT
S W W s 6 VvV Db I vV K L T I

=
-3
<«

CCT GAA GCG AGC TTC CCC ACA ACA TCC AAG TOG TTC GAC GTC GGC TGC
P E A §$ F P T T S K S F D V 6 C

GTC AGC AGT GAT GCC AGC AAG AGT TGT ATG GTC ACA GTC ACA GTG CCA
vV § 8§ D A 8§ K § ¢C v T v T V P

=

C(XZAGAGCCTCA'ICGCITGTCAACGGTGTCGCAATGTGCTC’I’TACGGT
P R A S S§ M S Y G

ol
<3
z
]

GCA AAC GAA ACT CTC GGC CCT ATC ACA TTG TCC GAG GGC GGA TCT TCT
A N E T L I T L 8§ E 6 6 S S

Q
o

Ad;ATGACCCTCG'I'I'TGCGGCACGGATGGGAAGOCAGTI‘(I?TCCI’GAT
T M T L Vv ¢ 6 T D P V P P D

CCT AAG CAG GTT TGT TCT GGG ACG ACC GTC AAG GAT TGT AAA GCA AAA
P K @ v ¢ 8 6 T T V K D € K A K

COG TTC ACT GAT GIT TTC CCA AAA TTC AGT GCT GAT TGG TGG CAG GGA
P F T D V F P K F S A D ¥V W Q@ G

AAA CCC GAC ACT AAG GAT GGT GCA AAA CTA ACG ATC AAG AAA GGT GCA
K P B T K D 6 A K L T I K K 6 A

TTT CCT CCA AAG GAG GAA AAG TTT ACT CIT GGG TGC AAG AGC GTA TCG
F P P K E E K F T L K S

AGT CCG GAG GTT TAC TGT ACI' G’TG CAG GTG GAG GCA GAG CGC GOG AGT
S E v Y C @ VvV E A E R S

GCAGGGATCAAGTCGTCGGCTGAAAATG'ITGGTCGCGTI’TOCCI'TTI‘C
A 6 I K 8§ A E G R V 8 L F

48
16

96
32

144
48

192
64
240
80

288
96

112

128

432
144

480
160

528
176

576
192

624
208

672
224

720
240

768
256

816
272

864

912
304



913
305

GCT GTA ACA ATT GGA CTC GTA GGC TCG ATA
AV T I 6 L V G S I

(A) SAG1

1
1

17
49

33
97

49
145

65
193

81
241

97
289

113
337

129
385

145
433

161
481

177
529

193
577

625

225
673

241
721

M A T H A C V V R R
ATG GCG ACG CAT GCT TGT GTG GTG AGG CGC

F A K L 8§ A 8 @ s ¢C
TTT GCC AAA CTC AGT GCG TCT CAA TCC TGT
v
GT

N R 8§ V 8 F A L L
AAC CGA TCG GTC AGC GTC TTC GCG CTG CTA

vV 6 v 8 G A P F K 8
GTT GGG GTG TCG GGT GCG CCG TTC AAG TCG

¢ L P K @ 6 N A D @
TGT CTC CCG AAA CAG GGT AAT GCG GAT CAG

D S @ H s I T F A C
GAT TCT CAG CAT TCA ATC ACT TTC GCT TGT

P S K L L S E D D G
CCT TCC AAG CTT TTA AGT GAA GAT GAC GGC

S D 6 E D E € E K N
TCA GAC GGG GAA GAT GAA TGT GAA AAA AAT

F L P 6 A K K E W V
TTC CIT CCG GGG GCC AAA AAA GAG TGG GTG

6 I K I T I P D E H
GGA ATA AAG ATT ACA ATT COC GAC GAG CAC

A F R V 6 C K A 6 K
GCT TTC CGT GTT GGT TGT AAG GCG GGT AAA

vV Y v .a s R E S8 E V
GTG TAT GTT CAG AGT AGG GAA TCA GAG GTG

Cc A Y S P N V R L R
TGT GCT TAT AGT CCC AAC GTA OGT CTG CGT

E NN GG V T L I C G
GAA AAC AAC GGA GTG ACA TTA ATT TGC GGA

P D D Y M N H H C T
CCG GAT GAT TAC ATG AAC CAC CAT TGT ACG

E R P Y S A V F P 6
GAA OGC CCT TAT TCC GCC GTG TTIT CCT GGG

_87_

K A D A A C
AAG GCG GAT GCT GCT TGC

L T A K § V
TTG ACG GCA AAA TCA GIT

F 6 VvV V L A
TIC GGC GTC GTT TTA GCA

E N E K F T
GAA AAT GAG AAG TTT ACC

W V. A L VvV Y
TGG GTG GCA CTT GTG TAT

D G 6 T P L
GAC GGA GGG ACG CCC CTG

L I VvV € N E
CIT ATA GTC TGT AAC GAG

A A P L S T
GCG GCA CCA TTG TCA ACT

T 6 T L Q@ Q
ACT GGA ACT CTT CAA CAG

Y P A T S8 K
TAC CCA GCT ACG TCG AAA

N V ¢ L L H
AAT GTT TGT TTG CTC CAT

I 6 @ VvV A H
ATC GGA CAG GTG GCG CAT

P I T V N P
OCA ATC ACT GTG AAT CCA

P D G K A F
CCA GAC GGG AAG GCG TTC

E L D E C K
GAA CTA GAC GAA TGT AAA

F 8 8§ 8 F ¥
TTC TCC AGT AGT TTT TGG

320

16
48

32
96

48
144

192

240
96

112

128
384

144
432

160
480

176
528

192
576

208
624

224
672

240
720

256
768



257 T 6 E A S 6 Vv A 6 A T L T I P K 272
769 ACT GGG GAA GCT TCC GGC GTA GCC GGG GCG ACA CTG ACC ATT CCT AAG 816

273 D @ F P S T A ¢ T I Y L 6 € T G 288
817 GAC CAG TTT CCT TCG ACA GCA CAG ACC ATC TAT TTG GGC TGC ACT GGT 864
280 H P D D K @ VvV T ¢ vV v P VvV N I E 304
865 CAC COG GAT GAT AAA CAG GTC ACC TGT GTG GTT CCA GTA AAT ATA GAA 912
35 E V A K P A G A 6 S N P G G 6 S 320
913 GAA GIT GCA AAA (CA GCA GGG GCC GGA TCG AAC CCA GGT GGT GGT TCG 960
321 @ P D @ S S E K R D 6 E Q@ V N K 336
961 CAA CCG GAC CAA TCC TCG GAG AAA CGC GAC GGG GAA CAG GTA AAC AAA 1008
337 6 K P P T G G S 6 6 A T T G K Q 352
1009 GGC AAA CCT CCC ACT GGC GGA TCC GGC GGA GCA ACA ACT GGA AAA CAA 1056
3%3 N A S @ N A K D K 6 E T 6 6 E N 368
1057 AAT GCA TCC CAA AAC GCG AAG GAC AAG GGG GAA ACA GGA GGA GAG AAC 1104
9 6 b s p v L R G B A €C D E L P S8 384
1105 GGC GAT TCC CCC GTG TTA AGA GGA GAT GCA TGT GAC GAG TTG CCT TCG 1152
38 Y V A L S A A S L T A T A I F A 400
1153 TAC GTG GCA CTA TCC GCT GOG TCA CTG ACT GCA ACG GCA ATC TTT GCG 1200
401 Y = 402
1201 TAC TGA 1206

(B) SAG2.

Fig. 29. Sequence analysis of selected clones from immunoscreening of
N. caninum cDNA library with anti-N. caninum bovine serum. (A)
SAGL. (B) SAG2.



(A) (B)

Fig. 30. Analysis of SAG1(A) and SAG2(B) gene amplified by
the polymerase chain reaction(PCR).

3. 23

FAAEE E colid X SAGLY] 2EL IPTGE °l83q FESAT.
SREde ¢d AxE dotrr] A8 I v=9 IPTGE /st
o d¥g f2¥ 24 PTG ¥=7F 03mMAA ImM7HA ©gstA &
A Bde FESY 24E | $FAEAE 2 Aot e,
FeNAde 44 JHE 2HEE ¢ ¢ JAAKFig. 3D.

1) AZX3E] §9 2 WAFREAY JA

Neosporad] granule protein¢! NCDG13% NCDG2E& &='938 3 HFig.
29). ] A7)E= 700 bpet 650 bpE Rew, FAAB/I}AE 03 mM
IPTGE °j&39 v9ad ddg H=sidvh ¢dd o9de



SDS-PAGE ¥ western blot® A& &A% 27 ddE GST €%
wuld o] BxFL o 72kDa, T0kDacl g3, pMale AAH TdGY A
AL oF 29 kDa, 27 kDaolQith. ©19] |71 ¥4 A= Fig. 3044
2R gk,

MAB CD E FG H

Fig. 31 Gel electrophoresis of DNA fragments digested by
restriction enzyme for identification of recombinant plasmid
containing SAGl, SAG2, NADG] & 2 gene fragment. lane M :
1kb ladder; lane A, C, E, G : recombinant plasmid containing SAGI,
SAG2, NADG! & 2; lane B, D, F, H : SAGI, SAG2, NADGl & 2
fragments digested by restriction enzyme.



1
1

17
49

33
97

49
145

65
193

81
241

97
289

113
337

129
385

145
433

161
481

177
529

193
577

209
625

M A R @Q A T F I VvV A4 L ¢ V € 6 L
ATG GCC CGA CAA GCA ACC TTC ATC GTG GCT CTG TGC GTT TGT GGA CTG

A I A 6 L P R L A S A G D L A T
GCA ATC GCG GGC CTG CCG AGG CTC GCT AGC GCT GGA GAC TTG GCA 'ACC

E @ H E G D I 6 Y G V R A Y A G
GAA CAG CAT GAA GGG GAC ATC GGA TAT GGG GTT AGG GCA TAT GCC GGC

V S N Y D 6 D D D A A 6 N P V D
GTT TCA AAC TAT GAC GGC GAT GAC GAT GCT GCA GGA AAC CCT GTC GAC

s p vT DDA I T D GG E ¥ P R V
TCG GAT GTG ACT GAC GAT GCC ATT ACA GAT GGT GAG TGG CCA CGT GTT

vV § 6 ¢ K P H T T @ K 6 § L I K
GTA TCG GGG CAG AAG CCG CAC ACG ACT CAG AAA GGC AGC TTG ATC AAG

K L A v P V V 6 A L T S§ Y L V A
AAG CTG GCA GTA CCG GTG GTC GGC GCT CTT ACG TCG TAT CTT GTT GCT

b R v L P E L T S A EE E G T E
GAC AGG GTG CTG CCC GAG TTG ACT TCT GCA GAA GAA GAA GGA ACA GAG

S I P 6 K K R

\Y AV 6 I A A
TCC ATC CCC GGT AAA AAA CGT GTC

T
G ACT GCC GTG GGC ATA GCC GCG

AAl
A F A L
A GCA GCC GCA TTT GCT GGA TTG GGT CTC GOG AGA ACA TTC

L V A A A G L A R T F
TTA GIT GC

R H F VvV P K K 8 K T V A § E b 8§
AGG CAT TTC GTG CCA AAA AAG TCA AAG ACG GTT GCG AGT GAG GAC TCT
AL 6 NS E E Q@ Y V E G T V N G
GCG CTC GGA AAC AGT GAA GAG CAG TAT GTG GAA GGA ACC GTG AAC GGG
S § D P E @ E R A 6 G P L I P E
AGC AGT GAT CCG GAA CAG GAG OGG GCG GGT GGG CCT CTT ATC CCG GAA

G D E @ E vV D T, E =
GGA GAC GAG CAG GAA GTA GAC ACC GAA TAG

(A) NCDG 1

1
1

49
17

97
33

49

GAT CTG GTT CCG CGT GGA TCC ATG GCG AAC AAT AGA ACC CTC GCA AGG

b L v P R 6 S M A N N R T L A R
CGG AGG CGT GOC TTT TCT CCT CTG ACC GTC GTC ATG TTG 6CG GTG ACG
R R R A F S P L T V V M L A V T
CIT GTG GCC TTC ATG GGC GTG OCT CTC AGC TCC ACG GGA GCC GCC GAC
L v A F M 6 VP L S S T 6 A A D
GCA GCC GAT COG GTT GAA TCC GTG GAG GCA AAT CGA CGG GGA TAC ACG
A A D P V E S V E A NRU R G Y T
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16
48

32

48
144

192

80
240
288
112

128
144

432

160
480

176
528

192
576

208
624

218
655

48
16

96
32

144
48

192
64



193 TOG TAC GGT GAG CCG CCA GTC GCC GTG GGA ACC TCT GAA GAG TAT GTC 240

66 S Y 6 E P P V A V 6 T S E E Y V 80
241 AAC TCT TCC GAG TTA GCA GGC GGT CGT GAC AAG GGG AAC GCG GAA GCG 288
81 N S 8§ E L A 6 G R B K G N A E A 96
289 GAA GAA GAA GOC GCT GAG GTT GAG ACT GAT GIT CAG CCT TCC AGC GTG 336
97 E E E A A E V E T D V @ P 8 8 V 112
337 ACG ATT GAT ACG GAG GAA CGC GCG GCA CCC AGT CAG GTA CAG GTA CAG 384
113 T I Db T E E R A A P S Q@ V @ 'V @ 128
385 CAA GAG AGA ATG GAA GAA GCT GAC GAT GCT CCG AAA CCT GIT CCG GTG 432
129 @ E R M E E A D D A P K P V P V 144
433 CGG TCG GCG GTC CCG TCT ACA GIG GCG AAA OGG CAG CAG GCA CGT CAC 480
145 R 8§ A vV P 8 T V A K R Q@ Q@ A R H 160
481 AGA GTC ATT GGG ACA GCG GTG ATA GCG GCA GTA GTT GCG GCA CTT CIT 528
166 R Vv I 6 T A V I A A V V A A L L 176
529 TGG AAG TTT TCG AGA CGC CGA TCG GGA GCT CCA CGT GAG GGG GGG GAA 576
177 ¥ K F S R R R 8 6 A P R E G G E 192
577 AAT GAA AAC GGC GGG GAG GAA AAA TAG 600
193 N E N 6 6 E E K = 210
(B) NCDG 2

Fig 32. Analysis of NCDGI(A) and NCDG2(B) gene in pCR™ I

BLASTE ©]43}4 Fig. 309 databasedlX %54 ZAHE 3 NCDGI
cDNAE g33sE A48 protein®]l T, gondii® 30kDa antigen
(accession no. A19554)¢} 2423 FAHES UeEAY. &3 AME
SAG1#+ SAG29] 928 FAE dAYEHH FAAT T I EF,
granule protein®] AZFFZ2LS] AES AAS A YexEe FUd& vt
G20 AN g k204 AZE 8 spleen celld myeloma cell?}
THAA GEEIANE A, JUAd DEFE FAE U@ JDE
g A2 7R 23 AN FREA2A Y AP FoAHAGHG D
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Fig 33. DG 1&2 expression. Analysis of fusion proteins
expressed in E. coli BL21. Samples were electrophoresed in 12.5%
SDS-PAGE, stained with Coomassie brilliant blue R250. Lane A; the
cell lysate of E. coli BL2l; Lane B; the cell lysate of E. coli
BL21/pGEX-4T-2; Lane C; the cell lysate of induced E. coli
BL21/pGEX-4T-2; Lane D to G, after 2, 3, 4, and 5h induction,
respectively; the cell lysate of induced E. coli BL21/pGEX-4T-2; M,
standard marker proteins
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2) @EEZA Y 33
1) 949 3+
® BALB/c v%-29 @47 53
SAG1# SAG29] geo= ¥Hd BALB/c k-9 Y A7
+ Table 143 2t}

Table 14 . Frequency of cell wells with hybrid cells from
cultures in HT media after cell hybridization and secreted
antibodies to SAGl1 & SAG2 of N.caninum

Fusion Numberof

A(SAGY) 74.6 252 188 21(11.2)
B(SAGI1) 63.2 269 170 32(18.8)
Total 68.9 521 B8 53(15)
C(SAG2) 81.7 312 255 27(10.6)
D(SAG2) 63.9 241 154 22(14.3)
Total 72.8 553 409 49(12.5)

@ €¥4x9 HAT 2 HT Aol e] Adujgst 238y

SAG1¢t SAG2 99 ¥9E Z 2viel¥ o] BALB/cvH-2E 2¥4)
2A AT 638 F Fdol disiA %well plate(521 well,
SB3wel)ell #5332 64T HATHMANA ez 647 HTHAGA A
Huj e A3} SAGLS F 358 well(68.9%), SAG2E F 409well(72.8%)
dqx 3E AEY FHE FIFATD Zolof o] 358 well, 409 well



8 #Fgo 2 SAGIF SAG2F 9 Wi Ig poly A AY1HE ELISAZ
AR 2 FFE 0204 E 7IELE 3o EF 53 well (15%), 49
(12.5%)1 4 A AL &8 JHTable 14).

M (A (B

Fig. 34. Purification of Ig G in SAGI(A) & SAG2(B) monoclonal
antibody of N. caninum. Samples were electrophoresed in 10 %
SDS-PAGE, stained with Coomassie brilliant blue R250. Lane M :
standard marker.

4. SAGI% SAGZ AZY ©AQ9) AF 42 A% AL A
stk |
5. In Vitro 49& % 928 A9 AX I/ 1%

x4



24 well plate®] coverslipdl &FHE(vero celD)E 71€ F, 24X ¥
o SAG1, SAG29] 928 FAE A F vexxg dF & AUl
A(eF X100 §71 oF 22k NS WY TR F eszed
9 & 108 Bdn B3 Giemsad A st &2135t4, controldl
A A aAEL g9 TAE o] &3td A&}t

[1-(No. of N. caninum per host cell treated/ No. of N. caninum
per host cell untreated)] X 100. = 23 mAb SAG 1& 62%, mAb
SAG2E 65%E H Y.

6. NCDG1, NCDG2°] Axg d¥d A 9 dFEFA AF

NCDGI1, NCDG2¢] #9922 W9d BALB/c w29 FAME &
4, §9AZ9 HAT 2 HT AddujA Mo Adugsd 2a8ds 4
Aete]  FARNE BUAFAL(Fig. 33), Ig G AAE  Affinity
chromatography(Protein G-Sepharose 4 Fast Flow, Pharmacia)E ©]&
St &3 2L oz HAEyh

1) Protein G-Sepharose gel 5ml2 columell packing3tt}.

2) packing® gel¥ binding buffer(20 mM sodium phosphate buffer,
pH 7.0)2 washing® & E<od 2%F05-1mD)S 50 m/he] 4o
columd &8 B Yo} IgGS ¥IA )

3) &I 422 elution buffer(0.1M glycine, pH 25-3.0)& x4
o #&d Ig G& 3, 3T IgGrl EHE 899 1 M
Tris-HCIE& 2% RA7}a



* 39 IgGE SDS-PAGEEXA BAA|o 22 32331, Western blotting
& 535t g7t vk RE FAolste] PR A A FHFHA
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