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Nombre: DRA.MARGARITA CASTELLANOS A,
Direccién: CARRERA 9 No, 93-09

61074 80 Fax:
acasteli@impsat.net.co

Teléfono:
E-mail:
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i)
(@ Prioridad (33) Pals de Origen (32) Fecha (31) Namero de Solicitud
e S
(VER ANEXO No.2)
sifx] w~No [ Lx¥=_4) e
Para publicar a partir de la fecha de la presente solicitud a los:
6 meses [_] 12meses [] ? oo []




Anexos

Comprobante de pago de la tasa de presentacién de la solicitud
Comprobante de pago de la tasa por concepto de excedente de palabras en la publicaion

Comprobante de pago por reivindicacién de prioridad
Certificado de existencia y representacion legal cuando el solicitante sea persona juridica

X1

[

[x]

X1
Poderes, si fuere el caso

Lx-_l. Copia certificada de la primera solicitud, si se reivindica prioridad

E(j Traduccién simple de la primera solicitud, si se reivindica prioridad

| Documento de cesion del inventor al solicitante o a su causante

IE Descripcion de la Invencién

[X] Una o mas reivindicaciones

[X] bibujos y/o planos necesarios

E] De ser el caso copia del contrato de acceso

De ser el caso, documento que acredite la licencia o autorizacion de uso de conocimientos tradicionales

=¥ de las comunidades indigenas
[] De ser el caso, certificado de depdsito del material biolégico
Artes finales 12 x 12 cm, 2 ejemplares

@ FIGURA CARACTERISTICA:
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ANEXO No. 1

LISTA DE INVENTORES

NOMBRE

1. KOOK- JIN LIM /
2. MI-JIN SHON /

3. SEUNG~BUM YOO /

[

4. SANG-IK LEE

5. JAE-HOON OH \

-

(

6. SEUNG-WON LEE

7. HYUNG-CHEOL KIM\"

DIRECCION

Eunbitmaeul # 521-1807,
870 Hwajong-dong, Deokyang-ku,
Koyang-si, Kyungki-do - KOREA.

Hanbit APT No. 125-505,
99 Eoeun-dong, Yoosung-ku,
Daejeon-si, KOREA.

Hanuri APT No. 104-601,
763 Tanbang-dong, Seo-ku,
Daejeon-si, KOREA.

Narae APT No. 104-1303,
462-4 Jeonmin-dong, Yoosung-ku,
Daejeon-si, KOREA.

Chungsol APT No. 102-306,
8-2 Songang-dong, Yoosung-ku,
Daejeon-si, KOREA.

Limaechon No. 206-1804,
124 Limaedong, Bundang-ku,
Sungnam-~si, KOREA.

No. 37, 266 Jung reung-dong,
Sung buk-ku, Seoul, KOREA.
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(33) PALS DE ORIGEN
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2.

3.

KOREA
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ANEXO No. 2

PRIORIDADES

(32) EECHA

“17/02/2000

17/02/2000
_17/02/2000
#10/03/2000

/8/08/ 2000

1

(31) NUMERO DE SOLICITUD

e

Y,
v

4

/

/2000-7650 s
2000-7649%
azﬁoo-764a//
~2000-12172

+4000-458061"
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ALVARO CASTELLANOS M. & CIA.
ABOGADOS
Carrera 8 No, 93-09
Apartado 6349
Bagoti - COLOMBIA

Serior

Jefe de la Division de Nuevas Creaciones
Superintendencia de Industria y Comercio
Ministerio de Desarrolio Econémico

E. S. D.
Re.: PODER conferido por la sociedad LG CHEMICAL LID.

Yo, XIMENA CA_STEL‘;!..ANOS ABONDANO, mayor de edad, identificada y domiciliada

como aparece al pié de mi firma, atentamente manifiesto a Uds. que sustituyo en la

" Dra.: MARGARITA CASTELLANOS ABONDANO, el poder que me confirié la sociedad

LG CHEMICAL LID, en Seoul — KOREA, el 18 de Diciembre de 2000.
Debidamente legalizado por el Ministerio de Relaciones Exteriores el dia 27 de
.Diciembre del 2.000 bajo el No. 615178 , con las mismas facultades que me

fueron conferidas, para tramitar la solicitud de Patente de Invencién titulada :
" YNMUNOENSAYO Y REACTIVO DIAGNOSTICO PARA 1A DETECCION DE LA MALARIA ",

Del Sefior Jéfe, Acepto :

T

. na Castellanos Abon
C.C. No. 39.773.330 de Usaquén

T.P.A. No. 58.236 de Del Cons. Sup. de la Judicatura
Carrera 9 No. 93-09 - Santafé de Bogota
Teléfono: 6107420 - 6107480

Santafé de Bogoia,

dano Margarita Castellanos Abondano

C.C. No. 397779.654 de Usaquén

T.P.A. No. 70819 del Cons. Sup. de la Judicatura
Carrera 9 No. 93-09 - Santafé de Bogota
Teléfono: 6107420 - 6107480
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ROWER OF ATTORNEY )

-

El (losi éustriio © . en representacidn de

A

| sacituned _ 1G_CHEMICAL LTD.

-

=3}

LG CHEMICAL LID. .

S ik re emes R s b

domiciliado () en__ 20 Yoido~dong, Youngdungpo-ku,
SEOUL 150-721, Repiiblica de Corea

of 20, Yoido-dong,. Youngdungpo ~ku., _
Seoul 150~-721,

nombrain) por el presente a XIMENA CASTELLANOS A. y/o
MARGARITA CASTELLANOS A. abogadas con oficinas en la Carrera 9 No. 93-
09, Bogota - Colombia para ' i

. Bogotd - COLOMBIA to

Republic of Korea

hereby grants) Power of Attorney to XIMENA CASTELLANOS A. and/or
MARGARITA CASTELLANOS A. attorneys residing at Carrera 9 No. 93-09

y pitra obtenker 1a proteccion de i muestra) propiedad industriat y con este
fin autorizamos a dichos apoderados para que nos representen ante
-{Ruatesquiera autoridades o personas de los ordenes administrativo,
contenciosp-administrative y judicial en todo to refacionado con los siguientes
actos y gestiones:
) Obtencibn de patentes de invencion , modelos y dibujas industriales;
registro de marcas de fabrica, de servicio, colectivas o defensivas y de
denaminadones de origen; depdsito de nombres y ensefias comerciales; su
renovacion profroga, inscripdon de traspaso y tambio de nombre a domicilio,
concelacion voluntaria y el registro de licendids de uso de esos derechas;
b) Para la obtencién de Registros Sanitarlos; < Acclones de aposicion,
observacion, cancelacion, nutidad, medidas cautelares y en general los juicios
civiles, penales, administrativos o contencioso-administrativos que
promovamos o se nos promuevan, pudiendo en todos los actos y gestiones
~ arriba determinados sustitulr éste mandato, transigir, desistir, recibir, cancelar,
r ciar, aceptar notvificaciones y nombrar apoderados judiciales y
eﬁdiciaxes.

pado y firmado hoy__Diciembre 18, 2000

and to obtain the protection of my {our) industrial property, for which purpase
we authorize the said attorneys to represent us before any authorities or
persons, specially those, administrative contentious and judicial, in all matters
concerning the following :

a) Obtention of patents, madels and designs; registration of trademarks,
service, collective and defensive marks, and of designations of origin; the
deposit of commercial names and ensigns; its renewal , excension, recordal
of assignments, change of name or domicile, voluntary canceilation; and the
registration of licenses of use of the above rigths; ‘b) For de obtention of
Sanitary Registrations; ¢) Actions of opposition, canceliation, nullity,
infringement, granting of licenses; and in general the civil, criminal and
administrative suits related to those rigths; actions and suits instituted by us
or against us; and that in all the above matters they may substitute this
Power of Attorney, compromise, desist, cancel, receive, renounce, accept
notifications and appoint attorneys in fact, in or out of Court.

Given and signed this December

en_ Seoul, Corea

o

por._1G CHEMICAL LTD,

(Notary should execute an ather side)
{Consular legalization necessary) o

{Notary should execy@ on other ge) //
{Consuiar legalization necessary)

" ALVARO CASTELLANOS M.&LCIA.

tls

o Corensy No, 93-09 - ¥ 0. fiux 6349 - Boguta, Coloimbia
fels . w/nam 2420 700 7 8D - Fax 1971) 610 U/006

{

AN atits
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CERTIFICADO NOTARIAL (Sg’me‘darg‘xﬁgi NOTARIAL (Corporation) ‘
Hoy, 18 de Diciembre de 192000 On this 18 day of_December 2000
Jae Kap SUNG personally appeared __Jae Kap SUNG

comparecid (eron) persanaimente

a quien (es) conozco como la {s) pefsona (s que firma () este documento en )

representacion de la Sociedad / Gompaiia denominada
LG CHEMICAL LTD.

wh,og'n ] kn_dw to be the person (s) who signed this document as
representqtiye(S) of the Corporation / Company named
LG CHEMICAL LTD_,

Certifico:
a) Que 1.G CHEMICAL LTD,

es una Secedad / Compaiiia legalrr}eme constitulda y existente de acuerdo
con las leyes de _la_Repliblica de Corea

b) Que el domicilio de dicha Sociedad 7 Compania es
20,Yoido-dong, Youngdungpo-ku,

©) Que el objeto u objetos para lps cuales se otorga el presente poder
estan comprendidos dentro del gbjeto sq_clal de |3 mencionada Socie-
dad / Compaiiia.

& que el 5. Jae Kap SUN

| Certify:

a) That LG CHEMICAL LTRD. .

is a Corporation / Campany legally constituted and in existence in accordance
withthe lawsof___Republic of Korea

b} That the ddmicile of said Corporation / Company is
20, Yoido-don

Seoul 150-721,
) That the purpose of purposes for which the present Power of Attomey is

granted are comprised within the object set forth In the charter of the
mentioned Corporation / Company. .

Jae Kap SUNG

d) That Mr.

esta autorizado para otorgar el pr

medio de los siguientes document.
Poder con sello regi

ficando que el sello

nte poder. Lo anterior esta probado por
, que certifico he visto':

es auténtico

trado y documento certi

is (are) authorized to grant the present Power of Attorney. The aforementioned

was duly provén through the following documents and | duly certify having

seenthem®__Power of Attorney with a
registered seal and a dgcument

certifying that a seal is

(Ciudad) Seiil
{Estado) Corea

Hoy: — 18 de Dic,

(Notario Publica)

- de19 2000

&

*Los documqgtos deben identiﬂr.arTz céqil‘!\echa y origen.

“‘M‘“F , ‘1» "
vala,";' VAN Duen e . LR B
BTy gy o

L . oy
uments must be identified with date and origin,

registered

{city)

(State)

this 18+h dayof_Decemher _ 2000...

{Notary Public)

-
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. NOTARIAL CERTIFICATE

ULCHI LAW FIRMY
‘& NOTARY OFFIC
?gﬁ;éﬂlchiro 2-ka, chung-ku,

Seoul, KOREA

- MEA °I5&-l BLXAL O] & ¢ E!EM xlﬁi‘! BYA ZAY ol
% 756*1221~3 757-1891~2 FAX 756 -3151, 767 -1893
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""-"*i-%%--?%ﬂizﬂe S © L. AL HEAs:756-1221
Wodg1503 & gj-‘%‘-‘-ﬂg_ = xl b=l. t:g Al' T . & %:756-0312/3
BR 20000 A 3433°% Registered No. 2000 - 3433
<1 | = NOTARIAL CERTIFICATE
*iﬂﬂ% of 7lAlg  No Chul Kwag

attorney-in-fact of

Jae Kap Sung, Vice chairman
of LG CHEMICAL LTD.

appeared before me and
admitted said principal's
subscription to the attached
POWER OF ATTORNEY.

This is hereby attested on
this 18th day of DEC., 2000

Cenumss——t—

Attorney-at-Law

Lee Jae - Won

ULCHI LAW FI
& NOTARY OF
#6, Ulchiro 2-ka, Chung-
eoul, KOREA

This office has been authorized
by the Minister of Justice, the
Republic of Korea, to act as
Notary Public since 1st day of
Feb., 1986 under Law No. 3594.

+PIZALO|E A . B A O XA - E!Mﬂﬁa BITA A A
29t :756—1221~3, 757~-1891~2 FAX:756 3151, 757 ~ 1893

-
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Republic of Korea

MEMBERSHIP CERTIFICATE

TO: Colombian Consul

' 1312Ho, Kyobo Bldg., 13F¥,1GA, Jongro
Jongro-ku, Seoul 110-121, Korea

Dear Sirs
We hereby certify that the undermentioned firm is a member of

_Seonl Chamber of Commerce &
Industry in the Republic of Korea.

Name of Firm : LG Chemical Ltd.

Address 20, Yoido~dong, Youngdungpo-ku
Seoul 150-721, Korea

Representative

Jae Kap Sung
Business Lines

Remarks : | A, :.I gﬁ(‘1 ¢ m @i ‘u .ﬁ‘]: 1 25 6 8
| R
i . & c.):v_‘u;_'(}

m. '

For the use of Patent’wappl:n.caj:,a.on,_ 2000
ha

THE KORES CHAMPTR OF COMIMERCE & INTUSTRY
e Erstate Durator Kenmg, Soopg-it

L %
. , L TN -~ + 0 ‘
® . v Kmgseet b
_ ' Y, ThoRepubicof ke o g 8
Signature of aMﬁ!Jﬁéﬂatory
THE KOREA CHAMBER OF COMMERCE &INDUSTRY

L3
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~ ;;_'aner Secretano e
Encargado de las Funclones Consula O
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TRADUCCION OFICIAL No. 01-0103
de un documento escrito en INGLES, el cual para su. identificacion lieva el sello
de la Traductora e Intérprete Oficial , seglin Resoluciones 2755/68 y 01144/97
del Ministerio de Justicia.
{Anexos a un poder otorogado por LG CHEMICAL LTD.)
Registro No. 2000-3433
CERTIFICADO NOTARIAL
UCHI OFICINA LEGAL & NOTARIAL
#6, Ulchiro 2-ka, chung-ku, Seoul, Corea
Registro No. 2000 — 3433
CERTIFICADO NOTARIAL
No Chul Kwag, apoderado de Jae Kap Sung, Vicepresidente de LG Chemical
Ltd. comparecié ante mi y admitié que su representado suscribi6 el poder
adjunto.
Esto se certifica por el presente hoy dia 18 de Diciembre de 2000 en esta
oficina.

(fdo) ilegible

Apoderado

Lee Jae-Won

UCHI FIRMA LEGAL Y OFICINA NOTARIAL

#6, Ulchiro 2-ka, Chung-ka

Seoul, Corea
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Esta oficina ha sido autorizada por el Ministerio de Justicia de la
Republica de Corea, para actuar como Notario Pablico desde el 1° de Febrero
de 1986 bajo la ley No. 3594,

CERTIFICADQ DE MEMBRECIA
Al Consul Colombiano
1312Ho, Kyobo Bldg., 13F, 1GA, Jongro
Jongro-ku, Seoul 110-121, Corea
Sefiores:
Certiﬁcémos por medio del presente que la firma antes mencionada es

miembro de la Camara de Comercio e Industria de Seoul, en la Republica de

Corea.

Nombre de la firma: LG Chemical Ltd.

Direccion: 20, Yoido-dong, Youngdungpo-ku
Seoul 150-721, Corea

Represenante: Jae Kap Sung

Linea de negocios:
Observaciones: en blanco
Para el uso de: solicitud de patente.
Firma de funcionario autorizado
"' CAMARA DE COMERCIO E INDUSTRIA DE COREA
(Sello) 112568

EN ESPANOL, la legalizacién de la firma anterior por el Consulado de

Cblombiéven Sell, Corea, No. 2050 de Dic. 18, 2000, y autenticacion de la




/ firma consular de Alvaro Enrique Ayala Melendez por el Ministerio de
/ Relaciones Exteriores de Colombia bajo el No. 615178 de Diciembre 27, 2000.

ES TRADUCCION FIEL Y COMPLETA, a la cual me remito,

- Bogota, Enero 3,2001. ﬁ M
A, A
. Y i

DORA i

FRENUSIORF T T
REs. oarni /e @
P
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Tnis ls to certify that the followlng applicatlon annexed hereto
'-is a. true copy from the records ‘of the Korean Industrial

* -Prop__e_r,’_cy_._offlce.k_ |

g% iﬁ s : S35&9 2000 H 12172 &
: A_ppllcatlon,_ Number
sdum g oo
‘% Date of Application
% %‘“ o . EMBN EXISE
Applicant(s)
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So &N
S5
SEEE
2000.03. 10

gizieiotel
CrAI2f

[ L

2000/12/1

s4 HYsN SFYY 2 010 MEHE=

Enzyme immuno assay for malaria and reagent used

therefor

FEANBIA 2R3
1-1998-001275-0

O3 3]
9-1908-000385-9
1999-012836-2

=&
LIM,Kookdin
6111171482719
305-390
CHE &S Al
KR

QM7 HOIS

018

SOHN,LMi jin
650325-2929420
305-333
&S A
KR

247 028

g TH &
PARK, Jae-won
670506-1550819
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2000/12/1

135-110
MESEAN 27 27ES SHUHOHIE 915 808=
KR

KR
s
10-2000-0007648
2000.02. 17

=L

a7

MUBSIRA RIS
KCTC 8976P
1999.12.18

(ar

MEISHILr RAX2H™

CEEE) KCTC 8977P
[+~E2XH 1999.12.18
[s{areid] U Ol At MESE] -
CEMES 001
(Mg==0 HIEM] &%
[#X1] S5y H4T RO S =9, S5Y KX 7
O o8t HRAMA B BRBLUCH (212
olgs (2)
[+42]
Digaaz] 20 o 29,000 &
DiaEz) g o 8,000 &
SHAZEZR] 1A 26,000
[MAE7E) 4 557,000 &
(&) 620,000 &
LD 1. QUN- FHIM(EH)_I1S 2.018SIISSHYN_28 3.2

18 2.
HASHMT & S BYE S

29-2
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1020000012172 . : 2000/12/1
[2.9kA]
[£8.9F]
B dye gelelols EAAoR FAs = Y R oo ARREHE g A
#He AomA], Bt FAAE BEtgol 45 FI2REF H/B2(Plasmodium vivax) 9
W zZzolE W ¥ A (Merozoit surface Eprotein)% o2 AlgEte]-gAA 8 U
EAste Lol Bol FAE SHs= :&.ﬁ‘: Hea &4 (enzyme immmo assay)
2 A7) dEgel A @dS JPor e Lol ATA G #EFE Folrt.
Edyge Ig6 B Igh 59 & ARFAE A3 3 54 A9 S
(indirect enzyme immuno assay)¥ TEte]old] wWlZxolE ¥H gillde] R Ex= A
AE A2 A48ts 39 A=A 54 AAEH S %Y (antigen sandwich enzyme
immuno assay)2.Z TAET. & ¥99 watgel SAYYL € W] g ol Fol
FAE AESe WHoR deteold] Wi AAHA Eojio] Fof FEIF A YT

l‘l

G e deiols Awsted 4887 4188 ¢ A

29-3
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1020000012172 2000/12/1

[ AA]
(&9 4]
dhgole] g4 WAYEH SHYE H old AHEHE WA 9H{Enzyme immuno assay
~for malaria and reagent used therefor}

CURRV LR S AR .|

B MSEEESLEL)
OEPREE)

> 2 ouge geol BFRAA WY L AN B RoTA, HARAE
GCh ENRTE waele) 9% FaAEEF AJUA(Plasnidim vivax)®) WEZOE EW wud
(Merozoit surface protein, ©]3} 'MSP'Z A E Yo g AlL3to & Y &A3)
VY T aaleel Bol A8 £ASE 54 WO 24 WY (ensyme immuno assay) 2
@ 77 EE eud Fdoz 480 ARG YN ALNR T Ao,
® . welgols 2718 R sha) Laelols] o] Azte] AT o BA= o] 24
s= dAgoz A AA 10 dFe) A5 dekol AAR Aol AFSL YoM, W 5
7 olato] wtelold ZRHT 2 WY ool B Yt FWFY shpolry, W
golz A AAHY BES Holm Yout Y¥ AGeAE EFHA PAZ Azt
19604 o) F wAo] FAHAY Z2FAY. Y F2 L W4T FL oy

71 2 A WA 75 Fot, ASAd 7 AYAH S T2 s A AAHe

29-4
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1020000012172 2000/12/1
2 oA gaEs Qe FA0T.
@ Bols 27 kNP, FENE FHOE F oplEY L AEst FelAlo}
g FAoR @ olNolY o el A&, ZZe M BT golAy gojB
ollg} fFo] YeUTE T8 543 83 AP doH=E ZA vz,
< wEtgjole] AFANE AME &5 oA e A& EEA4 7] (Schizogony)9d E7} =
Z Yol A AGAR] £A7](Sporogony) 2 Wro] AEH, Agd 217 AMES EE
datg]ol EAFFo] FEE Al 8 uet o= o]Fe F AT FAL
® AAGAY FANHZ EAst7l 47 71300l Avd dF o2 oA Ho 247
A F4& 8A dvh. Zetelol TAGEFE EF AET oA SEAY A
FAYoz EAsti7l, 24X RS AXNHA FHE BAAVE #AHMY EELAE
W& Ha o] £EAAEC] 2 AE T S0Vl $UdT AAFIE HEEH.
o] 47t AAEAE 2 EXsteH, 7|7} ola FHlY AlgES FE3E AV

_ 9 ARAES B2 #AAHY FASIA viA] B F4AAL T A A
EAGT} Aol A FEEE AL wEEA |

<> galgole] AsolEe ARE 9 (chroroquine), Z&]v}#}Ql(primaquine) 59 A7}
ALg-H o] gtov}, Had ol FAAE il AFAE A 2elglold 2HoR
o Agd oHEE A2 Y

< dglole] Ao 9 =dyo] 71F Bol AMGHI YEd, ot Ty g
¥ 7E @45 dvFoez #ZsE 1A oItk aEy o] WL Aol

29-5
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1020000012172 2000/12/1
Bol Y1 AR AR mao] Besite wEe 2u Q. A Lolo P
& AAEE Algk] ARF I QUlE S, URES Re olfE 9 TuRH FA
A4 A Astw Yok, BEelol §AAE AAleE & ge dgos

——t

PCR(polymerase chain reaction) ¥Ho] Jedl, ole-APEE AT ofd AP AA
, AT dE AR ol
wolin o< G A wElEloly Stdolgl: WA Aoz od ARE <A fed, 19609
@ 2 Aag geteol waAlgeR s 1970d o] EolAMe Take]oke] 2go) A
o RuER gk, z#Eu, AT 199399 FAN FToA @47 24T ol F F5
- 8] BArEe] 1998 o= dElEol FA4r) 3800 Yo B HuEal gl
& gaol EAGFoE FEEEF ¥ 82(Plasnodiun vivax), FEEEE BAIHEF(
e " Plasmodium falciparum), EEREEF gefE]ol Plasmodium malariae) R FElLEEF 2
e i B Plasmodivm ovale) & 4 77t ¥HA YUvd. 2 7kl @StolA dsti=daa-
- ol FtAREF HYA(Plasmodium vivax)d &g A, ol FEJJ Au R U
® o A3 9% Ut Hol 2 Wko] oL Aol EAoltk, A, dFAA FY
Sa & wEhlol Jua ok wetelols] 24t @i Eh(Lactate Dehydrogenase) 5
9] 3gE A Wog, 11 WAL 500 £F HEH Qo] AUst 2ol B
7} Az g9 o] EAste Y 2 4397t AL @39 Leteiold] A= 0@
o lt}.
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@ old] & wHAEL weieiol BAY Wy o] EAE Detelol AFe) AT ol
PAE HAsd weelols At a2 WAH SHPPL LA, FARL
2, B 99 16 EE [ 59 § A09AE A4S 27 R 999

w oZ AW (indirect enzyme immuno assay)d} @ElE]ole] Wl RZE ZWH- dullale] Ui

H

= A4S PAZ ASHE 49 A=K xx WA 2939 (antigen sandvich -
e assay) @ AFIT. B w9 ol 2AEe F99 54 gAlE

v A el Hste] MRS ol Tetelol R B ohz} waHol nFAe 2
@ o JsEd, RES AT 29 Bl EASE B9 B 939 7 4L ¥FY B

- #Elobe] Agd §8FS ATz B PSS YA

[2g0] ol e 1&d H)
A § AT BAS Yducl 939 TW BNde FU02 A8sd dd ol 245
(g PRI S0l $AS B4 el s AR e ABsE

P EY

@ > AFoz, 2 YY) BAL 16 EE 1N 59 § QVYAE A= BW 52

AEe3 AW (indirect enzyme immmo assay)g AFdE Aol

a> E@, 2 999 2HL Dol H2zolE ¥Y wude ¥ EE AAE A
2 Agste 99 A=A Ea WA 289 (antigen sandwich enzyne inmuno
assay)& A|Fs= Rolth,

<> olg#, £ U] FFL dEdel 434 WE2R0E Y 9¥dY ¥ Ex I
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E oz AgSE Ut Foldo] FdE LEtElor PN FE AFsts Fold.

gde 74 2 28]
Car 47 B4g eys) AN, B ade gekdel 939 BY wude FU0E A}
g gel ga o] @A Tadols o PAE 2AsE Yool 52 BN
@ SireEAzes
av FARLE, £ 9He 16 EE I 59 ¢ AAYANE Aeshe 7 5L AY
O®  ox =gwue Avad
ae m@, @ 2Ee G dEzolE ¥d wddy 9% T AAE A=
Agste B9 AEAA BA WAGE PN AT,
an olg fshel, @ WEe Beklol 429 dEzolE W WU NPe C-Te
o R pygooc EFMEOI=E FEOE AT,

EG, B a9 ) 3udd 2de e A2F 27848 AT

olgd, B UYL A2F FZAGA=TE A4E BRFY, AV AU =
e g5 a4, A7) BUHILd At £ FIAAZ FE3E 23 ZAFL AEA &

dA-g fEsE 714898 Tste EEEol e L AFET
o olst, £ &g& FAs 4@t

<P E dge 49 vd E48ts 2eteiold] Kol FAE £437] st Lol
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W_:_.:“:" Z'l‘(-l-l\]‘.’}:—] ?{.}'-ﬂc’ﬁ xﬂ%vl-t} ’
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%)»a awﬂ e 2 E.*lf‘&% AuAs AFE. e e
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E)E ez detEels A 43, o 00%9] WFES 95.8%9 So|=E

B,

o Ee, B UPe M-EUdd ARAE o8 wocld ¥4 ASA EA W -
" o8 &4 (antigen sandwich immuno assay)2 Al3-gt}.
@ F . ¢ wHE WPEU9Y APAE AT,
s os gAMon, B ouWe AZT TARBAZRE Lo AAE SFeol EAGA] Ao
O 00w Bs89e Ege] AxE R-EUTY AUAE ATOG. HRP-EUY
A ARAE ol 88 FU AN B WARH SgPRe

A G

olo

87> (1) AzY xdgee] 28 FHolEY Z Ao FFAEE AUtk
A
T e (2) IRP-EH Y AFAE A7lste] TAY Y] 2D A JdA 7= 24
B R S BECREE S @l
) ;40> (4) LA} AFLAoR TAHE 71244 Arlete LA @A B,
e .. (5) 96 4 ZHOE R5E7E o438ty FFEE FAsE dAR FAA.
<> g g wtglol 4 A=A Aty 24wy A $3E deteor ¥
Fdol gAe] B ) A LEtelol Fol FAJ AHEA =z, ol F4-F
A AgAA 23 ALY AEA HRP-EAF Yol 2Fatd 71249 W 285 ¢
E AA 23 EATY FEAS HRPo] o8 EaEFo] THEE o)A dd.
kA, o]3F LHAHEE 96 4 EHO|E RFI|E o485l FFEE SAHTORH
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%"ﬂ q%ﬂ "%E}ﬁb} E‘E?’J °TI E‘ﬂ“—‘l-ﬁ- g8 @t} °17l°1] ‘23}310} :Efﬂ

- _f_]li;‘f"o‘x‘lq] e 2 Mv&% AAE W 24 EAY ARAE ) 2934 v
Blo} zeRLo] az}v} &4 99 Fo(fragment crystalization) %—% A48 2
ﬁf{-_ﬁv}t} s @o} ATT 24 TAVL APAE 7989 U A4S Boldlel @A

e T.—Esml 93 3 $9se SAgeRA BYALR ARUF U YA A 47
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4 SAYYE 92 a9 0 BE I 59 T AT PAE o8B WY [0 BE
RP-8 [N APAZ BRG] 2%E Gaeiol o] YAE AFsE PPoln ¥4
| pE9A 5a WS SAUYe dekelol 5W wude Q¥ Bt AAE 04w
s ERP-EREY A EUEK) 2YY Gl So| YAE A& Pl
e 2 479 ERPEE ol 8] GRIo BAY WA AR BHE Yoz gy

ol ATe A3, BE 906 o4 MRES BolEE UHuQed, 55 g9 A=

R &4 AASY AP a9 Ul BE eleol So] FAE A5y Wi 4%
A 3 BAY DRES) Bol=E vehATh

@ @Y, B 9ye gl uUuuMadS o gt ¥4, 47 Eudde Z¥d
RAA, EAAL AFA 23 FATY A8 L LAAE THeE VA gdos 7
cos ko BE SolA% st $49 Teteol AuA G AT
< B Uyl wtujol AuAlde] ASHE FAL ebeiol 95 UP AR EE

L

» @ wamjpae) Bolg ¥W BMAZN FHAEE HP2AY }FEY FEHCD EAHT

ARE s, vEAT 24 B IgdAe 44 gl 43 FI2EF

-~ XAEE 12 JA=E PV200C EFREtol=g] AR Ex I%E TAE ¢9de ¢4
e o 0B oo)gdT,
4 T, B @yl delgiol AaA S 22 EATY AFAE £8sEl, v
# AEANZE HRP, 9714 @43l s(alkaline phosphatase), ER0|E EE
(coloide gold), B¥&H(fluorescein) B Mi(dye) T EAAZ AL8E &+ lod,
B oadgore 2HIdde] ZEA=A HRPE AHSEY. 7] 23 ALY JdA= E
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o]7} A9l i wEte]ol Ho] T2 Fe(fragment crystallizable) F-Fo) A¥ate &
gglo} A9 &4 FE AEAT. obed, wHEAE 23 EANYY FAARA B
AH L GholM AT 1669 Ighol g Al 24z HRPE A FAA TE HRP- 16
Eix IRP-F IgM F @A deteiol ¥ 9] AR EE HAE FAZ o) §sho -
HRPE AHAA WE HRP-ZHFY A E ATd0.
‘*‘43"’ Aoz, B @] gaEol WAl 23 BARY HEAS dgeie] EA
ghgo]l R 714 §49¢ XHsted, stEAAE 23 ZATY REA e BAAA
o yhgate] EAg fdste HESHE WX d(tetrametyl benzidin) T4 A A%
4F 4902 FAE 7|2 §4L& AT, 7] 71289 ) sHEddE 9xXds 2
w2 R AL 23 EAGY AEA Y ulgA S BAAE AHEE P 95t £ H o
FAgkgo] HFEHL 2 HAAEE FREE SPToEN FAY A4 57 £ FAF

< AET.

Tap oja, 2 2w Axdd g8 A48 Ana.
@ <o o s ANdE B 2Ee gASE AY B, B wwe ygo) 8] Axldd]

.l

FAHE AL T

<> <HAld] 1> BF FFAEANE dEieol 945 EEEL 28 R 4A
2 (g@A 1) AR 32H8A9 AF R kel 4F UYL ¢

53> datelol A EholA FAE RARFH QHANESE T3 FAHE DNAE F
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o ZEZAA gL gtol XAFY PV200C EEWelol =9} pYES-2 HE E 72 AT
fd HindII19} Xhol22 A F T4 FolAl0)=(T4 ligase, Promega)® AZAAA A
z3% e pYLI-MSPE AFsgtt. AV AR SAHEE pYLI-MSPE AW,
U.S.A. 75, 1929-1933, 1978)9] WM o2 AR AL} Zrlolil2 f2H] 4] INVSCL(

Sacharomyces cerevisiae INVSCL)o] FAATAA AR FAAEA pYLI-MSP/S.

. cerevisiae INVSC1& FH 33, A7)9 ER FAATAE APYFTdIT72 §AXL84

i ,».M 1999y 1249 189 A2 JeESATHSFEHE : KCIC 8977P). BT -

@ < A9 ol ARe ol 959 AR PV200C EWEOI=E TaAsE A

23 EX pYLI-MSP/S. cerevisiae INVSCL(KCTC 8977P)& 2% € F I8 Y §ds

$
YEPD aiX|efA] 37C 2 Wgd &, MAE 1% SEICA D 1% 2EYgELAE ¥

~=YEP #iRZ ulFte] Wjggo TN, FFILLV) ARAHEE 9 ART ERZNEH X

<55>

<56>

Ao 4dL xS, o, ARY ARZNE 2dE W wid pv2ooC E
gHelol = N-geo] 2#E U «-UA ol Pelo]=(e-factor leader

peptide)d] €3] A ¥reowm Eul¥s, 47] W ©4Fo] EvjE F N-Zdd] ZHH
o] AE o-AA ] FelolEx AXde] St WE thobAl(peptidase) <3 A

AR 2R EAdE didnte] Wiy 2 Enuj=.

(27 2) &% FAAEARY ddd 2ugde] B4
WA 1049k o] v Uz ExjE Y SHE PV200C EeFElol=E d7] A3

o, 24zt WiGE WA 44 £9sld IAE AAT F WIS At g9 o
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of 9Bg A% SA9Y 2 ASA% A AgAAE.
3 <69> </é_1?~]°1] 4> {}%‘l :9‘._4-_ tﬂ@i‘i}’ﬂ ?—Jd‘%‘ﬁ(mdlrect enzyne immuno assay)< %v} :%I:E}

S “?EIOH aw

v "‘“”""” i % e zl-aa &2 WA 2RPUE ol LAAOHE QU Ad, AN

& ..041 1EE @M 291 we.g-re] 22 AAE A=Y ELFLE AN sheed

M‘ﬂ_o.z 96—% ﬁeﬂ }Eoﬂ ﬂ%a}ﬁq zﬂz@ra :ivézﬂse} QaolA Az 156 DeIgio] Eﬂ@'&

G **m..sm»n zm mnaol g (EP)E A BE 23 EAYY AGAE Apgahe
<71> ' ]ZS}.Q.i XH&?;} Pl ﬂ‘%% Ee0|E9) 2t ol NaOH(L.15 m/nd),
| o KH2P04(0 2 mg/mﬂ) KC1(0.2 mg/mt), NaCl(8 me/me), 2EA (300 pt/m) L X 24

s '«-o 2 mg/mz) w-% zae Alﬂ 549 100 ME A7sn FA &4 EFN s FA.

B @ - ogug g:gn.g.%azrzr 10 ul-f_ﬂ_-%ﬂ"ﬁ‘r"“] & EFRE F, 37TY @HE7)0] ¥ 60&3t W
mj %Al%at’r 2}% 1"‘%& F 0;05%.5%'20(%@ 20)& AT AN %}%%eﬂ(soo.w
‘ | -y A}-g»é}a]g EAOIEE 5 Hol AR Adsach. m ¢ 929 166(Cappel)
| 9} IgM(Bethy1)°’ﬂ g 2:& "?}iﬂt Tris(10mM), NaCl(O 5M), CaClz(lmM) YA E |
| (0. 5%) *%7&(0 2 wé/mt), %‘*%7&(100 ;w/mz). E4 20(0.05%), A#24(0.2 mg/m
o f‘) ! ﬁﬂ«%zﬂ“(so ug/w% Ty SYAE Agse 1 40,0009 Mg A% 854
f& :¢ zswaa zx} ik ATA 100 48E 47 Dol ArAskel TCAN 6082 WS
2 -:-."_'gu} gl m& :; 4 &0l EE 0.06% EH 20/A8F EF802 58
":”'-_;,t._:xq]zq'sm,, ﬁlﬁa}ﬁl@#ﬂﬂﬂ(tetrametyl benzidine) 100 ug/m!z; 38} (hydrogen
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peroxide) 0.006% & FA4 A4TE AFEN(H 4.5)& EHst= 7128 9E 100 A
A1k 308 GiolA] EHAFTE, HFEHA] LAo] o]Fojxl F WS AHA A (N F
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ABSTRACT
ABSTRACT
The present invention relates to an enzyme immunoassay and diagnostic
reagent for 'ma_l_a.ria. More preferably, the present invention relates to an enzyme
immunoassay- and diagnostic reagent comprising Merozoite Surface Protein as antigen

for malaria which detect malaria-specific antibodies in- serum sample by using

. Merozoite Surface Protein of Plasmodium vivax as antigen. The present invention

comprises an indirect enzyme immunoassay using anti-human IgG antibody and/or

‘anti-human IgM antibody, and an antigen sandwich enzyme immunoassay using a part

or whole of malarial Merozoite Surface Protein. The immunoassays detecting malaria-
specific antibo_dies in seruin according to the present invention have high specificity
and se;_nsitivity,_ ‘and are useful in diagnosing a type of malaria where latent period is
long and number of Protozoa in blood is few.
TITLE OF THE INVENTION
ENZYME IMMUN_OASSAY- FOR MALAIA AND REAGENT USED THEREFOR
DETAILED DESCRIPTION OF THE INVENTON
OBJECT OF THE INVENTON
FIELD OF THE INVENTION AND ITS PRIOR ART

The present ‘invention relates to an enzyme immunoassay and diagnostic
reagent for malaria. Pérticular_ly, the present invention relates to an enzyme
immunoags;éy for qlalaria which detects malaria-specific antibodies in plasma by using
antigens of Merozo__ité Surface Protein(MSP) of Plasmodium vivax of malarial Protozoa
and diaé_nqstic_feagent for malaria prepared by using antigen of the above surface
protein.

Malaria is a discase caused by malarial Protzoa that infects within human

eryﬂﬁocytes and is carried by mosquitoes. Billion people in the world reside in

S s
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antibiotics. Therefore, acquired drug resistance poses a serious difficulty on treatment
of malaria.
A blood smear method has been used in the diagnosis of malaria most
frequently. This method is a classical method wherein blood cells infected with
5 malaria Protozoa are stained and the stained sample is then observed through a
microscope. However, this method takes a longer time, and technical education of the
examiner is required to judge blood cells infected with malaria Protozoa. Recently, a
. diagnostic reagent detecting malarial antigens has been commercially available.
However, the concurrent use of the diagnostic reagent and the blood smear method is
10 recommended because the sensitivity of the diagnostic reagent is low. Another method
to examine genes of malaria Protozoa is Polymerase Chain Reaction method. This
method has high sensitivity, however, there is used only on laboratory scale.
In Korea, malaria has been known as Hakjil. From the 1960s, attempts to
i eradicate this disease begun, and in the 1970s, cases of malaria were rarely reported.
15 However, after a patient infected with malaria Protozoa was reported near DMZ in
. 1993, malaria begun to spread rapidly, and it was reported that the number of patients
infected with malaria Protozoa was 3,800 in 1998.
Human malaria c@ be caused by one of four known parasites: Plasmodium
vivax, Plasmodium falciparum, Plasmodium malariae and Plasmodium ovale. Among
20 them, malaria which occurrs in Korea is caused by Plasmodium vivax (Chom. S.Y.,
Korean J Parasit., 32(4), 281-284). Plasmodium vivax is characterized in that diagnosis
thereof is difficult because latent period is long, and number of Protozoa in blood is
few. The imported diagnostic reagent for malaria detects malarial antigens such as
Lactate Dehydrogenase of malaria. However, the imported diagnostic reagent has a
25 difficulty in diagnosing malaria of Korean type where latent period is long, and

numbers of Protozoa and antigen in blood are few, because sensitivity of the diagnostic
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reagent is only 50%.

The present inventors have developed an enzyme immunoassay for malaria by
detecting malaria-specific antibodies in blood of malaria patients. More particularly,
the present invention provides an indirect enzyme immunoassay using anti-human IgG

5 antibody or anti-human IgM antibody, and an antigen sandwich enzyme immunoassay
using a part or whole of malarial Merozoite Surface Protein. The immunoassays for
malaria of the present invention are more sensitive than the prior art immunoassay
detecting specific antibodys, and can diagnose malarial carriers as well as malaria
patients, and are useful in diagnosing malaria of Korean type where latent period is

10 long and numbers of Protozoa and antigen in blood are few.
TECHNICAL OBJECT OF THE INVENTION

It is the object of the present invention to provide an enzyme immunoassay for
malaria which detects malaria-specific antibodies in blood by using antigens of of
surface protein of malarial Protozoa.

15 Particularly, it is object of the present invention to provide an indirect enzyme
immunoassay using anti-human IgG antibody and/or anti-human IgM antibody.

It is object of the present invention to provide an antigen sandwich enzyme
immunoassay using a part or whole of malarial Merozoite Surface Protein.

Further, it is object of the present invention to provide the diagnostic reagent

20 for malaria having enhanced sensitivity and specificity by using antigens of a part or
whole of Merozoite Surface Protein of malarial Protozoa.
CONSTRUCTION OF THE INVENTION
To solve the above-mentioned problems, the present invention provides an
enzyme immunoassay for malaria which detects malaria-specific antibodies in blood
25 by using antigens of of surface protein of malarial Protozoa.

Particularly, the present invention provides an indirect enzyme immunoassay



10

15

20

25

using anti-human IgG antibody and/or anti-human IgM antibody.

Also, the present invention provides an antigen sandwich enzyme immunoassay
using a part or whole of malarial Merozoite Surface Protein.

The present invention provides antigens of PV200C polypeptide in C-terminus
of Merozoite Surface Protein of malarial Protozoa.

Also, the present invention provides the recombinant tranformant expressing
said surface antigen protein.

Further, the present invention provides a diagnostic reagent for malaria
comprising the surface antigens produced from the recombinant tranformant, a solid
support coated with said surface antigens, the second labeled antigen conjugates
combined with enzyme markers bound to said surface antigen, and a substrate solution
containing a color fixing agent.

The present invention will hereinafter be described in more detail.

The invention provides antigens of surface protein of malarial Protozoa in order
to detect malaria-specific antibodies in blood.

The invention provides antigens of C-terminus of Merozoite Surface Protein of
malarial Protozoa in order to detect malaria-specific antibodies in blood using antigen-
antibody reaction. The above C-terminus comprises amino acid sequences that are
common to subspecies of Plasmodium Vivax, and especially comprises a polypeptide
consisting of 108 amino acids (referred as “PV200C” hereafter) which exhibit 100%
homology among subspecies of Plasmodium Vzﬁax, as shown in SEQ.ID NO : 1.

Therefore, the present invention uses antigens of a part or whole of Merozoite
Surface Protein of malarial Protozoa. Preferably, the present invention uses antigens of
C-terminus of Merozoite Surface Protein of malarial Protozoa. More preferably, the
present invention uses antigens of PV200C polypeptide in C-terminus of Merozoite

Surface Protein of malarial Protozoa. The above protein can be expressed in a large
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amount from recombinant transformants. The present inventors prepared a yeast
transformant and E.Coli transformant which express PV200C polypeptide, and
deposited them in Korean Collection for Type Cultures of Korea Research Institute of
Bioscience and Biotechnology on December 18, 1999 (Deposit No. KCTC 8977P,
KCTC 8976P ). The prevent invention provides PV200C, surface antigen of malarial
Protozoa having 99% or more of high purity expressed by the above recombinant
transformant and then separated and purified as antigens of immunoassay and
diagnostic reagent for malaria.

The present invention provides an indirect enzyme immunoassay for malaria
using a solid support coated with surface antigens of malarial Protozoa.

The present invention provides a 96-well plate coated with surface antigen of
malarial Protozoa separated and purified from transformant as a solid support for
diagnosing malaria. In order to detect the surface antigen coated in well plate, the
above immunoassay uses the second anti-human IgG antibody and/or the second anti-
human IgM antibody derived from goat combined with horse radish peroxidase(HRP)
as the second labeled antigen conjugate.

Indirect enzyme immunoassay for diagnosing malaria comprises (1) pouring
plasma sample into each well of the well plate coated with recombinant surface
antigen; (2) adding the second labeled antigen conjugate consisting of HRP and the
IgG and IgM derived from goat to combine the second labeled antigen conjugate with
the antibody bound to the surface antigen; (3) washing the well plate; (4) adding a
substrate solution consisting of a buffer solution and a color fixing agent to induce
color development; and (5) measuring the absorbance by using a 96-well plate reader.

In the above indirect enzyme immunoassay for malaria, malaria-specific
antibodies in blood of the patient are combined with the surface antigens of malarial

Protozoa immobilized on the solid support and then HRP-anti-human IgG antibody or



10

15

20

25

7
> s

HRP-anti-human IgM antibody which is the second labeled antigen conjugate is
combined with the antigen-antibody complex. Thereafter, a color fixing agent that is
included in the substrate solution added is decomposed by HRP of the second labeled
antigen conjugate to induce a color development, and then absorbance is measured by
using a 96-well plate reader to detect existence of malaria-specific antibodies and
amount of the antibodies.

In the above indirect immunoassay, malaria-positive samples(plasma of the
malaria patients) and malaria-negative samples(plasma of normal people) were
diagnosed. As a result, the above method exhibited approximately 90% of sensitivity
and 95.5% of specificity.

The present invention provides an antigen sandwich enzyme immunoassay for
malaria using HRP-surface antigen conjugates.

The present invention provides HRP-surface antigen conjugates.

Particularly, the present invention provides HRP-surface antigen conjugates
prepared by mixing surface antigen of malarial Protozoa separated and purified from
recombinant transformant with HRP reaction solution oxidized. An antigen sandwich
enzyme immunoassay using HRP-surface antigen conjugate comprises (1) pouring
plasma sample into each well of the well plate coated with recombinant surface
antigen; (2) adding HRP-surface antigen conjugate to combine HRP-surface antigen
conjugate with the antibody bound to the surface antigen; (3) washing the well plate;
(4) adding a substrate soluﬁon consisting of a buffer solution and a color fixing agent
to induce color development; and (5) measuring the absorbance by using a 96-well
plate reader.

In the malarial antigen sandwich enzyme immunoassay of the prevent
invention, malaria-specific antibodies in blood of the patient are combined with the

surface antigens of malarial Protozoa immobilized on the solid support and then HRP-
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anti-human IgG antibody or HRP-anti-human IgM antibody which is the second
labeled antigen conjugate is combined with the antigen-antibody complex. Thereafter,
a color fixing agent that isl included in the substrate solution added is decomposed by
HRP of the second labeled antigen conjugate to induce a color development, and then
absorbance is measured by using a 96-well plate reader to detect existence of malaria-
specific antibodies and amount of the antibodies. The above indirect enzyme
immunoassay indirectly detects malaria-specific antibodies in blood of the patient, by
using anti-human IgG antibody and/or anti-human IgM antibody derived from goat as
an antigen of the second labeled antigen conjugate. In the meantime, the above antigen
sandwich enzyme immunoassay can detect all malaria-specific antibodies in blood of
the patient, by using a surface antigen itself derived from malarial Protozoa as an
antigen of the labeled anﬁgen conjugate. Therefore, the above antigen sandwich
enzyme immunoassay is an immunoassay having enhanced sensitivity and specificity,
which can diagnose malaria patients in the latent period as well as malaria patients.

In the above indirect enzyme immunoassay, malaria-positive samples(plasma
of the malaria patients) and malaria-negative samples(plasma of normal people) were
diagnosed. As a result, the above method exhibited approximately 98.5% of sensitivity
and 99.6% of specificity.

The enzyme immunoassay for malaria of the present invention provides the
antigen protein expressed from the recombinant yeast or E.Coli which is transformed
with the expression vector i)repared by insertion of genes encoding antigen proteins of
Plasmodium vivax, and purified and a solid support coated with said antigen protein.
When the blood sample of man who is suspected to be a malaria patient is poured into
the solid support, malaria-specific antibodies in blood become specifically combined
with the antigens immobilized on the solid support. After the second labeled antigen

conjugate is added to this, the second labeled antigen conjugate becomes combined
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with malaria-specific anﬁb;)dies by recognizing Fc (fragment crystallization) region of
the malaria-specific ‘antibodies combined with the antigens immobilized on the solid
support. Then, the marker of the second labeled antigen conjugate decomposes the
color fixing agent in the substrate solution to induce a color development. The indirect
enzyme immunoassay of the present invention detects malaria-specific antibodies
bound to the antigen by using HRP-anti IgG or HRP-anti IgM conjugate using anti-
human IgG antibody and/or anti-human IgM antibody wherein anti-human IgG
antibody and/or HRP-anti-human IgM antibody is/are derived from goat. Also, the
above antigen sandwich enzyme immunoassay of the present invention detects malaria~
specific antibodies combin;ed with the antigen by using HRP-surface antigen conjugate
using a part or whole of surface protein of Malaria Protozoa. In above two methods,
plasma of the malaria patients and plasma of normal people were diagnosed for
malaria. As a result, both methods exhibited more than 90 % of sensitivity and
specificity. Especially, the antigen sandwich immunoassay of the present invention
exhibited markedly enhanced sensitivity and specificity because it detects all malaria-
specific antibodies in blood.

The present invention provides a diagnostic reagent for malaria having
enhanced sensitivity and specificity, comprising an antigen using the surface protein of
malarial Protozoa; a solid support coated with surface antigens of malarial Protozoa;
the second labeled antigen conjugates combined with the marker; and a substrate
solution containing a color fixing agent.

Preferably, in the above diagnostic reagents of the present invention, an antigen
includes a part or whole of Merozoite Surface Protein of malarial Protozoa, and a
preferable example includes a part or whole of PV200C polypeptide of specific surface
protein of Plasmodium Vivax, which exist commonly among subspecies of

Plasmodium Vivax, as shown in SEQ. IDNO : 1.
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The marker of the second labeled antigen conjugate for the diagnostic reagent
of the present invention includes, but is not limited to, for example, an enzyme such as
horse radish peroxidase(HRP) and alkaline phosphatase, colloidal gold, fluorescent
materials, dyes or the like. In the above diagnostic reagent of the present invention, the
second labeled antigen conjugate detects existence of malaria-specific antibodies by
binding to Fc (fragment crystallization) region of the malaria-specific antibodies in
which there is little variation. Preferably, As the second labeled antigen conjugate, the
present invention provideé HRP-anti-human IgG antibody and/or HRP-anti-human
IgM antibody wherein anti-human IgG antibody and/or HRP-anti-human IgM antibody
is/are derived from goat. Also, as a preferable labeled antigen conjugate, the present
invention provides HRP-surface antigen conjugate wherein the surface antigen is a part
or whole of surface protein of Malaria Protozoa.

Finally, the diagnostic reagent of the present invention comprises a substrate
solution inducing color development when reacted with the marker of the second
labeled antigen conjugate. Preferably, the substrate solution consists of a buffer
solution and a color fixing agent, tetramethylbenzidine which induces color
development when reacted’with the marker of the labeled antigen conjugate. The color
fixing agent such as tetramethylbenzidine in the substrate solution is decomposed by
HRP which is a preferable marker of the second labeled antigen conjugate to induce
color development. Then, existence of the IgM and amount of the IgM are detected by
measuring the absorbance.

The invention will be further illustrated by the following examples. It will be
apparent to those skilled in the art that these examples are given only to illustrate the

present invention in more detail, but the invention is not limited to the examples given.
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Example 1. Expression and purification of surface antigen of malarial Protozoa

from the yeast transformant

(Step 1) Preparation of the yeast transformant and expression of surface antigen of
malarial Protozoa

The above-amplified a-Pv200-19 and pYES-2 vectors were cleavaged with
restriction enzymes, HindIII and Xho I, respectively. Then, a-Pv200-19 and pYES-2
vector were linked by T4 ligase to be a recombinant expression vector that is referred
as “pYLJ-MSP”. Yeast Saccharomyces cerevisiae INVSC1 was transformed with
pYLJ-MSP according to Hinnen method(Proc. Natl. Acad. Sci., U.S.A 75, 1929-1933,
1978), and then the yeast transformants pYLIJ-MSP/S. cerevisiage INVSC1 were
obtained. The yeast transformants were deposited in Korean Collection for Type
Cultures of Korea Research Institute of Bioscience and Biotechnology deposited on
December 18, 1999 (Deposit No. KCTC 8977P)

In order to produce the surface protein MSP from yeast, the transformants
pYLJ-MSP/S. cerevisiae INVSC1 were inoculated in 100 ml of YEPD medium
containing 2% glucose and cultivated at 37 overnight. Then, the culture medium was
transferred to 2L of YEP medium containing 1% glucose and 1% galactose,
respectively, and cultivated for 72 hours at 30 . The yeast transformants expressed
PV200C polypeptide, exhausting glucose. The expressed PV200C polypeptide was
secreted into out of cell by the a-factor leader peptide linked with N-terminus of
PV200C polypeptide. Thereafter, the o-factor leader peptide was removed by
peptidase existing in cell membrane. Accordingly, only the desired protein was
secreted into culture medium.

(§tep 2) Purification of surface antigen expressed from the yeast transformant

In order to obtain the PV200C polypeptide secreted into culture medium, the
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biomass was removed by centrifuging the culture medium that was cultivated for 2
days. Then, only the fluid of culture medium was taken and concentrated by
ultrafiltrating apparatus(Amicon, U.S.A.). For easily purifying the concentrated fluid,
the surface proteins linked' with cationic histidine residues were adsorbed on Probond
column(Invitrogen) to which anionic nickels were coupled by using six histidine
residues linked with C-terminus of the above-amplified Pv200 expressed from the
recombinant ycast. The contaminants which were not adsorbed on column were
removed by phosphate buffer containing 10mM imidazol, and then the surface proteins
adsorbed on column were desorbed and separated by 500 mM imidazol and phosphate
buffer. The surface proteins having approximately 90% or more of purity were
separated by the process. The surface proteins having approximately 99% or more of
high purity were obtained by concentrating the separated solution and performing
Sephacryl S-200 gel ﬂltratibn chromatography with the concentrate.

The prevent invention used the surface antigen of malarial gametocyte having
high purity separated and purified from yeast transformant as antigens of immunoassay

and diagnostic reagent for malaria.

Example 2. Expression and purification of surface antigen of malarial Protozoa
from the E.coli transformant

(Step 1) Preparation of the E.coli transformant and expression of surface antigen of
malarial Protozoa

The amplified DNA fragments were purified with phenol/chloroform mixture to
produce DNA fragments with high purity. The DNA fragment and vector, pET-19b
(Novagen) were cleavaged with Ndel and BamHI and were ligased with T4 ligase and

then recombinant expressiong vector, pELK-MSP were obtained. E. coli strain
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BL21(DE3)lysS was transformed with pELK-MSPs by the treatment with CaCl,. The
E.coli transformants pELK-MSP/BL21 were obtained. The transformants were
deposited in Korean Collection for Type Cultures of Korea Research Institute of
Bioscience and Biotechnology deposited on December 18, 1999 (Deposit No. KCTC
5 8976P)

The transformants pELK-MSP/strain BL21 (KCTC 8976P) were cultivated for
= 12 hours in LB medium containing 50 pg/ml of chloramphenicol and 100 pg/ml of
amphiciline. Then, 50 ml of the resulting cultures were again inoculated in 1L of LB
medium and were cultivated for about 2 hours at 37 . When absorbance(OD 600) of
10 the cultures became 0.3, IPTG (Isopropyl B-D-Thiogalactopyranoside) was added to
the medium to a final coﬁcentration of 0.2 mM. Then, the cultures were cultivated

further for 7 hours.

. (Step 2) Purification of surface antigen expressed from the E.coli transformant

After the cultivation, only the cells were isolated by centrifugation. The

15 obtained cells were suspended in 30 ml of Phosphate Buffered Saline(PBS). Then, E.
. Coli in the suspension was crushed with Sonicator(Branson, Sonifier 450) and
centrifuged at 5000 rpm. Because a part of expressed MSP proteins was in the
supernatant and the remainder was in the pellet, both the supernatant and the pellet
were completely suspended in 4M urea buffer(pH 7.5) where 4M urea was dissolved in
20 PBS, and then were centriﬁlged, by which only the supernatant was collected.

Because the overexpressed surface protein has His marker consisting of 10
histidines in N-terminus thereof, the protein was adsorbed on Probond
column(Invitrogen) for purification. The contaminants which were not adsorbed on
column were removed repeatedly with a washing buffer in which 10mM imidazol was

25 dissolved in PBS. Then, the surface proteins adsorbed on column were desorbed and

separated with an elution buffer in which 500 mM imidazol was dissolved in PBS. It
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was confirmed that the surface proteins having approximately 90% or more of purity
were separated by the process. Then, it was confirmed that PV200C polypeptide
having approximately 99% or more of high purity were obtained from recombinant
E.Coli by concentrating the separated solution and performing Sephacryl S-200
5 (Pharmacia Co., Sweden) gel filtration chromatography with the concentrate.
The prevent invention used PV200C polypeptide of MSP of malarial
gametocyte having high purity separated and purified from E.coli transformant as
. antigens of immunoassay and diagnostic reagent for malaria.
Example 3. Preparation of well plate coated with the surface
10 antigens of malarial Protozoa
To provide a solid support to be used for the diagnosis of malaria, the solution of
recombinant surface antigens of malarial Protozoa prepared in Example 1 or 2 was

diluted with 0.1M carbonate buffer (pH 9.5) to 0.5 pg/ml, and 100 pul of the solution

was added to each well of 96-well plate. To adsorb the surface antigens on the well,

15 the well plate was sealed tightly and left for 18 hours at 4 . Then, the surface antigens

‘ ' which were not adsorbed on the well were removed by adding 300 ul of phosphate
buffer solution containing 5% general goat serum to each well and leaving it for 18
hours at 4 . After the solution that remained in the well was discarded, moisture was
removed by leaving the well plate for 1 hour at ambient temperature. Then, the well

20 plate was transferred to a hermetic container with a dehumidifying agent and stored in
a refrigerator at 4 .

In the embodiment of the present invention, the above-prepared well plate

coated with the surface antigens of malarial Protozoa was used as a solid support in a
diagnostif; reagent and immunoassay for malaria.

25 Example 4. Diagnosis of malaria by indirect enzyme immunoassay

To diagnose malaria by indirect enzyme immunoassay, the solid support
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prepared by coating 96-well plate(Nunc) with recombinant surface antigens
prepared in Example 1 or 2 according to the method of Example 3, and the
labeled antigen conjugate consisting of HRP and anti-human IgM antibody or
anti-human IgG antibody derived from goat were used.

100 ul of a sample dilution solution containing 1.15 mg/ml NaOH, 0.2
mg/ml of KH,PO,, 0.2 mg/ml KCl, 8 mg/ml NaCl, 300 pl/ml bovine serum, 0.2
mg/ml thimerosal and the like was added to each well of 96-well plate(Nunc)
coated with recombinant surface antigens. Then, 10 pl of antibody-negative
plasma sample or 10 pl of antibody-positive plasma sample was added to the
wells, and the resulting mixtures were well mixed. The well plate was incubated
for 60 minutes in a reactor at 37 . After the reaction terminated, the well plate
was washed 5 times with 300 ul of a phosphate buffer solution containing 0.05%
Tween 20. The second anti-human IgG antibody(Cappel) or the second anti-
human IgM antibody(Bethyl) derived from goat to which HRP was conjugated
was diluted to 1/40,000 with a dilution solution containing 10mM Tris, 0.5M
NaCl, lmM CaCl,, 0.5% glycerol, 0.2 ml/ml bovine serum, 100 pl/ml goat
serum, 0.05% Tween 20, 0.2 mg/ml thimerosal and 50 pg/ml phenol red. 100 pl
of the second diluted enzyme conjugate was added to each well of the 96-well
plate and the well plate was incubated for 60 minutes at 37 . After the reaction
terminated; the well plate was washed 5 times with 0.05% Tween 20/phosphate
buffer solution. 100 ul of a substrate solution containing 100 pg/ml
tetramethylbenzidine, 0.006% hydrogen peroxide and citrate-phosphate buffer
solution(pH 4.5) was added to each well. After color development in a dark place
for 30 m;‘nutes, 100 Wl of the reaction-stopping solution (2N sulfuric acid
solution) was added to each well to terminate the color development reaction.

Then, the absorbance was measured at 450 nm (reference wavelength, 650 nm)
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by usixig the 96 well plate reader (Molecular Devices, USA).
Tetramethylbenzidine that is a color fixing agent in the substrate solution was

decomposed by HRP conjugated to anti-human IgG antibody or anti-human IgM

antibody; to induce the color development. Then, existence of malaria-specific

antibodies and am_oﬁnt_ ~of the antibodies were detected by measuring the
absorbance. .

According ‘to the above method, 20 malaria—positive samples(plasma of the'»
malaria patients) and 98 malaria-negative samples(plasma of normal people) were
diagnosed fc;r malaria. When positive cut-off value was determined by adding 0.5 to
the niea__n of the negati;re samples, according to the indirect enzyme immunoassay using
the recombinant surface antigens of malarial Protozoa according to the present -_
invention, 18 out of the 20 malaria patients’ samples were judged to be positive and 46
out of 48 normal people’s samples were judged to be negative. Therefore, the indirect
enzyme immunoassay of the present invention exhibited 90% of sensitivity and 95.8%.

of specificity.

Example 5. Preparation of the surface antigen of malarial Protozoa
conjugated to HRP
‘The labeled antigen cénjugates to be used for antigen sandwich enzyme
immunoassay were prepared.

The recombinant surface antigené- of malarial Protozoa prepared in Example 1
or 2 was dialyzed for 1 day at 4 agai_hst 1 L of 0.01 M sodium carbonate buffer
sqlutioh(pH 9;_6). The buffer s_oluﬁdn was exchanged 3 times during the dialysis. Also,
5 mg of HRP was dissolved in 0.5 ml of distilled water in a tube, and then 100 pl of 42

mg/ml NalO, was added to the HRP solution. After the tube was wrapped with foil, it

was shaken for 30 minutes at ambient temperature for the oxidation reaction. After
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HRP was oxidized enough, 60 ul of 1M glycerol was added to the reaction solution.

Thereafter, the tube wrapped with foil was shaken for 30 minutes at ambient
temperature to terminate the oxidation reaction.

For a conjugation reaction of HRP and the surface antigen, salts were removed

5 from the HRP reaction solution by PD10 column (Pharmacia) saturated with 0.01 M

sodium carbonate buffer (pH 9.6). The above solution of the surface antigens was

added to the oxidized HRP reaction solution. Then, the tube was wrapped with foil and

‘ shaken overnight at ambient temperature to prepare conjugates of HRPs and the

surface antigens. After the conjugation reaction of HRP and the surface antigeri was

10 terminated, in order to stabilize the HRP-surface antigen conjugates, 40.8 pl of 4

mg/ml NaBH, solution was added to the tube, and the tube wrapped with foil was

shaken at 4 °C for 2 hours for the reaction.
To remove HRPs in the reaction solution which were not conjugated, the surface

proteins conjugated to HRPs were adsorbed on Probond column that was equilibrated

15 with phosphate buffer solution by utilizihg-hisﬁdjne residues linked with C-terminus of

. the surface protein. Then, HRPs which were not conmjugated were removed by
phosphate buffer solution. The HRP-surface antigen conjugates adsorbed on Probond
column were desorbed by phosphate buffer solution containing 1M imidazol. The
conjugates were collected. The protein concentration of the collected HRP-surface

20 antigen conjugates was determined by using commercially available BSA protein
quantitative test kit. The sample was stored in a refrigerator after addition of bovine
serum albumin (BSA) of final concentration of 1 % . The above-prepared HRP-surface
antigen conjugates were used as labeled antigen conjugates in an antigen sandwich
enzyme immunoassay and diagnostic reagent for malaria.

25
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Example 6. Diagnosis of malaria by antigen sandwich enzyme
immunoassay using HRP-surface antigen conjugates
Antigen sandwich enzyme immunoassay for antibody of suface antigen of
malarial was performed by using the HRP-surface antigen conjugates prepared by
5 combining HRP with recombinant surface antigen as prepared in Example 5.
30 ul of the solution of the HRP-surface antigen conjugates was added to each
well of 96-well plate(Nunc) coated with recombinant surface antigens. Then, 100 pl of
‘ malaria—positive samples(plasmas of malaria patients) or 100 pl of malaria-negative
samples(plasmas of normal people) was added to the wells, and the resulting mixtures
10 were well mixed. The well plate was incubated for 90 minutes in a reactor at 37 .
After the reaction terminated, the well plate was washed 5 times with each 300 pl of a
phosphate buffer solution containing Tween 20. 100 pl of a substrate solution .
containing 100 pg/ml tetramethylbenzidine, 0.006% hydrogen peroxide and citrate-

phosphate buffer solution(pH 4.5) was added to each well of the well plate. After color

15 development of the plate in a dark place for 30 minutes, 100 pl of the reaction-stopping

. solution (2N sulfuric acid solution) was added to each well to terminate the color

development reaction. Then, the absorbance was measured at 450 nm (reference

wavelength, 650 nm) by using the 96 well plate reader (Molecular Devices, USA).

Tetramethylbenzidine that is a color fixing agent in the substrate solution was

20 decomposed by HRP conjugated to the surface antigen, to induce the color

development. Then, existence of malaria-specific antibodies and amount of the
antibodies were detected by measuring the absorbance.

According to the above method, 202 malaria—positive samples(plasmas of

malaria patients) and 400 malaria-negative samples(plasmas of normal people) were

25 diagnosed for malaria. When positive cut-off value was determined by adding 0.5 to

the mean of the negative samples, according to the antigen sandwich enzyme
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immunoassay using the HRP-surface antigen conjugates according to the present
invention, 398 out of the 400 malaria patients’ samples were judged to be positive and
199 out of 202 normal people’s samples were judged to be negative. Therefore, the
antigen sandwich enzyme immunoassay of the present invention exhibited 98.5% of
sensitivity and 99.6% of specificity.

An indirect enzyme immunoassay using anti-human IgG antibody and/or anti-
human IgM antibody derived from goat, and an antigen sandwich enzyme
immunoassay using HRP-surface antigen conjugates detect malarial specific-antibody
in blood. Therefore, they arc immunoassays having enhanced sensitivity and

specificity, which can diagnose malarial carriers as well as malarial pateins.

EFFECTS OF THE INVENTION

An indirect enzyme immunoassay using anti-human IgG antibody and/or anti-
human IgM antibody, and an antigen sandwich enzyme immunoassay using HRP-
surface antigen conjugates detect malarial specific-antibody. Therefore, they can
diagnose malarial carriers as well as malarial patients. Also, they can simplify the
immunoassay beacuase of reacting plasma sample and antigen conjugates at the same
time. A diagnostic reagent for malaria comprising antigens of the surface protein of
malarial Protozoa, a solid support coated with said surface antigens, the second labeled
antigen conjugates, and a substrate solution containing a color fixing agent can detect
existence of malaria-specific antibodies and amount of the antibodies more simply and
exactly.

Therefore, an enzyme immunoassay and diagnostic reagent for malaria.
according to the present invention are useful in diagnosing malaria of Korean type
where latent period is long and numbers of Protozoa and antigen in blood are few and

the possibility of reccurrence is high.
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What is claimed is;
1. An enzyme immunoassay for malaria detecting malaria-specific antibodies in blood
by using surface antigens of malarial Protozoa.
2. The enzyme immunoassay for malaria according to Claim 1, wherein said surface
5 antigens is C-terminus of Merozoite Surface Protein of Plasmodium Vivax.
ﬁ 3. The enzyme immunoassay for malaria according to Claim 2, wherein said surface
| antigens is a part or whole of PV200C polypeptide in the C-terminus of Merozoite
. Surface Protein of Plasmodium Vivax.
4. The enzyme immunoassay for malaria according to Claim 3, wherein amino acid
10 sequences of the PV200C polypeptide are amino acid sequences as shown in SEQ. ID
NO: 1L
5. The enzyme immunoassay for malaria, comprising :
(1) expressing Merozoite surface antigens of Plasmodium Vivax from

transformants and purifying it;

15 (ii) immobilizing the purified surface antigens on a solid support;
(iii) pouring plasma sample to combine malaria-specific antibodies with the
surface antigens immobilized on the solid support;
(iv) adding the second labeled antigen conjugates to recognize the antibody
‘bound to the surface antigens immobilized on the solid support;
20 (v) inducing color development by using the markers of the second labeled
antigen conjugates bound to the surface antigens; and
(vi) measuring the absorbance by using a 96-well plate reader.
6. An indirect enzyme immunoassay for malaria according to Claim 5, wherein the
antigen of the second labeled antigen conjugate in the step (iv) is anti-human IgG

25 antibody, anti-human IgM antibody or anti-human IgG and IgM antibody.
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7.. An antigen sandwi;:h'enzyme immunoassay according to Claim 5, wherein the
antigen of the secldin.lj_labeled anﬁgeﬁ _conjugate in the step (iv) is a part or whole
in the C-terminus of Merozoite Surface Protein of Plasmodium Vivax of Claim 2. . -

8. A diagnostic reagent for malaria detecﬂng malaria-specific antibodies in blood,

- comprising surface antigens of malanal Pi_'otozoa.

- 9. A diagnostic reagent for malaria ;accqr’c__ﬁng to Claim 8, comprising :

an antigen consisting ofa part or thle of Merozoite Sufface Protein of Plasmodium
_— S

a solid support coated with said surface antigens;

the second labeled antigen conjugates combined with markers; and

a substrate solution containing a color fixing agent.

'10. A diagnostic reagent for malaria according to Claim 8, the antigen is protein

consisting of a part or whole of the PV200C polypeptide of the surface protein of
malarial Protozoa as shown in SEQ. ID NO: 1

11. The diagnostié reagent for malaria according to Claim 8, wherein the marker of the

- second labeled antigen conjugate is horse radish peroxidase, alkaline -phosphatase,

colloidal gdld, ﬂuorescent materials, dyes or the like.

12, The diagnostic reagent for malaria according to Claim 8, wherein the substrate

solixtiqn consists of a buffer solution and a color fixing agent which induces color

| '- 10
.
20

dévelopment when reacted with the marker of the second labeled antigen conjugate.

13. The diagnostic reagent for malaria according to Claim 8, wherein the second

~ labeled antigen conjugate usr anti-human IgG antibody, anti-human IgM antibody or

25

anti-human IgG and IgM antibody as antibody.
14. The diagnostic reagent for malaria according to Claim 8, wherein the second
- labeled antigen conjugaté use a part or whole in C-terminus of Merozoite Surface

Protein according to Claim 2 as antibody.
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SEQUENCE LIST

SEQ ID NO.:1

Asn Glu Ser Lys Glu lle Leu Ser GiIn Leu Leu Asn Val GIn Thr Gin
Leu Leu Thr Met Ser Ser Glu His Thr Cys lle Asp Thr Asn Val Pro
Asp Asn Ala Ala Cys Tyr Arg Tyr Leu Asp Gly Thr Glu Glu Trp Arg
Cys Leu Leu Thr Phe Lys Glu Glu Gly Gly Lys Cys Val Pro Ala Ser
Asn Val Thr Cys Lys Asp Asn Asn Gly Gly Cys Ala Pro Glu Ala Glu
Cys Lys Met Thr Asp Ser Asn Lys lle Val Cys Lys Cys Thr Lys Glu
Gly Ser Glu Pro Leu Phe Glu Gly Val Phe Cys Ser ~
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" (iv) Agregar conjugados segundos antigenicos marcados para reconocer el
enlace del anticuerpo a los antigenos de superficie inmovilizados scbre el

‘soporte s6lido.

(v) Induccién de desarrolio de color usando marcadores de conjugados

- segundos antigénicos rotulados ligados a los antigenos de superficie;
(vi) Medicion de I_aabsdrt_xanéia_ uﬁ!izando el disco de 96 pozos y su lector.

6. Un inmunoensayo de enzyma indirecto para malaria de acuerdo con la

reivindicacion 5, caracterizado en que el antigeno del conjugado antigenico

" segundo marcado en el paso (iv) os anticuerpo IgG anti-humano, anticuerpo

IgM antibumano y/o anticuerpo IgM, IgG anti-humana.

7. Un 'ipmunaehéaycz' de enzyma sandwich antigénico de acuerdo con la
reivind'icat_:fiér_;'No.S, caracterizado en q:'uej sl antigeno del conjugado antigénico
‘'segundo en el paso (iv). es una parte o la totalidad en la porcién C terminal de
la proteina de superficie del _:ﬁétézoito del Plasmodium Vivax de la

reivindicacion 2.

‘8. Un reactivo diagnéstico para malaria que detecta anticuerpos especificos
pai'a_malari_a en sangre, que comprende antigenos de protozoario de tipo

maiaria.

‘9. El reactivo diagndstico para malaria de acuerdo con la reivindicacién 8, que
_ comprende:
Un soporte sélido recubierto con antigenos de superficie

‘Conjugados antigénicos de segunda marcacién que se combinan con

E marcadores; y sbldcién, de substratb-qué contiene un agente de color fijador de
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e A A7)
(239 =4]
[20] &ahe 7leRol @ 12 Bopel £77|4]

@ B wge goecld @AEAY Sy, AuAe @ Avwyd B¥ Res

A, ZASAE €8 2 €309 2ol 459 FYUd 1M & AEse w2

¢

6 glole] WSt S4wy, detElol JdAIG R ek @3 Aoln,
<5> detgjole B7)E wi/E dte] HEelole] 5ol Q1S HETF o FEHY
e GAEE FHor A A 10 99 177t Reeol HPR G AFda o, b
d 5 g o]e] detElote] ZEFH I 2 ARG ool EES Y A T shio]
k. gElEols A AAEQ EXE Eolxn ot dF Ao s A AR
Aate] 1960 o] F LAl FAFHAY ZAHAAT. I A2 dYjx 4 Z
& olF 712 2 %A WA FF9 FUF, A g AFY T o= A A A
! AFLR A =3 Je FAlH
<6> gEtgloles AA olZEyty, FEVE FAHLE ¢ oM IE ® =% FEol
Aotg FAom & oiNolg oz 1ppolXd, AL XA EX oA o
Bl ol g0l YelE 4 BEAT 433 A QoAxE A ©E.
<> dratelole] AFALE AL &5 oA e ARA] FE A4 7] (Schizogony) st 27
&3 Yojxe] FFALQ EA7](Sporogony) R WHFolAl =, A& B7)7F AL BW
waldol ExFFol AEE o] AR FHE we FOR o]FF T TAEqA FHL
ANSAY FAZHE EAsITE 4T 7ol A EF0E oA Hol £33
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> f_%waoa A4S, 24 HHL ANAA "%*é-?l $EAT 409 J?-gmm
ﬁ&%ﬁ}ﬂl 51"7 o) %Axﬂ o Ao AT o FUT HAFE fm-

1%- %J—.—7} *B'—‘JEHIEE %a%snz EAsed, 2717 e 4Hd A FEs %71

: I —4 MEA}E?} E?li %}"ﬁﬂ"i%‘-’—‘}ﬁ}ﬂ oA 37]4 z’a}.qm}:g% 23 99 ;gmo]‘l %

T %E}F—]‘”H 7‘13011 iiﬁ}‘ﬂ(chloroqume) = 2] v}3¢l (Prlmaqulne) .;._q adug

f_"_.-. | xlm AFEE] %uz.u} Azdl T PRAT AA APHE 2 Bl 2

ez aasdoEss Azt o *

> ekl Auele 44 swdol 74 89l 48593 9Ed, ok Wt

;_i\___zm% ure wa}oq AAez Base TANL PG, 2t o BUe a

‘ _\.fi.f?l"’l-' ol éﬂ:ﬂ ?é*}z}-l ol aamu% wdg ;@:a qo. A2 Ao} -

,__'sp}%_l-': A Aokl wm 9171'— i, A e EEES 49 seus 5

A A}%z} zi% ﬂv}fﬂ. am garelel faRe ;mﬁ}._ = e Pges

& _PCR(polymerase chain reactlon) wq [, ok gzt g o4 %Q_OM N
o -?*_ﬂ qans 2= fo o -

@

1°> | s Wk Slshe 999 W2 od ARE A ged,
- 19@»4%51 A% GEloL AR Ao 1909 ol Wkl W
 oie wasA ggth 3eh, AT 0dd FAY RN B BT OF
-w:s] zmsm 1998‘—4"1]" E%a}alo} R4} 3800 Ho2 Buga Qg
i %Em o} g:,z}-'?}-%ol] z}»_fzg 1 E’f”‘(PIasmodmm vivax), %E}*.E# -%.Wﬂ?
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1@000054_5305]' e S o

F(Plasmoa’uw falczparzm} -gﬁ’} E-a- gtz Of(PIasmodwm ma!anae) ~§£’} .E-;g* £

%(P]asmadmm ova]e) T 4 FF7 %\'ﬂiﬁ 9.1‘-'4' 3 7heHE @S5rollA "Q“%‘ﬁ]’ "%E’rﬂ

fr-o}a—- gﬂ/‘"ﬂ'ﬁ" u/wmasmod,m vivar) 9% Zi?ltﬂ ol #8717k A2 2 n
'-'_':.?°ﬂ %«zns'r- A5 471 4} 2 Qv ojse Aol AL, WA, AFolA 9
srv ,\1“ el ARAGE wekdols] 2E Bh 22 (Lactate Detydrogenase)
'-:-'f':q Jag za-%a} BHo2, 3 UPES 506 2 18 1ol 4719 ol ’é}—‘iﬂ"_ |

-7} @31 %93 LH"ﬂ %Zﬂﬁ}—* 4 tylt %‘2“‘67} e §39 gt 2 Akl o8&

S olgn ¥ gAEe Azl weeior YA Agse Pgos 429 gootE
T:f‘wl%ﬂ -%”é}a]@%--'xwﬂﬂ-‘!-.w&rwﬁ}oq 2939AT. o] WHe %amé}-fz}%

o}%s}oa @a}ao} ‘%‘*zﬂ% AN B mewoz Zd 7% v & & AgEs

: '-e_}a}am @x} ze A7 weAe A8 + Y. 2T Lo BAF I @
- --.a}ao} AYE Sdg Te ST A4E & 71 MRS BT Gl HA
U moam w0k $ARAAA Igcé— EWhE He2 AN PRE Be gY@

e 7}219} ?3{’%% °‘F7V~l%1 & Atk B wHAEe) 39 A=A woggs a4

._ _%.9_3 @--«a@} aﬂ}ge}ﬂ o} -%2}7} obd AAQ AL 10~30M0) = &atelo}l g |

9 080l 19 BRlent o olEAAE BARE] o ol skt olzte 40

| ] Ve}»—l °433°1V~1“ %ﬂﬂﬂﬂ w*ﬂﬁ}%‘l‘ﬂ 19604t} ojdoj waje ol E-7l°ﬂ =&

i _.'_;f_j;fffgi-% 7}-—-4-;01 2Bz ARHoR ¥ 16 PIEE b Ao FaEr L

. s %a}a]om F9%E AAAE Rkl F2Y F 2R Al Aol

| ",-»o}zq %}a}ao} B0 1607} gotglel wetelol WAl AAloIA ANHOE B PHEL

’ u}e}mzu g R0ln waHote Awsy) A wekelor FA AN B gyl AT
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Pgojd Aol},

<12> wha}A] 404 olAre] Aot wEte]ol #3 A GoA gEtEolE el ¢3A
= gelol AR FAE ASHOE bt delglE 16 X0 NEF 94U A5
s @bt ARAE e AASE TH0l O ERGolAT ¥ + A Aol

@ o dFuR s Aed BA)

ar 2 g %3S wke 959 F4& Agstd deyd sk 2Eeol
Eo] Il & A&sE Tetelols] WASH SFPUL ATsE Aol

e B g e 2He deteicr Fol I & AEAHE 1 £ BSY 24
¥ (IgM capture immunoassay)S A|&38l= Aolt}.

av 2 P9 moe 2He vk 939 4L TPehe, WPES BolEst
49 etelol AN FE AFsE Rl

@ 2w moe Bhe el 959 F92 o8 89 N EAHE: @

P

o} Sol Igh & FEHE VAT TYHE Yol B JwPEe AFshe
o]t}

rage 74 2 48]
a4y BAE A A4, B EPAEE Sadel B9 B W ETAHE
gejiol UEd R o] FAF Lelelolol B I B FEFE PYoE U
ol Aushs WARE SAIYL AYSRT. @ TAAZA & $de, nHA
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-0zt 1M FAE AH8eE M 28 HAEHH S HgM capture immunoassay)<
AFE. B g9 deol 53 Wi T Jled 54 ¥de SH= i
Hate] AAETL Fol TEtelo} B V)T 0] FHedH, EF FA dztE ol
AaEdoYd AFrE UL B FEY F de EAE MR Yo, A7)0 g
go} FPA oA Feteo} Aol UMY FAA HWHAE BF FHPYLE JAHE W
o2 E5EY WE A2000-7648% L A2000-12172% ] ZElgjol A AAlelE &,
B oagel g 2 A e st gEtelol §xbel A HYHAE TER F JoH
, YT 53FY WE A2000-121728.9] 7 54 WHASH A o7 FA HA
HER A F4E BolEd UAEE FAFe=H 2 IyL 4T

B iy deiElol 439 A& o] kst Y o] SAsE dE ol Hol
M & AEshs Zetglote] Ay WYL AF T

TARoR, & @y Tt} Ko] Ighe FEde Il TF BHEF
A4 (Igh capture immunoassay)S A|Fdrt. wlFAsAE, € 2998 Il ¥8 5
A& BEEE SAYEE ATdY. wEFHEE, B e 37 1M FAE A
gl 49 o] At 2ol Bo] Igh & ASse delelolel WY F3HY

< A

ol

gt

2 dge] detE]lol Kol Igh & AEL AT IeM X8 HASHH SR (e
capture immunoassay)<,

-7 I FAE 2AZA A RN @A

A71 A 2RE LAY 83 B 83 ARE A= IME ZRATIE
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oA
2> g7l EAYY AFAE A nAA F2d Ao AR Il I BEA
71e 2A; R
2 gl o) AFE ENYL AEAY TAAEG ol 43] BHE BAE TFU
@ B 9ye waeel 959 FUg AR €9 ol A el Hol
@ o e P, el WY A AFIT. AR, A2 1 FA
298 nAA; EATL AT R TAAE T4 /1249¢ Ters 2ol A

Aoke AFHEG. 47 BAGY AGAY A dE A=G $LRBAZRY 4

A

49 Boelol ERRLd EAEAAE $2HAD Rolh.

@ me  wde e 959 992 o8] 49 el EAse ekl &

o) gl & AEAE BAS TR Lol B WIS ABET

@ oa, 2 @we A8 4Pe.

@ 2 uve 99 Yo EAse 2kl Hol Il & A& Astd dakgol 9
29 94, HgAslE galor 959 B4 94, | vledsAs & 9uREs
JeUT BuEd U5 AN0-7645 NA ABHYY welol 439 wUde o
@,

> aEdsAE, B eUe $U-2ARSE olgse 2d e EAse vekuo)

o] Igl & 4] Aokl AU Loelol WFY EW N USP (erozoit
surface protein)®] (-2 R91% ol§8Th. A7) C-TE RAE UL eklo} 93

8] o}F Atole] FHHOE EAGE oivixAt MEE XS o, Fo Ad¥E
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iz olAsn 499 R 4390 OHEE AOIIAE 106 3ERE BelE 1os*7nv'
__4 R olRolAE EIAHIS(IS CTH FIWE EVEE.
- uga E wRdaE Sgdnle & UaAEs deus BNEd WE A
o 2000~7648§oﬂx1 A}—a—s}am o} 429 =Y wud i AY B are 01%{
& o, B s HeY A U FILEE S Plaswodion viva
 MZZOIE BW wRAeromit surface protein)s] C-UE FAE oI$UT. g
L s sl ARl AYUE 12 AR B AP ¢ T XA
‘ PO EAHd AY 5 UrE 80T ) ee AZY 9I8EN
20d ARUUAA 28 4 gen, ¢ TAAEE P0G FHISE WA
A% 9UABA R 93T FAABAS Al 1900 120 19U ARTAAT
e - fARE D IR ¢ KT ST, KCIC 87P). & WA HhEAs
o A A SAABAZRE WA ¥ 2 AAL Peiclol LAV PAOC
@ £y ow-; aeE2 Boi Wl Qe AT S L LA A
kY g}uae- @ gesn, Leheiol] o) Igie BEsHe Tl 29 WG &4

"‘J‘ﬂ(lgM capture 1mmunoassay)-9* AFdo. wgFsde & €38 G-zt Igh FA
%— *P%-B‘M L \Hoﬁ %Zﬂfﬂ- ‘%‘_‘i}ﬂw} Bol Igl & d&HE E‘—.J:E]-E]"}-l W@lﬁl"—ﬂ
. sapug Azen. |
‘ _ .:;32?-}.' 01% $iste, E— wge ek ol 7‘“&'% b A]-%% agAEN B}%ﬂ%}ﬂ]—cs
“ *ﬁ*ﬁfH 33'-"121' IgM ‘%ﬂl% 2% ¢ 96-4 %—EIME% Adc. =F, & I3
L ‘3—3:?—1-31"} E'f’] IgM % %%6}71 -?46}05! gefelor 49 YU} EAAE YA ¥R
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F9 ATAE ATYG. £ 999 FAYY AFAE TS BAAZ T, 7]
gae AL Lol Kol 1o & A& skl YAAGE RE BRE
AA AAG AT weleol TUFLIh, A7) EARY AGAY BAMY AL
F3Jo] 7418 & A (horseradish peroxidase, ©13F HRP'E <A¥) ¥ A7AH T29
Elo}Al(alkaline phosphatase)} Z& #Fid, FRoj= FE=(colloidal gold), FFEH
@ (fluorescein) ¥ Hi(dye) 5€ B 4 gou} oo @45 AL ohs, vias)
| T £ 5a, O gASAE na0] SRR,
i’ <> 2 dve) gelgol So] I o AES 9 I T AGSA 24P (I
 capture immmoassay)®] HIRAT oy, F-A7 I FAG AA] FAAE GA;
A7) FA7 ZHE AN €4 BEE €4 ARE Aste] [NE ARAE VA
A7) EAFY AEAE A7hete] TAAC R4 FA) AFH U 3} H3AE
CwA; R Il o) 29T AL ARAY FAAE o8] BN wAR T
@ o}, |
o deleol Bol Igh o AEE 9% I XY WA S4UE(IaM capture
® immunoassay) 9] © HIEAE d&,
<3 (1) 94 fd9) A7 I FA7 298 SHolES 2 do] B3 F& 8%
N2E @rstd wHeAsE BA;
@ (2) 4 EdclEE AdstE @Al
o () AxE EUgAS B 2 FAE EATY AYAZ A7) A2 1a HA
2aE s weAsE A
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- \-_.':__'“' @ 4 gdols Adse oA |
w0 RS $BEANSE THE AE49E BRI WANE WA T
<40> -(6)-96-% -E’ae]]o] E %Eﬂ% 0]-8-6}&1 5958 AsE dAE E?J*Z’:E}.
<4x> e Maﬂzzﬂ # W39 WAl WA AU 9ahd 92
o ﬂ- 190 9t 299 3R A, 499 Belel 959 94 vHAE =3

@ 'iwzazl-ﬁ Yol A4S AL oI YI4RY AZY 22w PETS

o -tﬂ%ﬂwi#‘-ﬂ %ﬁ*]ﬂ 2311]7& 34 Gude ) x4 1 T4 PEes mgpq_.-_'-'l
¥ gwan 225990 39AE AT ) 9449 900 0 P 294
| "’:"ffi"zz@zuon Ueleloh BRGRE W ke A WAONE WFE AR WA
% ol EASE 9T 1 & 9 293U 1 PA agaA av. o7
E =a v wes) AYAE A, FAE 4 297 -2 T
F .."_‘GJzJMl aw 1% LeEiol WA g & AN APt olsh gol AW
. __'.'-mml_x P 744 W RAAE Bl LAE HEHA 92 2 FIRE 39
?}owﬁzl—%szﬁ}oa AREAD [ A 479 FAFE AR Gl 7
v uuen. B wne ) S29UE olgoa Tk 849 934 28
R ER ayes Iaa}zqo}% A A, 08 o4 A=< 9% oy Folx
b g Heisies, S EZR SECEETE R LERE mr.z} 168 B43T 98
Aoz 239E 109 o199 B4 Wl RANE EF gHoE EEELY
| %’1— €39 ?-_la}ﬂOH %y SAPHS AE0T 558d w= 21]2000-—12172§
;94’ 2 »}H‘-’-«M £ RHUN SAPYRT AU HoEE BT, Prls
o as mﬁa}a 24l Mo QAE R F%h 2A ALY
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g B oage deieiol 9459 e xdaty d9 el &g el 5
o] Igh & A&, Lol AT A %S ATt HlFAAE & EHL, F-AT
I FA7 =88 LA BAFE JFA,; R TAAE sl 7148498 T3
=, gEtgo}l AgA e AT

£ a9 deEjof kA el ARSEHE F-U3 I FA Y d=2t da 79
F-A3 I FAE € 5 dov, odd RHE AL ofyrh. A7 F-A3L Igh FA
£ uEASAE 1S mu A& SolF Rz Fd-FA9 A o3 FA=
IgG W} 718 B8 WY F2EUF IR ¥hgo] fle AL AMSEY

B ougel gete]ol AdA o] AL EHE EAYGYE AEAS FUdL Lol 4%

o F4-g ol &3, HgAT d2AE 4Y94E dFol 4F FHLEF H/E2d

o]g ¥ T dL o]gsH, t] uFEAF dEA= 2 EF H]BR2(Plasmodium

et

vivax)?] NSPS] C-2d H-$1& ol&atn, v&d agAd daMe AdEs 12 714

EZIARE HJEIAQ] ol&Eo] FEAH o R &A= PV200C Se|Heloj=g AR

1
el

A%z 74d 9w E o gAY,

H
rle

B dnlel dale)ol AgAeke] AHSHE AT FFA I IR d2ME n
Fuo] Bt EA(HRP), @714 EulelotA|(alkaline phosphatase), FR2o|E E=
(colloidal gold), BFE A (fluorescein) B Mi(dve) & T F JoH, olqd &3
HE AL ol E deA HlRaAFd EXARN nyo] FAFIAMRP)E AMS
g},

=8, B gy Zeteglol AGAGS EXFTY AFA S gt LAukgo]
EHE 7|4 £9¢ xsted, wEAsAe EAEY A wAA e jkgeho]
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Ag fiste HEDEdR d(tetranethylbenzidine) ¢ LA} dFgdoz T
AE J1d 448 AHgET. A7) 71449 HESHMEAADH 22 DAAE EF
g9 AgAY ugH e FAANE A" 2R Yol FAgta s (HRP)O 25te] E3)5 o
gA-go] fEHu 1 HAEE FFEE SHFLEN 1M o 4 757 R FAF
& A&l

_a«m 3 B dye detelel 459 FU4S o435t €A o &t detEoel &

) o] Igl & FESE BAE T ol @AY JeWE L AFTIY. HFA 5
-7 Il FAE ALt dd vo] EAshe detelol Fol Igh & HEse T
ejo} @] Awdde AFAT. vhFAsAE waEol 439 ¥W w9 U
A% T QPE ogsH, o uiHsAL 4YY aeol 9% FHAEE MY
(Plasmodium vivax)®] wWl2%0E B FHd(Merozoit surface protein)é] C-2g

AE o143, TEy wEASAE olvxil Agol AERE 12 A4S E 37] MSP

)

¢

o] C- & 599 PV200C EHelol=e] AR B YFE ol&¥T.
oj&}, ¥ W& AAldd] o3 FAs] At
49> @, 87] dAlds & ¢S dAsts AL B, B 299 o] &) A4

g% FAHE AL ST}

<50> <Azd 1> £ FAHGAZR Y Loidol 4F BHEUY 2H 2 AA
2 (24 1) 52 FIAEA Az & Lol 43 xAFUe 23

%2> Zetelol ¥4 EgolA FAE RNAZRH A& T3 FHE DNAE F3
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o7 ZEINA 4L wetelo XUFH PV200C EWelo]l =9} pYES-2 ¥[E & ZZ Ad
&2 HindIIIS} Xholo.2 Hz]d & T4 2]7}o}Al(T4 ligase, Promega)® AAAA Az
% GANE pLIASPE ARG, 7] A=F TEAE pLI-UPE LW(, U.S.A
75> 1929-1933, 1978)9] WHOR ER AlFLEniolAs ﬂzﬂﬂ)xi/ INVSC1( Sacharomyces
cerevisiae INVSC1)e] PARAGANA EE YAABA pYLI-USP/S. cerevisiae INVSCL
& Fusa, 4719 R A4 AP TTATAE FAAL Y 19999 1249 18¢
A2 71 (TRHE ¢ KCIC 8977P)

719 ol AFAE TeEiEol 452 EUEY PV200C EE)HEo|=E TS Al
2§ BE pYLI-USP/S. cerevisiae INVSCL (KCIC 8977P)& 2% 2F A 2T X Tdle
YEPD #jA oA 37TE wids &, viAE 1% 27302 B 1% 2PELAE ¥
YEP H]X| 2 ulFo] wjggons, SHEF2V ARHEE o] AZF ARIZVE X
Ay HdE 2T, oo, AXF ARERE I¥EE 9 99 Pv200C
ZHElo| = N2 Z¥H e - A gy PWelo]=(a-factor leader
paptide)e] &18] AE ytoz Bugz, A7) ¥4 v9do] Eujd F NgUdd AES
o Y% a-dx Yo HYeol=x MEee] EA st Be chobA (peptidase)ol < A
AQL 2N B3 didte] Mgy Y2 A,

(27 2) 2% A= $d9 x99 AA

@A 10149 Zo] Wigd U= Fuld ¥d @9 PV200C EHE|EE ¢
Asted, 29zt g vidgE A4 EeEste FAE AAY F WiFdnE FHeto @
9] A#7(F]F9 Anicontt AFIE FF33T. 47 w58 NEAL 2sHA P A
7] 915t &R YAABAZLE SPE FW 292 PV200C FWeto|E9) B
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29 6709 S2ET (histidine) 718 o 85he] Foleel B2Edo] ATH B @
04g Soleel Ume] 2y TZBE (Probond, Invitrogen) ZHo] FANFT. 2
Aol SAYA G BEEE 10 all olWHE (inidasol)o] $E ANE BFEA0=
AR, 2ol FA0] Q= BY BUAL 500 mi o] THEe] HE A4 95
Soz BANA BT, 471 HAANA A BUAE A9 90 o4 255 ¥

@ IUHT W) EPede SR ARAYCetacry) S0 AeeD) A3 AzohE

oz 49sd 29 gudel A9 o ol WY uEEE EIHK.

Q® o . ouno AadAE A9 ge PUoE TG BdaAY BY $U

5T AARATEY TeED 2o L AAste] B wng deelols] wejsy 53

Ay, A 2 Ayl LGSttt

57> <Azd 2> A FFABRAZRE Ldefol 4F XWUFL ¢ & AHA
‘§~58> (&4 1) 3T FAA8A9 A 9 Dehelol dF FUFA 2d
e Az 1|4 2L vhio =z S5 NSP PV200Ce] DNA 23 ¢ WE/FERXE

¢ (phenol/chloroform) £F §No=2 AAT I, dehe]o} A PV200C T Peol=
9} pET-19b (Novagen) ¥|E}E A& A Ndeld BarHILZ A7t & T4 grlolAlz 42
AA AzF G@9E pELK-NSPE 2r}t. A=E 29 pELK-NSPE 432+ Wy
22 "3+ BL21(DE3)1ysS ol FRAHAIA W7 ¥AQEA pELK-MSP/BL21E FHE 3}
I, A7 3T GAAZAE AP IFTAT4LE ALY 19999 129 189A= &

A TH e E KCTC 8976P).
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<eo> | %719} Zo] zﬂ’-‘}% ﬂl’e}ﬁ‘ ﬁgaz%@_rzﬂ pELK—MSP/BLZl(KCTC S9TEP)E ‘asﬂéﬂ(mo
ﬂg/mﬂ,)iﬂr %i%ﬂlqi(m us/at)o] 71 LB MAAH 1242 T gsgT 47
| W 50 mg um 1 L) 1B Aol Aol 37°conx1 248 AE NFE ¥ FIE
.(0D600)7} 0.39] 5]9&&- o HF5E5} 0.2 mMO] EJE-“E'— IPTG(Isopropyl B |
v—D-Thlogalactopyranomde)% ré?b}il Az 1'4 HH°J=6}%1E}
if‘”’f TR S f‘éé;ﬂ%iﬂifﬁ ad EUYAY A4 |
e A mms»r 0] MY NYAE Qs AT BT F, BAD A .
E 1/‘ 1 %%%911 30 meol @E’r*]?% 5.._;;} iﬂréﬂﬂ(Somcator, Sonifier 450,
| '_-'?Branson)% A}%v}ai A% The 5000 ool ENEDHAT. BT dLAEA=
B nﬂ_«wf Qe A5, yiAE A9RAE TARA 4% A%
| Bz 4 S5t %M%a- 4 as FEEA(ANY 59 4N 3dorE PR
_-'.'Q-..;e}%ag.en. 7.6 el WAL F A AAEAske] FEATE By,
@6@ 9% LPEEEEELR TR wnde A ke, A1 wuge
oy -N——’Q‘&d} EX}% 08 SlAEE A8 ol4etel Zegs LY (witrogen)l 24
‘ ey ] Fz}ﬂz} de %a,ag-f 10 i o]F|cHE (inidazol)e) BHE QA ¢3
g90z 111716}4- 29l $2=0) AE EW VAL 50wl oJITES] BAE A
Lk '-._”fw ggacs waNA Easud. 7] 4N EU aude A 008 0% &
| '_,_.:'_""'_;'s.“"fr-_ﬁ}?ﬂ?-%ﬂ_%ziﬂ, 71 £E89% 5 %3} Hlﬁ}aa(s«ephacryu s-200 A oqsz} Az
| Eadse s EE wndel Ao gl TEEE BIRRD.
e 2w AT A9 2e UOE TG BEAAY X BHL
. aww %_éﬁ%ﬁlﬁ%ﬁ neEs B9 2 A B wde dAeoe waay &
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<B5>

<66>

<67>

Ay, AgA Y R Ayl Agsiatt.

<AAe 1> I ¥£8 &4 WYEH Z39Y (gl capture enzyme immunoassay)€:
5% eteiol) A

B ae Ao Il 28 HAE SHPHS T Lol WF]
sk, d4fd G-t 1l FAE 2R A ZHst AMSdIGier JAA8Y 2R
v A7 2RE AT A2Y TUTLE 3ol FIFALMRPIS FEAA T
EAEAGL JEAE AR

it

B oahgol A AL4E EdoER thid Zol Az 94 /3 AT 1M
3 (Bethyl A}9) anti-human IgM mu chain-specific, affinity purified, ¥|3)& <4t
g 2L A(pH 7.0)0) 1 ~ 10 pg/md o] HES AP F Fg28 A EdolEd] 100 ~
200 ut 4 Z+ doll A7IElA 12 ~ 18N A= ALo] WA F Ao Fol Yk §4&
Bt AA3D 0.1% Aol 0.1% FALE YAE SF8 A9 59 250 4
Zh gol) Fysto 2417k B¢t AL WAAD F LAE Fhdte] AANUT ALANA
18717 B¢ A=A F AHEERH
2 e AHeR MAydtd, 94 ¥ §-A7 I A= mEd FHolEY
Zb g 0.1% 283 gRHe] FHE UMY 4T EAE A8 FH YR dlo Z g9
100 wt & #7ista A ¢4 EFAES FA G BPNEE AT 2~ 20 4 A A
Jbete] & EFE F, 37CY ¥+-87)o) Y1 6083t wEA AT, ®kgol B F 0.05%

EY 20(Tween 20)& TR 4t E3 84300 w)S AH83le 4 EHOIEE 5§ 3
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b

@x} Aﬂzﬂs}ﬁwf amt m%ﬂgﬂﬁ-ﬂ 248 B0l EAAR) EXBE:

-— 2-4 WHos A=) WpY RAE T o) Azsuch,

<69'>__

-?17‘1]’—‘19,3 Az} 1 e Azd 29 Wyor ¥8 2 AAY 7117'% ‘%E’rﬂf’l'

.%‘Q ?‘ﬂ E“‘“’J‘%*"- 4°C‘ﬂ]7~1 119 0. 01 ¥ 2aAT 4389 (sodium carbonate \_

,56

.

buffer b 9.6)& Ab8Ste] S54aE 3 8 wad 2uA 197 B4R, EE
37 ZAgLel 499 Hmvt- 4, 0.5 M) ZFeol 5 nge) IRPE S84 %, _100_
e 42 mg/mll mm HEFNalNE )&71 HRP §-lo] A7bste] 5UE HHE

*E}EIMW ’2}%"11*1 30—’?'—«'{. &Ed AR -a-*lﬂ HRPE ASAIZT. HRP7} 33 45H

oW na,\a]-g 60 48 7] Wg8el] @7}@ ¥ RuE SUL 2 P e

, \,'_.<"io>_' |

°1V~1 30-?‘-2_ %'":' = A H"w’\]ﬁ Gy ﬂ’*—a-—% FAAR.

.

HRP9—} TP AYSE A A7) TP TEEAE 0.01 U BA2T 954
Ry 6)9,& xshd P10 2 (Pharmacxa)—°~ A48l @& AASST. olBA s}
2 WP B3890 4719 EUYL $9€ A ¥ FuE U= 2 AN 4
24 ARY B EEWN NeAA We-ZHRY AUAE AZHUT. WPt FH

| 49 38930 Y F W-TUYL ATAE A A7) e, 0.8 el

- 4 meg/ml NaBﬁ4~§: Hrlshol HHE SUE A ol A 4'001121 2 NZAEL TEAA

WEART. E¢ IRV} 29 MP-EUSY ATAZE 2992 43 doge ¥

-t

QH o HRPE AAS] fstel, HP AF ¥ ¥ALY el TARE H2HY
e olgsd AU §58902 FYSN 2R TY FANL F AL

A ge PR QU $RE90E ARG, Z2Es 299 $39 W-EUe

| AAE L oINE 989 $8492% AT8d TANA BalE Zon, W
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F9gd 3gA9) @84 SE& BSA(bovine serum albunin) ©Hd % 7EE o4
Sl 4% ¥ 5% 55 18 9 BAR Astai WBTLo) BRSAT
av  A7ls o) Az BeTel EAYAT IRPS) AYAES 19 BSASH 0.05% E4
20(Tween 20)°] EE Y ¢4F&AGH 7.0)% 4 Jo2 A83ke] 1:100 ~ 1:1000
o UEs INT ¥ EAEATY A 100 WAL A7) Lol Asheko] 7CAA %0
@ BU UEAET 930 B¢ F 4 FAIEE 0.0 22 20 o] T3 ANY 9=
gaoe 53 AFea, HEZHENR A(tetranethylbenzidine) 100 pg/ml, I4kst
% (hydrogen peroxide) 0.006% % T@4t NG AFEAGH 4.5)& EFste 71449
£ 100 s 4 A7t} 308z GaolA BANRT. HFaA o] ool F u
SAX AN F4E) 100 wE Z Dol Hrlste] Sul g FAAD F 96 4 S
o]E ¥E7](Molecular Devices)® 650 mE X.Z(reference) HALE 3ol 450 mmol]
A FREE 2ASAT. AL 2 dESHNGANGL A7 Ige] 2ER

EAEAGTY AL WP o] 93] Esiso] T4RE doslu, a1 INYEE FF

.

E2 ZAFoEHA Teteol o] Igh o £4 HF R FAFE A&HA.

O o e waos 26 A9 weEel FANRRBAGL B TG 319 &

ANR(AAY E4)E des deeors Adagtt. o A%, & ¥ AzxF
gelelol EHFYL o] 47 Igh T8 Ea A8HE AAHIgl capture enzyme
inmmoassay) = ¥4 F@ FH(cut-off)& &4 AE JEA 4 0.068 1 #22 A
ste] B9 A$, deteol Bt EFAE 216 AF 212748 FHLE RAHHAL A
Aele] AR 353 J1F 351 AS S0 BB 98,159 NAE} 99.4%9] So
EE HAHE 1 F=).
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@ wlm ANd b g EY B4 rﬂ@;a}a #7494 (g capture enzyme
o {f_?ﬂ;_,}_;;}_;:;mlssaym @4 £k AR SV Gndirect ennme immosssay) Hl"" [
._ <w» : % %e— IgM ELRELE s4wYe 59 Loore wet7] fAstel, as
T vza F-oizt 1l BT 2AA 2Ysh] A4S, BE 4ARY B2} g
o L FemyH A% A=Y g@;%.%aﬂq AR APAA GE 2L

O zd9e guAs A}lgs}sat} |
‘ .<75> . rgzgx}.g_l »:nﬁ}m—rr% 5559 W5 21]2000-12172 BN AHgd B mA A
RLL] a9 u}%w FAdE Tt 2 4, 96-4 EAOIEMme)] A=
oal 1 me Az 2 23 % AAY ool AZY FRYL $94E 0.5 pa/ut
4 %‘—Ei o 1M %}»&%} 2389 (pH 9. 5)011 A8t 100 WA) g & g &
w_o] ) g—ﬂ] JEA #AIES FAOIEE Westel 4T M 18NZES FH ST
. "l aalomon 28 e%:ﬂ Wolgle EUTL 5 U 94 UHGoat serm)g
. | @"r{'?} 09 %}%—%9}4—% A% 300 A BFE F 4T oA 18 A2 B PAs A
Q ST G ge $9¢ AART FLAN 1 NBED P Fee A=A
e "sié?-:e}ézﬂé}-@%ﬁ 'a%-%ﬂbﬂ Yol 4T AL WolH BBt 719 2] A
o waom A= EAPUS] 299 96-8 TAIE) 7 Dl NOKL15 na/nt),
KH2P04(0 2 mg/mf,) KCI(O 2 mg/mll) NaC1(8 mg/ml) A8 ( 300 M/mﬂ) L ﬂ”“i’é}
(o 2 mg/m!l) ¢ Tgse f‘lﬁ 849 100 ME AL FA S48 €A %Jzﬂ e
%4 UPNEE A% 0 44 Bhd T 29 F, 70 o ¥ cowzt W
S . AT, wedl 4 ¥ 0,05 S N(Mveen W& FHE LAY SFEAG0 1)
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2 AFgste] 4 EFOEE 5 Fel AA A, mert AEE d& f99 -
7+ 1gG &) (Cappel) B -7t IgM & (Bethyl)= Tris(10 mM), NaCl(0.5M), CaCly
(1mM), SSAE(0.5%), 283(0.2 mt/m), F2EH(100 pt/me), EY 20(0.05%), A
W2A0.2 mg/m) B AEH=(50 pg/ml)E EFHE A NS A3t 1 ¢ 40,0009
HE A7 4 £ H4Y AEA 10044 & 47 Dol Aol 37CAA 60E7
S A AT, Whgo] Ed F 4 EH0lEE 0.050 EY 20/U4E 4580 = 55 A
2et3, PES LA d(tetrametylbenzidine) 100 pg/me, FA+sh4E2:(hydrogen
peroxide) 0.006% 2 T4 A4AE SFE A0l 4.5)& EFE= 7148 9E 100 w4
A7b8ted 30 B ghaolA SANZ Y. HFEA Do) o] Fold F k3R A (2N
FAEA) 100 pE 2 Yol Frrste] FANEE FAXNL F %6 € FTE #5Y)
(Molecular Devices)Z 650 nmE H.F(reference) FF 2R 34 450 mAlA FFEE
EAR8AT. 71249 O SAAQ HESNY AL F-A3F 16 FA L F-U
IgM A AT WP of o5 $3slo] B Jdosln, 2 PYHEE FRER
AR 2N Telol Fo] FA 9 A4 A-F E FAFS A&

B 2ol A43 ST B $PAE] qidwns 55Ed HE A2000-12172
FolA AHgH A & Ay Y Aolg HlmEy] 98 75709 galeo}
FAN s (FEejol @At )9 92 J9] FANE(HAAAS E)E ddeRn Loty
olg Awstath. o Ash, B s Ay Tebelol BAYFLEL o4 1N £ &

2 WY Ed AA(IgM capture enzyme immunoassay)y U4
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A £A(cut-off)E &4 AR HFX ) 0.068 tF oz o wvg F¢, ¢
gtejo} @At EFAR 757 F WHE FHLE VAN L AU EFAE 9270
Z 02/E 4202 BAstY 97.3%¢] UHAES) 10089 EoEE BT,

<r7> old] Hl&l £ APAEL] qFUF 5 & HE A2000-12172 T4 AHE-8 3T
g Ea WARE 57 PEe 599 8 daA, 4 AD SR (ut-of S A
ANE FoAd 0.28 G oz Asle Ag A9, FEgol &3 FA R 7570
% 59718 A2 BT AFUY EFAE 02/F 857RE SAHLE BB

‘ 78.6%9) WA= 02.4%8] EolEE HIJTHE 2 F=).

78> <Hlil AAd 2> AFE AU AT 1M 28 a4 HEFTH SHYF (M
capture enzyme immnoassay)¥ ¥d MEHA &A WA FHYY(antigen
sandwich enzyme immunoassay)¢] H] 3L

R EAR-CLUEE PEERE LR e IE L P

= e -7 I FAE LAA ] mFe ASager FAATE BEY AT L
. 2RE AT AxF ZTAFLE 15Y0] S ELRP) S HFAA TE EAEA
- FY ARAE AR vaAA o 19 Y F=),
<80> E goxEe giads 23&9 WE A2000-121728 04 AH4E 9 A=915
£4 WY PR MFAR FAdE, MRAN 19 2y 52 AGHY 53
Pye) BhgAd A 2L Yoz A Beee} Ay
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Higdol 3gE EeolEY Z o] RP-EUIY FEA A& 30 4 Holsta &

gelol FAAE(Fet ol B )G SHANB(CEAY] E)E 100 w8 I3t

dis

37C wh&7lo ¥1 90 £ WARY. EQ 20& TR AR &

o

oq & EHE
25902 300 44 58 Aste] W AFF F PEFULAAT 100 pg/ml, FAHS

(ot

2 0.006% 2 FAA Q4G SEE49(pH 4.5 EF3 7]AE9E 100 4 HAHEHR
. 71dg90] FotE SHoEE 3087 ol LA F 100 xe 2 N FAiEE-
Ag 7} g Arlsto] W3S ARAA 96 € EHolE BE(Molecular Devices)Z
650 mmE WZ(reference) WF o2 o] 450 molA FFE=E FASAT. 71449
W 294 HESdEwAd-e RP-EHEA F3A] HRPol A& Edj=o 4§
& dovied, 2 $APES FFEE S4FEA A A4 /FF R FAZFE 3
&3ttt
81> B gy ALgd gy & dgxEs gavs EEd I A2000-12172%
A AR Y A=A B4 A9EH SAYHEY Aolg wasy] A8 12999 A
Q Aol 3¢ LR Austrt. 12099 A2 100 269, 200] 43%, 300 33
o, 40t 27902 TAHAG. A9 A4, £ @y AxF LetEor ¥A Fd& o
23 I F3 a4 WHEE HAMI capture enzyme immumnoassay)® ¥4 g X
(cut-off)E &4 A8 BER 0.058 ©I¥ go=z Fsto AL F5-, 4L &
A& 1207 F 129 AE SALE FA3Y 1005 Sol=E ehiArt. widd], B @
HAE ez 5359 WE A2000-121723 04 AHEE Y B=9R 52 WY

g4 53 YHe U ¥
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o ds] ¥F Ad FA(cut~off)E &4 A8 HTAl 0.068 ti@ go= Ao #
v A9, AN dRANE 1297 F 1274E PR A 98.4%9 SolxE
Bk, 53] getgol FaAA7] o]Fo] SAF 300 ol5te] AF 1005 Fo]=E e
ARt Fetelol FAAI] AT 4009 AL 27 e AT Wt FHLeE BAHH
o] 92.6%8 HolEg YEhlo] FuiF oz BEA AFFAA FolE7 EojAlE FEE

et ATHE 3 =),

® (29 834]
< 2 gl deelol 459 UL o8t 9 o XSt T ol Fo
It & A& deeold] WS SAYY, At & Aol dspd, 4
glo} Eo] Igh @& A&7 vl dA49 detedol @R A FHAE TE S
Zdetejoles AT =+ A
_ 8% mreta], & dwe] debe]old] AQEty S, UG Y F IPEL 59
= A dste deEold] FFEEEF YL (Plasnodive vivax)XE AW A s €
* 7t Ao g9 FAARE Ao o¥a, =¥ FdAMYE @Y FE7] M=
Ago] 7MsatE2 FE7] A Adrbedel g2 ddelolE Adsted ¢ &
B oz AMLE F YT, EF 2 @9 deieiole] WAy SHAYY, A H
Aeye detEjolg 274 JAddke do #8838t tTu, JolE d%s R F
71zt B¢t getelol §9 AYME a0y o R deelE Jdd + g,
N 712, & dde] detejol Ay SAYY R I £ AEAEY o
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A2 2329 W5 A000-121725004 AHEE HE B WESE 2% 2 DA
kvt 27 YAE S0l ¥ UREE AW, B¢ FU A=HH 52 WAHY &

A 4 g AgAgEn 48 Fol=g A,

<85> A7l B 4L A FAGE THLR A AEENAT, & ¥y ¥
2 JleAtd A delA e By R £Ao] JFeEE BYAIA YoM BHE

HATE &3le A= G Aol

Ju

_.’5'_?-__
Aolr, o] g AP & o] N2
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1020000045806 | 2000/12/
(&3 3 7H4]
(4% 1]

detzlol 459 FUg ol 43 B W] At dtelol So] g L ABE=
dEte]ole] A G Sy,

[3+% 2]
Aol QolA, ¥7] I FAEshe WAy Subdo] Igh 8 Wolshy 244y

(IgM capture immunoassay)¢l RS EH 02 3 W,

(3% 3]
Aol AAA, 7] 1 AEsHs W93 2gUYo] 1M £ a4 Adgy =

¥ (IgM capture enzyme immunoassay)$l AL Exow d= wpy,

(378 4]
ALgel UM, B-A7 1M FAE AHLste] € o] A8} Sate]ol Bo] IgN

 JEshe AE 5H2z g Y.

(37% 5]
40~29
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A8Fel goiA, 7] PV200C EEHEro| =9 ofm it MEL AMEHT 12 JJAHE |
oulmt MEY A& BALE e WAHH APy,

[% 8 9]

[%3+% 10]

Aol Qo4 A7) wEeiol 939 R AxF FAA A& 5Ho= 5

4 =AU,

rr

A

(373 11]
(i) -7t 1gh FAE nAZ A FFA 7= aA;
(ii) 47 At 298 aAAd €4 £ FANRE Adso g
A¥A7E A
(iii) 27l¢ EXAFEY FAFAE 718t Ao F2d FAd 2%
I 3 NgA7E Bl 2
(iv) IgM ol 2T ZATYE FEA ZAAE o]§sto B3 24

g e, Il 28 d9sE S48y,

(377 12]

A1l QolA, B7] A (iD)e] EXAFY FFAY
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T gatgol A <.

(374 171
Alegtell oA, 7] Fde B7] v2=x0lE ®H @AY -2 FHd EAste

PV200C EEHWEO|=S] AR e 47 A& 5JLE & gielol WA,

[A7% 18]
A178el] oA, A7) PV200C E&]PElol =] olH| it MEL A EWE 1R Z|AHE=

ol =it A EQl A& ERQo= d= e ol AdA <.

[37% 19]

-7 IgM A7 Z2¥E 2AA; FAZY HAF{A R TAAE FFE 71E &89S

i @3 dEtElol JAgA ¢,
~

o

[3+% 201
A19ge] doiA, 471 EXFE FEA Y Fgdo] deleiol dF FalsEF H/y29

HExoE ¥4 9¥de AR Ex 459 AL AL &, Lo}l I <.

(7% 21]

A20%el AAA, 7 BEAFA AEA L] Fdo] Lot AT
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FoimF Has) MEzolE B BN -2 Fe9) A¥

=] =] [e)
FEs 489U RE

540z s, gehelol ABAY.
(37 221
A9l oiM, 87 EAYY AGAS) EAM 2Fo] FA8H5 L (horseradish

peroxidase), 97|14 T 23}elo}Al(alkaline phosphatase), SR FT=, FEF &

i

qx B¢ TesHE, LakEol AwA e,

[ +% 23]

A19%e delA, A7) 714 §4L2 BXAFA HAS] BAA G wk-goe] TS f

F1%

S= TAAY g28dos FHHE, Yyl AuA.

(373 24]

dellol 459 FIg o]t 9 Yo EAste LetE o}l o] Igh & A&t

dAE xFgste Teteol e AT,

(473 25)
A24el YOI, F-27F I FAE A3l B o] EA3E Leto}l So] Ial

& FA&3E AL EAROR = Lol B9 Joupy.
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[ 7% 26]
A248e] Qlo1A, A7) Zetgel 959 F9e dEkgel 95 ¥ FUd AL 4
o2 &= welgo) FAe] Ay,

(3% 27]
A24gel oA, A7) wetglol 439 Y FalrEF 6/ 8A(Plasmodium vivax) )

i

HzzolE W @A (Merozoit surface protein)d AR Ex U2 AL 5FL=
e e ZEtEol Bx1e Jehdy.

[354 28]

A2 QoA 7] DetElel A5 AL Fal2E2ZF H/82(Plasmodium vivax)

f220lE ¥y @dde] C¢-Zg B9 AS EFoE st detglol e vy
®

(7373 29]
A28 Qo4AM, 47 FLdL 37 H2z0lE RW @AY -2 B EAF=

PV200C Seldetolse] Y Ex Ui AL Exo= st Lo}l B

Ay,
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373 30]
A20% e 1elA], 4471 PV200C ZE]HEto] 29 ojvjtt AEL2 MEHE 12 J|AHE

obrlnt MEY A BA0R s Telol BAle A,
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100

Log S/C

*
2
10 Lp ;.0
L:‘ ’0’0

Cut-off(F74 et )

‘t .&v

S/C(Specimen absorbance/cut-off ratio)

Ad

[=3

olo
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[= 2]
IgM Z&|(capture)EIA
100
>
}‘L L e
o> ’-o o hd
> o "
10 ":0 - e
&) %t
s -
= . * Cut-off( 34 g F)
s ..
1 e e e
- * - -
* LRanslpst R
-» &
0.1
o g4
- (indirect)EIA
100
10 °
Q ©g, o® =
o -of (B4 AP R
‘g o @ @ Cut-off(%4d F3A)) i
3 W&%Ee L o o
1 - fontlly e - — --'__8_9_07%*'—0——“"
o%;oo‘; 35933%
%& o°
&
o &
0.1
%N 24
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[= 3]
lgM =& (capture) EIA
100
-.(‘..'),_ 10 B
o Cut-of( ¥4 A )
o
S
# . . ‘s PR X
» 00’9 i § ‘ o Q.OQ-- ...
k’: 3o ¢ 5". T e RPN 3; . O§ *evesst
*
0.1

1004 20CH 30c 40ty
o o

2l MELIX| (Antigen sandwich) EIA

100
o
S} 10 r
) Cut-off(%¥4d AT )
o o
g L
1 —_———
‘o°0008°g°§§90 00°°8@. 3008308933009 oeog
0.1
10cy 20cH 30ty 40cH
o
[MEES]

V¥Z-
|

2000/12/1

&lt;110&gt ; LG CHEMICAL LTD. &lt;120&gt; IMMUNOASSAY, A DIAGNOSTIC REAGENT AND

A DIAGNOSTIC METHOD FOR MAL
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&1t;130&gt ; Pn007005 &1t ;150&gt ; KR 10-2000-0007648 &1t ;151&gt; 2000-02-17
&1t;160&gt ; 1 &1t;170&gt; KOPATIN 1.5 &1t;210&gt ; 1 &1t;211&gt; 108

&1t;212&gt ; PRT &lt;213&gt; Plasmodium vivax &lt;400&gt ; 1 Asn Glu Ser Lys

Glu Ile Leu Ser GIn Leu Leu Asn Val Gln Thr Gln 1 5

10 15 Leu Leu Thr Met Ser Ser Glu His Thr Cys Ile Asp Thr Asn

Val Pro 20 25 30 Asp Asn Ala
Ala Cys Tyr Arg Tyr Leu Asp Gly Thr Glu Glu Trp Arg 35 40
45 Cys Leu Leu Thr Phe Lys Glu Glu Gly Gly Lys Cys Val Pro Ala Ser

50 55 60 Asn Val Thr Cys Lys Asp

Asn Asn Gly Gly Cys Ala Pro Glu Ala Glu_ 65 70 75

80 Cys Lys Met Thr Asp Ser Asn Lys Ile Val Cys Lys Cys Thr Lys Glu
85 90 95 Gly Ser Glu Pro Leu Phe Glu Gly Val

Phe Cys Ser 100 105

b
4

@
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[*~+Z]
(BE3=]
[FIIMANERZE]
[JIE} ==&]
[2tA]
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[(RANIFE] 8%
[2AYHE] BA
[EAWE]

2 i ZEeolsd A or Ay 9 HYsH SAYH, JDA ¢
2 Agde] @3 Aoz, Brd AMSiAE ZetEol A3 Fdol HE M E BE
e TEtelotd] WYEY SAYY, AN E I #F Rojt. & 239
detelote] WSy SHWY, JDAY £ JDRge dAqY 2o} Kol Ighg
&3 AE ol&dto Fetgors: X)) JdsE Hd F-837, A dTol &

rlr

Aot A BYPAE Este] Lol It v #8354 AH-E 5 AT
[EANETE] AEHE 4
[2AEE] 33
(24 W8]

£ oy detgobd] A FAYY, JeA e R I A% Aoz
A, BAHAE 2% L 239 getgel 95 Fdd dF I & AEs= 2
goto] Wy AU, Lol AeAF R Iy & Aol
[BANEEE] AE-E 5
(23341 B3
[E231-81]

Zalg ol B7)§ i/lZ2 st getejole] 93] Azt HET o #E=o
dAEE A¥od A AF 10 939 77 2ekEol AFAHA AFstan Jon, o

24-3



A

G

1020000045806 9 A= 2000/12/15

d 5 oy ojabe] wetEold] PRET 2 WY o] E4E 9= AW F9 sl
. geelols AAARY REE Holw Yo AR Ao 2FHA AR A
el 106095] o] F WAo] FANAY Z2FAY. 1Y F29 Lok BT 2L
o) 71 F oAl A FHe) 2o}, AAle]l dE APY 27k Boz A8 A AA
Hoz tha &AHT g FA0l.
[RANAEE] AEEE 6
(AE] A%
[2414]

dteole = olxeAY, FUNE TS @ oldHAY R Axg Byl
Aolg ZQ02 @ olAolgoR o, ZZe XA REd) YojAe ol
B ol %0 YEhlE 24 B4% 4478 4% JolME 3A tad,
[RARAFE] 2AEAS 7 |
CEPEIREE:
CEREY

gatelole] AGALE AFE 53 WMol M9 BEA £E447](Schizogony) st 571
&2 Yol 9] ARAL] EAY] (Sporogony) Z ol e, ALl BAM AR €W
getejol TAGEol BAH0 AR ABE o BoE oEY F PATAN F4g
ANFAY FE AH2 BAST 4R )7o) A FoR e so] BAF

>4

1 F41& &4 €. ZEEol TAFFTLE EF HET oA AL 2 FelA

olX

Agoz A5V, #EA ARFE AXWUA FAHE BELAV 4N 2EaAE
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WESA Ha o] EEAAEC] ZZhe HEF Eoj7t FLE BHFIVIE #EET.

o]F AH7t AHAEAMNE Fez SAst=dl, 277 ol7 el AlgE F8sE 4

o JARAEI} BI|E ZEHo| T A B7]9 FHAFE T A AAd &

Astrirt Al Al AEEE AP WESA .

[(RANIETE] 2235 8

(2443 34
T [2AWNE]

Zatg)oly X Jole FZ 23U (chloroquine), Z]whEQ (Primaquine) 59 A

A7} AAgHo] govt, Ao oy g FAAEY s AP 2= Detgord] &9

o2 3 Agd ozHFE FA U

[(RANREE] AEHE 9

(24031 A4
. [EAg8]

dalelote] Hee 9 =2 7/ Bl AMSEHI Qed, o gl
ARE 87 E d45 9 Av|F R #F= 2AFA Bl Iy o] WEE A
ztol o] A FAIRY AR IFo] Wesrts @S 23 k. A2 do}
F4& Arste Aol ARHL YUlE s, ARETL $L olFE Y =¥YT F
Aol AHEE A Ak gtk FEelol fAAE AAEE E 0 PPeRE
PCR(polymerase chain reaction) Wil QEd, ol UZEL AT o} APHqA

g gsiRla gl Ao,
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(RAGRZEE] 423 10
[249d] BA
(2]

oA dEtgols gdolgte P A¥oz od ARE dix fed,
1960 Aol e AFE ZEkE]o} WEAIY e R s 1970 Aol o TEtgole] o
Wol A9 BuHA gty Iy, HE 19933 FAM FIZAA Ay GG o]
T F §43 4o} 199830 = TEkeElol $Xert 3800 B2 BuEI gt
[EANSTE] 2E¥3 11
(23%3E] AA
[EAHE]

dalelo} EAFHNE FHAEEF B8 2(Plasmodium vivax), FE2EE BAT}
#(Plasmodiun falciparum), E&F2EEF Ze}2]ol(Plasmodiun malariae), Eel=2EF 2
¥(Plasmodivm ovale) 5 4 FF7F €HA vk, 2 7H&d @FeNA LW wely
ol FalAREEF Hl8 2 (Plasmodiun vivax)d] ¥ RAAH, ole FEI7 A EF o
of EAsts A& F7t FHo] 2 Ado] ol#@E Aol FAoltt, A, AFAA 44
Hi Qe DEtE ol AdA gL detelobe] A @i ad(Lactate Dehydrogenase) &
o g A& ez, 1 APBES) 508 FF &Y o] 4719 Zo] FE )
7} Az g9 el EAsE g 2 4547 A& 359 geteotd] Agde oE g

o] Aot
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[RANZEE] AEHUE 12

[24%E] 4 A

[EAAIEE] AEUE 17
(2441 BA
(28]

371 BA& @AY H3A, ¥ EEAEL EEtEor 49 9 Yo EAste
Zelgjol A2 i Sol FAFT Letelotel] Wk [g 72 AEd= WA LR T
golg st WA SAYUS MEsgrt. £ SHAEL H2d 2o &
Ag AEsHe PHLE Add EoEolE HIRE dEiEolE et WS ¥
o 98T, o WYL Lol AL o] &3t Lot FAE FES W
o2 F¥ J)gd W 2 NAER wFe}l & 22 #A FHAE ¥ 5
. a2y gEEol FAF Ibe LEtEol AT FET FL sH4ER ALE F
A7) W&ol F7)zF 2EEelrt FBE A GolM wetelol FA AN (68 XT3
2oz AALHE WL B2 ¥4 WS VHAS EEL o7IANE # U, & 23R
Eo] &9 M=9X WA SAPYPo R AP A wEelor AL obd AU
B¢ 10~30M A Zetelol FA) G4 dkgo] A9 2t 40t ojFA A= YA
dk-go] 5% o] WERRTH. o] RE 404 o) e dAFME LEkelolrt FYIAE 1960
) oldd] gEglol Br]d =EHAE JHeAe] ZBE YUHLE FL& 16 F4EE

yehlls 2oz 54, mAVAZ gt oyl fske AQoAME et ol

o
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299 ¥ 228 Ao Al k4 B o} Fo] Ig6rh wollel Tl o} A
AAelA diAos ¥& FA&e Yehid 2 Zolx wetelols sy de v
go} §A A BEAOl TR WA Aotk mebd 404 ol Ao} we
o} 48 AN TYolE AWE] AL Lhelel N8 FAE ASHOE o
717 HollE 1g6 BT ARE AF7IZe] AASHE Grhrh AlAE (e AAEE
ol o &dgoldn & ¢ & Aol
(RATEYE] 485 18
EERT EEE:
(28]

B uge geielol 959 29¢ olgstd B9 ol EAsE Gt} Fol
I & AEHE Bold WARY PP AT, F FAARN £ dHe
a4A P17t I FAE ALESHE I £ Woahd 4% (g capture
inmunoassay) € ATAT. B 49 Leielcl 53 BEe 34 A¢d 54 39
sAsHE Wyl et NPT} Fob Dol BRe) 27\Adko] AsEe, EE B
Asl geelolol ZAsgod A4 AL A% FEE & 9 4L A
Ak, 3717 weol #BAGelN Beelol AFel YR HA PHAE BT G4
oz ANFE Leielol 959 BW F9¢ o 4s5t] BAUe] TAstE FehEo} Kol
HAE A&sE Getelole] WS 24P L AvAgHs @Y, £ 29 Py
2 AuAlcke] datu Bl 8R4 BA PYAE FEE & 900, 87 vmAN
o 100 71AR 2R B WS BRe] @ %A AA PPRT 2A FAE Fol=
o UAEE FARoH ¥ YEe YT
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(ERAEFE] AERE 19
(RA3E] A3
[EAU4]
2 ge Zetgol 459 FAE o8t o o EAs= welol Fol
Il & A&st= TEtelole] MASy SAPES AT, wEAsAe, & 32
FetEjol Ho] Ighe AEsE Il £ HHed FH3UY( 1M capture immunoassay)
2 AFgd. AgAsAs, € 4L I £8 54 498y SAWYE AT
vt Ase, £ 992 §-A I GAE AHEE 29 dd EAst= 2ol &
o) Igh & AEFHE LeTole) WY SRS AFw.
[(RANAEE] 2EH3F 25
[(244E] A
(ZAWE]
Eoayge dEiEol 94359 IdS 2¥s 29 o EAsts Tetelol So
IgM & A&, TEelol g A %S AT, uFFsiAe, F-AL 1M FA 7
FYE 2AA; EAYY FEA; 2 SAAE FE V124 A9E £HSE Dol 2
BAGE AT, BV EAFL AFAY 6uFAE e Az FLAGA=E

Ag deEtejol R Y] BAEAAE FFHAZ Aol
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[EARYEE] AEdE 26
[233d] 33
RARES
E3 B dge ZaEol 438 Y& ol 8dto B o] EAste Letger &
o] [ghe AEsE aAE T st detol At AGHHE AFA.
[RAAEE] APEWE 27
(RA0E] A4
[Z4UE]
ojst, & WHg FAE AREET.
[(RANIEE] 2EdsE 28
(23] A%
(23N E]
B dye gdetelol 439 d4E& o848 d9 o A5l Lekelol o
Il & A& deEol woddd SIS ATt 471 P oA, 7]

datEjol A3 oA wFHsAE dElEol 9459 ¥ FAE ]8I, =
& 371 gl QoiA, A7 dEiEol 459 FdozA uEAsAE AxT FLe

o] &t}
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(RARSTE] 2EdH3% 29

[2R4E] A

ERERESD |

FA-FANS-E o) gste] B Yo A Leiol Bo] IgM & AEEA I

stel, & e welelol 920 FPonA nAdsAE EFLEF HPA
. Plasmodium vivax)®] W2Zc|E ¥¥ ©@W 7 (Merozoit surface protein:o|s}t MSPZ oF
' A AR BEx 4RE og48td 9 o EAdes DEteol Fo] Igh & AESde
detglote] WA SAYHE AT, o IHASHAIE FFLEF HY(
Plasmodium vivax)®] #|2Z0lE W SRAMP)9] C-2& FHE o]&3td o o
EAsHe dEtE ol ol Igh & A&t wag oty BYe3 SIS AFdt. &
7] -2 ¥ 4d9d detelol 439 olFE Alold FEAHLE EAFE ofv At
AE-g ¥§sta gon, B3 AEuS 12 JAFD 499 detElol 9439 ol FE
AN E 1008 FFEE Belm 108 A9 ohvletez ojRAX T FePre]=(o]F
g PY200Ce FATE TEIH.
[EANEEE] 4EHE 30
(2AYE] 3A
[2AH4]

B odye ulgdsiAle Fef2EEF H/82(Plasnodiun vivax)9] VI2Z0E EW
@4 (Merozoit surface protein)®] AR E UFEE o439 Y o &Agc &

o B0 1gh & FEeHE Yot Aoty ZAPEL AT, o HFAsH
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t EFAEEF WYY WR2zE EW SNAWP)Y -2 A o §5o B
ol ZAlske Bekeol Sol Il & A&dE B ole] MAtH SAPEE AT
O, EW 2 UYe HadsAs EFAEF uad dExoE EW 9wl
C-2et Yol SAst= PV200C ERetol=e] AR EE YRS o]&te Ed 1o
‘A Teteol Bo) I & A& Lol AYEHH AW AT, o

uher A E A7) PV200C EElWEROl =] ofnldt Aol WS 12 AAAFE ofy

wak NEE ol43te]l A o) EAlstE wetEol Bo] I & A&dE wehel ol
& dejets SAYNE AT, 47 9L A=y A2 R PPLANA
d9g & lon, B dyAEL PV200C SYNEEE FUAYE AR FAAA) ¥
47 FAADAE AZsel 10009 129 18T PP FHATE FARL Yo g
Y THEWE ¢ KCIC 8977P, KCIC 8976P). £ Wi wigzdAle 47 A=y ¥
FABAzRe GIAAA B8 2 AAE Lol HFY PV200CE 99% ol 4] ue
=2 Beste] Detgleld Awsy) A8 3P E 2 JuA g AFe
® Gagses) guesa
® o 33
[2404]
g U2 delgol 459 T4 o188 €9 Yo EAss 2ol Fol
gl & AESE Bl AARE APUE ATET. AV $Ee YolA A7)
e A&ste AYsty S PPoA wRASAL I T A%A SN
capture immmoassay)& A|F5H, vl WMlFASAL 1M Y ah AGsy Sy

(IgM capture enzyme immunoassay)& A&&vh. A7 Sd lojA, B @3L uig3
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sAE F-A7t Igh FAE AHEst] 9 o SASs Ltelol Fo] I & A&
t dEtole] WYshy SRS ATt
[(RANGEE] AEHs 32
(RAYE] AF
(2794 ]

o]& 93te], £ I dEtE ol JdE Y3 AHSE LAAZA uRASAE
A FEle @-A3 N FAE ZE T 96-9 FEOEE Azt =T, B UL
ZdetE]o} o] Igh & AE37] 95t dilelol 439 FAF EAAE AFAA BA
¥ FAEAE AT, B w9 A FFALS YA ZRA2 FAHEY, &
7] F9L uigFsiAE gelelol Bol Igh & FES) st ¥AAgd aRY OF
oA AAE A2 detor FHFH T, A7 BEAFY FEAY BAA 9 4=
ME mFYo] 418 E A (horseradish peroxidase, ©]8 HRPE 4AE) & 474 £
W 25}elolAl (alkaline phosphatase)9t #Z2 &A, FRo|= FE=(colloidal gold), %
! E 4 (fluorescein) B H&(dye) € & & Jdou oo FF=HE AL olyny, uig3
siAE &4, o B nido] HFEA(HRP)O| Y.
[(EANEEE] 2Ed3E 33
[(2A4404E] AF
[238§]

E e gelelol Kol Igh 9o HES AT I T8 W9 S (1M

capture immunoassay)?) ¥R o=, (i) F-2A7F IgM FAS LA A FFA7=
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Al (i) 471 FA7 298 2440 23 £= 8 ASE AT [NE AFA
e @A (i) A7 EATY AFAE A8t agAd 28 FAA 2%
Igh & rgA 71 @Al B (v) [gM o 298¢ XY 1A EAAE ol &3t
2N AE s, o uEAsAE, 471 I 28 99eE SANYAAN 4
71 @4 (iii)9 EXFE4] BEAY FUo2A Tatejol YF9 TAH FUL AH8Fo).
H% o alFAsAE 47 1l 28 HYsE SAUYAA A7) @A ((ii)e] 2AF
2 AFA S FPo 2N Fg2E2F HY2(Plasnodium vivax)®] HRZ0IE BH o
A (Merozoit surface protein)®] C-2¢ F-99] AF = AFE A8
(RARAFE] AE¥ds 41
(24+E] B3
(EAHE]

A g TAGEA, B dye] deleold] WS SAWELS 40 -
b IgM A7 299 IAAE AEsiH, 4dd daeol 939 ¥ ed s 19
g FRAE Aty ARE dAgE ] 3 dAABE A AR £ H2E
3 FoRH BAANA AAT §9 REE 7] AA9 19 7|AE o= HRre)
AN 22BATD AFAE ATI. A7 G270 F-U920 1M FAL 294
ARZA ] Zehelol FEARE A st AR Yoy BAS HUkstE 3oy
234 o EA8e 40 I & 9o ZFE F-AZL I Ao 2FEHA Ak, o)
of wetzjol EEFYUT HRPY HFAE FUletd, ARAs 4o =29E F-A7 12l
Ao 2T IgM F Letelol FA9 I & U5l AFeTt. o]st Zo] A
AgA ] RPe 71289 Ml 2AAE B3gld 24 FEA JHa 2 FREE 54
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SozW pRHeE ARdd las EA4 450 AT e wacle B
q¥E ABTTY. E wEe) 47 S3YUE olgs welol B WR A3
Qo gAe Yoz eieols At A3, 086 oAk WZESH 0% o4k Holx
& yeuiglen, B3 3 weelol] wase] woldl B 68 BT Ue
Aoz 2AHE 400 ol4e AaAs GRd GANE B S40T ANYN.
=, 2 wde Yeheole] ARy 2RPYL 7] @A 20 7 AR $9 A=
A3 £ veishd SAWYLT AAE HolEE BAFROH, ) @A 10
AAR 2R B2 Weltd SFPUe] W T L Helmh 3A AR,
(RANTZ] AEUE 42
(248l A3
(2481
Eg 2 wEe dodcl 959 YAE TR A o EAsE B}
o) 1l & ABHE, Sol AT AGE ATET
(2AGFE] AWUE 43
(249 47
(2481
& @99 goeol AvAlokl ASHE $-A% I $AY A=E 92 F39)
P97 Tl BAE & & o}, old BAHE AL ohith. A7 -9 I B
A HFASAL 1) m Aee] S0 A AoT FA-FA Aso] s FA

T Ig6 U 71E THE B 228U 33 wg) Y AL A8V
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1020000045806 &9 94 2000/12/15
[(ERFddFE] 2ads 4
[249d] AA
[B404]
B odye geEol 459 dde 2 A Jo] SA3te gEteol Fol

oli

1M & Z&sle, deduol Id AlGS AFET. vFHsAE £ 452 dEgo 4

r

%9 EW 992 TS Y9 ol SAsE Lol Bo g & AFHE, wel
o} At Aok AFdct B =] G| deteiol A el 7] LErE o} Y359
g oz A uFAEAE SIFL2EF H8A(Plasmodium vivax)e) PI2ZRolE W
WA (Merozoit surface protein)9 AR E AR-E o489 o v sAE Fakz
BHF Hjgze] v2xolE ¥H gl C-9d BHE o] ¥, B B iy A7)
datE o} AA| oA 7] Leteot 959 FUomA vFASALE FH2E2F 4
gr29] H 220 E W T C-2d FHo A8t PV200C EPelo| =] A
EE ARE olgstn, o uEAsHAlE A7) PV200C E WEle] =9 opr|h-At A Fo
AEE 12 7)AEE o=t AEY AL o] &t

E3 ubRA G A 2A B 2 F-U0 I FAVE 29E 1A AT A
A 2 AL Fhoie 189S £, Betelol APAGS AFTeT. Y7
gatg ol AR foll A AU JFA Y FdozA ugA A= DEtEor YF F
FAEEF HY20] d220E ¥H A AF Ex ARE o]&3H, ¢ vEF e}

_1_?1__
As deol 943 FoARF b2 WEZFOE ZW vlide] C-Ed K9 AR

EE AR E ol§et.
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[EANSTE] APEHE 45
(2] 33
[2AU-]]

A7) & 4 @etEol Aol ALE-EE BEXTY HEAY BAA S A=A
= 3%vo] FAHaEAHRP), §714 E23elolAl(alkaline phosphatase), EE0|Z
Z=(colloidal gold), BHEH(fluorescein) B Mi(dye) & & + AoH, o]
FAHE AL olvth. B @9 alEAE FAANEA n3Yo] A4S A4 (HRP)E
® AL-g-3HT},

[ ATE] 2EAS 46
(2A3gE] A3
(E4 8]
EF, A7 B 299 dEdol JEAFL EXTY JEAN FA A w38t
WARrgo] EHE 714 §98 s, vtEFs A EATY FiA S XA

o weste HAe FUSHE A $3EN0E P4 F1d $9¢ AT A

7] @A 2] ¢ 2As yEGd el W (tetramethylbenzidine) S0l vk, A7) 7124
o)) HEZDGdEdd 2L A= FAFY AFA vEA g FAAR AHEH
aE ol AR FA(HRP)Y 98t B o] dARtZo] fEHI I dNHEE FF

EE SRFoEA Il 9 €A #+F R ZAFLS FEFU-

24-17




V5T
|20

1020000045806 " &7 A=} 2000/12/15

[HAPEFE] HEds 47
CELTREE:
[234]

Eg 2 29e gEol 459 FU& ol gdte] B Yol EAsE Ul §
ol 1 & AgsE 9AE TS Yaheol BAY A@PPe ATV, ) Aw
o] oA, HEASAL §-A% I FAE ALgste] 2 o] EAsE ety
o} Bo| g & AEsE Lelgol BAY AWWPL ATV A7) AwdHe Yol
A, gelEol 429 FgozA HgAsAE ol 459 BY F4e o8,

- H ugdsAs ForEZF Y2 v2X0E ¥H @¥d (Merozoit surface

protein)®] A¥ Ex URE o4t Eg A7) APl glolA, ¥7) welelol
439 oA ngFsA= FaA g HY2(Plasmodium vivax) e HZZFOE ¥
| wnde c-2d 29E ogdu, o MPAAE FFLEF W2 d2zolE
#7 @0d(erozoit surface protein)®] C-&e F-91o] EA\5H PV200C E2) el
=9 A% Ex 9RE o]§stn, H4T utAstAlE 4] PV200C E2jQelolze] o}
At o] NEHE 12 JAFE obu=d QA AL 0§43},

[(RAN4YE] AEds i

CEEL) T

CERES

2 ugo TAdME gl £ AYEY 4L §3) Lol Jua)

Astd, A28 F-Qzt 1M FAS QA zPste] AL = FARABEY
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X _‘___}5::_‘;1020000045806 o e ol
gl 1—} ﬂl’é}ﬁ‘_.i—r‘éi »‘ﬁ?ﬂ]'@ Zﬂ’“ﬂ ﬁtﬂ%&%—% 31%“%0] sHrstE 2 (HRP)QZ]- 732}1\1;4
: ‘%‘l"v':: EAEARY w:ua A}%a}ﬁuwﬂ CECRERLE R
’\_::.'f‘li“éﬂl*&"&*ﬂl arami 75 |
A . .
ﬁiﬁm%l e

=g H*q} ® *:'-i‘%z}ﬁ«l z_ws .m w@ltrz# aww AgAe FAdE t%-
| e 2k, %ﬁ, 96—% a*ﬂlOIE(NuncM Az 1 B Az 24 # % AAE
| ",'___"vga]-a]ou zﬂ&g} }3{1!#‘6&%1 %2‘3% 0. 5 .ug/me ——] FEZ 0.1 M %"F%‘ S8 A0H
E— SH 100 wd BFE F 9 239 FU) 4 Tl RIAES
2 ',.:_:_‘,:_i.aﬁO]E% g%ﬁ}oq nd A 18/‘]{}%"1' ﬂlesmc} LR LEEL) ] L= w |

_\'ﬁ:);.t__. ﬁw’t%}%v_— 5% % %& %’S(Goat serum) & e dud %%‘*%‘!’%i 0% 300 o
”M @4@ ;§; 4~c o}]k] 18 A2+ %0} aJxlﬁM 211716}914 2ol ‘fh: A& :ﬂlﬂs} : )
Jg-%o]]x-i 1 A]Zl-%—"]- ngla}m] “F-E"a Zi"AIZ_ * ﬂlvxﬂﬂ} @7 48719 go] o
.__.\;.'-1'5,25"43"0 ZJ% "B%}J—oﬂiﬂ HASRATE. *&719} %01 21]’-‘}-?-1 wetelols) A=Y 33:."“’3'-&"1 E
Fé%l 96~-@ ga]o}r:g; z goﬂ NaOH(l 15 mg/mfz) KHzP04(o 2 ug/mt), KC1(0.2 ng/ut), |
',_:,%:\‘NaCl(S mg/mll) *'@7&( 300 M/mll) ‘% zlvili’:—l(o 2 mg/nt) 5& E%}S}t A]ﬁ CEL
i 100 wﬁ% % 7}5}_,-1 -aM] .._.)g g@;q gg} A 4 ga})\lﬂg 27} 10 ue’é] A7ksr]
%_} gg@ ;;;, 37«'(;_4 HP%—?M] ‘-5-.':1 60«‘?-{} 7--3-/\1%14'. §hg-0] -"1‘& * 0. 05% E% |

;:?;Q.E'EZO(Tween 20)% $he dud %%%oﬂcaoo W& Aested 4 Eeﬂoleg— ETEER
R WL AT 9 A9 -9 16 %ﬂmawel) 2 392 1ol %
e zn(gethync Trls(lo ), NaCl(O 8D, CaCl |
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o ’5-1020000045806? ! S &9 4R 2000/12/15 |
2(1mM) A0, 5%) A%(o 2 me/me) F£UH00 s/n), EE 20,08, 3
- | “ﬂié}(o 2 ns/at) % A =50 ﬂg/mﬂ)% ZYSHE TN A5 1 10, 000
. _;f_.f D42 A% AAQ F A9 AT 00E 7] 41 Dl T 0BT
o \_._.::.'T'-iri,;;{'ii{ur.g.;qﬁu} H]--a-o] -ﬂ& * 4 Ea}o}&% 0.05% B4 20/14k %%——8-@.‘._.5 58 A
236].31 EﬂE;;q.uﬂgqﬂzlH(tetrametylbenmdme) 100 ug/ml R _/‘f_(hydrogen :
: . -:f:-.'i;\'_%.'_'.:perox1de) 0.006% 2 :r‘ &9 149 %%%QH(DH 4.5)& TR 714498 100 u '4
@ yaw 24 gwnxi %HM%&K} AGA d) ROl F FSARAN

-i._':"'_.’_:ag»\}%gﬁ) 100 wﬂ Z} %oﬂ %17}&@1 WALSE FANU F 06 U FAOIE w57
: ;:’_..'I:.:'(Molecular Dev1ces)§ 650 nm% E&(r efer ence) j}%‘g‘i 3he] 450 an]]/\-] ?%EE "
T :__f’_ayga}ﬁq 18 ) WAL ASHAY WA G- 16 9 L YA
::%__.f",:l*i'_:""’.IgM A %i‘i}%ﬂ iRP o oo Bl wAEE dosln, 2 wAAEE FEEe E
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ABSTRACT

o

The present invention relates to an immunoassay, diagnostic reagent and

diagnostic method for malaria by using antigens of malarial Protozoa. Particularly,

the present invention relates to an immunoassay, diagnostic reagent and diagnostic

method for malaria which detect malaria Protozoa antigen-specific IgM in blood. The

immunoassay, diagnostic reagent and diagnostic method detecting malaria-specific

IgM in blood according to the présent invention can distinguish malaria patients from

normal people who completely recover from malaria, and makes an early diagnosis of

malaria patient possible.

REPRESENTATIVE FIGURE

Figure 1
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TITLE OF THE INVENTION

IMMUNOASSAY, A DIAGNOSTIC REAGENT AND A DIAGNOSTIC METHOD FOR

MALARIA BY DETECTION OF MALARIA-SPECIFIC IgM

BRIEF DESCRIPTION OF THE DRAWING
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Figure 1 is a graph showing a result of diaghosing 216 malaria—positive
samples a‘n'a 353 malaria-negative samples for malaria, according to malaria-specific

IgM capture enzyme immunoassay.

5 Figure 2 is a graph showing results of diagnosing 75 malari{a—positive samples
and 92 malaria—negative samples for malaria, according to malaria-specific IgM

_ C ' capture enzyme immunoassay and indirect enzyme immunoassay.

, . o : _ Figure 3 is a graph showing results of diagnosing 129 malaria-negative

10 samples bl-a_s'_’siﬁed by age for malaria, according to malaria-specific IgM capture

enzyme immunoassay and antigen sandwich enzyme immunoassay.

DETAILED DESCRIPTION
- PURPOSE OF THE INVENTION
.15 FIELD OF THE INVENTION AND THE PRIOR ART THEREOF

) . o The present invention relates to an immunoassay, diagnostic _reagéht and
diagnostic méthod;for malaria. Particularly, the present invention relates to an
immunoassay,- diagnostic reageht and diagnostic method for malaria which detects

20 IgM against antigens of malarial Protozoa.

Malaria is a disease caused by malarial Protozoa that infects within human

~ erythrocytes and is carried by mosquitoes. Billion people in the world reside in

' inalaria-risk area and over 500 million pé_'ople become infected by malaria each year.
25 Malaria causes more than 2 million death each year. Malaria widely spreads all over
the world, however, in some regioﬁs, malarial infection was éradicatéd- 6f decreased
since 1960’s due to effective controls. However, recently, incidence of malaria

increases all over the world again, due to increase of drug-resistant strain, increase in
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resistance to insecticide, abnormal weather such as El nino, etc.

Malaria can be categorized into African type, American type and Asian type.
Each type differs in geographical distribution as well as characteristics in species and
genetic inclination which Protozoa exhibit.

Life cycle of malaria is divided into Schizogony and Sporogony. Schizogony is
the life cycle in human host, and Sporogony is the life cycle in mosquito host. Human
is infected by sporozoites by the bite of infected mosquitoes. The sporozoites
transfer to human liver through blood vessels, and they exist as a dormant state or
multiply and develop into schizonts in hepatic cells. After a definite time, the
schizonts enter the blood circulation, and muitiply in full-scale. When the schizont
matures, it ruptures and releases thousands of merozoites into the blood stream.
Merozoites invade erythrocytes, and most merozoites go through another round of
asexual reproduction, again forming schizonts. Some of the merozoites change into
gametocytes. The gametocytes circulate in human bloodstream. When a mosquito
bites the infected person; the mosquiio sucks up gametocytes along with blood.
Then, male gametocyte and female gametocyte in the gut of the mosquito fuse to
form zygote. The zygote, which develops in the gut wall as an oocyte, eventually
gives rise to the infective sporozoite, whiéh invades the salivary glands and stomach
of the mosquito. The mosquito then can infect another human host.

Antibiotics such as chloroquine and primaquine have been used in treatment
of malaria. However, recently, malaria Protozoa have developed drug resistance to
such antibiotics. Therefore, acquired drug resistance poses a serious difficulty on
treatment of malaria.

A blood smear m'ethod has been used in the diagnosis of malaria most
frequently. This method is a classical method wherein blood cells infected with
malaria Protozoa are stained and the stained sample is then observed through a
microscope. However, this method takes a longer time, and technical education of

the examiner is required to judge blood cells infected with malaria Protozoa.
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Recently, a diagnostic reagent detecting malarial antigens has been commercially
available. However, the concurrent use of the diagnostic reagent and the blood
smear method is recommended because the sensitivity of the diagnostic reagent is
low. Another method to examine genes of malaria Protozoa is Polymerase Chain
Reaction method. This method has high sensitivity, however, is used only on
laboratory scale.

In Korea, malaria has been known as Hakjil. From the 1960s, attempts to
eradicate this disease begun, and in the 1970s, cases of malaria were rarely
reported. However, after a patient infected with malaria Protozoa was reported near
DMZ in 1993, malaria begun to spread rapidly, and it was reported that the number of
patients infected with malaria Protozoa was 3,800 in 1998.

Human malaria can be caused by one of four known parasites: Plasmodium
vivax, Plasmodium falcipafum, Plasmodium malariae and Plasmodium ovale. Among
them, malaria which occurrs in Korea is caused by Plasmodium vivax. Plasmodium
vivax is characterized in that diagnosis thereof is difficult because latent period is
long, and number of Protozoa in blood is few. The imported diagnostic reagent for
malaria detects malarial antigens such as Lactate Dehydrogenase of malaria.
However, the imported diagnostic reagent has a difficulty in diagnosing malaria of
Korean type where latent period is long, and numbers of Protozoa and antigen in

blood are few, because sensitivity of the diagnostic reagent is only 50%.
TECHNICAL OBJECT OF THE INVENTION

It is the first object of the present invention to provide an immunoassay for
malaria which detects malaria-specific IgM in blood by using antigens of malarial
Protozoa.

it is the second object of the present invention to provide an IgM capture

immunoassay for malaria which detects malaria-specific IgM in blood



It is the third object of the present invention to provide a diagnostic reagent for
malaria with elevated specificity and sensitivity which comprises antigens of malaria
Protozoa.

it is the forth object of the present invention to provide a diagnostic method for

5 malaria which detects malaria-specific IgM in blood by using antigens of malaria

Protozoa.
CONSTITUTION OF THE INVENTION

.10 To achieve the above-mentioned objects, the present inventors have
developed an immunoasséy for malaria which detects only malaria-specific IgM in
blood of malaria patients among antibodies against malarial Protozoa. The present
inventors have developed a diagnostic method for malaria by detecting antibodies for
malaria. This method can distinguish with high sensitivity malaria patients from

15 normal people who completely recover from malaria. However, among antibodies

against malaria, IgG can last for several years or several tens of years after

experience of malaria. Therefore, a method of examining antibodies including IgG
against malaria in the area where malaria was prevalent for a long time results in
many pseudo-positive signals, which can cause confusion. In the antigen sandwich
20 immunoassay of the present invention, few malarial antibody-positive responses
have been found in teens to thirties, however, 5% or more of malarial antibody-
positive responses have been found in forties or more, in case of normal people
uninfected with malaria. That is, relatively high IgG pseudo-positive signals occur in
forties or more. This is because probability that people over forties were exposed to
25 mosquitoes infected with malaria before 1960s is high. Similarly, in the area where
malaria is prevalent, malaria-specific IgGs remain in the body of man who completely
recovers from malaria, and relatively high pseudo-positive signals appear in the assay

for antibody to malaria. Therefore, effectiveness of the assay for antibody against



malaria to diagnose malaria will decrease. Accordingly, for diagnosing malaria in
people over forties or the area where malaria is prevalent, a method of examining IgM
of which titer disappears with time after the treatment of malaria will be more effective
than a method of examining IgG of which titer remains even after the treatment of
5 malaria.

The present invention provides an immunoassay for malaria which detects
Q malaria-specific IgM in blood by using antigens of malarial Protozoa. As a
\ embodiments, the present invention provides an IgM capture immunoassay for
. malaria that uses anti-hurhan IgM antibody on a solid support. The immunoassay for
10 malaria according to the present invention is more sensitive than the prior art
immunoassay detecting specific antigens, and makes an early diagnosis of malaria
patient possible. Also, the immunoassay for malaria according to the present
invention can distinguish malaria patients from normal people who completely recover

from malaria.
15 The present invention provides an immunoassay for malaria detecting
malaria-specific IgM in blood by using antigens of malarial Protozoa. Preferably, the

present invention provides an IgM capture immunoassay detecting malaria-specific

IgM, and more preferably, the present invention provides an IgM capture enzyme
immunoassay. Also, preferably, the present invention provides an immunoassay
20 detecting malaria-specific IgM in blood by using anti-human IgM antibody.

An IgM capture immunoassay for malaria detecting malaria-specific IgM in
blood according to the present invention, comprises (i) immobilizing anti-human igM
antibodies on a solid support; (ii) pouring blood serum or plasma sample to combine
malaria-specific IgM with the anti-human IgM antibodies immobilized on the solid

25 support; (iii) adding labeled antigen conjugates to combine the labeled antigen
conjugates with the malaria-specific IgM bound to the anti-human IgM antibodies
immobilized on the solid support; and (iv) analyzing by using the markers of the

labeled antigen conjugates bound to the malaria-specific IgM.
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The present invention provides a diagnostic reagent for malaria detecting
malaria-specific IgM in blood, comprising antigens of malarial Protozoa. Preferably,
the present invention provides a diagnostic reagent for malaria, comprising a solid
support coated with anti-human IgM antibodies; labeled antigen conjugates; and a

5 substrate solution containing a color fixing agent. As a preferable example of the
above-mentioned labeled antigen conjugates, there is a labeled enzyme bounded to
Q malaria surface antigen prepared from recombinant transformants. Also, the present
| invention provides a diagnostic method for malaria which detects malaria-specific IgM
‘ in blood by using antigens of malaria Protozoa.
10
The present invention will hereinafter be described in more detail.
The present invention provides an immunoassay for malaria detecting
malaria-specific IgM in blood by using antigens of malarial Protozoa,
In the above immunoassay, a surface antigen of malarial Protozoa may be
15 used as the antigen of malarial Protozoa. Also, in the above immunoassay, a
recombinant antigen may be used as the antigen of malarial Protozoa.

A preferable example of the surface antigen of malarial Protozoa includes a

part or whole of Merozoite Surface Protein of Plasmodium Vivax, and a more
preferable example includes C-terminus of Merozoite Surface Protein of Plasmodium
20 Vivax. The above C-terminus of Merozoite Surface Protein of Plasmodium Vivax
comprises amino acid sequences that are common to subspecies of Plasmodium
Vivax, and especially comprises a polypeptide consisting of 108 amino acids (referred
as “PV200C” hereafter) which exhibit 100% homology among subspecies of
Plasmodium Vivax, as shown in SEQ. ID NO : 1. A preferable example of the C-
25 terminus of Merozoite Surface Protein of Plasmodium Vivax includes a part or whole
of PV200C polypeptide in the C-terminus of Merozoite Surface Protein of Plasmodium
Vivax. Also, a preferable example of amino acid sequences of the PV200C

polypeptide includes amino acid sequences as shown in SEQ. ID NO : 1.
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The PV200C polypeptide can be expressed in a large amount from
recombinant transformants. The present inventors prepared a yeast transformant.
and E.Coli transformant which express PV200C polypeptide, and deposited them in
Korean Collection for Type Cultures of Korea Research Institute of Bioscience and

5 Biotechnology on December 18, 1999 (Deposit No. KCTC 8977P, KCTC 8976P ).

The present invention provides an immunoassay and diagnostic reagent for malaria

‘ which detecting malaria-specific antibodies by using the above PV200C polypeptide

purified with 99% purity and expressed from recombinant transformants.

é The present invention provides an immunoassay for malaria detecting

10 malaria-specific IgM in blood by using antigens of malarial Protozoa. Preferably, the

present invention provides an IgM capture immunoassay detecting malaria-specific

IgM, and more preferably, the present invention provides an IgM capture enzyme

immunoassay. Also, preferably, the present invention provides an immunoassay
detecting malaria-specific IgM in blood by using anti-human IgM antibody.

15 The present invention provides an immunoassay for malaria detecting

malaria-specific IgM in blood by using antigens of malarial Protozoa. Preferably, the

present invention provides an IgM capture immunoassay detecting malaria-specific

IgM in blood by using antigens of malarial Protozoa, and more preferably, the present

invention provides an IgM capture enzyme immunoassay detecting malaria-specific

20 IgM in blood by using antigens of malarial Protozoa. Also, preferably, the present

invention provides an immunoassay detecting malaria-specific IgM in blood by using
antigens of malarial Protozoa and anti-human IgM antibody.

The present invention provides a 96-well plate coated with anti-human IgM

antibody derived from goat as a preferable solid support for diagnosing malaria. Also,

25 the present invention provides a labeled antigen conjugate consisting of a marker and

an antigen of malarial Protozoa to detect malaria-specific igM. The labeled antigen

conjugate of the present invention consists of a marker and an antigen, and the

antigen maybe preferably a recombinant surface antigen of malarial Protozoa purified
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from yeast or E.Coli transformant to detect malaria-specific IgM. The marker of the
labeled antigen conjugate includes, but is not limited to, for example, an enzyme such
as horse radish peroxidase(HRP) and alkaline phosphatase, colloidal gold,
fluorescent materials, dyes or the like. Preferably, the marker of the labeled antigen

5 conjugate is an enzyme, and more preferably, horse radish peroxidase(HRP).
A preferable example of IgM capture immunoassay for malaria detecting

malaria-specific IgM in blood according to the present invention, comprises (i)

immobilizing anti-human IgM antibodies on a solid support; (ii) pouring blood serum or
. © plasma sample to combine malaria-specific IgM with the anti-human IgM antibodies
10 immobilized on the solid support; (iii) adding labeled antigen conjugates consisting of
markers and antigens of malarial Protozoa to combine the labeled antigen conjugates
with the malaria-specific IgM; and (iv) analyzing by using the markers of the labeled
antigen conjugates bound to the malaria-specific IgM.
Preferably, in the above IgM capture immunoassay, the present invention may
15 utilize a surface antigen of malarial Protozoa as the antigen of the labeled antigen
! conjugate in the step (iii). A preferable example of the surface antigen includes a part
. or whole of Merozoite Surface Protein of Plasmodium Vivax.
A more preferable example of IgM capture immunoassay for malaria detecting
malaria-specific IgM in blood according to the present invention, comprises (1)
20 pouring blood serum or plasma sample into each well of the well plate coated with
anti-human IgM antibody derived from goat; (2) washing the well plate; (3) adding the
labeled antigen conjugate ‘consisting_of HRP and the recombinant surface antigen to
combine the labeled antigen conjugate with the IgM bound to the anti-human igM
antibody; (4) washing the well plate; (5) adding a substrate solution consisting of a
25 buffer solution and a color fixing agent to induce color development; and (6)
measuring the absorbance by using a 96-well plate reader.
As a preferable embodiment, the immunoassay for malaria of the present

invention provides a solid support coated with anti-human IgM antibody derived from
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goat. Also, as a preferable embodiment, the immunoassay for malaria of the present
invention provides a labeled antigen conjugate wherein an antigen protein is bound to
HRP as described in the example 1 below. The antigen protein is expressed from the
recombinant yeast or E.Coli which is transformed with the expression vector prepared

by insertion of genes encoding antigen proteins of Plasmodium vivax, and purified.

When the blood sample of man who is suspected to be a malaria patient is
poured into the solid support coated with anti-human IgM antibody derived from goat,
human IgM in blood becomes combined with the anti-human IgM antibody
immobilized on the solid éupport. After the labeled antigen conjugate consisting of
HRP and surface antigen of malarial Protozoa is added to the solid support, the
conjugate becomes combined with IgM of the malaria patient among IgMs bound to
the anti-human IgM antibodies immobilized on the solid support. The HRP of the
conjugate bounded to IgM of the malaria patient decomposes the color fixing agent in
the substrate solution to induce color development. Finally, the immunoassay for
malaria of the present invention diagnoses the infection of malaria by detecting
existence of the igM in blood and amount of the IgM by measuring the absorbance.

In the above immunoassay of the present invention, plasmas of the malaria
patients and plasmas of normal people were diagnosed for malaria. As a result, the
above method exhibited ‘more than 98% of sensitivity and more than 99% of
specificity. Particularly, all the plasmas of normal people in forties or more who were
infected with malaria in the past and are suspected to have IgG against malaria were
diagnosed to be negative. The immunoassay detecting malaria-specific IgM
according to the present invention has more improved specificity than the above
antigen sandwich enzyme immunoassay does, and much more improved sensitivity
and specificity than the above indirect enzyme immunoassay does.

Also, the present invention provides a diagnostic reagent for malaria detecting

malaria-specific IgM in blood, comprising antigens of malarial Protozoa.

116



Anti-human IgM antibody for the diagnostic reagent of the present invention
includes, but is not limited to, for example, anti-human IgM antibody derived from
goat. Preferably, the anti-human IgM antibody is specific to mu chain of IgM, purified
by affinity between antigen and antibody, and does not cross-react with 1gG or other

5 immunoglobulin.
The present invention provides a diagnostic reagent for malaria detecting

malaria-specific IgM in blood, comprising antigens of malarial Protozoa. Preferably,

the present invention provides a diagnostic reagent for malaria detecting malaria-

. specific IgM in blood, comprising surface antigens of malarial Protozoa. In the above
10 diagnostic reagent according to the present invention, a preferable example of the
surface antigen of malarial Protozoa includes a part or whole of Merozoite Surface
Protein of Plasmodium Vivax, and a more preferable example includes C-terminus of
Merozoite Surface Protein of Plasmodium Vivax. A preferable example of the C-
terminus of Merozoite Surface Protein of Plasmodium Vivax includes a part or whole

15 of PV200C polypeptide in the C-terminus of Merozoite Surface Protein of Plasmodium
Vivax. Also, a preferable example of amino acid sequences of the PV200C

polypeptide includes amino acid sequences as shown in SEQ. ID NO : 1.

Also preferably, ihe present invention provides a diagnostic reagent for

malaria detecting malaria-specific IgM in blood, comprising a solid support coated

20 with anti-human IgM antibodies; labeled antigen conjugates; and a substrate solution

containing a color fixing agent. Preferably, in the above diagnostic reagent, the

preseht invention may utilize a surface antigen of malarial Protozoa as the antigen of

the labeled antigen conjugate. A preferable example of the surface antigen of malarial

Protozoa includes a part or whole of Merozoite Surface Protein of Plasmodium Vivax,

25 and a more preferable example includes C-terminus of Merozoite Surface Protein of
Plasmodium Vivax.

The marker of the labeled antigen conjugate for the diagnostic reagent of the

present invention includes, but is not limited to, for example, an enzyme such as
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horse radish peroxidase(HRP) and alkaline phosphatase, colloidal gold, fluorescent
materials, dyes or the like. Preferably, the marker of the labeled antigen conjugate is
horse radish peroxidase(HRP).

Also, the diagnostic reagent of the present invention comprises a substrate
solution inducing color development when reacted with the marker of the labeled
antigen conjugate. Preferébly, the substrate solution consists of a buffer solution and
a color fixing agent which induces color development when reacted with the marker of
the labeled antigen conjugate. A preferable example of the color fixing agent includes
tetramethylbenzidine and the like. The color fixing agent such as
tetramethylbenzidine in the substrate solution is decomposed by HRP which is a
preferable marker of the labeled antigen conjugate to induce color development.
Then, existence of the IgM and amount of the IgM are detected by measuring the
absorbance.

Also, The present invention provides a diagnostic method for malaria
comprising detection of malaria-specific IgM in blood, using antigens of malarial
Protozoa. In the above diégnostic method, preferably The present invention provides
a diagnostic method for malaria comprising detection of malaria-specific IgM in blood,
using anti-human IgM antibody. In the above diagnostic method according to the
present invention, a example of the antigen of malarial Protozoa includes a surface
antigen of malarial Protozoa, and a preferable example includes a part or whole of
Merozoite Surface Protein of Plasmodium Vivax, and a more preferable example
includes C-terminus of Merozoite Surface Protein of Plasmodium Vivax. A preferable
example of the C-terminus of Merozoite Surface Protein of Plasmodium Vivax
includes a part or whole of PV200C polypeptide in the C-terminus of Merozoite
Surface Protein of Plasmodium Vivax. Also, a preferable example of amino acid
sequences of the PV200C polypeptide includes amino acid sequences as shown in

SEQ. IDNO : 1.
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The invention will be further illustrated by the following examples. It will be
apparent to those skilled in the art that these examples are given only to illustrate the

present invention in more detail, but the invention is not limited to the examples given.

Example 1. Expression and purification of a surface antigen of malarial

Protozoa from yeast transformants

Example 1-1. Preparation of yeast transformants and expression of a surface

antigen of malarial Protozoa

The DNA coding PV200C is amplified using cDNA as template
reverstranscripted from RNA purified from malaria-positive blood. The DNA coding
PV200C and pYES-2 vecfors were cleavaged with restriction enzymes, Hindlil and
Xho 1, respectively. Then, DNA coding PV200C and pYES-2 vector were linked by T4
ligase(Promega) to be a recombinant expression vector that is referred as “pYLJ-
MSP”. Yeast Saccharomyces cerevisiae INVSC1 was transformed with pYLJ-MSP
according to Hinnen method(Proc. Natl. Acad. Sci., U.S.A 75, 1929-1933, 1978). The
yeast transformants were deposited in Korean Collection for Type Cultures of Korea
Research Institute of Bioscience and Biotechnology deposited on December 18, 1999
(Deposit No. KCTC 8977P)

The transformants pYLJ-MSP/S. cerevisiae INVSC1 were inoculated in YEPD
medium containing 2% glu‘cose at 370. Then, the culture medium was transferred to
YEP medium containing 1% glucose and 1% galactose, respectively, and cultivated.
The yeast transformants expressed PV200C polypeptide, exhausting glucose. The
expressed PV200C polypeptide was secreted into out of cell by the a-factor leader
peptide linked with N-terminus of PV200C polypeptide. Thereafter, the a-factor

leader peptide was removed by peptidase existing in cell membrane. Accordingly,
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only the PV200C polypeptide was secreted into culture medium.

Eaxample 1-2.Purification of a surface antigen of malarial Protozoa from yeast
transformants.

In order to obtain the PV200C polypeptide secreted into culture medium, the
biomass was removed by centrifuging the culture medium that was cultivated for 2
days. Then, only the fluid of culture medium was taken and concentrated by
ultrafiltrating apparatus{(Amicon, U.S.A.). For easily purifying the concentrated fluid,
the surface proteins linked with cationic histidine residues were adsorbed on Probond
column(invitrogen) to which anionic nickels were coupled by using six histidine
residues linked with C-terminus of the above-amplified Pv200-19.

The contaminants which were not adsorbed on column were removed by
phosphate buffer containiﬁg 10mM imidazol, and then the surface proteins adsorbed
on column were desorbed and separated by 500 mM imidazol and phosphate buffer.
The surface proteins having approximately 90% or more of purity were separated by
the above process. Then, the surface proteins having approximately 99% or more of
high purity were obtained by concentrating the separated solution and performing

Sephacryl S-200 gel filtration chromatography with the concentrate.

Example 2. Expression and purification of a surface antigen of malarial

Protozoa from E, coli transformants.

Example 2-1. Preparation of E, coli transformants and expression of a surface

antigen of malarial Protozoa.

The amplified DNA fragments coding MSP PV200C prepared in the same way
of Example 1-1, were purified with phenol/chloroform mixture to produce DNA

fragments with high purity. The DNA fragment and vector, pET-19b (Novagen) were

0
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cleavaged with Ndel and BamHI. Then, the DNA fragment was inserted into pET-19b
to prepare an expression vector, pELK-MSP

E. coli strain BL21(DE3)lysS was transformed with pELK-MSPs by the
treatment with CaCl,. The transformants were deposited in Korean Collection for
Type Cultures of Korea Research Institute of Bioscience and Biotechnology on
December 18, 1999 (Deposit No. KCTC 8976P)

The transformants pELK-MSP/strain BL21 (KCTC 8976P) were cultivated for
12 hours in LB medium containing 50 pg/ml of chloramphenicol and 100 pg/ml of
amphiciline. Then, 50 ml of the resulting cultures were again inoculated in 1L of LB
medium and were cultivatéd for about 2 hours at 3711. When absorbance(OD 600) of
the cultures became 0.3, IPTG (Isopropyl thio-g-D-galactoside) was added to the
medium to a final concentration of 0.2 mM. Then, the cultures were cultivated further

for 7 hours.

Example 2-2. Purification of a surface antigen of malarial Protozoa from E, coli
transformants.

After the cultivation, only the cells were isolated by centrifugation. The
obtained cells were suspended in 30 mi of Phosphate Buffered Saline(PBS). Then,
E. Coli in the suspension was crushed with Sonicator(Branson, Sonifier 450) and
centrifuged at 5000 rpm. Because a part of expressed MSP proteins was in the
supernatant and the remainder was in the pellet, both the supernatant and the pellet
were completely suspended in 4M urea buffer(pH 7.5) where 4M urea was dissolved
in PBS, and then were centrifuged; by which only the supernatant was collected.

Because the overexpressed surface protein has His marker consisting of 10
histidines in N-terminus thereof, the protein was adsorbed on histidine affinity
column(invitrogen) for purification. The contaminants which were not adsorbed on
column were removed repeatedly with a washing buffer in which 10mM imidazol and

0.1M NaCl were dissolved in PBS. Then, the surface proteins adsorbed on column

)‘5?“/’" |
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were desorbed and separated with an elution buffer in which 500mM imidazol and

0.1M NaCl were dissolved in PBS. It was confirmed that the surface proteins having

approximately 90% or more of purity were separated by the above process.

Then, it was confirmed that PV200C polypeptide having approximately 99% or

more of high purity were obtained from recombinant E.Coli by concentrating the

separated solution and performing Sephacryl $-200 gel filtration chromatography with

the concentrate.

Example 3. Diagnosis of malaria by IgM capture enzyme immunoassay

To diagnqse malaria by IgM capture enzyme immunoassay, a solid
support coated with anti-human IgM antibodies derived from goat, and the
labeled antigen conjugates consisting of HRP and recombinant surface antigens
purified from yeast or E.Coli transformant were used.

The plate was prepared as follows: anti-human IgM antibodies (anti-
human IgM mu chain-specific, affinity purified, Bethyl Co., USA) derived from

goat were diluted with phosphate buffer solution (pH 7.0) to 1~10 ug/ml and then

100~200 pl of the mixture was added to each well of the polystyrene plate. The
well plate was left for approximately 12~18 hours at ambient temperature, and
the solution that remained in the well was removed by suction. 250 ul of 0.1%
gelatin or 0.1% casein dissolved in phosphate buffer solution was added to each
well, and the well plate was left for 2 hours at ambient temperature. Then, the
solution that remained in the well was removed by suction. The well plate was
dried for 18 hours in a cold room and used.

100 ul of a sample dilution solution that is a phosphate buffer solution
containing 0.1% bovine serum albumin was added to each well of the well plate
coated with anti-human IgM antibodies derived from goat. Then, 2~20 ul of
antibody-negative plasma sample or 2~20 pl of antibody-positive plasma sample

was added to the wells, and the resulting mixtures were well mixed. The well
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plate was incubated for 60 minutes in a reactor at 37 0. After the reaction
terminated, the well plate was washed 5 times with 300 pi of a phosphate buffer
solution containing‘ 0.05% Tween 20.

The surface antigens of malarial Protozoa purified from yeast or E.Coli
transformant which were prepared in Example 1 or 2 were conjugated with
HRPs according to the folléwing method.

The recombinant surface antigens of malarial Protozoa prepared in Example 1
or 2 was dialyzed for 1 day at 4 [ against 1 L of 0.01 M sodium carbonate buffer
solution(pH 9.6). The buffer solution was exchanged 3 times during the dialysis. Also,
5 mg of HRP was dissolved in 0.5 ml of distilled water in a tube, and then 100 ul of 42
mg/ml NalO4 was added to the HRP solution. After the tube was wrapped with foil, it
was shaken for 30 minutes at ambient temperature for the oxidation reaction. After
HRP. was oxidized enough, 60 ul of 1M glycerol was added to the reaction solution.
Thereafter, the tube wrapped with foil was shaken for 30 minutes at ambient
temperature to terminate the oxidation reaction.

For a conjugation reaction of HRP and the surface antigen, salts were
removed from the HRP reaction solution by PD10 column (Pharmacia) saturated with-
0.01 M sodium carbonate buffer (pH 9.6). The above solution of the surface antigens
was added to the oxidized HRP reaction solution. Then, the tube was wrapped with
foil and shaken overnight at ambient temperature to prepare conjugates of HRPs and
the surface antigens. After the conjugation reaction of HRP and the surface antigen
was terminated, in order to stabilize the HRP-surface antigen conjugates, 40.8 pl of 4
mg/ml NaBH4 solution was added to the tube, and the tube wrapped with foil was
shaken at 4 °C for 2 hours for the reaction. To remove HRPs in the reaction solution
which were not conjugated, the surface proteins conjugated to HRPs were adsorbed
on Probond column that was equilibrated with phosphate buffer solution by utilizing
histidine residues linked with C-terminus of the surface protein. Then, HRPs which

were not conjugated were removed by phosphate buffer solution. The HRP-surface
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antigen conjugates adsorbed on Probond column were desorbed by phosphate buffer

solution containing 1M imidazol . The conjugates were collected. The protein

concentration of the collected HRP-surface antigen conjugates was determined by

using commercially available BSA protein quantitative test kit. The sample
stored in a refrigerator after addition of bovine serum albumin (BSA) of
concentration of 1 % .

The above-prepared conjugates consisting of HRPs and the surface
antigens were diluted to 1:100 to 1:1,000 with phosphate buffer solution (pH 7.0)
containing 1% BSA and 0.05% Tween 20. Then, 100 ul of the solution of the
HRP-surface antigen conjugates was added to each well of the well plate. The
well plate was incubated for 30 minutes at 37 0. After the reaction terminated,
the well plate was washed 5 times with phosphate buffer solution containing
0.05% Tween 20. 100 pl of a substrate solution containing 100 pg/ml
tetramethylbenzidine, 0.006% hydrogen peroxide and citrate-phosphate buffer
solution(pH 4.5) was added to each well of the plate. After color development in
a dark place for 30 minutes, 100 ! of the reaction-stopping solution (1N sulfuric
acid solution) was added to each well to terminate the color development
reaction. Then, the absorbance was measured at 450 nm (reference
wavelength, 650 nm) by using the 96 well plate reader (Molecular Devices,
USA). Tetramethylbenzidine that is a color fixing agent in the substrate solution
was decomposed by HRP of the labeled antigen conjugate, to induce the color
development. Then, existence of malaria-specific IgM and amount of the IgM
were detected by measuring the absorbance.

According to the above method, 216 malaria—positive samples(plasmas
of malaria patients) and 353 malaria-negative samples(plasmas of normal
people) were diagnosed for malaria. When positive cut-off value was
determined by adding 0.05 to the mean of the negative samples, according to

IgM capture enzyme immunoassay using the recombinant surface antigen of

was

final
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malarial Protozoa according to the present invention, 212 out of 216 malaria
patients’ samples were judged to be positive and 351 of 353 normal people’s
samples were judged to be negative. Therefore, the IgM capture enzyme
immunoassay of the present invention exhibited 98.1% of sensitivity and 99.4%

of specificity (Refer to Figure 1).

Example 4. Comparison of IgM capture enzyme immunoassay with
indirect enzyme immunoassay

In the IgM capture enzyme immunoassay, a solid support coated with anti-
human IgM antibodies derived from goat, and the labeled antigen conjugates
consisting of HRPs and the recombinant surface antigens purified from yeast or
E.Coli transformant were used. The IgM capture enzyme immunoassay was
performed according to the method of Example 3.

Also, the indirect enzyme immunoassay was performed according to the
following method for comparison with IgM capture enzyme immunoassay.

The solution of recombinant surface antigens of malarial Protozoa prepared in
Example 1 or 2 was diluted with 0.1M carbonate buffer (pH 9.5) to 0.5 pg/ml, and 100
ul of the solution was added to each well of 96-well plate. To adsorb the surface
antigens on the well, the well plate was sealed tightly and left for 18 hours at 4 0.
Then, the surface antigens which were not adsorbed on the well were removed by
adding 300 ul of phosphate buffer solution containing 5% general goat serum to each
well and leaving it for 18 hours at 4 (1. After the solution that remained in the well was
discarded, moisture was removed by leaving the well plate for 1 hour at ambient
temperature. Then, the well plate was transferred to a hermetic container with a
dehumidifying agent and stored in a refrigerator at 4 O.

100 i of a sample dilution solution containing 1.15 mg/mi NaOH, 0.2 mg/ml of
KH2PQy4, 0.2 mg/mi KCI, 8 mg/ml NaCl, 300 ul/ml bovine serum, 0.2 mg/ml| thimerosal

and the like was added to' each well of 96-well plate(Nunc) coated with recombinant

o
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surface antigens according to the above method. Then, 10 pl of antibody-negative
plasma sample or 10 ul of antibody-positive plasma sample was added to the wells,
and the resulting mixtures were well mixed. The well plate was incubated for 60
minutes in a reactor at 37 0. After the reaction terminated, the weill plate was washed
5 5 times with 300 ul of a phosphate buffer solution containing 0.05% Tween 20. Anti-
human IgG antibody(Cappél) or anti-human IgM antibody(Bethyl) derived from goat to

which HRP was conjugated was diluted to 1/40,000 with a dilution solution containing

®

10mM Tris, 0.5M NaCl, 1mM CaCl,, 0.5% glycerol, 0.2 mi/ml bovine serum, 100 pi/ml

. goat serum, 0.05% Tween 20, 0.2 mg/ml! thimerosal and 50 ug/ml phenol red. 100 pl
10 of the diluted conjugate was added to each well of the 96-well plate and the well plate
was incubated for 60 minutes at 37 [0. After the reaction terminated, the well plate
was washed 5 times with 0.05% Tween 20/phosphate buffer solution. 100 pl of a
substrate solution containing 100 pg/mi tetramethylbenzidine, 0.006% hydrogen
peroxide and citrate-phosphate buffer solution(pH 4.5) was added to each well. After

15 color development in a dark place for 30 minutes, 100 pl of the reaction-stopping

solution (2N sulfuric acid solution) was added to each well to terminate the color

development reaction. Then, the absorbance was measured at 450 nm (reference
wavelength, 650 nm) by using the 96 well plate reader (Molecular Devices, USA).
Tetramethylbenzidine that is a color fixing agent in the substrate solution was
20 decomposed by HRP conjugated to anti-human IgG antibody or anti-human igM
antibody, to induce the color development. Then, existence of malaria-specific
antibodies and amount of the antibodies were detected by measuring the
absorbance.
To compare the IgM capture enzyme immunoassay with the indirect
25 enzyme immunoassay, 75 malaria—positive samples(plasmas of malaria
patients) and 92 malaria-negative samples(plasmas of normal people) were
diagnosed for malaria. When positive cut-off value was determined by adding

0.05 to the mean of the negative samples, according to the IgM capture enzyme
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immunoassay using the recombinant surface antigens of malarial Protozoa
according to the present invention, 73 out of 75 malaria patients’ samples were
judged to be positive and 92 of 92 normal people’s samples were judged to be
negative. Therefore, the igM capture enzyme immunoassay of the present
invention exhibited 97.3% of sensitivity and 100% of specificity.

in the meantime, when positive cut-off value was determined by adding 0.2 to
the mean of the negative samples, according to the indirect enzyme immunoassay of
the present invention, 59 out of 75 malaria patients’ samples were judged to be
positive and 85 of 92 normal people’s samples were judged to be negative.
Therefore, the indirect enzyme immunoassay of the present invehtion exhibited

78.6% of sensitivity and 92.4% of specificity. (Refer to Figure 2).

Example 5. Comparison of IgM capture enzyme immunoassay with
antigen sandwich enzyrﬁe immunoassay in normal people classified by
age

in the IgM capiure enzyme immunoassay, a solid support coated with anti-
human IgM antibodies derived from goat, and the labeled antigen conjugates
consisting of HRPs and the recombinant surface antigens purified from yeast or
E.Coli fransformant were used. The IgM capture enzyme immunoassay was
performed according to the method of Example 3.

Also, the antigen sandwich enzyme immunoassay was performed according to
the following method for comparison with IgM capture enzyme immunoassay.

30 i of the solution of the HRP-surface antigen conjugates was added to each
well of 96-well plate(Nunc) coated with_recombinant surface antigens according to the
method of Example 4. Then, 100 pl of malaria—positive samples(plasmas of malaria
patients) or 100 pl of malaria-negative samples(plasmas of normal people) was
added to the wells, and the resulting mixtures were well mixed. The well plate was

incubated for 90 minutes in a reactor at 37 0. After the reaction terminated, the well
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plate was washed 5 times with each 300 ul of a phosphate buffer solution containing

Tween 20. 100 i of a substrate solution containing 100 pg/mi tetramethylbenzidine,

0.006% hydrogen peroxide and citrate-phosphate buffer solution(pH 4.5) was added

to each well of the well plate. After color development of the plate in a dark place for

30 minutes, 100 pl of the reaction-stopping solution (2N sulfuric acid solution) was

added to each well to terminate the color development reaction. Then, the

absorbance was measured at 450 nm (reference wavelength, 650 nm) by using the

96 well plate reader (Molecular Devices, USA). Tetramethylbenzidine that is a color

fixing agent in the substrate solution was decomposed by HRP conjugated to the

surface antigen, to induce the color development. Then, existence of malaria-specific

antibodies and amount "of the antibodies were detected by measuring the

absorbance.

To compare the IgM capture enzyme immunoassay with the antigen
sandwich enzyme immunoassay, plasma samples of 129 normal people were
diagnosed for malaria. The 129 normal people consisted of 26 people in teen,
43 people in twenties, 33 in thirties and 27 in forties.

When positive cut-off value was determined by adding 0.05 to the mean
of the negative samples, according to the IgM capture enzyme immunoassay
using the recombinant surface antigens of malarial Protozoa according to the
present invention, 129 of 129 normal people’s samples were judged to be
negative. Therefore, the IgM capture enzyme immunoassay of the present
invention exhibited 100% of specificity.

In the meantime, when positive cut-off value was determined by adding
0.05 to the mean of the negative samples, according to the antigen sandwich
enzyme immunoassay of the present invention, 127 of 129 normal people’s
samples were judged to be negative. Therefore, the antigen sandwich enzyme

immunoassay of the present invention exhibited 98.4% of specificity.
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Especiélly, when plasma samples of narmal people in thirties or less who were
born after the prevalence period of malaria were diagnosed for malaria, the
antigen sandwich enzyme immunoassay of the present invention exhibited
100% of specificity. However, when plasma samples of normal people in forties
who were born in the prevalence period of malaria were diagnosed for malaria, 2
of 27 normal people’s samples were judged to be positive and the antigen
sandwich enzyme immunoassay of the present invention exhibited 92.6% of
specificity.  Therefore, the specificity of the antigen sandwich enzyme
immunoassay of the present invention decreased in specific ages (Refer to

Figure 3).

EFFECT OF THE INVENTION
The immunoassay, diagnhostic reagent and diagnostic method for malaria

detecting malaria-specific IgM in blood by using antigens of malarial Protozoa

according to the present invention can distinguish malaria patients from normal

people who completely recover from malaria, because they detect only malaria-
specific IgM in blood. Therefore, malaria can be diagnosed effectively in older people
and in the area where malaria was prevalent for a long time.

Also, the immunoaésay, diagnostic reagent and diagnostic method for malaria
detecting malaria-specific IgM in blood according to the present invention are very
effective in diagnosing malaria where latent period is long, numbers of Protozoa and
the antigen in blood are few, and the probability of recurrence is high, because they
can diagnose malaria in a latent period. Further, the immunoassay, diagnostic
reagent and di'agnostic method for malaria detecting malaria-specific IgM in biood
according to the present invention are useful in an early diagnosis of the malaria
patient. In addition, the immunoassay and diagnostic reagent for malaria detecting
malaria-specific IgM in blood according to the present invention exhibited more

enhanced specificity and sensitivity than the indirect enzyme immunoassay and
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diagnostic reagent in the above examples, and more enhanced specificity than the
antigen sandwich enzyme immunoassay and diagnostic reagent in the above
examples.

The invention will be further illustrated by the following examples. It will be
apparent to those skilled in the art that these examples are given only to illustrate the

present invention in more detail, but the invention is not limited to the examples given.
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- What is claimed is; |

| 1. An immunoassay for malaria detecting malaria-specific IgM in bldéd by using
e aﬁiigens o_f malarial Protozoa.

‘2.'."The immunoassay for malaria according to Claim 1, wherein said immunoassa;y

-detecting malaria-specific IgM in blood is an IgM capture immunoassay.

3. The immunoassay for malaria according to Claim 2, wherein said IgM capture

~“immunoassay is an IgM capture enzyme immunoassay.

- 4. The immunoassay for malaria according to Claim 1, wherein said malaria-specific

IgM in blood is detected by using anti-human IgM antibody.

10

15

6. The immunoassay for malaria according to Claim 1, wherein said immunoassay
detécting malaria-specific antibodies in blood is an enzyme immunoassay.
5. The immunoassay for malaria according to Claim 1, wherein said antigen of

malarial Protozoa is a surface antigen of malarial Protozoa.

_ 6.-- The immunoassay for malaria according to Claim 1, wherein said surface antigen

of ‘malarial Protozoa is a part or whole of Merozoite Surface Protein of Plasmodium

. Vivax.

- . 7. The immunoassay for malaria ac(:drding to Claim 6, wherein said part or whole of

Merozoite Surface Protein of Plasmodium Vivax is C-terminus of Merozoite Surface

T20

Protein of Plasmodium Vivax.

8. The immunoassay for malaria according to Claim 7, wherein said C-terminus

- of Mérozdite Surface Protein of Plésmodium Vivax is a part or whole of PV200C

polypeptide in the C-terminus of Me’rozoife Surface Protein of Plasmodium Vivax.

9. The immunoassay fbr_ malaria according to Claim 8, wherein amino acid

sequences of the PV200C polypeptide are amino acid sequences as shown in SEQ.

- 25

IDNO: 1.

10. The immunoassay for malaria according to Claim 1, wherein said antigen of

‘malarial Protozoa is a recombinant antigen.

~ 11. An igM capture immunoassay, comprising :
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(i) immobilizing anti-human IgM antibodies on a solid support;
(i) pouring blood serum or plasma sample to combine malaria-specific igM
with the anti—humah IgM antibodies immobilized on the solid support;
(iii) adding labeled antigen conjugates to combine the labeled antigen
conjugates with the malaria-specific IgM; and
(iv) analyzing by using the markers of the labeled antigen conjugates bound
to the malaria-specific IgM.
12. The immunoassay according to Claim 11, wherein the antigen of the labeled
antigen conjugate in the step (iii) is a part or whole of Merozoite Surface Protein of
Plasmodium Vivax.
13. A diagnostic reagent for malaria detecting malaria-specific IgM in blood,
comprising antigens of malarial Protozoa.
14. The diagnostic reagent for malaria according to Claim 13, wherein said antigen of
malarial Protozoa is a surface antigen of malarial Protozoa.
15. The diagnostic reagent for malaria according to Claim 13, wherein said surface
antigen of malarial Protozoa is a part or whole of Merozoite Surface Protein of
Plasmodium Vivax.
16. The diagnostic reagent for malaria according to Claim 15, wherein said part or
whole of Merozoite Surface Protein of Plasmodium Vivax is C-terminus of Merozoite
Surface Protein of Plasmodium Vivax.
17. The diagnostic reagent for malaria according to Claim 16, wherein said C-
terminus of Merozoite Surface Protein of Plasmodium Vivax is a part or whole of
PV200C polypeptide in the C-terminus of Merozoite Surface Protein of Plasmodium
Vivax.
18. The diagnostic reagent for malaria according to Claim 17, wherein amino acid
sequences of the PV200C polypeptide are amino acid sequences as shown in SEQ.
ID NO: 1.

19. A diagnostic reagent for malaria comprising :
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a solid support coated with anti-humane-IgM antibody;

labeled antigen conjugates; and

a substrate solution containing a color fixing agent.
20. The diagnostic reagent for malaria according to Claim 19, wherein said surface
antigen of malarial Protozoa is a part or whole of Merozoite Surface Protein of
Plasmodium Vivax.
21. The diagnostic reagent for malaria according to Claim 20, wherein the antigen of
the labeled antigen conjugates surface is a part or whole of C-terminus of Merozoite
Surface Protein of Plasmodijum Vivax.
22. The diagnostic reagent for malaria according to Claim 19, wherein the marker of
the labeled antigen conjugate is horse radish peroxidase, alkaline phosphatase,
colloidal gold, fluorescent materials, dyes or the like.
23. The diagnostic reagent for malaria according to Claim 19, wherein the substrate
solution consists of a buffer solution and a color fixing agent which induces color
development when reacted with the marker of the labeled antigen conjugate.
24. An diagnostic method for malaria detecting malaria-specific IgM in blood by using
antigens of malarial Protozoa.
25. The diagnostic method for malaria according to Claim 24, wherein said malaria-
specific IgM in blood is detected by using anti-human IgM antibody.
26. The immunoassay for malaria according to Claim 24, wherein said antigen of
malarial Protozoa is a surface antigen of malarial Protozoa.
27. The immunoassay for malaria according to Claim 24, wherein said surface
antigen of malarial Protozoa is a part or whole of Merozoite Surface Protein of
Plasmodium Vivax.
28. The immunoassay for malaria according to Claim 27, wherein said part or whole
of Merozoite Surface Protein of Plasmodium Vivax is C-terminus of Merozoite Surface
Protein of Plasmodium Vivax.

29. The immunoassay for malaria according to Claim 28, wherein said C-terminus of
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Merozoite Surface Protein of Plasmodium Vivax is a part or whole of PV200C
polypeptide in the C-terminus of Merozoite Surface Protein of Plasmodium Vivax.

30. The immunoassay for malaria according to Claim 10, wherein amino acid
sequences of the PV200C polypeptide are amino acid sequences as shown in SEQ.

ID NO: 1.
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REIVINDICAGIONES

1. Un inmunocensayo para la deteccion de malaria identificando IgM
especificos contra malaria en la sangre, mediante el empleo de antigenos
de protozoarios tipo malaria.

2. Elinmunoensayo para detectar la malaria de acuerdo con la reivindidcacion
No.1, caracterizado en que el inmunoensayo que detecta IgM especificos

contra malaria en la sangre s un inmunoensayo que captura el IgM.

3. El inmunoensayo para malaria de acuerdo con la reivindicacion No. 2,
caracterizado en que dicho inmunoensayo que captura el IgM es un

inmunoensayo de captura de IgM.

4. El inmunoensayo para malaria de acuerdo con la reivindicacion No. 1,
caracterizado en que dicho inmunocensayo IgM especifico de malaria en

sangre se detecta mediante el uso del anticuerpo IgM antihumano.

5. El inmunoensayo para malaria de acuerdo a la reivindicacion No. 1,
caracterizado en que el mencionado inmunoensayo que detecta los
anticuerpos especificos de la malaria en sangre es un inmunoensayo de

enzima

8, El inmunoensayo para malaria de acuerdo a la reivindicacién No. 1,

caracterizado en que dicho antigeno del protozoario tipo malaria es un

antigeno de superficié protozoario tipo rnalaria.

6. El inmunoensayo para malaria de acuerdo con la reivindicacion No.1,
caracterizado en que dicho antigeno de superficie del protozoario tipo malaria
es una parte o la totalidad de la proteina de superficie del merozoito del

Plasmodium Vivax.
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12.  El inmunoensayo de acuerda con la reivindicacién 11, caracterizado en
que el antigeno del conjugado antigénico marcado en el paso ¢ es una parte o

la totalidad de la proteina de superficie del merozoite del Plasmodium Vivax.

13.  El reactivo de diagnoéstico para la deteccién de la malaria, IgM malaria

especifica en la sangre, que comprende antigenos del protozoario tipo malaria.

14.  Elreactivo diagnéstico para malaria de acuerdo con ia reivindicacion 13,
caracterizado porque dichos antigenos del protozoario tipo malaria es un

antigeno de superficie del protozoario tipo malaria.

15. Reactivo diagnbstico para malaria de acuerdo con la
reivindicacién 13, caracterizado en que dicho antigeno de superficie
protozoario de tipo malaria es un parte o totalidad de la proteina de superficie

Merozoito del Plasmodium Vivax.

16. El reactivo de diagndstico para malaria de acuerdo con la relvindicacion
15, caracterizado en que dicha parte o la totalidad de la proteina de superficie
del merozoito del Plasmodium Vivax es una porcién C- terminal de la proteina

de superficie del Plasmodium Vivax,

17.. El reactivo diagnostico para malaria de acuerdo con la reivindicacién 16,
caracterizado en que dicha porcién C- terminal de la proteina de superficie del
merozoito del Plasmodium Vivax es una parte o totalidad del polipéptido
PV200C y estd en la porcidn C terminal de la ptoteina de superficie del

merozoito del Plasmodiurn Vivax.

18.  El reactivo diagndstico para malaria de acuerdo con la reivindicacion 17,

caracterizado en que las secuencias de aminodcidos del polipeptido PV200C



. ..\
o
aan

son secuencias' de aminodcidos como se musestra en la secuencia SEQ D

NO.1

19 Unreactiva diagnéstico para la malaria que comprende lo siguiente:
Sopb‘rté stlido recubierto con conjugados antigenos marcados, anticuerpos
igM- artihumarno; y
una solucion de-s_ubstrato- que contiene un agente de fijacion de color.

20. El reactivo diagndstico paré {a malaria de acuerdo con 1a reivindicacion
19, caracterizado en que dicho antigeno de superficie del protozoario de tipo
malari_é constituye una parte o la totalidad de la proteina de superficie del
merozoito del Plasmodium Vivax. |

21. 'El reactivo diagnéstico para la malaria de acuerdo a Ia relvindicacion 20,

caracterizade en que el antigeno del marcador del conjugado antigénico es una

parte o una totalidad de la porcién C terminal de la proteina de superficie del

Plasmodium Vivax.

22. El reactivo de diagnostico para la malaria de acuerdo con la
reiviﬁd%caeién 19, caracterizado porque el marcador del conjugado antigénico
es una peroxidasa de rdbano, fosfatasa alcalina, orocoliodeo, materiales
fluoroscentes, colorantes o sustancias andlogas. o

23. El reactivo diagnéstico para malaria de acuerdo a la reivindicacion 19,

caracierizado e que la solucién sustrato consiste en una solucién buffer y un

agente fijador de color que induce desarrollo de color cuando reacciona con el
marcador de! canjugado antigénico marcado.

24, El método de diagnéstico para detectar la malaria del gM especifica de

malaria en sangre mediérrte el uso de éntigenos de protozoario tipo malaria.
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E ouge sty delelols 83gH o2 Jddls Wy L old ol & e
Aok Az B AozAM, Bt} FAAe 449d Delelol 9% FLEF HEYS
(Plasmodium vivax) W Z2Z0E EH @A (Merozoit surface protein) £ FHULE A
7 @A &A% FAE S35 Y 2 AY] Zeeler Y 9dS deoe=R
4 TYse getdel A Ay AZS TG, A7) BAE SASHE P )
7} 3 9F 7 A 498 ZEEorE Adsted f£83 Wdolt.

(tH =]
=1
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[2el 53]
Fd9 wetelols Y uy & o]d] 0|45 AT AlHDiagnosis for malaria

and reagent used therefor}

(=99 7ras 4]
= % 1 ¢ daol (@) AAAO)E BRL ARE 3] 69} g =4
®  aus uga Ry

CEER L)
[2e) =3)
[dro] &3t 7€l € 2 £od Fd7]<]
@ U TS YUY Ui URTAL AeTY 2 A2 A% Az 2 sle
= 2a, BARAE S99 Betelol 95 FFAEF HPA(Plasnidiun viva)d) WEE
. olE ¥H A (Merozoit surface protein, ©]3} 'MSP'Z A3 E Yoz 44
ZASs SAE S5 P 2 4] EW 9N FPoz olgatd AxFE B
ghejo} W@ Aok B Aol

@ weEcl: 28 A sel wol) o] Azke] HYTFU FUHe ¥
Ase Agolth, AAAS) 10 4 AT eleiol ARG ATHR Jow,
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<4>

<G>

<7>

il 5 o o] 4ol wakHole] ZAFT 2 WY o) go] B4 Y& A¥FY
shjolth, Wakdols AAAZY BEE Holx Yot 4 ALdAE xR 3
AT Azko] 19604t o F Lol FAAY F2HUG. I A2 delw A4
3 2o o4 e @ A WA FHe 3, AA dE ARH 27 Fo= Ad
AAAR SR A FAFT Qe A0,

Telelols 2 ohmesty, FEVIE FAOE @ oMPAY 1e1 Qs 5
iAol FUOE @ opAlolH oz wpre] AT 2L Aud REo| glolMe F
oW olyz WFel ehiE B3 F4i 44 43 YOME 24 Bay.

weteloke] HBAME AR &30S AEALY B2 (Schizogony) 9 27

&FUo A9 AEA EA7)(Sporogony) 2 Ure] AEH], A 7|7 AMRE B
Re e 0o o FHN PATAA 24 ANHAY FUdHE AR} 9
A% 7170l Ak WF0E Uesd H3 243 34 s 9. €3 H@Fy
NN GRA nABAN ZAY, LA B AN BA $AAY 2arAE

ol

FE8A I9 229 ATl ol 2e BTG wEAT. olF ARA 44

¢

RAX FHE EAsted, 277t old Y AFE FEEE 4719 AARAX}
2712 o7t S48t gl 2719 FAAAE T3 At FMe EAsT ALl A
doles A& vrEsHA dr.

galg]ole] Aoy AR 25 (chroroquine), ZEjvlsh<el(primaquine) 0] AH
ol vk, a2y, AT AZAE 2 wEtEold &322 I AR HEE Ax
At}

detzlobe] Aol FAxd o] 74 ol AMEE L ded,ole nAAQ ¥y
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o2 GAE €7E @) oz FESE Pioltr. aEy o] WHL Azho] ®ol
Zd 3 A AR AR afo] WAt §4¢ 23 Q. AT Zetolor ddg A
Abshe Algko] AlgH R U7E S, WAET W olfr2 FAZWHIF FA ALS
& AL Astn Yok, gHEol FAAE AAse BUE PELE PR e,
ol WA= Fo} ofF AP PAa = Aol
§<8> FgFojA geleote shdoldts B Ao ¥ ANH LHA gz 1960
ddjo] Talglol dhdAlg oz Q18] 197030 ¢fA= dete]ol wrlo] A RuHA ¢
ortk. ZEvl, A2 1993de] FAHA FZoA FAIE EAT ol F F53] Fiby o
1998 o] walzlol @A) 3800 How RIEI o),
9> detelo} IAGFNE Fal2EEF H¥2(Plasmodiun vivax), FHEEE FA T
FeJL2EF G2}e)o) Plasmodiun malariae), &Ed2EF

F(Plasmodium falciparum),

2 BN Plasmodium ovale) T 4 F577F €¢3A Jdot. 2 74&d FFdA =T Y=

® oo soser yuaPasmdim vivadE A8 249, ot B84 AT
@ oyl e 939 47 Hel 2 Awe] olEe Aol HAoltk. A, YToA
#9583 g Geiol Aw Ak wekyols) R YHrE s (Lactate

Dehydrogenase) ¢ FU& A&dt WYLE, 1 VHE7} 506 £ HEFH 3o

A7)s} gol HE7)7h AR YA EASHE 9 L 4347 AL §ID Deelop

Akl o &ol A,
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<10> ofe] ¥ AHAEL Lol FA9 Rl A4dE EEelol F(Plasmodium
vivax)®] |7 o}F9 FFH EW ¥ A AV SAEE FUdsta, B A
E EAste JgA %] T F4E FASE W4 vE AR} 1 59 T
greglo} B dde] 74%s, JE77F A Qo] EAste Fd R 4359 &

7} AE AYd Zetejold] Ao #8%E wASL B E3E S,

@ v = ouny Ehe 3d TeeiolE Avas] detd Goue HUY Dejeioly

(&0 o]7uA st 7|&d FA]

FAE FASE PP AFHE Qoo
ar 2 ugel mre EXE Add weteold] Agel o/4F & ik Iw AL
AZse Rolt,

t

ROREES RIS
e 4] 2Ae gAdsy] gea, £ UPe HUd g 439 oY ofFd 3

® oo cgus dzzoE EU uwde YL ogad FAUd EA%E A
g 24ss PP AFAT

e EE E TP 449 23Fol 959 NPE ESE HUY Dol AT A
o+ AT

<15 olgf, & IH& A 45t
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e 2 oune Add geEes AwEy] 9atd e EAss ddd gl
o ERuwdd WY FAE A WP AFAt

an pod wekeel Jorle EHARE uEadE o oFo] o, o o
2 o) %A EF 4UD BaeiolE dod. oEd @ FUQ dellobs

C REs Ax gA 4% 471 AolA F9L A@SE PR F9Q Bepelol

4 £ AVEE GelE o@gel g, ool ¥ WHNE Fal2RE wuad 98 7

@ o = e gay PAE 250 FAE LolE Ava,

A, 2 gdNE 998 AZS T FY GA 18 o8] o] &4

<18

F‘E,

St YAE A9, UL Yool 459 ED 9D Pl E - Belo] 2

rl

dd gatelol FFY ofFEZ FHHOE EAGE oAl AESE EFEFI Yo
v, 53] AEuE 12 FAHE 108 /A9 olriton o] R0 EeHelo]=(0)d}
_ Pv200ce SRR Hdd gEElol 959 ofF el 1008 FI3HT.
L olo] & e HUd Tetelol 4Fe) EW ©ud NPY AR EE IRE
@ sam, pdaAs 49 Lol 959 NPl T RAE FUOR o4
. F o uEgASAE NP C-E2 F99] PV200CE FHLE o] g

@ B uge 444 wedos Auss A Age AUt

a

<> B 3o g AL gdozA 4Ud 2ol 959 NP AR = U7,
23t 449 AFAZA nFQo] AAstaA T BEAANE FFAA AFE 1269 IaM,
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g A7) EAASGY o dAE Fxde EZE IFsE 71E 8o 74
"},
T2 o] &ty T2 A4Udd wetEol AT FHLAEF A/g20 Folg X

il

W v Ad2A FoiEF HE29 ofFEY FFHE AGHE 19 7AF E8PE]
co AR 2y ¢FE FAEY. A7) @9 A=Y ARY 3TN dFEd

A DL F 9oH, & EPAEL PV200C S FE=E YHA= HAAFANE A F
%}oq 128 18YAE AP FEATL FaAL Yol g (+EHE: KCIC 8977P,
KCIC 8976P).

2zt T AFAR o] &3t 169 [e EANA AFHY gloy, FAARE
aFgol A EL(RP), €289 A4S 5 A (Alkaline phophatase) Fo] AHE-E
Atk A7) 23 F9 FEAE A Wolrt A9 gl ¥ Fe(fragment
crystallizable)o] Az Ao £4& SAHE & A @t

A7) 22 3L AEA S SAA L whEste] LNE Hddte 7[F LA HEDH
A T G4} dFgdon FHAHATY, 7HAEAL o6 FBE o] AP X
NAE Balste] A7 O FEE SAHSGEEA FA S E4 R FA 9 ¢ g

g 5 A

FARoZ FdEd g 4F MSPY -2 ¥-9 PV200C EEREtol=E 27
SHe FrAAE Adstd A dHed o8 A A2 22 R AxF o

AgozBE LPAA A7) ZEHPeol=E AAST, 7] PV200C EPEol== =
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9¢ 4 ZYEE Azdth. o Lol FAARE YA B AP P
A7k AUl EAsE 471 B9 PV200cel tid FAE Wl 2R Lo So]
Moz AR BTk, <79 A7) 23 49 FLAR BAstel Fdol A LAl

Fog A4dla ARsA Bth. ALE 24 T4 AN TAAS Besel v
$E83 olo] HE FRES FATOSH FHHLE NE WPl o= R A
CJh EARER g8, 1 A% A B ARE Yeelc 29 4RE AuE,
L geleiol BAZRE 9L AR GFE 47 FY AR BS F=
@  © LGtgol B BeeE R BAL 4 Yo, wekelol B4 20 W) WFo=
A7) G4 AAE FUT A% AAAY G s BT Gy B2e FAkAT
agzz geteol BAe) 4ok THol g UF FA B FELR &

AT & & gem, o FAE FASE PUoE Uelelol FEARE AT F ¢

.

Q. a5, 2 wwe axad g9 was P
Q@ = o s GAdE E wde gass A9 B, 2 wwe) g8 8] A do
FRAHE AL ol

<29> <AAld 1> A= AE2RE 4d4E g2t 439 W 49 2F 2 A

<30> (A 1) A= 29 AF 2 4dd Zetgol 439 B9 g9 2
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datgjol 3 EAolA AAE RNAZRRE FAANES 53 4D DAE F3
o2 sta] FEZAA 4 Hdg ol ¥H I PV200C E]PFEr] =9} pYES-2 ¥
BHE 47 AgEA Hind 1119} Xho 122 A3}l T4 golAlo]2E AZAAA pYLI-MSP
ZF3 gystgi, AxF L He pYLI-MSPE W (Proc. Natl. Acad. Sci., U.S.A.
75, 1929-1933, 1978)9] WH O R AR AfFLEoiolif= 4 zH]4] INSCL (Sacharomyces
cerevisiae INVSCL)ol ARG A7l ¥, 3% JAAHANE -4 (uracil)o] S0l
A & A4 MAGA §FF T WG, 479 AR FAATAT JHITHIATA
FARL P 1999 129 18UAZE 7| E3PTHFEHE © KCTC 8977P) .

A719 7ol AFE H444E Lol 9459 ¥ 9 PV200C EEjPEto|=g F

i

sl A)Z2% X pYLI-MSP(RCIC 8977P)E 2% €53 Q.2 YEPD WA oA 37CE wjok

r i

3, HAE 1% SFERCA, 1% ZHELA YEP WA E ulPo] igge s, 253
27t AZHEF st RN EUHFLS TEAFY. LIHT ZAFLL oY

doz EHHUH.

(24 2) 239 x4 499 34
GA 1olA 9} Zo] 2 47t Mg F ugde 44 2Ede FAE vPn uYg
Aete HetY FF7)(amicon, HMIF)E FEG F, 09T FAE A8 X9 ¢4 =
B2 dge] ¥X9 6 /19 His 378 o|438te] T2E=(Probond, Invitrogen) Zd 4
FAAZAT. & HA = BLEL 10 mM o9 thE(inidazol)o] EoIYE A
S ((PBS) LR AASL, FFEH Yd FW FYL 500 oM o]v]vHEL EF5}E= PBS
2 g3AA Egagct.
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<35> o] HAoA ¥H FUL A9 90% ol & EEHUL, o] £ §d9L F5F
o} M =3 (Sephacryl) 5200 & o= IA2=vlEIIYIE PP oH, ol& B A=
3 aREZEE 4949 g@gol Bd4aAe ¥E $98 oF By AA vk, AA

g 471 39 99& IS A% FHoE AHESAT.
36> <AAle] 2> A2F dFFoniy FUE ool 93 ¥ Fdg IF R

@ < (@4 D Az GFEY AL L FID Tehelol 439 B ¥4 9 9
<3 Ao 104t 22 WPoE dojzl MSP PV200Ce] DNA FHE H&/22EXE
(phenol/chloroform) &3 §902 AAsted £x71 2 DNA dHE go], Adakh
Ndel} BamHIo 2 A&8tx, 2L Adar=2 A P& pET-19b(Novagen) o AUk
o 6.0 kb 2719 ¥ ¥ pELK-MSPS EUT.
<39> AzY Fet2v= pElK-MSPE 43z e Wio= dd BL21(DE3)1ysS o ¥2A
! AR, 9o1R FAAFA = AP FTFATAU ALY 1999 12¢€ 18YAE
®  iusaogds KCIC 8076P).
<40> 3719 ol AZE FAAFA pELE-MSP/BL21 5 (ECIC 8976P)= ¢F®4 /(100
pe/ml) T S 2EHUYE(50 pug/me)o]l AUFE LB vl oA 12412 B¢t wigsigict. @l
7 ke 50 meE THA] LB WiX] 1 Lo FFEIL 37ColA 243} AR igE o9& &
3 %(0Dgoo) 7t 0.30] HAE& # FF%5E7} 0.2 mMo] H == IPIG(Isopropyl A

-D-Thiogalactopyranoside)E A7}eta 7A1ZF o wigstgdvs.
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41> (44 2) 43" 39 g9 AA
<42> v 1ofAeh o] wikgk & YA RIS XS B oL dold HAES
Q1A ¢}2g.o 30 mio] HEAA &9} 7] (Sonicator; Sonifier 450, Branson)S

Abgted A AEAUe] dFFS F4% v 5000 rpmol A FAEE QY. wdHE

0,

NP A e ARE AFdd, UyHAE 48T AR 44 EAstER A

! P2 M 2A2SFA(PBSY] M uread =<1 $F Y, pH 7.5)0] ¢AS AGAD oS
@ oA aaRdsd EaRe Zgd

4P Uiy B g FAS 98 A7) 2Fde N- dade] EXE 10749 s

18 o]838t9 Probond 2% (Invitrogen)d] FAAHY. FHHA &+ EEES A3

20 (10 oM imidazol R 0.1 M NaCl-& PBSe] £3iA]7) &F )0z WHE Ao A

Astn, F&49E ¥ 99AL S5 4FN(1 M imidazol B 0.1 M NaCl-& PBSo] &34

) 71 gEM)o R gAAAH EEsied, 238 @i £¥¢E §9& 55 oA
! Sephacryl $-200(Pharmacia co. Sweden) A3} ARvtEIHIE THPFOZH =3}
®  ugwosze A9d LelEo Bdade BW 9wEel NP PV200C ol =g

Lo

A9 % 99%E FUT.

44> <AAd 3> 4dg ZEtgol BE A AAE 9 SHolE AF.
<45> EIA(Enzyme Immuno Assay) -§ 96-¥ Z#lo]E(NuncAl, V)] AAld 1 = 4

Ao 2014 AAE gtelol EW ¥ §9E 0.5 ug/nld FEZ 0.1 M B4 98 &
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Z49(pH 9.5)9 B4t 100 ul® EF3TE. EF F EHOlEE FFs 4T
A 18217 B¢ A St Fdo] Lol FFAHA AT, o] F FAF AL AAsn
5% Yt @& 3 (Goat serum)2 -H§ PBSE €7 300 ul¥ BF33T 4THA 1847+
Fo HATAT. Qo F2 §9& AASL LM AT T W& FEE

AzA F AEAS A 488716 ¥l 4T A2 ¥ EAF 3.

<AA 9 4> Fdd TEhe]ol W T FAA i A A AY P4}
(Indirect Enzyme Immuno Assay).

AA6 1 e A 29 HRLERE Ao AR UL S A4 33 &
< PPe g 96-9 SHo|Ed WAL IGste] HA ARSI, FEANES F4d
A Az 1g69 I F2F nFdo] AL FEAE AFAA HE 23 I AFA
(CappelAl, ©lF)E HAbo] AMESIAT.

Azd EHIEY Z+ dof JNLFAUES(1.15ng/ml), Qtelsrd 2 F
(0.2mg/m1), EZE(0.2mg/ml), FSH}IEF(8mg/ml), A£E%(300ul/ml), Aw24
(0.2mg/ml) 249 NEFAS 100 ulE A7/FE £, ¢4 24 EFANRSL IA I &
FNEE 10 uld Hriste] & ERste], 37T ¥gr)d] W3 6087 B8

W F 0.05% E¢Q 20(Tween 20)& 73 PBS 300 uldL.2 5 3o AX 4&
AAQE F a3Qo] Aufasrrt AFE F49 1g6(Cappel,W1=)< Igh (BethylAt,
=) 22 FAE G} 2L 249 MY [Tris(10ml), NaCl(0.5M), ZEEE o=

(1mM), glycerol(0.5%),48% (0.2ml/ml), @428 A (100ul/ml), Tween20(0.05%), X d]
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24 (0.2mg/ml), SEB=(50ug/ml)] & AHE3to] 1 : 40,000 &) Wl&E Zz FAan
, Z42re) A 23 EA HPA 100 ul¥e Do Y3 37ToA 6023 AR,
<50> Hkg-o] Bk % 0,050 EQ 20/PBS 9o 53] AFsti, 7|ALA(HESY
WAE 100 ug/ml, ZAEshed 0.006%, FALE JAE S5E9 pH 4.5)2 100 ul¥
7Astd Tk, 3087 GadA TN F HRFAA NN F4HE-R) 100ulE 2+ e
7483 96 E#°|E #57](Molecular Devices A, FIF)& ©]83Ho] 650 mE B2
Q (referance) W02 ko] 450 moll X FHE=E S35
M s Ao o s 20 /9 ZtEol FHYAIES 2 A FAHANEE 48 2F = 1
3 2 AFE AUv. ZEkeElol FAelA = PV200Ce] tHE Ig6ot Iglo] HEEom
, 1gGs} Ighe FAl] SAYEWE B 52 A= FESHAUH.

(239 mH]

s> 2 odnd o3 weldel FAE A wHdE Aus: WEL J1E BY
Lo A i Hste 3o WZEE Hold, 3 34 A W]y fid) elge}
BEAMAE 2AER AVE 4 Aok FW) Avh. B8 B4 BANE D
ol FBsI7 A3 AdAFsAel e AdY LelokP.vivax) FoZ B o] o
g Qo] O aRdoz A4E 4 A
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rr

A 18l 1o1A, 471 BW ghel $AsE FA 162 A B0z §

BIEA ysa ge 948 298 99,

(373 6]

fr

Al 186l oI, AY] BH Fde] RAsE AV} ) AL BRow &

FelomF g2 A9 FAE S UH.

373 7]
Al 18] QolA, 71 EE Fdo FFee FA7t 16 R [l A& 5Fe=

st Fo2EF F/E2d 9@ FAE SHsE= 9N

(4% 8]

1) FgfLEF Hjg20 vRZolE X9 A& AXE 55 EE YFFozR
B g@AA AAst= 24

2) AAE 47 39 F4E € ZHolEd RFAIE @A) E,

3) 471 4 Y olEd BE AL FLto 4] Fdol FId IFAE SAHEe
gAZ FAEEs AY94E dEelol 4% Fa2EEF vy Y iy

[37% 9]
2AE getelor 45
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FoamF yupad dzzolE EY wude] dR EE JRE olTold 39, A
A7 A9E 2% 99 AGA L TAAE TP J1Agdoz THHE Hdd Ty

o} e A,
(374 10]
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&1t;1108&gt s LG CHEMICAL LID. &1t;129&gt; Diagnosis for malaria and reagent use
therefor &lt;130&gt; 0p~01-20 &1t ;160&gt ; 1 &1t;170&gt;  KOPATIN 1.5
&lt;2108gt ; 1 &l1t;211&gt; 108 &1t;212&gt; PRT &1t;2138&gt; Plasmodium
vivax &lt;220&gt; &1t;221&gt;  PEPTIDE &It;222&gt;  (1)..(108) &1t;223&gt;
Carboxy-terminal polypeptide of Merozoit surface protein of Plasm odium

vivax &lt;400&gt ; 1 Asn Glu Ser Lys Glu Ile Leu Ser Gln Leu Leu Asn Val Gln Thr

Gln 1 5 10 15 Leu Leu Thr Met
Ser Ser Glu His Thr Cys Ile Asp Thr Asn Val Pro 20 25
30 Asp Asn Ala Ala Cys Tyr Arg Tyr Leu Asp Gly Thr Glu Glu Trp Arg

35 40 45 Cys Leu Leu Thr Phe Lys Glu
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Glu Gly Gly Lys Cys Val Pro Ala Ser 50 55 60

Asn Val Thr Cys Lys Asp Asn Asn Gly Gly Cys Ala Pro Glu Ala Glu 65

70 75 80 Cys Lys Met Thr Asp Ser Asn Lys Ile Val
Cys Lys Cys Thr Lys Glu 85 90 95
Gly Ser Glu Pro Leu Phe Glu Gly Val Phe Cys Ser 100 105
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ABSTRCT

ABSTRACT

The present invention relates to a serological diagnostic method and diagnostic

reagent for malaria. Particularly, the present invention relates to a method measuring
5 antibodies against malaria in blood by using Merozoit surface protein(hereinafter refer

to “MSP”) of Plasmodium Vivax of malarial Protozoa as a antigen. Also, the present

invention relates to diagnostic reagent for malaria prepared by using the above MSP

as antigens. The above serological diagnostic method according to the present

invention are very effective in diagnosing malaria of which latent period is long, and

10 the probability of recurrence is high.
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TITLE OF THE INVENTION
30 ~ DIAGNOSIS FOR MALARIA AND REAGENT THEREFOR

BRIEF DESCRIPTION OF THE DRAWING

Figure 1 shows the result of measuring IgG and IgM by using malaria-patient’

35 blood plasma( ¢)and normal people’ blood plasma( o)as samples.. - -
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DETAILED DESCRIPTION
PURPOSE OF THE INVENTION
FIELD OF THE INVENTION AND THE PRIOR ART THEREOF

The present invention relates to a serological diagnostic method and

. diagnostic reagent for malaria. Particularly, the present invention relates to a method

of measuring antibodies against malaria in blood by using Merozoit surface
protein(hereinafter refer to “MSP”) of Plasmodium Vivak of malarial Protozoa as
antigens. Also, the present invention relates to diagnostic reagent for malaria

prepared by using the above MSP as antigens.

Malaria is a disease caused by malarial Protozoa that infects within human
erythrocytes and is carried by mosquitoes. Billion people in the world reside in
malaria-risk area and over 500 million people become infected by malaria each year.
Malaria causes more than 2 million death each year. Malaria widely spreads all over
the world, however, in some regions, malarial infection was eradicated or decreased
since 1960’s due to effective controls. However, recently, incidence of malaria
increases all over the world again, due to increase of drug-resistant strain, increase in
resistance to insecticide, abnormal weather such as El nino, etc.

Malaria can be categorized into African type, American type and Asian type.
Each type differs in geographical distribution as well as charaqteristics in species and
genetic inclination which Protozoa exhibit.

Life cycle of malaria is divided into Schizogony and Sporogony. Schizogony is
the life cycle in human host, and Sporogony is the life cycle in mosquito host. Human
is infected by sporozoites by the bite of infected mosquitoes. The sporozoites
transfer to human liver through blood vessels, and they exist as a dormant state or
multiply and develop into schizonts in hepatic cells. After a definite time, the

schizonts enter the blood circulation, and multiply in full-scale. When the schizont
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matures, it ruptures and releases thousands of merozoites into the blood stream.
Merozoites invade erythrocytes, and most merozoites go through another round of
asexual reproduction, again forming schizonts. Some of the merozoites change into
gametocytes. The gametocytes circulate in human bloodstream. When a mosquito
bites the infected person, the mosquito sucks up gametocytes along with blood.
Then, male gametocyte and female gametocyte in the gut of the mosquito fuse to
form zygote. The zygote, which develops in the gut wall as an oocyte, eventually
gives rise to the infective sporozoite, which invades the salivary glands and stomach
of the mosquito. The mosquito then can infect another human host.

Antibiotics such as chloroguine and primaquine have been used in treatment
of malaria. However, recently, malaria Protozoa have developed drug resistance to
such antibiotics. Therefore, acquired drug resistance poses a serious difficulty on
treatment of malaria.

A blood smear method has been used in the diagnosis of malaria most
frequently. This method is a classical method wherein blood cells infected with
malaria Protozoa are stained and the stained sample is then observed through a
microscope. However, this method takes a longer time, and technical education of
the examiner is required to judge blood cells infected with malaria Protozoa.
Recently, a diagnostic reagent detecting malarial antigens has been commercially
available. However, the 'concurrent use of the diagnostic reagent and the blood
smear method is recommended because the sensitivity of the diagnostic reagent is
low. Another method to examine genes of malaria Protozoa is Polymerase Chain
Reaction method. This method has high sensitivity, however, is used only on
laboratory scale.

In Korea, malaria has been known as Hakjil. From the 1960s, attempts to
eradicate this disease begun, and in the 1970s, cases of malaria were rarely
reported. However, after a patient infected with malaria Protozoa was reported near

DMZ in 1993, malaria begun to spread rapidly, and it was reported that the number of
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patients infected with maléria Protozoa was 3,800 in 1998.

Human malaria can be caused by one of four known parasites: Plasmodium
vivax, Plasmodium falciparum, Plasmodium malariae and Plasmodium ovale. Among
them, mala:;ia which occurrs in Korea is caused by Plasmodium vivax. Plasmodiuin
vivax is characterized in that diagnosis thereof is difficult because latent period is-
long, and number of Protozoa in blood is few. The imported diagnostic reagent for
malaria detects malarial antigens such as Lactate Dehydrogenase of rﬁalaria.
However, the imported diégnostic reagent has a difficulty in diagnosing malaria of
Korean type where latent period is long, and numbers of Protozoa and antigen in

blood are few, because sensitivity of the diagnostic reagent is only 50%.
TECHNICAL OBJECT OF THE INVENTION

It is the first object of the present invention to provide a method of measuring
antibodies against malaria in blood, in order to diagnose malaria.
It is the second object of the present invention to provide a diagnostic reagent for

malaria, useful in diagnosing malaria.

. CONSTITUTION OF THE INVENTION

20

To achieve the above objects, the present invention provides a method of
measuring antibodies in bicod by using MSP that is common to subspecies of
malarial Protozoa as a antigen. Also, the present invention relates to diagnostic

reagent for malaria, comprising the above MSP.

25

The present inven_tion will hereinafter be described in more detail.

The present invention provides a method of measuring antibodies against

o
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malaria in blood, in order to diagnose malaria.

There are many subspecies of Plasmodium Vivax that generate malaria.
These subspecies generate malaria without exception, if a humane body was
infected. Because the latent period of malaria generated by the above subspecies is
long and the number of Protozoa in blood is few, there are difficulties in diagnosing
malaria by detecting antigen. Therefore, in the present invention, malaria is
diagnosed by measuring antibodies generated in blood by infection of Plasmodium
Vivax.

First, in the present invention, antigens are prepared and antibodies in blood
are measured by antigen-antibody reaction. The above C-terminus of Merozoite
Surface Protein of Plasmodium Vivax comprises amino acid sequences that are
common to subspecies of Plasmodium Vivax, and especially comprises a polypeptide
consisting of 108 amino acids (referred as “PV200C” hereafter) which exhibit 100%
homology among subspecies of Plasmodium Vivax, as shown in SEQ. ID NO : 1.

Therefore, a part or whole of Merozoite Surface Protein of Plasmodium Vivax
are appropriate as a antigen according to the present invention. The C-terminus of
Merozoite Surface Protein of Plasmodium Vivax is preferable as an antigen according
to the present invention, and PV200C polypeptide in the C-terminus of Merozoite
Surface Protein of Plasmodium Vivax is more preferable as an antigen according to

the present invention.

The present invention provides a diagnostic reagent for malaria, comprising a
part or whole of Merozoite Surface Protein of Plasmodium Vivax as a antigen; labeled
antigen conjugates consisting of markers such as horse radish peroxidase and IgM
or/and IgG; and a substrate solution containing a color fixing agent.

A preferable example of the above antigen is a part or whole of PV200C that
is common to subspecies of Plasmodium Vivax, as shown in SEQ. ID NO : 1. The

PV200C polypeptide can be expressed in a large amount from recombinant yeast

e
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transformants or E, coli transformants. The present inventors prepared a yeast
transformant and E.Coli transformant which express PV200C polypeptide, and
deposited them in Korean ‘Collection for Type Cultures of Korea Research Institute of
Bioscience and Biotechnology on December 18, 1999 (Deposit No. KCTC 8977P,

KCTC 8976P ).

The present invention may utilize an enzyme such as horse radish
peroxidase(HRP) and alkaline phosphatase or the like as the marker of the labeled
antigen conjugate. In the above diagnostic reagent according to the present invention,
the labeled antigen conjugate detects existence of malaria-specific antibodies by
binding to Fc (fragment crystallization) region of the malaria-specific antibodies in
which there is little variation.

The substrate solution consists of a buffer solution and a color fixing agent
which induces color development when reacted with the marker of the labeled antigen
conjugate. The color fixing agent in the substrate solution is decomposed by the
marker of the labeled antigen conjugate to induce a color development. Then,
existence of malaria-specific antibodies and amount of the antibodies are detected by

measuring the absorbance.

The DNA fragment coding PV200C was inserted into a vector to prepare an
expression vector. PV200C was expressed from Yeast and E. coli transformed with
the expression vector and is purified. Well-plate coated the above PV200C was
prepared. When humane plasma was added to the above well-plate, antibodies in
the humane plasma were bound to PV200C on the well-plate specifically. Then, the
labeled antigen conjugates were bounded to the above antibodies by recognizing Fc
of the anibodies. When the substrate solution was added, the color fixing agent in the
substrate solution was decomposed by the marker of the labeled antigen conjugate to

induce a color development. Then, existence of malaria-specific antibodies and
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amount of the antibodies were detected by measuring the absorbance. It was
confirmed that 19G, IgM or IgG+|gM reacted with the above antigens in the case that
malaria patient’ blood plasma sample was added to the antigens. As a result of the
above reaction with 20 malaria patient’ blood plasma samples, all the samples were
judged to be positive. Therefore, it is confirmed that the number of antibodies against
the above antigens is large and a diagnosis for malaria is possible by measuring the

antibodies.

The invention will be further illustrated by the following examples. It will be
apparent to those skilled in the art that these examples are given only to illustrate the

present invention in more detail, but the invention is not limited to the examples given.

Example 1. Expression and purification of a surface antigen of malaria Protozoa

from recombinant yeast

Example 1-1. Preparation of recombinant yeast and expression of a surface

antigen of malaria Protozoa

The DNA coding PV200C is amplified using cDNA as template
,reverstranscripted from RNA purified from malaria-positive blood. The DNA coding
PV200C and pYES-2 vectors were cleavaged with restriction enzymes, Hindlll and
Xho |, respectively. Then, DNA coding PV200C and pYES-2 vector were linked by T4
ligase(Promega) to be a recombinant expression vector that is referred as “pYLJ-
MSP”. Yeast Saccharomyces cerevisiae INVSC1 was transformed with pYLJ-MSP
according to Hinnen method(Proc. Natl. Acad. Sci., U.8.A 75, 1929-1933, 1978). The
yeast transformants were deposited in Korean Collection for Type Cultures of Korea

Research Institute of Bioscience and Biotechnology deposited on December 18, 1999
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(Deposit No. KCTC 8977P)

The transformants pYLJ-MSP/S. cerevisiae INVSC1 were inoculated in YEPD
medium containing 2% glucose at 37°C. Then, the culture medium was transferred to
YEP medium containing 1% giucose and 1% galactose, respectively, and cultivated.
The yeast transformants expressed PV200C polypeptide, exhausting glucose. The

expressed PV200C polypeptide was secreted into into culture medium.

Eaxample 1-2. Purification of a surface antigen of malarial Protozoa from yeast
transformants.

In order to obtain the PV200C polypeptide secreted into cuiture medium, the
biomass was removed by centrifuging the culture medium that was cultivated for 2
days. Then, only the fluid of culiure medium was taken and concentrated by
ultrafiltrating apparatus(Amicon, U.S.A.). For easily purifying the concentrated fluid,
the surface proteins linked with cationic histidine residues were adsorbed on Probond
column(invitrogen)

The contaminants which were not adsorbed on column were removed by
phosphate buifer containing 10mM imidazol, and then the surface proteins adsorbed
on column were desorbed and separated by phosphate buffer containing 500mM
imidazol. The surface proteins having approximately 90% or more of purity were
separated by the above process. Then, the surface proteins having approximately
99% or more of high purity were obtained by concentrating the separated solution and

performing Sephacryl $-200 gel filtration chromatography with the concentrate.

Example 2. Expression and purification of a surface antigen of malarial

Protozoa from recombinant E, coli.

Example 2-1. Preparation of E, coli transformants and expression of a surface
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antigen of malarial Protozoa.

The amplified DNA fragments coding MSP PV200C prepared in the same way
of Example 1, were purified with phenol/chloroform mixture to produce DNA
fragments with high purity. The DNA fragment and vector, pET-18b (Novagen) were
cleavaged with Ndel and BamHI. Then, the DNA fragment was inserted into pET-19b
to prepare an expression vector, pELK-MSP

E. coli strain BL21(DE3)lysS was transformed with pELK-MSPs by the
treatment with CaClo. The transformants were deposited in Korean Collection for
Type Cultures of Korea Research Institute of Bioscience and Biotechnology on
December 18, 1999 (Deposit No. KCTC 8976P)

The transformants pELK-MSP/strain BL21 (KCTC 8976P) were cultivated for
12 hours in LB medium containing 50 pg/mi of chloramphenicol and 100 ug/mi of
amphiciline. Then, 50 ml of the resulting cultures were again inoculated in 1L of LB

medium and were cultivated for about 2 hours at 37°C. When absorbance(OD 600)

of the cultures became 0.3, IPTG (Isopropyl thio-f-D-galactoside) was added to the
medium to a final concentration of 0.2 mM. Then, the cultures were cultivated further

for 7 hours.

Example 2-2. Purification of a surface antigen of malarial Protozoa from E, coli

transformants.

After the cultivation, only the cells were isolated by centrifugation. The
obtained cells were suspended in 30 ml of Phosphate Buffered Saline(PBS). Then,
E. Coli in the suspension was crushed with Sonicator(Branson, Sonifier 450) and
centrifuged at 5000 rpm. Because a part of expressed MSP proteins was in the
supernatant and the remainder was in the pellet, both the supefnatant and the pellet

were completely suspended in 4M urea buffer(pH 7.5) where 4M urea was dissolved
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in PBS, and then were centrifuged, by which only the supernatant was collected.
Because the overexpressed surface protein has His marker consisting of 10 histidines
in N-terminus thereof, the protein was adsorbed on Probond column(lnvitrogen) for
purification. The contaminants which were not adsorbed on column were removed
repeatedly with a washing buffer in which 10mM imidazol and 0.1M NaCl were
dissolved in PBS. Then, the surface proteins adsorbed on column were desorbed
and separated with an elution buffer in which 500mM imidazol and 0.1M NaCl weré
dissolved in PBS. It was confirmed that the surface proteins having approximately
90% or more of purity were separated by the above process. Then, it was confirmed
that PV200C polypeptide having approximately 99% or more of high purity were
obtained from recombinant E.Coli by concentrating the separated solution and

performing Sephacryl S-200 gel filtration chromatography with the concentrate.

Example 3. Preparation of well plate for measuring of the surface antibody

The solution of recombinant surface antigens of malarial Protozoa prepared in
Example 1 or 2 was diluted with 0.1M carbonate buffer (pH 9.5) to 0.5 ug/ml, and 100
ul of the solution was added to each well of 96-well plate for EIA. To adsorb the
surface antigens on the well, the well plate was sealed tightly and left for 18 hours at
4 °C. Then, the surface antigens which were not adsorbed on the well were removed
by adding 300 pl of phosphate buffer solution containing 5% general goat serum to
each well and leaving it for 18 hours at 4 °C. After the solution that remained in the
well was discarded, moisture was removed by leaving the well plate for 1 hour at
ambient temperature. Thén, the well plate was transferred to a hermetic container

with a dehumidifying agent and stored in a refrigerator at 4 °C.

Example 4. Indirect enzyme immunoassay for antibodies against surface

202
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antigen of malaria

To diagnose malaria by indirect enzyme immunoassay, the solid support
prepared by coating 96-well plate(Nunc) with recombinant surface antigens
prepared in Example 1 or 2 according to the method of Example 3, and the
labeled antigen conjugate consisting of HRP and anti-human IgM antibody or
anti-human IgG antibody derived from goat were used.

100 pl of a sample dilution solution containing 1.15 mg/mi NaOH, 0.2
mg/mi of KH2POy4, 0.2 mg/ml KCI, 8 mg/mi NaCl, 300 pl/ml bovine serum, 0.2
mg/mi thimerosal and the like was added to each well of 96-well plate(Nunc)
coated with recombinant surface antigens. Then, 10 pl of antibody-negative
plasma sample or 10 pl of antibody-positive plasma sample was added to the
wells, and the resulting mixtures were well mixed. The well plate was incubated
for 60 minutes in a reactor at 37 °C.

After the reaction terminated, the well plate was washed 5 times with
300 pl of a phosphate buffer solution containing 0.05% Tween 20. Anti-human
IgG antibody(Cappel) or anti-human IgM antibody(Bethyl) derived from goat to
which HRP was conjugated was diluted to 1/40,000 with a dilution solution
containing 10mM Tris, 0.5M NaCl, 1mM CaClz, 0.5% glycerol, 0.2 ml/mi bovine
serum, 100 pli/mi goat serum, 0.05% Tween 20, 0.2 mg/ml thimerosal and 50
Hg/ml phenol red. 100 pi of the diluted conjugate was added to each well of the

96-well plate and the well plate was incubated for 60 minutes at 37 °C.

After the reaction terminated, the well plate was washed 5 times with 0.05%

Tween 20/phosphate buffer solution. 100 pl of a substrate solution containing 100

pa/mi tetramethylbenzidine, 0.006% hydrogen peroxide and citrate-phosphate buffer

solution(pH 4.5) was added to each well. After color development in a dark place for

30 minutes, 100 ui of the reaction-stopping solution (2N sulfuric acid solution) was

added to each well to terminate the color development reaction. Then, the
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absorbance was measured at 450 nm (reference wavelength, 650 nm) by using the
96 well plate reader (Molecular Devices, USA).

The result of testing 20 malaria-positive sample and 2 malaria-negative sample
is shown in Figure 1. In malaria patient’ sample, IgG and IgM was detected, and IgG

and IgM were detected at high vaiue when IgG and IgM was tested at the same time.

EFFECT OF THE INVENTION

The diagnostic method for malaria that measures antibodies against malaria
according to the present invention is more enhanced sensitivity than the prior arts that
measure antigens. Particularly, The diagnostic method according to the present
invention that measures éntibodies against malaria is very effective in diagnosing
malaria carrier. Also, the diagnostic method for malaria according to the present
invention are very effective in diagnosing malaria of Korean type of which latent

period is long, and the probability of recurrence is high.
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What is claimed is;

" 1. An method of measuring Plasmodium Vivax-specific antibodies in blood by using

Merozoit surface protein of Plasmodium Vivax of malaria Protozoa as antigens.

2 Th_e_ method of measuring Plasmodium Vivax-specific antibodies according to

10
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20

25

Claim '1; wherein said antigens are C-terminus of Merozoite Surface Protein of
.~ Plasmodium Vivax.

3 The method of measuring Plasmodium Vivax-specific antibodies according to

Claim 1, wherein said antigens are a part or whole of PV200C polypeptide in the C-
terminus of Merozoite Surface Protein of Plasmodium Vivax.
4. The method of méasuring Plasmodium Vivax-specific antibodies according to

Claim 3, wherein amino acid sequences of the said PV200C polypeptide are amino

- acid sequences as shown in SEQ. ID NO : 1.

.. 5. The method of -meaéuring Plasmodium Vivax-specific antibodies according to

C'Iain_i 1, wherein antibodies binding to said surface antigens of malarial Protozoa is
lgG.

6. The method of measuring Plas_modium Vivax-specific antibodies according to

_Claim 1, where'in' anfiquies binding to said surface antigens of malarial Protozoa is

igMt.
7. The method of measuring -Plasm_Q'dium Vivax-specific antibodies according to
Claim 1, wherein antibody binding to séid_surface antigen of malarial Protozoa is IgG
and IgM
8. A diagnostic method for Plasmodiam Vivax of malaria Protozoa comprising :
(1) expressing Merozoite surface antigens of Plasmodium Vivax from
»tran:sformanté yeast or E, coli and purifying it;
(2) immobilizing the_puriﬁed surface antigené on a well plate;
(3) pouring blood serum sample to measuring the antibodies bound to the
said surface antigens immdbilized on the said well plate;

9. A diagnostic reagent for malaria comprising a part or whole of Merozoite Surface
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Protein of Plasmodium Vivax as a antigen; labeled antigen conjugates; and a
substrate solution containing a color fixing agent.

10. The diagnostic reagent for malaria according to Claim 9, wherein said Merozoite
Surface Protein of Plasmodium Vivax is a part or whole of PV200C polypeptide

11. The diagnostic reagent for malaria according to Claim 9, wherein amino acid
sequences of the PV200C polypeptide are amino acid sequences as shown in SEQ.

IDNO:1.
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REIVINDICACIONES

1. Un método de medicién de los anticuerpos especificos Plasmodium
Vivax en la sangre, mediante el empleo de antigenos de protozoarios
tipo malaria de la proteina de superficie del merozoito del Plasmodium

Vivax.

2. El método de medicién de los anticuerpos especificos Plasmadium Vivax
de acuerdo con la reivindicacion No.1, caracterizados porgue dichos
antigenos estan en la porcién C terminal de la proteina de superficie del
merozoito de! Plasmodium Vivax.

3. El método de medicion de los anticuerpos especificos Plasmodium Vivax
de acuerdo con la relvindicacion No.1, caracterizado porque dichos
antfgenos son una parte o un todo del polipéptido PV200C en el terminal
C de la proteina de superficie merozoito de! Plasmodium Vivax.

4. El método de medicién de los anticuerpos especificos Plasmodium Vivax
de acuerdo con la reivindicacion No.3, caracterizado porque las
secuencias de los aminoécidos del mencionado polipéptido PV200C son
secuencias de aminodcidos tal como se muestra en fa SEQ. 1D No.:1.

5. El método de medicion de los anticuerpos especificos Plasmodium Vivax
de acuerdo con la reivindicacion No.1, caracterizado porque los
anticuerpos se unen a dichos antfgenos de superficie det protozoario tipo
malaria 1gG.

8. El método de medicién de los anticuerpos especificos Plasmodium Vivax
de acuerdo con la reivindicacion No.1, caracterizado porque los
anticuerpos se unen a dichos antigenos de superficie del protozoario tipo

malaria IgM.

229
208
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7. El métado de medicién de los anticuerpos especificos Plasmodiurn Vivax
de acuerdo con la reivindicacibn No.1, caracterizado porque los
anticuerpos se unen a dichos antigenos de superficie del protozosario tipo
malaria IgG vy IgM.

8. Un método de diagndstico para el protozoario tipo malaria Plasmodium
Vivax que comprende:

(1}. Eipresar lbs antfgenos de superficie del merozoito del Plasmodium

Vivax a partir de transformados de lavadura o E, coli y su purificacion;

{2} Inmovilizacién de los antigenos de superficie purificados sobre un disco
profundo.

{3) Vaciamiento de la mUestra?-‘Sérica de sangre para medir los anticuerpos
unidos a dichos antigenos de superficie inmobilizados sobre dicho disco

_ profundo;

‘9. Un reactivo de diagnéstico para la malaria que comprende una parte o

un todo de la proteina de superficie del merozoito de Plasmeodium Vivax
como un antigeno; conjugados antigenicos marcados; y una soluciéon de
substrato que contiene un agente fijador de color.

10. El reactivo de diagnéstico para la malaria de acuerdo con Ia
reivindicaciéon No.9, caracterizado porque dicha proteina de superficie
merozoito de Plasmodium Vivax es una parte o un todo del polipéptido
PV200C

11. Et reactivo de diagnéstico para la malaria de acuerdo con la
reivindicaciéon No.9, caracterizado pargue las secuencias de aminoéacidos
del polipéptido PV200C son secuencias de aminodcidos como se

muestra en la SEQ ID NO:1.
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31 &l1t;2108gt; 2 &1t;2118gt; 31 &l1t;2128gt;  DNA-&It;213&gt; -Artificial
Sequence &1t;220&gt; &1t;223&gt; specific PCR primer for MSP protein &lt;400&gt ;
2 aaaaaagtcg acgagaagta cctccegttc ¢ 31
&1t;2108gt; 3 &lt;211&sgt; 31 &1t;2128gt;  DNA &1t;213&gt;  Artificial
Sequence &1t;220&gt; &1t;223&gt; specific PCR primer fpr MSP protein &1t ;400&gt;
3 aaaaaaatcg atttaaagct ccatgcacag g 31
&1t;210&gt; 4 &1t;211&gt; 30 &1t;2128gt;  DNA &1t;213&gt;  Artificial
Sequence &1t:;2208gt; &1t:223&gt; specific PCR primer for MSP protein &lt;400&gt;
4 tctctagata agagaaacga gtccaaggaa 30
&1t;2108gt; 5 &1t:211&gt; 45 &1t;212&gt;  DNA &1t;213&gt;  Artificial
Sequence &1t;220&gt; &1t;223&gt ; specific PCR primer for MSP protein &lt;400&gts -
5 aaactcgagt cagtggtegt getggtegtg getacagaaa actce . 45
&1t;210&gt; 6 &lt;Zli&gt; 24 &l1t;2128gt;  DNA &1t;213&gt;  Artificial

Sequence &1t;220&gt; &lt;223&gt; sTecific PCR primer for MSP pretein &lt;400&gt;

6 aaaaagctta tgagatttcc ttca 24




: 1
Le]
s

10

ABSTRACT

ABSTRACT

The present invention relates to a preparation method of the surface protein of
malarial Protozoa using Yeast. Preferably, the present invention relates to a
preparation method wherein the PV200C gene in C-terminus of Merozoit Surface
Protein(MSP), which exhibit 100% homology among subspecies of malarial Protozoa
is prepared in form of proteins glycosylated in an active form and only the object
proteins are secreted into out of cell and the protein is expressed by utilizing six
histidine residues linked with C-terminus of the surface protein and then separated and
purified by using a column having an affinity for histidine and gel filtration
chromatography. The surface protein PV200C polypeptide prepared from yeast by the
preparation method of the present invention has sensituvity and specificity to malarial

antigen, and markedly low pseudo-positive signals, and useful in the diagnostic reagent

for malaria.

REPRESENTATIVE FIGURE
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TITLE OF THE INVENTION
METHOD FOR PRODUCING THE RECOMBINANT MALARIA SURFACE

ANTIGEN PROTEIN FROM YEAST

BRIEF DESCRIPTION OF THE DRAWING
Figure 1 shows a preparation method of expression vector pYLJ-MSP

expressing the surface antigen of malarial Protozoa from yeast.

Figure 2 is a photograph showing a result of electrophoresis of the surface
antigen purified by using Probond adsorption resin on SDS-polyacrylamide gel.

Lane 1 is the pellet after centrifugation of the cell culture;

Lane 2 is the supernatant that was concentrated after centrifugation of the cell
culture; and

Lane 3 is the concentrated supernatant that was purified on Probond column.

Figure 3 is a photograph showing an assay result of the antigenicity by
performing Western Blotting using the serum of the malaria patient.
Lane 1 is the cell culture that was concentrated; and

Lane 2 is the purified Merozoite Surface Protein.

DETAILED DESCRIPTION OF THE INVENTION
PURPOSE OF THE INVENTON
FIELD OF THE INVENTION AND PRIOR ART THEREOF
The present invention relates to a method for preparing the surface protein of

malarial Protozoa using Yeast. Particularly, the present invention relates to a
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preparation method wherein o-factor leader peptide of yeast is fused with N-terminus
of PV200C polypeptide which exist in C-terminus of Merozoit Surface Protein(MSP),
which exhibit 100% homology of amino acid sequence among subspecies of
Plasmodium Vivax and is prepared in form of proteins glycosylated in an active form
and only the object proteins are secreted into out of cell.

The present invention relates to a preparation method wherein the protein is
expressed by utilizing six histidine residues linked with C-terminus of the surface
protein MSP and then separated and purified by using a column having an affinity for
histidine and gel filtration chromatography.

Malaria is a disease caused by malarial Protozoa that infects from mosquitoes
within human erythrocytes and is carried by mosquitoes. Billion people in the world
reside in malaria-risk area and over 500 million people become infected by malaria
each year. Malaria causes more than 2 million death each year . Malaria widely
spreads all over the world, however, in some regions, malarial infection was eradicated
or decreased since 1960°s due to effective controls. However, recently, incidence of
malaria increases all over the world again, due to increase of drug-resistant strain,
increase in resistance to insecticide, abnormal weather such as El nino, etc.

Malaria is a disease caused by malarial Protozoa that infects within human
erythrocytes. Life cycle of malaria is divided into Schizogony and Sporogomy.
Schizogony is the life cycle in human host, and Sporogony is the life cycle in mosquito
host. Human is infected by sporozoites by the bite of infected mosquitoes. The
sporozoites transfer to human liver through blood vessels, and they exist as a dormant
state or multiply and develop into schizonts in hepatic cells. After a definite time, the
schizonts enter the blood circulation, and multiply in full-scale. When the schizont
matures, it ruptures and releases thousands of merozoites into the blood stream.

Merozoites invade erythrocytes, and most merozoites go through another round of
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asexual reproduction, again forming schizonts. Some of the merozoites change into
gametocytes. The gametocytes circulate in human bloodstream. When a mosquito
bites the infected person, the mosquito sucks up gametocytes along with blood. Then,
male gametocyte and female gametocyte in the gut of the mosquito fuse to form
zygote. The zygote, which develops in the gut wall as an oocyte, eventually gives rise
to the infective sporozoite, which invades the salivary glands and stomach of the
mosquito. The mosquito then can infect another human host.

Malaria can be categorized into African type, American type and Asian type.
Each type differs in geographical distribution as well as characteristics in species and
genetic inclination which Protozoa exhibit. Malaria which occurrs in Korea is caused
by Plasmodium vivax (Chom. S.Y., Korean J Parasit., 32(4), 281-284). Plasmodium
vivax is characterized in that diagnosis thereof is difficult because latent period is long,
and number of Protozoa in blood is few. In Korea, malaria has been known as Hakjil.
From the 1960s, attempts to eradicate this disease begun, and in the 1970s, cases of
malaria were rarely reported. However, after a patient infected with malaria Protozoa
was reported near DMZ in 1993, malaria begun to spread rapidly, and it was reported
that the number of patients infected with malaria Protozoa was 3,800 in 1998. Though
incidence of malaria increases, diagnostic method or reagent for malaria have rarely
developed in Korea and the most diagnostic reagent are imported. However, the
imported diagnostic reagent for malaria detects malarial antigens such as Lactate
Dehydrogenase of malaria. However, the imported diagnostic reagent has a difficulty
in diagnosing malaria of Korean type where latent period is long, and numbers of
Protozoa and antigen in blood are few, because sensitivity of the diagnostic reagent is
only 50%. Therefore, the diagnostic reagent capable of diagnosing malaria of Korean
type is required increasingly.

A blood smear method has been used in the diagnosis of malaria most

)
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frequently. This method is a classical method wherein blood cells infected with
malaria Protozoa are stained and the stained sample is then observed through a
microscope. However, this method takes a longer time, and technical education of the
examiner is required to judge blood cells infected with malaria Protozoa. Recently, a
diagnostic reagent detecting malarial antigens has been commercially available.
However, the concurrent use of the diagnostic reagent and the blood smear method is
recommended because the sensitivity of the diagnostic reagent is low. Another method
to examine genes of malaﬁa Protozoa is Polymerase Chain Reaction method. This
method has high sensitivity, however, there is a difficulty in processes thereof.
Therefore, it is not put to practical use and is used only on laboratory scale. Also, such
conventional diagnostic methods has a difficulty in diagnosing malaria of Korean type
where latent period is long, and number of Protozoa in blood is few.

To solve the above-mentioned problems, the present inventors have developed
the method for diagnosing malaria which detects malaria-specific antibodies in blood
by using antigens of C-terminus of Merozoite Surface Protein of Plasmodium vivax as

antigen.

Merozoite Surface Protein is the surface antigen protein which exists

specifically in surface of Plasmodium Vivax. Especially, PV200C polypeptide
encoding C-terminus of MSP consists of 108 amino acids and is known to exhibit
100% homology among subspecies of Plasmodium Vivax. Therefore, PV200C
polypeptide is useful in diagnosing malaria of Korean type, if it is used in the object
antigen protein for diagnosing malaria.

Hitherto studies on expression of malarial antigen itself have been few, and
methods for obtaining proteins by overexpressing genes encoding antigen proteins
have been developed. Most antigens were expressed after they were fused with

proteins such as blood coagulation factor Xa (Ellinger et al., Virol. 180, 81, 1991),
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protein A of Staphylococcus(Marczinovits et al., J. Biochem., 31, 225, 1993) and B-
galactosidase. As a result, expression amount of fused antigens increased. However,
because purification process become complex to remove the fused proteins from the
antigen protein, it cause the yield of the object protein to decrease and production cost
to rise. Also, when they are used as diagnostic reagents, pseudo-positive signals
increased due to the proteins that were partners of fusion.

To overcome the ébove-mentioned problems and develop diagnostic reagent
for malaria which is suitable for diagnosing malaria of Korean type, the present
inventors have developed a preparation method wherein PV200C polypeptide, which
consist of 108 amino acids which exhibit 100% homology among subspecies of
Plasmodium Vivax and exist in C-terminus of MSP is cloned from blood of domestic
malaria patients, and then is expressed from yeast and purified without cutting. The
preparation method of the present invention can express the recombinant polypeptide
from yeast and then separate and purify it in a simple method. Such produced antigens
are useful in diagnostic reagents as well as vaccine judging malaria patients by
detecting antibody against malarial antigens. In addition, such produced antigens can

be used as a vaccine.

TECHNICAL OBJECT OF THE INVENTION

It is the object of the present invention to provide a preparation method wherein
a recombinant expression vector is prepared by means of cloning genes of Merozoite
Surface Protein of Plasmodium vivax, and is transformed into yeast and then surface
protein expressed from the yeast transformant is separated and purified to have a high
purity.

It is the object of the present invention to provide a method of producing

antigens in a large amount for diagnosing Plasmodium vivax, which have high

vk
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sensiﬁvity and specificity and markedly low pseudo-positive signals by means of the

above-mentioned preparation method.

CONSTRUCTION OF THE INVENTION

To achieve the above objects, the present invention provides an expression
vector comprising genes of Merozoite Surface Protein of malarial Protozoa, a-factor
leader peptide of yeast, and histidine residues, the transformant transformed .with the
above expression vector, and the method for preparing MSP by using the above
transformant.

The present invention will hereinafter be described in more detail.

The present invention provides the expression vector of fusion protein, pYLJ-
MSP comprising a-factor leader peptide of yeast linked with N-terminus of PV200C
polypeptide which exist in C-terminus of MSP of malarial Protozoa and six histidine
residues linked with C-terminus of PV200C polypeptide, and a yeast transformant
pYLJ-MSP/S. cerevisiae INVSC1 (Deposit No. KCTC 8977P) transformed with the
above expression vector.

The gene of Merozoite Surface Protein of the prevent invention includes a part
or whole of the gene, and a more preferable example includes PV200C gene in C-
terminus of Merozoite Surface Protein of malarial Protozoa which the sequence of
amino acid is known to be constant considerably among various species of
Plasmodium Vivax. The gene of the prevent invention comprises PV200C gene in C-
terminus of the above Merozoite Surface Protein of malarial Protozoa consisting of 108
amino acids which exhibit 100% homology among subspecies of Plasmodium Vivax.

To clone the PV200C polypeptide, the present inventors purified RNA from
malaria-positive blood, and prepared cDNA from the above RNA. Thereafter, the

present inventors obtained amplified DNA fragments of PV200C by performing
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polymerase chain reaction(PCR) by using a pair of primers specific to PV200C and
using the above cDNAs as a template.

In the meantime, to obtain proteins glycosylated in an active form by making
PV200C polypeptide expressed in the yeast to be secreted into out of cell, a-factor
leader peptide sequence of yeast was linked with N-terminus of PV200C polypeptide.
Amplified DNA fragments of the o-factor leader peptide sequence of yeast could be
obtained by performing polymerase chain reaction(PCR) using plasmids containing the
a-factor leader peptide sequence of yeast.

To link the DNA fraéments of the a-factor leader peptide of yeast with genes of
PV200C polypeptide obtained as described above, an overlapping PCR was performed
using the two PCR products as templates. As a result, it was found that the genes
consisted of genes encoding 108 amino acids, as shown in SEQ. ID NO : 1. The
present inventors obtained pYLJ-MSP which is a recombinant expression vector by
inserting fragments of the genes into pYES-2 vector (refer to Figure 3).

Also, the present inventors obtained a transformant pYLJ-MSP/S. cerevisiae
INVSC1 by transforming a yeast with the recombinant expression vector pYLJ-MSP,
and deposited the transformant in Korcan Collection for Type Cultures of Korea
Research Institute of Biosc;ience and Biotechnology deposited on December 18, 1999
(Deposit No. KCTC 8977P).

Also, the present invention provides a method for preparing Merozoite Surface
Protein of malarial Protozoa by using a yeast transformant.

The PV200C polypeptide expressed from the above transformant was secreted
into out of cell by the a-factor leader peptide coupled with N-terminus of PV200C.
After secretion, the a-factor leader peptide was removed by peptidase existing in the

cell membrane. Accordingly, it was confirmed that only the surface protein was
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secreted into culture medium.

Because the surface protein expressed from the yeast transformant was secreted
into culture medium, the present inventors separated the surface protein by adsbrbing
the surface protein on Probond column by utilizing six histidine residues linked with C-
terminus of the surface protein. Then, Merozoite Surface Protein having 99% or more
of high purity was obtained by purifying through a gel filtration chromatography. The
separated and purified Merozoite Surface Protein has approximately 18 KDa, and it
was confirmed that the expressed surface protein was PV200C polypeptide of malarial
Protozoa by analysis of amino acid sequences in N-terminus of the surface protein.

In the meantime, Western Blotting was performed with the serum of malaria
patients to assay antigenicity of the surface protein separated and purified from the
yeast transformant. As a result, only MSP PV200C polypeptide having 18 KDa was
detected. Therefore, it was proved that the protein separated and purified from the
yeast transformant according to the preparation method of the present invention was an
antigen having high sensitivity and specificity.

As the above-deséﬁbed, when the surface protein of malarial Protozoa
expressed from recombinant yeast transformant by the preparation method of the
prevent invention is separated and purified by using a column having an affinity for
histidine and gel filtration chromatography, we can obtain the surface proteins of high
purity which have high sensitivity and specificity to antibody and markedly low
pseudo-positive signals. Therefore, the proteins can be used in a diagnostic reagent for
diagnosing malaria of Korean type as well as a vaccine.

The invention will be further illustrated by the following examples. It will be
apparent to those skilled in the art that these examples are given only to illustrate the

present invention in more detail, but the invention is not limited to the examples given.

20
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Example 1. Preparation of cDNA from malaria-positive blood

TRI reagent TM (Sigma Co.) was used to purify RNA from malaria-positive

blood. The purification method is the following method provided by Sigma Co. A

mixture of 0.1 ml of TRI réagent TM and 0.1 ml of malaria-positive blood was left for "

5 minutes at ambient temperature., _20. Wl of BCP was mixed with the mixture, and the

resulting mixturé was left for 5 minutes at ambient temperature and then was

centrifuged for 15 minutes at 12,000 rpm and 4 . As a result of centrifugation, three

layers were formed. Only the upper layer in which RNAs were contained was

transferred to a new tube, and then 50 ul of isopropanol was added to the tube. The

tube was left for 5 minutes at ambient temperature. The resulting mixture was

centrifuged for 10 minutes at 12,000 rpm and 4 . The supernatant was discarded. The

pellet was washed with 75% ethanol and dissolved in 20 pl of deionized distilled water,

" which was used to prepare cDNA.

15

20

25

9 ul of the above-purified RNA and 1 ul of N6 random primer (Genotech) were
mixed and reacted for 5 minutes at 65 and then transferred to ice for cooling. 4 pl of
RT buffer, 2 pl of 0.IM DTT, 1 pul of 10mM dNTP, 1 ul of Reverse

Transcriptase(Gibco Co.), 1 pul of _RNase inhibitor(Promega) and 1 pl of deionized

. distilled water were added to the above xﬁixture, and the resulting mixture was reacted

for 1 hour at 42 and then reacted for 10 minutes at 70 to prepare cDNA.

Example 2. preparation of recombinant plasmids comprising genes
encoding PV200C. L
Polymerase chain reaction was performed using cDNAs prepared in Example 1

as a template and a pair of primers, SEQ. ID, NO:1 and SEQ. ID. NO:3, as follows.
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Thc reaction mixture containing 5 ul of PCR buffer, 5 pul of 2.5 mM dNTP, 1 ul
- of sense primer, 1 pl of anti-sense priine‘r, 2 ul of template DNA and 35 ul of deionized
. distilled water was reacted for 30 seconds at 94. Thereafter, 1 pl of Vent
‘__polymera‘se(BioLab) was added to t‘he mixture. Then, the reaction having the
5 following cycle was repeated 36 times:

Denaturation 94, 30 sec

Primer annealing 55 , 30 sec ‘.

'Extension 72,30 sec

Again, polymerase chain reaction was performed using the above-amplified
10 DNAs as a template and a pair of primers, SEQ. ID. NO:2 and SEQ. ID. NO:3. The
| PCR was performed in the same condition as the above condition. The amplified
DNAs were cénﬁrmed Mough elébtrophorcsis in 1% agarose gel. The amplifed
DNAs(referred as “Pv200-ct657” hereafter) and pBluscript KS(+)(Stratagene) vector

were cleavaged with restriction enzyme, EcoR V, and Pv200-ct657 was inserted into

=i pBluscript KS(+) vector by using T4 DNA ligase(Promega). As a result, recombinant

~ plasmids(referred as “pBC-Pv200-ct657” hereafter) were produced. Then, E. coli

strain JM 109 was transformed with pBC-Pv200-ct657.

Example 3. preparation of expression vector pYLJ-MSP

20 Polymerase chain reaction was performed using pBC-Pv200-ct657 prepared in
Example 2 as a template and a pair of primers, SEQ. ID. NO:4 and SEQ. ID. NQ:5.
The PCR was performed in the same condition as the above reaction condition. The
amplified DNAs(referred as “Pv200-19” hereafter) were confirmed through
electrophoresis in 1% agarose gel. |

25 In order to obtain a-factor leader peptide sequence of yeast to be linked with N-
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terminus  of PV200C polypeptide, PCR was performed using the o-IFN

'pYLBC_(deposit No. KCTC 0051BP) comprisin‘g the sequence encoding o-factor

leader peptide of yeast as a template and a pair of primers, SEQ. ID. NO:6 and S_EQ_. '
ID. NO:7. The PCR was performed in the same condition as the above reaction H
condition. - The amplified DNAs(referred as “o-leader of yeast” hereafter) were
confirmed through electrophoresis in 1% agarose gel.

To link the above-amplified Pv200-19 with o-factor leader peptide sequence of
yeast, an overlapping PCR was performed using the above two PCR products as
templates and a pair of primers, SEQ. ID. NO:5 and SEQ. ID. NO:6. A reaction
mixture containing 5 pl of PCR buffer, 5 ul of 2.5 mM dNTP, 1 pl of sense primer, 1 pl

of iintifsense primer, 1 ul of PCR products of Pv200-19, 1 ul of PCR products of a-

factor leader peptide of yeast and 35 pl of deionized distilled water, was reacted for 30

seconds at 94 . Thereafter, 1 pl of Vent polymerase(BioLab) was added to the mixture.
Then, the reaction having the following cycle was repeated 36 times:

Denaturation 94, 30 sec

Primer annealing 55, 30 sec

Extension 72, 30 sec

The amplified DNAs(referred as “a-Pv200-19” hereafter) were confirmed
through electrophoresis in 1% agarose gel.

The . above-amplified o-Pv200-19 and pYES-2 vectors were cleavaged with
restriéﬁon enzymes, HindIII and Xho I, respectively. Then, a-Pv200-19 and pYES-2
vector were linked by T4 ligase to be a recombinant expression vector that is referred
as “pYLJ-MSP”(Refer to Figure 3). As a result of analyzing a-Pv200-19 sequence in
pYLJ-MSP, it was confirmed that a-i’v200-1'9 consisted of the genes encoding 108

amino acids as shown SEQ. ID. NO:8. Yeast Saccharomyces cerevisiae INVSC1 was
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transformed with pYLJ-MSP accordjng to Hinnen method(Proc. Natl. Acad. Sci.,
US.A 75, 1929-1933, 1978), and thén the yeast transformants were cultivated
overnight in minimal medium lacking uripcil. The yeast transformants were deposited
in Korean Collection for Type Cultures q’})f Korea Research Institute of Bioscience and
Biotechnology deposited on December 18, 1999 (Deposit No. KCTC 8977P)

1
|
|
i
|

Example 4. expression and pyj;riﬂcation of MSP from yeast

In order to produce the surface\ protein MSP from yeast, the transformants
pYLJ-MSP/S. cerevisiae INVSC1 weﬁe inoculated in 100 ml of YEPD medium
containing 2% glucose and cultivatedf overnight. Then, the culture medium was
transferred to 2L of YEP medium bontahﬁng 1% glucose and 1% galactose,
respectively, and cultivated for 72 hours at 30 . The yeast transformants expressed
PV200C polypeptide, exhausting gluc(;se. The expressed PV200C polypeptide was

secreted into out of cell by the a—faci:or leader peptide linked with N-terminus of
PV200C polypeptide. Thereafter, the o-factor leader peptide was removed by
peptidase existing in cell membrane. A;Lccordingly, only the PV200C polypeptide was
secreted into culture medium. %

In order to obtain the PV200C polypeptide secreted into culture medium, the
biomass was removed by centrifugingg the culture medium that was cultivated for 2
days. Then, only the fluid of cultﬁIe medium was taken and concentrated by
ultrafiltrating apparatus(Amicon, U.S.A.). For easily purifying the concentrated fluid,
the surface proteins linked with cationi:c histidine residues were adsorbed on Probond
column(Invitrogen) to which anionic ‘ nickels were coupled by using six histidine
residues linked with C-~terminus of thq above-amplified Pv200-19. The contaminants

which were not adsorbed on column iwere removed by phosphate buffer containing
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10mM imidazol, and then the surface proteins adsorbed on column were desorbed and
;separated by 500 mM imidazol and phosphate buffer. As shown in Figure 2, the
surface proteins having approximately 90% or more of purity were separated by the
process. Then, the surface proteins having approximately 99% or more of high purity
were obtained by concentrating the separated solution and performing Sephacryl S-200

gel filtration chromatography with the concentrate.

Example 5. assay of antigenicity of the surface protein of malarial
Protozoa purified from yeast
The surface protein PV200C polypeptide obtained in Example 4 was analyzed
with 12% SDS-PAGE. As a result, it was detected in 18 kDa position, and it was
identified as the object protein of the present invention by sequencing amino acids of
N-terminus thereof.

In addition, Western Blotting was performed with the serum of the malaria
patient to assay antigenicity of the surface protein of malarial Protozoa purified from
yeast. Western Blotting was performed according to the method suggested by Towbin
et al.( Proc. Natl. Acad. Sci., USA, 76, 4350-4354, 1979). After the electrophoresed
gel was immersed in a buffer solution containing 25 mM Tris buffer, 190 mM
glycine(pH 8.3) and 20% methanol for 30 minutes, the protein was transferred to
nitrocellulose membrane by electrophoresis using the same buffer. Then, the protein-
bound nitrocellulose membrane was incubated for 1 hour at ambient temperature in a
phosphate buffer(pH 7.4) containing 3% Skim milk. The serum of the malaria patient
diluted to 1/100 was added to the membrane and was incubated for 1 hour at ambient
temperature. Thereafter, the nitrocellulose membrane was washed 5 times at 5 minute-
intervals with 0.05% Tween 20/phosphate buffer solution, and then the second

antibody(Vector Labs) to which HRP was conjugated was diluted to 1/2000, added to
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. the membrane and incubated for 1 hour at ambient temperature. After the incubation,

the nitrocellulose membrane was washed with the above solution, and then both 4-
chloro-naphthol and hydrogen peroxide were added to the membrane to induce color -

development. As a result, it was confirmed that only the PV200C polypeptide was

detected at 18 kDa position. Therefore, it was confirmed that the surface protein

-PV200C polypeptide expressed and purified by the preparation method of the present

invention was an antigen having high specificity.

EFFECTS OF THE INVENTION
The present invention relates to a preparation method wherein o-factor leader

peptide of yeast is fused with N-terminus of PV200C polypeptide in C-terminus of

- Merozoit Surface Protein of malarial Protozoa and is prepared in form of proteins

15

20

glycosylated in an active form and only the object proteins are secreted into out of cell

- and the protein is expressed by utilizing six histidine residues linked with C-terminus

of the surface protein and then the protein bound to histidine residue is separated and
purified by using a column having an affinity for histidine and gel filtration
chromatography. In accordance with the preparation method of the present invention,
by expressing the surface protei_n of malarial Protozoa expressed from yeast 111 an
active form by gene recombinant technique, the surface protein with high purity can be
produced more easily and rapidly than the prior art method does. The surface protein
puriﬁed by the preparation method of the present invention has high sensitivity and

specificity to antibody, and useful in the diagnostic reagent for malaria and vaccine.
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Whét is claimed is;
1. An expression vector comprising genes of Merozoite Surface Protein of
Plasmodium Vivax , a-factor leader peptide of yeast and histidine residues.
2. The expression vector according to Claim 1, wherein the genes of Merozoite
Surface Protein comprise a part or whole of genes of Merozoite Surface Protein of
Plasmodium Vivax.
3. The expression vector according to Claim 2, wherein the genes of Merozoite
Surface Protein are genes of PV200C polypeptide in the C-terminus of Merozoite
Surface Protein.
4. The expression vector according to Claim 3, wherein amino acid sequences of the
PV200C polypeptide are amino acid sequences as shown in SEQ. ID NO : 8.
5. The expression vector according to Claim 4, wherein the expression vector is pYLIJ-
MSP having a cleavage map as shown in Fig.1.
6. A yeast transformant pYLJ-MSP/S. cerevisiae INVSC1 (Deposit No. KCTC 8977P)
transformed with the expression vector according to claim 5.
7. A method for preparing Merozoite Surface Protein of malarial Protozoa by using a
yeast transformant.
8. The method according to Claim 7, comprising

(i) preparing an expression vector of Merozoite Surface Protein of malarial
Protozoa;

(ii) transforming the expression vector into a yeast to obtain a yeast
transformant;

(iii) culturing the yeast transformant to obtain surface proteins; and

(iv) separating and purifying the surface proteins.
9. The method according to Claim 8, wherein the step (iv) uses a column having an

affinity for histidine and gel filtration chromatography.
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10. A diagnostic reagent for malaria, comprising the surface proteins produced by the

preparation method according to Claim 7.



