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371 & Axb o] ub et (Walton®k 4k, 1959; Sadun
et al., 1959; Seed et al., 1966; Tada, 1967; &3 <,
1969; %, 1970; Hu et al., 1980; Yokogawa et al.,
1983), mx ZAAZ, ZFAdAx wek(Id &,
1969; 25, 1970; #e} 2, 1981) A HBA A A
AEl gA bel el 7k gk md F—3 $d e A&
S W P8 EEMA wak gAY 3}
o] 7F dvtE Ax ®oE v vk (Seed et al., 1966; 2=
S, 1970; ¥ F, 1981). HAuSARANA FL9
A Fostdh sollvh, AW H4d BAGEESS A=
FAn d+ TELY W Fo) BETANES Yo
A Hebs A% oln] & de}x Aol v} (Hunter et
al., 1958; Sadun et al., 1959; 49 &, 1965; Z=o
#, 1972; i+, 1975; Hillyer et al., 1979; Hillyer et
Serrano, 1983). ¥ fFETIS} #H T E pIYA
9 Hegmatge =EA vehts] e (3 A,
1973; Hu et al., 1980; %, 1981; ¢ 2, 1981;
Zol B, 1983) Ade Edoz 3 HELZ k]
SR A HEL S F2 Al gdm et g
AAE ZEE e FdmAne e ez 9
o A Solde] e W FTEFY AES 24
7l $1% FH o2 FY & ¥BHse (Sadun et al., 1959;
Sawada et al., 1964a & b; 49t 4, 1965; 7=, 1983;
5, 1986) gLl vl Fiﬁ}ﬂJ 4ol dul
Sehe AL FEAG ot ol s FUo KRt o
HAE FAHA gAYt ﬁlbﬂﬂ&%‘ﬂl A FEAez
ZAE-go] A= (Sadun et al., 1959; %9t £,
1965). ¥ APolA = AAFYL affinity chromato-
graphyel ol&] Mooty FAAFFL L 298
Aoz 49 ZH4nts REEFIVE(Enzyme-

=2
=5

linked immunosorbent assay: ELISA)e & 7 239
4, ZA9AEs 8 A FE0E gl A A
A ELISAY o2 a7 ol =& FAALS &
#9l kS FAas] 2 3 affinity chromatography
of od Rl RMEILY ZFd e HEYH Mz
Bkt

Mg A Ay
. AEE
iﬂ 2 (Paragonimus westermani) JF@ 8L o
#(1981)¢) Agae]l Aoz ¥ AYY 7 o
BE(I~5E) S Egd SAHE Fr4Hds. A5
sokol 9} 7+ ® &A= Table 1¢] Vet 9=
upg} zteh, o] & mofole) ZdA ¥HE Az
2 Agstg e e FdF 1 Ao s Rmst

o 1874 B At

Table 1. Numbers of recovered worms in each group
of experimental cat paragonimiasis

Numbers of cat Range of Mean(£SD) of

Groups recovered recovered
(cat No.) worms worms
G1 4(No. 26, 27, 28, 2 2.00(x0)
29)
G2 8(No. 6, 18, 19, 4~6 4.75(+0. 66)
21, 22, 23,
24, 25)
G3 4(No. 15,) 16, 17, 9~14 10.75(%+1.92)
20
G4 4(No. 4, 9, 12, 18~28 23.20(%3.43)
13, 14)
G5 5(No. 3, 5, 7, 34~69 48.00(+12.63)
8, 10)

A 2B # §F%(Paragonimus westermani) Bk
ddfae ndold Aoz 649 ¥ $A% ng
il A &3tgch ol & AEE TAA=RS FY
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Azgoz A4y o

a MY Adzd RAE LPES SHAKO0.1%)9%
A FA T B FA(—20°C ol ¥ 52 4
oA vtz G F FEANE FA g4
o 93 18 2~3E 347 w4 st 4°CAA 1472 F
QF 10,000rpmo 2 Y4 £ & EFERS HIELER(S
WA 5% 20mg/ml) oz AFL3Y o}

b. BRF : AA) & “Affinity chromatography,
principles & method”(Pharmacia fine chemicals) &
23te] AA &k, Dried CNBr-activated sepharose
4B(Sigma C9142)& 1mM-HClZ swellingA|# gelz
BEgle A EERY 2ge] ¥4 IgGy ammonium
sulfate(40~45%) A Ao 2 7+ 6712 = ko] &}
g9 g3 oz BE £ 8%t} CNBr-activated sepha-
rose 4B gel#} IgGi coupling buffer(0. IM-NaHCO;
[0.5M-NaCl %3] buffer, pH 8.3) Yol A overnight
(4°C) 8- A 7z blocking buffer(0. IM-Tris(0. 5M-
NaCl 2§ buffer, pH 8.0)2 Wl A3l iR 247
WA 3§ coupling buffer(pH 8. 3) ¢} acetate buffer(pH
4002 2d 2 gelg 4~5m AHF F 0 04M-PBS
buffer(pH 7.2)2 A=A %< column(l. 5% 10cm)
ol packing 3tglch. ¥ 2mlE columns] F9&
% 1 drop/20sec. 45 2 PBS buffer(pH 7.2)& &5 3F
o JE#ES T Y 54 (unbound antigen)-& uFgeH(3ml/
tube). =} 280nmel A 2R F= & FA3te <0.002
Z =59 0.1M-glycine/HCl buffer(pH 2.8)& u} 7o}
IgGell A= 9wl %4 %4 (bound antigen)& 4tgke}.
M AR —A g WA FEF AL Fig lo] vehy
At ALY e FHRFE FAG gL FAA= A
Ad. Az" 2FFY4e LEY PBSol xo A

i0r
Lor /\,

30

Absorbance 280 am
~—— .14 Glycine/HCI Buffer pH 2.8

l—-lJ.MM PBS Buffer pH 7.2

.05
unbound Ag\ bound Ag
0 A . AT

0 i 7 5 T R R
Fragtion nymbers ( 3mi/ tube )

Fig. 1. Affinity chromatography of crude worm
extract of Paragonimus westermani using
CNBr-activated Sepharose 4B,

F5% ZA(Lowry et al., 1951)3tx (Img/ml) ¥
9 Fikez A28 o
3. SDS-Polyacrylamide gel electrophoresis
(SDS-PAGE)

Laemmli(1970)¢) #4-¢ 7122 39 HId=
Fig9e 10% acrylamide gele] 4 ¥ 2] 2+ A (mar-
kers)#} @A £& U AFF 50 pgd 15 mA/gel2
3~44) 7+ Tris/Glycine buffer(pH 8.3)Rol A A 713 %
AAck. 4F % 0,.25% Coomassie brilliant blue g4
¥l 1 overnight QA 3l 10% acetic alcoholZ 5~6
A7 A el 443 polypeptides & F#id &TF
2o A d YA 2534 (F)(1986)9 Table
1, Fig. 1)l relative mobility(RD)& o1 -&AA 433}
At BTV L MBI AgA dEte)E #E
A 229 ¥d¢ vz AAFIL 49 $¥e=
g 8% No.6,7,9,20% 22 RiE 714 £9
oz /FE 36,400, 34,700, 27,600, 11,5000 3 2

g} (Fig. 2).

45,000—

[

» A:crude Ag.
1 B: purified Ag.

Fig. 2. Electrophoretic analysis of crude and affinity-
purified antigens of Paragonimus westermani.

4. Enzyme-linked immunosorbent assay
(ELISA)

Voller5(1976)¢ %8¢ 122 9. FAFEKLS
carbonate buffer(pH 9.6)& @9 A ¥ 5ug/nplz &
o] 100l micro-ELISA polystyrene plate®] & wellel
233 4°Coll A overnight ¥+-$-A 71 ¥ PBS-Tween buffer
(pH 7.4) = 43 A 389 . Blocking buffer (carbonate
buffer(1% BSA Z &), pH 9.6) 200ul* & wello] ¥z
14 7H(37°C) uF-g A7l % A A3t ek, Diluent buffer
(PBS-Tween buffer(1% BSA £ §), pH 7.4 & 343
3 (804 3] 4] ) 100414 & wellel 13 3 24 7437°C) 59t
W27 F A A3kt Alkaline phosphatase conju-
gated anti-cat IgG (Kirkegaard & Perry Laboratories
Inc) & 1pl/mle =2 £ welld 10019 ¥ = 37°C
oA 3AZE wgA F A FH3Ych Substrate(p-
nitrophenyl phosphate) lmg/mlg] FE2 £ welld



100pld ¥ 5 BERAT(EE) A 4657 w47 F J}
A 410nmel} 4] optlcal density value(OD value) & =
Aok HPYL 2 moko] HYukS /‘]'&3]'99\-1—
BRI & B 293290 FolA 2049 o
ko] 8778 ELISAW S0 A4 e, 2, 1% : No.
27,29; 2+ No. 22, 23; 3% : No.17,20; 47 : No.9,
12; 5F 1 No.3, 8 Solvh. QA= HEFAd J&
ELISA®-3-9] #%9) #3F ODA & A&slx BAS
Ml & Purse Z5AL wzdgd.

l

2 1

%E'é;*ﬁ | 2|5t ELISA 43

ko] AL I Ao & ELISA¥IS29 OD
&Rl W OD3k& A=shgleh. &3
7&"& F 1F~18%¢ ODzte] w9, o
Fig. 3oﬂ FAYE . A HT ODgtezm
%7}51 FA AR FAe 1F 2L 3, 37L& 2
e, 4Bz 5?1‘5% L3 27 s z=d g o v]8] p<0.05
o e ER2 ASed ek 2L R F—§ flE
BE Add o] EEBAE FAY A o)At 9
vt 189 No.29%& 10§ ODzE 0.7¢] 4 e
3 18 0.960 2 13 MNAF A 29 ODg-e et
Wtk No.272 & 2971 7k% 188 0.7271 A% &
& ODzfo 2 18fel A b vrokeh. 28 39 A+
ODzk 100 4e] & A7+ 16I ot AANEE 2
Frol A = 1488 No. 6, 19,25), 168 (No. 18,22, 23), 18
#H(No. 21) o] ¥ OD 1.0°] 4¢] = ¢l 5 No. 24+ 2 7+
717v% 16§He] ODzk 0.83¢] HzA gt 389 No.
20, No.15% £&4 123, 1680l % OD 1.0 4% 1}e}
Wi No. 16, No. 172 2797 7% OD 1.0 vl wto] g
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Fig. 3. Antibodies as detected by crude antigen of
P. westermani; the specific IgG antibody titers
in sequence from cats experimentally infected
with worms of 2(G1), 4~6(G2), 9~14(G3),
18~28(G4), 34~69(G5) were measured using
ELISA,
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o, 473t 5EEY W F ODZS 10§88 o F 1.0 o] 4ol
Hlw AAPEE 47 A = 58 No. 9), 88(No. 13),
10§8(No. 12), 11E(No. 4, 14)e], 5FfAA = 93 (No.
7), 10#(No.5,8,10), 11§8(No.3) o] &) OD 1.0 o
g e gl ot

A ¥ 1887 9] ODzkel o et 7 F¢e H st A
Az B A Ay FAL 15 ﬁé% oDz & 38
o] 3 1858 (No. 278 168 7A A% A5sheh. 28
3 AAFIE 16§87A ODgro] AsH iz 2F ol
£ AA (No.6,25)9t 168 o] % & A= ODH%
11'7‘] = A A (No. 18,23,24), 18EAA A% <3t
711;4 (No.19,21)2 A=A ot 258 3¢ ODzk

W ool%E e AEE fASAT. 3 HET
OD ,y.g_ 61@7;}74 Aseta 18] 7k Hejz ot
NAPZE 168744 A% A5t 188 1289 OD
wo s ‘7%0}21% AA (No. 15,2009 168 o) F %2
A5 s fA%s A No. 16,172 TS G, 4%
% 578 AAMEE FE2s2 YE 18H7A OD%
o] A& ALdle AR WNo.4)$ 12574 F&sta 2
o] & e AxE FAFE AA(No.9), 14FAA 4
Z3lz 2 ol % dolA: A WNo.5,7,10,13), 163
AR ALEeta 2 o] ¥ ol A v (No. 8, 12,14) 2&
2 A= AA No. 13)2 FAHSYL 473 5
gép OD#L Bl 25 14HAA 458tz 2
7o Ax o ODFE A3

2. fEEistaio) 2§ ELISA M &

g o ELISA 44L& AAG =e #E ¥
A 2A rﬂxﬂi 7 1288 olAol MYl 9 ODzt
B gz ARDd AL 18HEAA AAFL9 FrA
o] Y y_v} % %vH(Fig. 4). 189 No. 277 No. 29
£ 3 && MPUel o ODztel 1.49, 3.54)
ol MAEE gov 3E ol & I8EAA By 7 OD
e HFggdel o OD: 2tk £3%= 10§l ¥ OD
1.00) Aol s gleh. 289 No. 229+ No. 23L& 38l %
£ wggdel v 1.84, L2z ODzre]l #eox 12

o] 3 OD 1.00] 4ol Hgich. B3 T ODA & 2ifHo|
= 18EAA HFdel 28 ODF 2ok ek 33
BEEGY o3 HaYT ODZE 480 I I3
oDzt 1.69 =gkch. 8ifdl &= OD 100l 4e] H9x
MY vt 2.3 =olAA FEYel o3 ODAolF
4 7 ek 10380l ¥+ HI el 93 ODA&= A= £
9z B FA2AE 249 16574 FHHEITD
<15k ODzte] Mol <& OD#t el E9kort No.
208 163 A= HigAd d3 ODzhel #HFHl
93 OD7F »v} wokoh, 4FEs 5EEe) EHES
ol & Mgl oF ODzle]l MFYd 9% ODH
Bl ol (A x 1.54) 6§ OD 1.00] o] =g
v 108 ol & Al 2 gl 0D Folh%el M
F49 Z74Z 2ot Folxch 479 No.99 57
No.32 115 o] & ##lgsle] 93 ODzte] MLl

!
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Fig. 4. IgG antibody titer curves in ELISA of paragonimiasis westermani cat sera against crude

and purified antigens of P. westermani.

3 ODzk 2t obzl = 459 No. 124 589 No. 8
£ 168 ol ¥ HIgdol 93 ODzk 2k webAh 4
Fist 5B BEH T ODHE Fig 4914 2 uig 3o
1688 o ¥ HEFLol o5 ODe Mol 9% OD
B} okt

n &

AEE TRz de] g3 g4 ELISAsS9 OD
el o8 FAd A HEge FAALETY AAE
SEAA vzt Aol At FIEE AA F
£ A AFY o)== Seed et al.(1966), ZE
(1970), #< Z(1981)= ®xd u 9ok, 2 439
A% FAHE FE AAAE geov 1FH0A 2
2378 A G Aol FEQm, 4A~5H FA R
AL 238 2t FrhEe) A HERY e o
Az FARAEF] Z48 AAHYL 2 455
58 U7 2dE SBEE &4 23, 4808 2 A

ol £T3x BT ODFkE HAsz =3 AA R
ODzt= 4ol 49 ZARBHEAE S48 %/)7}
A Y AR £ AA T g AeE v
4789 749 A8 (20~307 2] )= HBE 2~3kgo 10&
ol 7t AAE & dr FARA FFF FAFAH=E
*B A= e 473 579 HT ODgel 4 Aolg & F
Ax A FADAGe] FEFAEA FA Al AA
F74 2A JevdE Ax 23 ok A
RE 29T 79 F 454 ODzlol @A 3 455
L F1Ee d=z34H p<0 0l, 2~5TL <
001¢) %46& 2 44554 ol& ELISA B} bt
i3 A ul st Rgt z‘z}ﬂ%ﬂﬂ 45
¢ e E Ao r nol(FE, 1970; &
A7) Ao Egste A AFs
Aol FRAE Aoz B
ZG7 7t e FAYA FEL AR J/%z-szﬂ
2 28 zmogo] L AAE 18FAAE
-,Tf ODZ& 16~18F 7R A% A5ds Aoz \+1=+
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AL ez 2 o] F pe %54 0Dz g #+
AV FraedE APl g ol Imai(1970)sk F4F
s 234 v}, Tada%(1967)2 Paragonimus miyazaki
2 7Zdd A 4R on 2y 00 o] F A
WS el ARz ol HE(eysN 24 9 Wi
Mol 9288 Eg 9 Foz »oh g% Seed$(19668)
< BFERY FA= A ?{ii%i o] Koz A F
Mrka g ul g B AYAA 58 HHEAR 498
Aol A 12~165 o] Fd) D%k(?‘%}ﬂl Blel #ZxdE
A BEIAN AES A= Ao o A4 &
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152 Huer¥ (1985)T_— # &E
9] dise-PAGEd] 93 g9 A4 =42 ArlgFdl
& Helz FA 9 ol (age)ed weEk BAFA &
Bag ab doh 655 94 E4e ST
EHoR A, Holgel ¥& AdE 2T
ol glovt AP Aste A AFYgel =L
]%% TR A Y FRg B e Aol wigkdt
,r% e %4 %% Sephadex G-200 gel filtration
o g 4 e Imai(1979) = 5T 8 700,000
~30,000 ¥4 6Blez ¥ FAEAF FEE
e} ﬂ}ﬁﬁ/ﬂx_ "Gl 2y B EAFY
Fgol urgatsl 6458F A 4EHe FAol A
B @ ]‘;M Z15-(1983)¢] 28 4 = Sephadex G-200
gel filtrationell 28] 3749 o2 Refdo] o]F 3
T4 0] %9— A A1F¥FYer FFAUG. *F
(1986)¢ @wbAl B 74 F Sephadex G-200 gele &3
SEAl ?'%}%_‘ér% Aol Be FAAEY FATFL
200 000 ©} 4= 100,000 ol 5h¢) 28 o= Harg v
@%*50 “—xl ul B3 9 SDS-PAGE] 9
/\ﬂ: 744 ol g BAFY H9 = 37,000
~11,00033a & %}o}% vheld s gl
o W= o 5F(Paragonimus westermani)
5} 7} &2 (Clonorchis sinensis)S Mg gel 27 =Y
ZAEe FAdEHAAE i AL HA got &
Arubgol A wiw e maygE& vrekd o (Hunter ef
al., 1958; Sadun et al., 1959; %9} &, 1965). =3
wEe AAS 94T A559 FRAAAT A==HG
ok (Sadun et al., 1959; Sawada et al., 1964b; %9}
&, 1964) ol E Fgdd A AN =
ZAS e REAozm AAF YA (Sadun et ai
19595 ke 4, 1965) AR #GHHA Al
(Sawada et al., 1964b). ¥ AA &9 ML vig
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¥ &% (Paragonimus westermani) 0.8 7F=® 2%
o] Ao & #WYt affinity chromatographyel <
& 449 BRILY 4549 & BEFHENE (Enzyme-
linked immunosorbent assay(ELISA))ol 28] ZAHsh
Aot A @pet o FERAT~6E Y FEY
Zrol ohE gAY Bi0el FAE ELISAS OD#:
(optical density value)e] 93] PP e e &2 Fd=
oFo] fEEECl WA BHILo T EHlA AR
8] A el A At et

L zZrd gl Svbd whel YA AR Fte
MAFEE DA G0 Aot HRHREE 1H 2o 2~3
B, 2~30¢ Boh 458 FAECl FhE A 2E
Wo4Best 5B AA BdAE AdHRES ARE
| A ez Jelyks WEEsl 9F ODFE  fabe
%ot

2. PyHEz 798 1~2FL AYHE T4 F 3
el AzgAd #a p< 0,059 %4  #2 0D
A Qs 3 2#d (p<0.05), 4~HFEE l' o]
(p<0.05) ODgkol A5 ¢ %%ﬁﬁ%i s
o] [EEN AL SHHEE Z9d A B8 HAA
QM‘) 7l LR g4 7} ﬂ"%ﬂ%’ﬂr.

el & 18F A ¢ A4 AR dse 234

51"3101 AR NZE 18544 A% F53te AAED
o 12~16i8 7 A5tz 2 ol F ARz 0D
% FARANE) DA AN EADE TA A
WA B SREmBE Y ERdAE BdF 12~16
of #H e OD Z(FARAE)E bz 2 oF
L AEE AV BelAE ATl
4. Afinity-AA Yol o 8 ELISA9 #H =7 OD
e MiBAA el A HEdd Hld gz 59
6~1080] &%k ARER 1~2T L 18EAA Kl
TR 4ol 1 2o B3y SEAaRE 2y
2 AANA WAz 128 oF MEFHT BT
9 OD3Eel Aol Fol Yok 4B 5Bl A& 16
o] Fol HmEde & gF ODzhol Mgl 9
3 ODzk 2t wrobz e},
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ELISA of paragonimiasis in cat by crude and purified antigens of
Paragonimus westermani

Ok Ran Lee
Department of Parasitology, Soonchunhyang University College of Medicine

Jae Kyung Chang
Department of Parasitology, College of Medicine, Yonsei University

Enzyme-linked immunosorbent assay(ELISA) using crude and affinity-purified antigens of adult
worms of Paragonimus westermani was performed for infected cat sera with different worm burden,
from preinfection to 18th week after infection.

Crude antigen was used with supernatant of homogenated worms by freezing-thawing method,
and the supernate was centrifuged for 1 hour at 10, 000 rpm at 4°C. Affinity-purified antigen (antibody-
bound antigen) was prepared from fractions(bound and unbound) of crude antigen by affinity
chromatography on CNBr-activated sepharose 4B, and IgG as a ligand was prepared from paragoni-
miasis cat serum(6 months infected) obtained by ammonium sulfate(409% ~45% saturated) precipitation
method. By SDS-PAGE, crude antigen showed 22 polypeptide fractions while purified antigen showed
4 fractions: 36,400, 34,700, 27,600 and 11,500 in molecular weights.

All cats were divided into five groups(G,-G;) by different worm burdens. The mean of recovered
worms(=£SD) and the number of cats in each group are as follows: G;, 2 worms(0) and 4 cats;
G, 4.75(-£0.66) and eight; Gs, 10.75(-+1,92) and four; G,, 23.20(+3.43) and five; G;, 48(+
12.63) and five cats.

The results were summarized as follows:

1. The antibody levels(OD value) increased by worm burden in G; to G, generally. However,
individual antibody levels were not exactly related with worm burden in all groups, especially there
was a wide difference in G, and G;. These results suggested that the worm burden in Gy (about
20~30 worms) is enough to produce antibody maximum in cats of 2~3kg weight.

2. The antibody levels increased significantly (p<(0, 05) compared to control sera at the 3rd week
in G, and G, at the 2nd week in G;, and at the 1st week in G, and G; Especially in the 4th week,
OD value increased more in G{(p<{0.01) and in G, to Gs(p<(0.001). In the pattern of antibody
levels by ELISA in each group, OD in G, increased to the 18th week continuously, in G, OD was
maintained same after the 16th week, but in G; it decreased after the 16th week, and it was
maintained same in G, and Gy after the 14th week.

3. The antibody levels by ELISA with the affinity-purified antigen were higher than those with
crude antigen in all groups generally. Especially, the difference of OD values between two antigens
was larger from the 4th to the 10th week. In G, and G, OD with purified antigen was higher than
that with crude one to the 18th week. It was also higher in G; than that with crude antigen to
the 16th week and OD of G, and G; were higher before the 14th week than that with crude
antigen, however became lower at the 16th week.

Consequently, the antibody level in ELISA with affinity-purified antigen was more sensitive at
the carly weeks after infection and in light infection groups than that with crude antigen,



