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Anexos 

:i Comprobante de pago de la tasa de presentación de la soHoitud 

El Comprobante de pago de (a tasa por concepto de excedente de palabras en la publicaión 

JJ Comprobante de page por reivindicación de prioridad 

MX  Certificado de existencia y representaciOn legal cuando el solicitante sea persona juridica 

fJ Poderes, Si fuere el case 

Copia certificada de to primera sollcitud, si se reivindica prioridad 

J Traducciôn simple de  la piimera soticitud, Si se reivindica prioridad 

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

JI Descripción de Ia InvenciOn 

Una 0 mÆs reivindicaciones 

IKI Dibujos y/o pianos necesarios 

El De ser el caso copia del contrato de acceso 

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

- de las comunidades indigenas 

[J De ser el caso, certificado de depósito del material biolôgico 
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NOMBRE: MARGARITA CASTELLANOS 
ABONDANgg

 

gili FIRMA: Ma14cvY Ccrf_. 
C.C. 39 719.654 Uq. T.P. 10819 del Cons. Sup. Juci. 

Instrucciones para el diligenciamiento del presente formularlo, ver reverso de esta pÆgina. 



NOMBRE 

1. KOOK- JIN LIM / 

� 2. MI-JIN SHON / 

3. SEUNG-BUM YOO 

1, *2 

4. SANG-IK LEE 

5. 3AE-HOON OH 

6. SEUNG-WON LEE 

7. HYUNG-CHEOL KIM 

ANEW No. 1 

LI$TA DE INVENTORE$ 

bIRECION 

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

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

Hariuri APT No. 104-601, 
763 Tanbang-dong, Seo-ku, 
baejeon-si, KOREA. 

Narac APT No. 104-1303, 
462-4 Jeonmin-dong, Yoosung-ku, 
baejeon-si, KOREA. 

Chungsol APT No. 102-306, 
8-2 Songong-dong, Yoosung-ku, 
baejeon-si, KOREA. 

Umoechon 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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ANEXO No. 2 

PRIORIDADES 

(33) PAlS OE OPIGEN (32) PECHA (31) NCIMERO DE SOLICITUD 

1. KOREA /i7/02/2000 /T000-7650 

2. KOREA 17/02/2000 
/ 2000...7649c 

/ 

3. KOREA A710212000 I000-7648 

4. KOREA "0/03/2000 " d000-12172  

5. KOREA ’4/08/2000 / 4000-45806V’ 
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- Bogota, aC.,Colombiä 





ALVARO CASTELLANOS M. & CIA. 
ABOGADOS 

Carrera 9 No. 93-09 
Apartado 6349 

Bogota - COLOMBIA 

Seæor 

Jefe de la Division de Nuevas Creaciones 

Superintendencia de Industria y Comercio 

Ministerlo de Desarrollo EconOmico 

E. S. D. 

Re.: PODER conferido por (a sociedad LC CHEMICAL LTD. 

Yo, XIMENA CASTELLANOS ABONDANO, mayor de edad, identificada y domiciliada 

coma aparece al pie de mi firma, atentamente manifiesto a Uds. que sustituyo en la 

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

LG CHEMICAL LTD, en Seoul - KOREA, el 18 de Diciembre de 2000. 

Debidamente legalizado por el Ministerio de Relaciones Exteriores el dIa 27 de 

Dicieinbre del 2.000 baja el No. 615178 , con las mismas facultades que me 

fueron conferidas, para tramitar la solicitud de Patente de Invenci6n titulada 

"INW.JNDEMSAYO Y REACTIVO DIAGNOSTIOD PARA IA DETECCION DE LA MALARIA ". 

Del Seæor Jefe, 

Oena Castellanos Abondano 
C.C. No. 39.773.330 de UsaquØn 
T.P.A. No. 58.236 do Del Cons. Sup. do la Juthcatura 

Carrera 9 No. 93-09 - SantafØ de Bogota 
Tel6fono: 6107420 - 6107480 

Acepto: 

(1,1cwicvvx (’2a2 
Magarita Castellanos Abondano 
C.C. No. 39779.654 de UsaquØn 
T.P.A. No. 70819 del Cons. Sup. de la Juthcatura 

Carrera 9 No. 93-09 - SantafØ de Bogota 
Tel6fono: 6107420 - 6107480 

SantafØ de Bogota, 





PODER 

El (los) suscnto s) de 
LO CHEMICAL LTD. 

doinicddo(slen_20, Yo1do-dong, Youngdungpo-ku, 
SEOUL 150-721,Rep6blica de Corea 

nombra(n) por el presente a XIMENA CASTELLANOS A. yb 
MARGARITA CASTELLANOS A. abogadas con oflOnas en la Carrera 9 No. 93-
09, Bogota - Colombia para _-

y para obtener la protecciôn de mi (nuestra) propiedad Industrial y con este 
fin auturizarnos a dichos apoderados para que nos represencen ante 
uaIesquIera autorklades o personas tie los ôrdenes  admlnistrthivo, 

conrencioso-administradvo y judicial en todo lo relacionado con los siguientes 
actos y aestiones: 
a) ObtenclØn tie patentes tie invendOn � modelos y dibujos lndun1ales; 
registro de marcas tie fâbrica, tie servido. colectivas o de(ensivas y de 
denorninadones de ongen; depôsko tie nombres y enseæas comerclales; SU 
renovadón prôrroga, insolpdôn de traspasoy tamblo tie nombre o domidilio, 
concelaciôn voluntarla y ci registro tie licen1as tie uso tie esos derechos; 
b) Para la obtenciOn tie Registros Sanitarios; c) Acciones tie oposlciôn, 
observaciôn, canceiadôn. nulidad, medidas cautelares yen general losjuicros 
civiles, penales, administrativos a contencicso-adm(nistrativos que 
promovamos a se nos promuevan, pudiendo en ratios los actos y gestiones 
arnba determinatJos sustituir este manclato, transigir, desistir, recibir, cancelar, 
r(Iftclar, aceprar notilicaciones y nombrar apoderados judiciales y 
e. didales. 
Dadóyfirmadohoy_Dciembre  18, 2000 

en Seoul, Corea 

Por LG CHEMICAL LTD, 

(Notary should execute on other side) 
(Consular legalization necessary) 

;.-POWER Qf ATTORNEY 

Jgned Ja G  CHEMICAL LTD 

of 2O’ Yoid0-c3ong,. 
Seoul 150-721, 
Reub1icof Korea 

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

and to obtain the protection of my (our) industrial property, for which purpose 
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, models and designs; registration of trademarks, 
service, collective and defensive marks, and of designations of origin; the 
deposit of commercial names and ensigns; its renewal � extension, recordal 
of assignments, change of name or domicile, voluntary cancellation; and the 
registration of licenses of use of the above flgths; b) For tie obtentlon of 
Sanitary Registrations; C) Actions of opposition, cancellation, nullity, 
Infringement, granting of licenses; and in general the civil, criminal and 

administrative suits related to those rigrhs; 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. DggeMbgr, 2000 

In 

By 

(Notary should execute on other 
(Consular legalization necessary) 

ALVARO CASTELLANOS M.&cii 
1tJt ,lHa.. 

CafreraY No. 9309 -?0. Nor 649- Uoguta, culrnnbld 
kis VI/ to 610 1420 /r,0 / 130 - r.%x 1571) 6 IN 0/06 i,iiI ijreIt 



CERTIFICADO NOTARIAL 

tIoy, 18 _de Diciembe 

comparedó  Won) personaimente _Jae 
___.de 2000 
SUNG 

a quien (es) conozco comb la   p4ona Is) que firma (n) este documento en 

om representatiOn de la Socledad / clpafila denom,nada  
LG CHEMICAL LTD. I 

Cerdflco 
a) Que LG CHEMICAL 

es una Sodedad / Compaæia leg 
con las leyes de la Repb 

e constitulda y existente de acuerdo 
de Corea 

b) Que ci domiclilo de dicha Sociec d Compaæia es  
20,Yoido-dong, Young iingpo-ku, 
Se61150-721, Rep. c Corea 

C) Que ci objeto u objetos para I s cuaies se otorga el presente poder 
estân comprendklos dentro del bjeto social de la rnenclonada Sode-
dad / Compaæla. 

di Que el Sr. - .Tae Kap SUN 

esrÆ autorizado para otorgar el presnte poder. to anterior està probado por 
nledio tie los siguientes document , que certilico he visto 
Poder con sello regli trado y docuento Cortl 
ficando qua ci sello esautntico 

(Ciudad) Seill 
(Estado) Corea 
HOy: 18 de Die. 19 2000 

(NotartO PUbilco) 

Los docurnientfficar %,,)s’ cóflecha y origen. 

i-."-.-.-.--.,-,---
j 
(:ivfl _ 

I - -, 

/ 

NOTARIAL (Corporation) 

On this - - day of_December 20-OQ 
personally appeared Jae _Kap SUNG 

whom I. know to be the person (5) who signed this document as 

representative(s) of the Corporation / Company named 
LG CHEMICAL LTD. 

I Certify: 
a)That LG CHEMICAL LTD. 
Is a Corporation I Company legally constituted and In existence In accordance 

with the laws of, epub)ic ofKcxea 

b) That the domicile of said Corporation I Company Is-
20, Yoido-donqt Youn d 
Seoul1QUj, 

C) That the purpose or purposes for which the present Power of Attorney Is 

granted are comprised within the object set forth In the charter of the 

mentioned Corporation / Company. 46 
d) That Mr. Jae K a p SUNG---. 

Is (are) authorized to giant the present Power of Attorney. The aforementioned 

was duly proven through the following documents and I duly certify having 

seenthem:_Power of Attorney with a 

registered seal and _a document 
certifying that a seal is 
registered 

(City) 
(State) 
this day ol__Dcm h 200-0-
(Notary Public) 

I -, 
-’ocuments must be identified with date and origin. 
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Registered No. 2000 - 3433 

NOTARIAL CERTIFICATE  

1 �1I-� 04 7174  No Chul Kwag 

attorney-in-fact of 

rHo14 

411! Fi:* 

03M -14 18L 0j o)Al tojtf 

Jae Kap Sung, Vice chairman 
of LO CHEMICAL LTD. 

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

2000 1d.12 18 ’?.J 01 4LoJI)4 This is hereby attested on 
this 18th day of DEC., 2000 

IN IV IL jt4-. at this office. 

**611-171 fl-i! __ s 
- 1 1- - ’ -- ’+ -- age__  

Attorney-at-Law 
* 6 Lee Jae � Won. 

ULCBI LAW Fl 
&&OTARYOF 

___ 
Chung- Rioedul, 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. 

� -.. - 

�. - 

2 �������NA,  

� . . 

. 
\M%.’� 

2 Al 01 . M I At 0111 J. M 2 At 110M -  2 A  MJL174- MLAI 
0t756-1221-3, 751-1891-2FAXz756-3151, 157-1893 � ’ t;�c�’ -. " � (i 
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TH  KOPA OAMBP OF COMMEC  t
 – L 

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 

Seoul 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 Rap Sung 

Business Lines 

Remarks : £JU c 
.11256 

Ilk 

J’4 t 

For the use of : patentapp1icajioi. 2fl1.1O 
e THE KORit, CAi’Ufl L)%; CE P. 04CUSTRY 

KiY 

#4 1be Paw* ofloreapt 

Signature of a5Wiiekij6atory 
THE KOREA CHAMBER OF COMMERCE &INDUSTRY 





- - TRADUCCION OFICIAL No. 01-0103�

de Un documento escrito en INGLES, el cual pare si.. identificación Heva el seflo 

do la Traductora e IntØrprete Oticial , segUn Resoluciones 2755/68 y 01144197 

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 do Jae Kap Sung, ViceprØsidente de LG Chemical 

Ltd. compareciô ante mly admitiO que su representado suscnbiô el poder 

adjunto. 

Esto so certifica por el presente hoy dla 18 do Diciembre do 2000 en esta 

oficina. 

(fdo) ilegible 

Apoderado 

S Lee Jae-Won 

UCHI FIRMA LEGAL Y OFICINA NOTARIAL 

#6, Ulchiro 2-ka, Chung-ka 

Seoul, Cores 
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Esta oficina ha sido autorizada pot of Ministerio de Justicia de Is 

RepUblica de Corea, pars actuar como Notario Püblico desde el 10 de Febrero 

de 1986 bajo Is lay No. 3594. 

CERTIFICADO DE MEMBRECIA 

Al Consul Colombiano 

1312Ho, Kyobo Bldg., 13F, IGA, Jongro 

Jongro-ku, Seoul 110-121, Corea 

Seæores: 

Certificamos por medio del presents qua Is firma antes mencionada es 

miembro de Is CÆmara de Comercio a Industria de Seoul, en Is Repüblica de 

Corea. 

Nombre de Is firma: LG Chemical Ltd. 

DirecciOn: 20, Voido-dong, Youngdungpo-ku 

Seoul 150-721, Corea 

Represenante: Jae Kap Sung 

Linea de negocios: 

0 Observaciones: en blanco 

Para el uso de: solicitud de patents. 

Firma de funcionarlo autorizado 

CAMARA DE COMERCIO E INDUSTRIA DE COREA 

(Sello) 112568 

EN ESPAOL, Is legalización de Is firma anterior por el Consulado de 

Colombia on SeüI, Corea, No. 2050 de Die. 18, 2000,y autenticaciOn de Is 

IT 
/ \ 



I.. 

I 

/ 

S 

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 V COMPLETA, a la cual me remuto, 

Bogota, Enero 3,2001.  

K ,L4L Wz OLt-< 
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i-i J-t -f4 79 IV  immuno assay) 
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[t Al] A]] 

for malaria and reagent used therefor} 
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A} A] qhEnzyme 1fflUflO assay 
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Lys Glu lie Leu Ser Gin Leu Leu Asn Val Gin Thr Gin 1 5 

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

.Va1 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 

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

80 Cys Lys Met Thr Asp Ser Asn Lys lie 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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The present invention relates to an enzyme immunoassay and diagnostic 

reagent for malaria More preferably, the present invention relates to an enzyme 

5 immunoassay  and diagnostic reagent comprising Merozoite Surface Protein as antigen 

0114 for malaria which detect malaria-specific antibodies in serum sample by using 

Merozoite Surface Protein of Plasmodiwn vzvax as antigen The present invention 

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

anti-human 1gM antibody, and an antigen sandwich enzyme immunoassay using a part 

to 

or whole, of malarial Merozoite Surface Protein. The immunoassays detecting malaria-

specific antibodies in serum according to the present invention have high specificity 

and sensitivity, :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 

15 ENZYME IMMUNOASSAY 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 

20 reagent for malaria. Particularly, the present invention, relates .to an enzyme 

immunoassay for malaria which detects, malaria-specific antibodies in plasma by using 

antigens of ’Merozoite Surface Protein(MSP) of Plasmodium vivax of malarial Protozoa 

and diagnostic reagent for malaria prepared by using antigen of the . above surface 

protein. . 

25 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 



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 

1, 
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 can 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 Debydrogenase 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 



4 

reagent is only 50%. 

t...14 

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 1gM 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 

0 immunoassay using anti-human IgG antibody and/or anti-human 1gM 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 



using anti-human IgG antibody and/or anti-human 1gM 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 

5 of Merozoite Surface Protein of malarial Protozoa. 

’ Also, the present invention provides the recombinant tranfonnant 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 

10 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. 

1 The invention provides antigens of surface protein of malarial Protozoa in order 

15 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 Wax, and especially comprises a polypeptide 

20 consisting of 108 amino acids (referred as "PV200C" hereafter) which exhibit 100% 

homology among subspecies of Plasmodium Wax, 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 

25 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 



51r 

6 

amount from recombinant transformants. The present inventors prepared a yeast 

transformant and E.Coli transfomiant 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 

5 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 

10 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-

15 human 1gM 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 

20 IgG and 1gM 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 

25 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 
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HRP-anti-human 1gM 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 

5 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 

10 and 95.8% 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. 

In W Particularly, the present invention provides HRP-surface antigen conjugates 
-19 

15 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 

20 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 malarial antigen sandwich enzyme immunoassay of the prevent 

25 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 1gM 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 

5 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 1gM antibody derived from goat as 

an antigen of the second labeled antigen conjugate. In the meantime, the above antigen 

10 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 antigen 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. 

15 In the above indirect enzyme immunoassay, malaria-positive sainples(plasma 

if 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 

20 antigen protein 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 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 

25 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 antibodies by recognizing Fe (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 

5 enzyme immunoassay of the present invention detects malaria-specific antibodies 

bound to the antigen by using HRP-anti IgG or HRP-anti 1gM conjugate using anti-

human IgG antibody and/or anti-human 1gM antibody wherein anti-human IgG 

antibody and/or HRP-anti-human 1gM antibody is/are derived from goat. Also, the 

above antigen sandwich enzyme immunoassay of the present invention detects malaria-

10 specific antibodies combined 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 

I, specificity. Especially, the antigen sandwich immunoassay of the present invention 

15 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; 

20 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 

25 protein of Plasmodium V/vax, which exist commonly among subspecies of 

Plasmodium V/vax, as shown in SEQ. ID NO: 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 

5 second labeled antigen conjugate detects existence of malaria-specific antibodies by 

Ibinding 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 provides HRP-anti-human IgG antibody and/or HIRP-anti-human 

1gM antibody wherein anti-human IgO antibody and/or HRP-anti-human 1gM antibody 

10 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 

15 labeled antigen conjugate. Preferably, the substrate solution consists of a buffer 

solution and a color fixing agent, tetraniethylbenzidine 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 

20 color development. Then, existence of the 1gM and amount of the 1gM 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. 

041 
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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 

5 The above-amplified a-MOO-19 and pYES-2 vectors were cleavaged with 

restriction enzymes, Hindifi and Xho I, respectively. Then, a-MOO-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. Nat!. Acad Sc!., U.S.A 75, 1929-1933, 

10 1978), and then the yeast transformants pYLJ-MSP/S. cerevisiae 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) 

14W In order to produce the surface protein MSP from yeast, the transformants 

15 pYLJ-MSP/S. cerevisiae 1NVSC1 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 

20 secreted into out of cell by the a-factor leader peptide linked with N-terminus of 

PV200C polypeptide. Thereafter, the cc-factor leader peptide was removed by 

peptidase existing in cell membrane. Accordingly, only the desired protein was 

secreted into culture medium. 

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

25 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 

5 colunin(Invitrogen) to which anionic nickels were coupled by using six histidine 

Sresidues linked with C-terminus of the above-amplified Pv200 expressed from the 

recombinant yeast. 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 miida.zol and phosphate 

10 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 filtration chromatography with the concentrate. 

The prevent invention used the surface antigen of malarial gametocyte having 

15 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 

20 (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 NdeI and BaniHI and were ligased with T4 ligase and 

25 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 CaC12. The 

E.eoli transformants pELK-MSPIBL21 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 ig/ml of chioramphenicol and 100 p.g/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 3-D-Thiogalactopyranoside) was added to 

the medium to a final concentration 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 

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

iS obtained cells were suspended in 30 ml of Phosphate Buffered Saline(PBS). Then, E. 

Coli in the suspension was crushed with Somcator(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 PUS, 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(Invitrogen) for purification. The contaminants which were not adsorbed on 

column were removed repeatedly with a washing buffer in which 10mM unidazol was 

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

separated with an elution buffer in which 500 mM iniidazol 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 Sephaczyl 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 Ecoli 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 p.gfml, and 100 ILI 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 .d 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 

diagnostic 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 1gM antibody or 

anti-human IgG antibody derived from goat were used. 

5 100 tl of a sample dilution solution containing 1.15 mg/nil NaOH, 0.2 

mg/ml of KH2PO4, 0.2 mg/rd KC1, 8 mg/mi NaCl, 300 d/ml bovine serum, 0.2 

mg/nil thimerosal and the like was added to each well of 96-well plate(Nunc) 

coated with recombinant surface antigens. Then, 10 j.tl of antibody-negative 

plasma sample or 10 .tl of antibody-positive plasma sample was added to the 

10 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 p.1 of a phosphate buffer solution containing 0.05% 

Tween 20.! The second anti-human IgG antibody(Cappel) or the second anti-

human 1gM antibody(B ethyl) derived from goat to which HRP was conjugated 

15 was diluted to 1/40,000 with a dilution solution containing 10mM Tris, 0.5M 

� NaCl, 1mM CaC12, 0.5% glycerol, 0.2 ml/ml bovine serum, 100 j.tl/ml goat 

serum, 0.05% Tween 20, 0.2 mg/ml thimerosal and 50 p.g/ml phenol red. 100 111 

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 

20 terminated, the well plate was washed 5 times with 0.05% Tween 20/phosphate 

buffer solution. 100 p.1 of a substrate solution containing 100 jig/ml 

tetramethyibenzidine, 0.0061/o 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 p.! of the reaction-stopping solution (2N sulfuric acid 

25 solution) was added to each well to terminate the color development reaction. 

Then, the absorbance was measured at 450 urn (reference wavelength. 650 urn) 
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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 anti-human IgG antibody or anti-human 1gM 

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

5 antibodies and amount 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 for malaria. When positive cut-off value was determined by adding 0.5 to 

10 the mean of the negative 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%:. 

15, of specificity. 

Example 5. Preparation of the surface antigen of malarial Protozoa 

conjugated to IIEP 

The "labeled antigen conjugates to be used for antigen sandwich enzyme 

20 immunoassay were prepared. 

The recombinant surface antigens of malarial Protozoa prepared in Example 1 

or 2 was dialyzed for 1 day at 4 against 1 L of 001 M sodium carbonate buffer 

solution(pH 96) The buffer solution was exchanged 3 times during the dialysis Also, 

5 mg of HRP was dissolved in 05 nil of distilled water in a tube, and then 100 j.d of 42 

25 mg/mi NaTO4 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 0 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 antigen was 

10 terminated, in order to stabilize the HRP-surface antigen conjugates, 40.8 pLI 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 

I *S’P" proteins conjugated to HRPs were adsorbed on Probond column that was equilibrated 

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

Sthe surface protein. Then, HRPs which were not conjugated were removed by 

phosphate buffer solution. The HRP-surface antigen conjugates adsorbed on Probond 

column were desorbed by phosphate buffer solution containing IM 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 IIRP-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 p.! 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 p.1 of 

malaria�positive samples(plasmas of malaria patients) or 100 p.1 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 p.1 of a 

phosphate buffer solution containing Tween 20. 100 p.1 of a substrate solution 

containing 100 p.g/ml tetramethylbenzidine, 0.0061/o 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 p.l 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 tim (reference 

wavelength, 650 tim) 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 

5 sensitivity and 99.6% of specificity. 

. An indirect enzyme immunoassay using anti-human IgG antibody and/or anti-

human 1gM antibody derived from goat, and an antigen sandwich enzyme 

imniunoassay using HIRP-surface antigen conjugates detect malarial specific-antibody 

in blood. Therefore, they are immunoassays having enhanced sensitivity and 

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

EFFECTS OF THE MENTION 

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

human 1gM antibody, and an antigen sandwich enzyme immunoassay using HRP-

15 surface antigen conjugates detect malarial specific-antibody. Therefore, they can 

diagnose malarial carriers as well as malarial patients. Also, they can simplify the 

imniunoassay 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 

20 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 

25 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. 

0 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 Max. 

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: 1. 

5. The enzyme immunoassay for malaria, comprising: 

(i) 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 1gM antibody or anti-human IgG and 1gM antibody. 
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7. An antigen sandwich enzyme immunoassay according to Claim 5, wherein the 

antigen of the second labeled antigen conjugate in the step (iv) is a part or whole 

in the C-terminus of Merozoite Surface Protein of Plasmodium Max of Claim 2.. 

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

5 comprising surface antigens of malarial Protozoa 

. 9 A diagnostic reagent for malaria according to Claim 8, comprising 

an antigen consisting of a part or whole of Merozoite Surface Protein of Plasmodium 

Max; 

a solid support coated with said surface antigens, 

10 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 

15 11 The diagnostic reagent for malaria according to Claim 8, wherein the marker of the 

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

colloidal gold, fluorescent materials, dyes or the like 

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

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

20 development 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 1gM antibody or 

anti-human IgG and 1gM antibody as antibody 

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

25 labeled antigen conjugate 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 lie Leu Ser Gin Leu Leu Asn Val Gin Thr Gin 
Leu Leu Thr Met Ser Ser Glu His Thr Cys lie Asp Thr Asn Val Pro 

s 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 He Val Cys Lys Cys Thr Lys Glu 
Gly Ser Glu Pro Leu Phe Glu Gly Val Phe Cys Ser 

10 

Ii: 
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� . .. *�. . �. .. .. .��� . Qx 

(iv) Agragar conjugados segundos antigenicos marcàdas  pars reconocer of 

� . . . enlace del anticuerpó a. los antigenos de superficie inmovilizados sabre el 

soporto sôlido. 

(v) lnducciôn de desarrollö do color usando marcadores do conjugados 

segundos antigØnicos rotulados ligados a los antigenos do superficie; 

. . (vi) Medidón do la.absorbancia utilizando el disco do 96 pozos y su lector. �� ... 

6. Un inmunoensayo do enzyma indlrecto pars malaria de acuerdo, con Is 

reivindicaciôn 5, caracterizado on quo of antigeno del conjugado antigØnico 

....... segundo marcado on at peso (iv) es aicueo IgG antiumano, aflticueo 

10M anthumano.y/oanticuerpo lgM igG anti-humana. 

7.. �Un inmunoensayo de enzyme sandwich antigØnico do acuerdo con Is 

reivindlcación No.5, caracterlzado on quo el antigeno del conjugado antigØnico 

segundo en of peso (iv). es una parte 0 Is totalidad en. Is porciôn C terminal do 

Is protelna de supeciØ del mebzoo del Plasmodium Vivax de Is 

reMndicadón Z . 

8. Un reactivo diagnóstico  pars maLaria quo detects anticuerpos especlflcos 

pare malaria on sangre, quo comprende antigenos do protozoarlo do tipo 

malaria. 

9. El reactivo diagnôMlco para malari2 de acuerdo con Is reivindicaciôn 8, quo 

� .. . . comprende: 

� . . � Un sopote sôIido recubierto con antigenos do superflcie 

. .. . Conjugados antigOnicos de segunda marcaciOn quo Se combinan con 

marcadores; y soluciôn do substratoque contiene un agente de color fijador do 

� color, � 



10 El reactivo diagnôstico pare Ia malaria cia acuerdo con  to rewindicaciôn 

8, caractenzado en qua dicho entigeno constituye una We a Ia totalidad del 

poltpepftdo PV200C do Ia protelna de superficie del merozosto dat protozoano 

tipo malaria como se muestra en Ia SEQ ID NO A.: 

’ 11 El reactivo dtagnOstico pare Ia malaria do acuerdo a Ia re,vindlcaciOn 8, 

caractenzado en qua at marcedor del conjugado antigØnico cle segundo 

marcado es Lm pm cia rØbano, fosfatasa atcalina, orocoIiodeo 

materiales fluoroscentes, colorantes a sustancias anÆlogas 

12 El reactivo diagnOstico pare matana de acuerdo a Ia rennndicación 8, 

caractenzado on qua Ia scituciôn sustrato consiste en uris Sotuclón buffer y un 

agente fijador de color qua induce desarrollo do color cuando reacciona con at 

marcador del corqugado antigØnico de segundo marcado 

13 El reactivo diagnostico pars malaria de acueido con Ia retvtndicaclôn 8, 

caracteiizado en qua at segundo conjugado antigØnico marcado as un 

anticuerpo IgO anti-humano, anticuerpo 1gM anthumano yIO anticuerpo 1gM 

anti-humano 

14 El reactivo diagriôstico pare malaria do acuerdo con Ia retvindicac,ôn 8, 

caracterizado an qua at segundo conjugado antigØnico marcado utdiza una 

parte o Ia totaildad cia Is porcion C terminal cia La proteina do superficie dat 

merozoito cia acuerdo con Is reivindlcaclOn 2 



: 

Application Number 

Date of Application 

&I 2000 XII 45806 

20001 0891 0821 

Af !XIIF 

2000 12 13 

9_. 

COMMISSION 



0 

1020000045806 

[ w 91 2A PC,, E qf J] 

13 ‘)"r 

2000/12/1 

2000 .08 .08 

2.FEI0F MOI J2Icomoil 2.1 F2J0f91 
iEFAI1E 

IMMUNOASSAY, A DIAGNOSTIC REAGENT AND A DIAGNOSTIC 
METHOD FOR MALARIA BY DETECTION OF MALARIA�SPECIFIC Ig 

2?61OA[ 

1-1998-001275-0 

Al 04 c 
CC  -r 

9-1998-000265-6 

1999-067126-3 

9-1998-000560-9 

1999-067124-9 

Oj 

9-1999-000606-6 

1999-067127-1 

21 Gi El 

LIM,Kook�J in 

611117-1482719 

305-390 

Œ? –OF1If 404 11O4 

KR 

iT 

YOO , Seung�Bum 

670427-1024310 

40-1 



1020000045806 2000/12/1 

[?] 302-223 

[–] [IIiAI A1? 765 Li?aI0FiiL 104 601k 

[1] KR 

[EJ 
[21 )I] 0Ii 

[?19J JI1 SOHN,MHJ1n 

[ i 650325-2929420 
305-333 

P–]0I FOFiiL 125w 505k 

[11 KR 

I 01 
L KR 

-p 

L] 10-2000-0007648 

1XF1 2000.02.17 
rH 

Al
 L 

Tr J1 LI  

[iAF2I 
[01 ’( ] 

Its -all KCTC 8976P 

[4Xf] 1999.12.18 

[uI*;I] 
[)I E-91 ) 1 -21 -? 10=41 C,1XE 

KCTC 8977P 

[X F] 1999.12.18 

0fOlf M] 
[MJll4] 001 

[M2.1 iXFM] 
[] JlI42 2.Ik , Xfl60I WN 

Oil 2I LI WERYNAF - ’LILF. CH?-12.1 
(El) CUEEl 

zIOI (O\ rUIoI 
I-.- P__ / L41 L-I L.... 

7ZOT4I 101 

40-2 



. 14--5 -T? 

1020000045806 2000/12/1 

I1’ 

[JJ] 20 Pi 29,000 0I
 

18 T 18,000 EJ 

1 26,000 DI 

[1AF?W1 30 9 1,069,000 o I 

[V1I] 1,142,000 EJ 

1. 2. 019 JI4M_2 3.? 
M’D4’- ol 

is 



S. 

S 

1020000045806 

t} A11] }o} ] 1gM -- 

2000/12/1 

411 Vd ql *?4 7,-1 *A] i o]t- ;t] 

61QJ t -f1 i’’1 1 IgM- *t} 

AA 4 –7]O])jj-J4 tJ]o)1 **, °]-

11*. I-O} t11o1] **F11 A}* 

[ AA jc11 

}o iViA1!, 1 1gM 

40-4 



S 
1020000045806 

(t Ail Aj 

2000/12/1 

*1°} !.Ol *J l *°fl ?l 1-#1O}] icq11 Z if 

Al q i r,+ %I- I { IMMUNOASSAY, A DIAGNOSTIC REAGENT AND A DIAGNOSTIC METHOD FOR 

MALARIA BY DETECTION OF MALARIA-SPECIFIC IgM} 

Is 
1gM 7(IgM capture enzyme 

imniunoassay)°l  Ifl 131}10} AIR 21619-} *A  AIR 3537I6 781rllt 

2 416} 1gM 7F(IgM capture enzyme 

immunoassay) J14 (indirect enzyme irnmunoassay)°1]  9I]] 13,4 

4el 61 "oPlJ A]. 7574 -183-IJ AIR 927 iv 1iLI AA014. 

S . 3 t1.14 1gM *?I IgM capture enzyme 

immunoassay) Ji 4UE-ll .tMqM1 (antigen sandwich enzyme 

iminunoassay)11 c1 lloF *A AIR 1297ftV 7,llatl 4lj. 3O4 
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), All ;9 L1 }Io] oil 4*Jg 4- 14 

1oF1 }1f,JV+AIO.k 131 

}16 j]  13171 }O:1 }1O}1 .A*O] 1L 4011 7401 

j A]]] 10 q1,91 ji}1j3j*ej of  9), 

5 .o1O1 }1c1] 7f’Ln 2 iitJ 01, 01 ----??- O1 1 -1__ -
 4401 

11-. l4el,4 -Olj--1 9t+ -1c1 

j}o 1960\.t1] o] 117f’-I –34. L} 1i ’J1h ?Ł* 
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L]1O]]A91 1-i -V-7,171 (Sporogony) -1-2oPir1], *-°1]  £7171 A]-]-4- 

13 }161 4o14-

c7d* 7]?°]  1-P i]-]] ]o1 
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(PJasinodium falciparun,), 610J(P1asmodjum nialariae), I& I 

HP1asniodium ovale) 4 **71- 181 ?14 fl 7}t11 }1A1 -}1 

of1-- w-M6.Riff HM60asmodium vi vaz)’1)91* ’?j 4, o) aJ4) 7} ;QaL 14 

oJj }t14-71 -Aoj a jo) OiiM..qOZ AA 61 -14 , 9111 

-}I} i1 }o1 WLactate Dehrdrogenase) 

� H* -**

 

13177} 50% i*11 01 Ł’19+ J101 

71 flL dQ4 H 11tH WF7} & }1 }1°1 01* 

� °11 t414 

}° *}4 01 }°1 4H 

o4}o }1°} i* 7A}t} 71’1 t11 e 

47 4 9r} L-} l4elo} 

}} 71 .V1 o} 

A qj iP1 oF.r1;AH1Ai IgG A}} JA i-

** 7}$. 01?1.M 1 4°1 4LEii1 V*1 ftF 

4 I0-30*flA-1  

11 71i 5W-f 40111 cl*oIAJ3= 01*01 5% °14J -}k4. 01340 

Al 011 11A 1}7} *t}1 1960t11 °]1 -1°1 £71°11  

-& 7}A01 IgG P** 14 U}} 

1 Qj 1’M }10}°11  11l E1l 4-1 A140il 

}o} *01 IgG71 10101 1t*16} 74°1P] . OAj 

I 7AOLfl o} J}7 1.}10} J] 7A} t*Aª01 i&-
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}M 1- 1M?*9-- ,71-7’r IgG -C} ’P71?–°1 

7}7 A14r1 IgM4- 19VOI r1 *1 01 ol WOAA 014. 

t01 01..:iL;1. tR:�  71i 4,111 

10,
 1gM 4- 7*t ’* 11} 3i01tL 

1gM 4- 1gM 3- 

(IgM capture immunoassay)* 31t}. 

-’ 1I01.. *I Hi* i1- -°1J} 4 I1_.  -l"2_1 4]6

i1-1* 4W’ ’A01t1-

’. 1i1 01*tl..cEl tflcfl 

1*4 4kol 1gM 4- }1O} 3 

’71 *7s1* rJAJ71 %A1, .. }I o} 4AI91 -11°11 

}I0} 1 } l4el4l tft} 1gM V–4- 7*t} 1i!} 
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1gM ’-11  44} 1gM F4 *I(IgM capture immunoassay)4 

-4of 4171i°1 7}*t}1, E} 4.111 f1°111  

]*l-** ’}1’ 5a4. } 

ZI o} -*(11A1 416F O1 9)d 51 ’}-  

i-U. 112000-7648i ]12000-121721 I   V+  of J-

-- i1 i1H1 ’a44I° $ *1 *- iF 

t11vi- !-*iI12000-12172I ? -] J11 & 

i]- o] 1-9J* ptt1-. 

1-i o- ’F* 1*°i ’-H 44H- 1174I4 -1 

1gM * 7*- 441 4F1 F* 11}1-. 

- }ô} o] IgM* 1gM 5 

.1 IgM capture ioununoassay)* 1-Ft1-. 1-iH1, 1gM 1 . 

1gM IM- A}* 

4011}1O} -1 1gM -1 7*tH- 1fZ1 

<20> 1121 }o} o1 1gM * } 1gM PH(IgM 

capture imrnunoassay)& 

<21>Oi7i 1gM-ai-Al�ii-al  MINN] 1; 

<22> )j-7]117]- I i71]O1] 3 5 7I4°I IgM-
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71011 1fi }}4 3L1O11 111 Vttl 1gM } tlwoAj 

4-Al 
, 
. 1:11 

’lL i’H c 

<24> 1gM 011 z1%i 41 111- 1* 

25 % J-j4- I1} *01 

� 1gM loff ujqiqo} ’’1* 1gM 171 

*- f*} 7’1** 1-H 

j-A]9!* 114. 71 *1 1i1 01Hz 11 

13, 

<26>-t t}°} i*i 0]t]cz t] 4t} }I°1- - 

01 1gM * *- }I 41 –* 

<27> o]t]- .. * -J-A]] 

o] 11H }1°} *0] 1gM  

41- *1i I12000-7648 011A-1 419i ’94I *1 t* o] 

<29> i}]t},1], -u ]-I4 o1*]-o  

*01 1gM * 1°1 H1 }10F -I*1 MSP (Merozoit 

surface protein).] C-– -% 01*f4. 1 C 4-?1 }Of 

* 4°1°11  --1-- K}- 0}UL!r-4–MgIWO -fn 9-’, *1 
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’H4 VRAMIER 4}t}. �1 Jjif -g71 

u}-4}71]174 }o} o] 1 g * F71 M}0 + 4;9- 

611AI ft} 11 }1°} #i°14. 1 .4H4 1I L1*1 4} 

-°1 1-–(horseradish peroxidase, 01-&I’HRP’ 1’F) 71 .3–54 

4111(a1ka1ine phosphatase) ’’& t, -.°1E-(colloida1 gold), 

(1 luorescein) V ’1 (dye) 1-2 -r. 02-L} 01011 3’& 0}’111, F2411 

, r u} L11 ito1 }(}ilP)o14. 

- 11 1j2qeI4 -01 1gM 91 -14* 1} 1gM 7(IgM 

capture iminunoassay)1 U1-i} 011, -i?i 1gM ]* L]011 -ai-A11 v31; 

7] 11 i]01) A- 1I}0i IgM-  

L71011 17110 iL1011 1011 1gM } i*A11 

1gM 011 U} 11 Lz111* 01*}04 1t} 1* 

tJ 

30 }O1. -o1 1gM 1gM 1(I01 capture 

imunoassay).91 rJ U}J1VJ 011, 

<35> (1) ’– *i -’i?i- 1gM Ł’117} iI *1101.-91 4 1 VJ U)-

AL - 71-}i 1*A1,1 -711;. 

(2) 1 11°1* 1i1} M1; 

(3) 11 HRP i1I 14V U)-11. 471 1gM F1011 

IgM }*A11 1; 
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(5) 4l- *-!a -Ji 7]1** 7}f° 41l; 

<40> (6) 96  

<41> ufJ} ]cr1]J1,91 !1°1 --i 

d 1gM ]7} H1 }1°F  tj *] % Ii11 i 

� 
ic] l}- *sfI i’91l l4 

-11-E1 1J&1A] ’;U-} 4J H739 *] iA1011 1011 7j HRP9} 

A11 L14 UIU- -71 -i?i 1gM 17} 

iL74011 1i}I  

it;9 -4 1] 1} 1 g 1011 5,q r;.:’ �2fli IM 011 1l t*. °1 

oilP44V461 -ii* HRP1 741?1, *-1l °l1 iI 1gM 

11°fl 1gM -1°1- 1}1 1gM °1$ d-o1 4} 

� *1 FUP 7l* 1 1* flt}c I- *.t1-7Il 15L L 

A] IgM] *4}°4  }1O}1 

’ 

ojL iFi4. - -1 1 #* 0i. -$-t} }ô} 
.  

I 7jt]AJ-O ]o}- d–} }, 98% .°1*1  17 -9  99% °19} -°1 

ff 5LtI1, ] 5M T}  O}011 F1°1  lelel°}011  c} IgG 4- -7 

4011 01}1 ’i1 i011 14M.5. 4� 

- Ii1 }1° V4F’1 *ft1-Œ }i 112000-12172i 

JV 4E411 fL& 1&4tF7A 71H1  

*0111414 Vi2 3 !-°17} 1 7i111* 
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1i1 T11e1- iA11 4*1 1gM ’4ic] 

Ix-VI-01171i 19M Fi1- 9L4, 0101] }1 4. 71 1gM 1 

}4 711 IgM1 mu A0]] -o]1c?j H -4J-I11 i01] ]Lii 

IgG 4 71E1- 4 -i4  

1 J-J- 01*41, cij J- }o] % 

j-4 01*}P ti 11} °11-%- 7ff H/h(PJasmodium 

vivac)4 MSPI C- -41 O1 *}3L, I -?Frj 1}4 6112 A1 71 

-Ofq?&EWYo1*-011 i1 ’;} PV200C }o]t] ;AL 

jLA -11 o] -}t} 

<45>-tQ }o1. i1*11 A}*1 A1Hi 1111 011L iL 

<45> 

i-O] 1-–(HRP), s1]-E}4](a1ka1jne phosphatase), 

(colloidal gold), -(fluorescein) j(dye) --- - - -- LJ31, 01011 ’j 

O}L14 011A1 .-111A1 ji01 

71 ** f}t11, M-4H. 7k111 11F }*] 
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IaAA 121*01 *-1L 1 Q- 1gM 1 - I1 

i-4o} 4, o1*}o1 thou 

0JgM 4, Vf)h1* 1-1f -1-*1 iH4- h1F’*. iZ1t111 

1gM VAM., 44,t}cz} LflOI] h1H I}Io  lkol JgM 4, 

4I iH* kh1}t1-. ,44i16F tj*1 Rld vJ- MSP1 

(Plasmodium vivax)1 110]. .1!1 VF’1(Merozoit surface protein).9.] C-vi - 

O]4,j-t]. t1*t1 °1-1i -1°1 1. 711E 71 MSP 

.91 C- -i 1 PV200C *.] 3C 401E91 ;iJ -1- 
tc:!=. 01 1 o1*tI-. T- �-- -J-

* 1°11°1]  -1 1-A111 ]:4. 

]-71 @]oui . -t4, ou1A1}. ., . -i] t]4,o] t]- -A1i1ou1 

111  

<41 1> fLR IE3k4el6l
 

(1 1) iFTR iFh]] 4 

ouii RNAE1 i4}** *4 SIM, cDNA-
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}’1}Jt4 PV200C }o1f pYES-2 1E1 ZtZf ftF 

A& HindIII$ XhoI-.. 11} T4 171*4I1(T4 ligase, Proinega).. ’A1 

-E} pYLJ-MSP -71 1F1 pYLJ-MSP i!i(, U.S.A 

75 1929-1933, 1978)91 A Jr/Jo/A1/ Aj/i9/I//A1/ ENVSC1(Sacharonjyces 

cerevisiae INVSC1)1] ?1 pYLJ-MSP/S. cerevisiae INVSC1 

- E31, 97191 fLR *}01] 19991d 121 18 

L- 71f1i : KCTC 8977P) 

714 1 114 -}i14 4191 PV200C }o]E 

L. pYLJ-MSP/S. cerevisiae INYSC1 (KCTC 8977P) 2% 

YEPD U17-16IlA-1 37t. lA , 4z]- 1% 1% 

YEP 4z]. PO1 L7} -I 5a- }t1 11 LE1 

191 * *4t1-.. 014, 41 .-EI 11 3 PV200C 

iq-jqojs!L=_LN--vi1 o1 }o]E(-factor leader 

paptide)°fl  £IB h1] 71 Rld 4,11414,01 N111 U151 

i 91 x-i4 ejul 3E}O]E. 4-911 4}�flu] t}O].]1(peptjdase)oj] *11 Al 

71- !-1t}IaIAIvqOI 11 1t1.. 

(741 2). -L- 11I RlfttlM 79M] 

1 111A1 01 11 tII-. EI PV200C * E}01 1 

21AF 11F fl*tIAJ 44eq 171} 

0}71(U1i AmiconAl. 11*) *14. 7]11101} 

71 PdIaN ARi41E vi- PV200C 401 C-01J 
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*j 644 tIzLEIril(histidine) }71- 01*t  HI8 t-

i1- **&c?JqJ01 E(Probond, Invitrogen) tA1tI-. 

1 f]] °-1 -- ’ 10 mM 0]1314 (imidazol)°] *J 

i171 -i1, V0011 444O1 9 500 mM o]u]ro] *fl  

tA1 1JI-. 71 41011AI Ald 711 90% ?t}7I177 

]3L, 71 *1cr1 A]EL(Sephacry1) S-200 (gel) oj..ii} 

iff -r3i lo] 7]I 99% O1  

, iVH011 4*t1tI-. 

<111 2> t1] 141c1 % 

(f1 1) c11 114 

;kI11 1011A1 7 4*} MSP PV200C1 DNA 4 

(phenol/chloroform) *?)L-. 11’} 4, }I} A14i PV200C 9E.161E 

I- pET-19b (Novagen) 1E1’- NdeI’} BaHI-. ?-1} T4 ]-

’E1 pELK-MSP* 11-. AlaA, tVAEj pELK-MSP- ’}t 

r]]j - BL21(DE3)lysS 11511 4JH- pELK-MSP/BL21* -1-

5L, 1 tI] 31*SI�o-]-– A,1710  1999d 12V 18*. 714 

KCTC 8976P). 
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<A1’11 1> 1gM YPA 13,114 7q 479191A 001 capture enzyme immunoassay)-& 

*f vj4el°}  

. i91 A1O1O1A1 1gM Qf;4 }o i71 

j-j 1gM J1- 3i74O11 o4 A4-

t- 4} 11_ L1 (HffP)$ W1 

A, 1-111011M 4* 1°1 4** 7401 1t}t*. *11 -i?i 19M 

11(Bethy1 A}I anti-human 1gM mu chain-specific, affinity purified, u1-)-. O1A1-

1**1(pH 7.0)°11  1 - 10 jig/ni1  01 13 JE1j .I1o1E.b1] 100 - 

200 jL 4?4 4 1 70j 12 - 18ARI;; 1 1o1. 

I?J1T°1 fl71tEa 0.1% Fd°14 0.1% ’}*i* 2R1 * 04 1 °1 250gii 

4 1 714ci 2A1?– – 1A1", ci ]71}t 41 

18A1?i 

* al - *1 1gM U1. iI *101 

4 1 O11 0.1% & jo]F* F*&- AIR tic4 4 o] 100 V}}iL Ui *i ’lA Ui â 44 2 - 20 yt 

71*64 Uj , 37t1 1i*71ô1  1&117 60I ILIWOIOI kI 0.05% 

’j 20(Tween 20)-s- *i *i(300 jt& *l°l 5 *11 

D] 
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VNI 

.1 � 21 HRP1 �1* r}*iz} 7o) t}4� 

<69> t41c   

-11 14& 41C1’M1 L1 0.01 ?f I1* **(sodium carbonate 

buffer, pH 9.6)-& A}*}01 *** 3 A 1L jA 1.?}  

� 
71 HRP 4-, 05 m1 *1 5 mg] HRP- -BA1i , 100 

� ��i  42 mg/m 4(NaI04)* .Ł71 HRP ��*1 V41 1. *.* ThF 

� °1P1 1’1 30ti -92 Vi-*1 5q HRP }}A14 HRP71 WI 

� Id., i 4* 1 60 g90  ** 94 1 ’7}t1 ** P1 

.1 Ai 3O} ci 1i-* A1 } j- Ar� 

<79> � HRP} U** -?-11 71: HRP *.** 0.01 M R1t} 4,4 

1.(pH 9.6) M  3!.*I PD10 J(Pharmacia)* 01*t}01 * 41t}4 o11 

HRP *.*1 1i ** V}} -W- -- F 11111A1 

1M t1 * 1]*A1 u1 11F4. IUP$ Rvill 

4 A1i71 40.8 

4 mg/ml NaBR4* 71}04 *- 011M 41C’)P1 2 A1i 

� 1*AI4. }� HRP7F 1!J P�i?i WP1 Eii 

* 1}°4, MP°1 41 C]H} 1?1 

}71* o1* }z1 H1 EiOil 4 4AMI Vtyl 

1P* 414. RMtLS V001 I illP-Ha 
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eiii 

* BSA(bovine serum albumin) i YMOEIII °1* 

* 1% M BSA* V}1 1°1 

’71 .01 -}Of RudljtI4 HRP1 1% BSA1- 0.05% 

20(Tween 20)01 ’HJ1 14-04(pH 7.0)4- 4. Af4’]-’1 1:100 - 

9-i 14-- 11I –1-?i t11 ioo 71 1 V7140i 37to11A1 30 

*?k i*A14. 1i-*01 I 1°1* 0.05% 20 01 

*L-.- 5 tE3i, 4l911(tetramethylbenzidine) 100 tg/m,  

–(hydrogen peroxide) 0.006% 5-44 0)A- **(p}l 4.5)4- -1- 71V404 I 

4- 100 71°1  30 1l A)t-. F711 o) 0107,1 

*1(1N }*) 100 4 I] 7]} .}** tlAlifl 96 1 

01 71(Molecular Devices)- 650 nm’ .(reference) 4 450 nm11 

Al 3E- 44 71*11 jqAjOI 0,1?j IgMol] UI 

L1’Ł 119-1 HRP 011 9-14 *84101  

} el O}4MIo] 1 9 9-1 11 4-pr VA* }t}. 

<72> 719-1 216 71191 I01- A](4 }}9-1 9-} 3537119-1 * 

xHi4- 0]4-} 1gM gA i 7A}(IgM capture enzyme 

immunoassay) OA 7i ’i(cut-off) wAJ ’1- 1011 0.05k t]’} 

4- -E}O} 49-]SJ-A] 216 71 212711k °1Q- ft1tiL 7  

Łj9-] 11-A]. 353 71 351 711- *. 98.1%9-i jzJ91- 99.4%9-i-o1 
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<73> <t}iit Aj A] oil 1> Ig H(IgM capture enzyme 

imniunoassay)4 ]1 . indirect enzyme immunoassay)1 11L 

1gM 3 Z4 }o}. 7,11}7) }x], 

� � .:*11 -1tF IgMl*I al]°1  V}OII 4*}4. JtL} t 

S 
E1

 

;g ft} 4 17101 -t(}IRP)$ 

iui 

44t}4 

ii4tj jtJ SSE A12000-12172 &IM A} 

.......... 4°li *4 74 96-1 .*1O1E(Nc)ô1  

. 1 } ** 0.5#g/  

�1. * 0.1 ?vI **(pH ] }’4 100 �OA 

.t *i11°11 *1’1.* *F1 4t ’-T i 18A1? 1t}4 

I 1°1°11 -Pi ?L 5% (Goat serum)-* 

*’t.M1 :** 14 300 OA -} 41C °  Aj 18 A1;;0 14Al 

� ?1}4 1011 *wo Al1t}1 1 1d 1}1 P** 011i 
: 
:114 **7M 

: 41C iMA1 3L4 14 7]9} 7-0 1  

tI 96-I *101i 4I-4 NaOH(1.15 mg/mg), 

KH2PO4(0 2 Jllg/mL), KCI(0 2 mg/nit), NaCl (8 mg/nit), 300 p.�/ni�) 5 1uIJ 

(02 mg/nit) & A1 ]494 100 at* 7}}2  

.A1* Z14 10 jit } , 37°C1  *71°11VaL  60 i 

� . . *)14. i*°1 . 0.05%. -I 20(Tween 20)-&- *} tltticJ 44000 set) 
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101 5 11 Ai1t}4. HRP71- U1 * -ii 

IgG ’J1(Cappel) 1--6,1 1gM 1(Bethy1) Tris(10 mm), NaCJ(0.5M), CaC12 

(1mM), 1All (0.5%), –)(0.2 ni/nifl, 100 jig/id), 20(0.05%), 1 

].-(0.2 mg/mg) )1].E(50 4g/M) Af-t.zj 1: 40,00091 

U1*. 44 11} 1*411 100* -9711 /I*1 371Cofl1 60-

i-*A14. }*°1 t VI *l101--* 0.05% --i 20/J*1 F**--- 51 -11 

]-IL, 100 1g/m, H–.(hydrogen 

peroxide) 0.006% ZLO4A1. 911A1-  (pH 4.5)4- 7] 2JI*44- 100 #t 14 L.j 

17141 30 ’f–111 4H1 19101 011i 

--i-*) 100 4 11 71F04 ** %.A]J 96 - 1o1--71 

(Molecular Devices).- 650 nm (reference) 3’1-1.2-t]-Oj 450 nm°IP’1  

71* -}1 1i 11H1 F-i?– IgG ’Ju] 

1gM ]°11  7 HRP °1] 9-]4 L 

o} -o1 VAII 1 *- wi IAI* }r1-. 

.. trooijAi A}4- --4 - *-9-1 11F1 1*d 18& 42000-12172 

1A1 AF*1 ?– *-1 0] ’812471 MtO 75711 

Ł)9-1- 92 7K1 *A1-(Łi91 1-11 

0 o} 3jJ4- 01* 1gM 

’111 7A]-(IgM capture enzyme immunoassay) 
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JA 75711 ? 73*- F’1i tA] 92711 

9271) *i-. 4118N 97.3%1 VIThE$ 100%1 4 

01011 1111 .  4I1 112000-12172 SEOIJAI M*I i 

-W- ql} 011 t11tP1,. 1(cut-off)* *Aj 

A1 101I 0.2 i ;}o 3- 44 tlAI.Pl ’VŁ1 75711 

597 7t}1L IA]A 92711 857w *-- P1.c1 

78.6%1 ViF 92.4%i1 *01! J4E 2 J-). 

<U1j11 .A]011 2> Pc1 1101] tfij IgI( aq A& ldq-4;4 *Ł’(IgM 

capture enzyme immunoassay)4 IV4iE.-11 – i}j ’antigen 

sandwich enzyme iminunoassay).1 t13i! 

*Œ 19M Rig vzi Z41tv Wo *11 Pjelelollmll 1t}71 1}°4,  q&,-–

19M1gM *- MIA1011 t}oj *}u1 t} 19i 

ito] (HilP)f Ui’1 

A}*}t}(71 113jA1011 11 

12000-1217201P1 A144 1HE 4fla-11 

AA. "A-91-4al*1} 1011, 13LA1011 11 

F1 9110114 --- 11* }o1. 4-
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o1 *11°1- 1 *0-41 * 30 i4 V1*n J-

101 A1J o l-f-i V *A1 i1 ?Ł) 100 

f 4 37t 1*71J1 i 90i-*A]4. 20- F*1  0--] �I_4  

*** 300 i 51 AieltN1* A11i tIl 11i 100 09/m1, *H 

– 0.006%ç .cz1AT. O1A1-�P **(pH 4.5)* i* 7]*’ 100 ]- 7f i i_i. L1  

*. 71:64(-1111101 7FI * 11 °1 304r!-;i1 –°11  ’l ’] i 100 #tPA 2 N 

* z1- V1-1- °- 1’1 96 V *1O1. 4s--,71 (Molecular Devices). 

650 nm- reference) S1Ph- }°1 450 nmoIlAl *0140-1 

tfl U]] HRPOI] 914 41°1 i* 

*L311, = VMP1I *- 5 14* 

. 14111,xi 4*} * 44 fli- -1* 112000-12172 

6J]A-] A1-4-q,  Hi 4Eq11 j fo U1il1-71 4 129I ; 

z?J.O] f* jjt].. 1291 lOt]] 26, 2011] 43, 3011] 33 

, 401 27 }, I1 11 14 H* 01 

*– 1gM Z] A]-(IgM capture enzyme iminunoassay) OA 
] 

(cut-off)* *) A] 3]oil 0.05k r 7c11 1i1- ’-i-, 

IA19 129711 129 7]]� ;}oj 100% 4110IR-MIR.4L 1i-9011, .. 19 

vj;1- 11i 4112000-12172i11Al 4*J 4E]1 

11- LWtJ 11
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4. !1 }o} *A171 o1:o11 4} 3011 0141 -- 100% LfE} 

91’i- 1434el} *bg A171Oil 4041 4 Al- 27  271].4 

01 92.6% -°1{- -F*1101 11--- *11A1 !-°17 °11 OA 

t1-(E 3 %). 

[d-r1 A41 

.IQ  t4 -}o1-1-d4- 01* 01 114 I] !°1 

1gM - }O}1 7Ij J it1-A1 1b 111 
.1vJOil F i.- I 7c  

°1 1gM V F71 111 41 }IO} *1 

t, all }1-1 Iv–A1 

}1 o} j (Plasiijodiu,n vivax)*] 

74i2 ji0]CjioM, fF rJBI 7J*71 11o11 

io1 471 11111 11-7f*io1 - }o}. jcj}t11 114 

44V  °}1 JA 9N    

71°11 t  I **}. 401 

* ]c1]A }10} -

EL T1 }o- )"A1 - 11 
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[2] 

1iF°11  9)O1A1, 7} IgM4 *-&R °1 1gM 

(1gM capture immunoassay)j 34- 1- t1. 

(9L% 3] 

121 9O.A1, )7] 1gJ4 d  jo} Jg 

I-(IgM capture enzyme immunoassay)i 34 ’]--

_ [4] 

;I11’j-t11 5aOiAi, -1?– 1gM *1i .11o1 114 1461 !o1 1gM 

* 7tH ’A* 
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IM -51V-9] 

[LF 10] 

1111 51°PI, 71 ra4 El O}34 

C; 
i4zl 4-1-1 1 VN - 

11] 

(1) ’--1?– 1gM *--IL ]I1 1; 

(ii) f71 171- L71°11 5 A1A igM-

-A11- t-]. 

(iii) ’1-7111 1’f-?4 V}}oI M]11 -i-I f11°11  VaM 

1gM 1i- Al 71 Iq 741; 

(iv) 1gM 1 1 U1 1] O1* t} 

1gM 1;f� 

[LJ 12] 

;41111°11  9101A1, ’71t1 (jjj):J 71j-*j 11I J-
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PV200C 3E}O]EQI ;zi t 01 
i- A 01 ;1 -- tH- #10] jA]] -i- -1 

18] 

J1171 911A, -71 PV200C tel -I-11 O1-u]r.-]:. ) 1-Fr- 7] 
]3!. 

6f131  A1ci _-,q  

19] 

1gM ]7f 1]]; U1; *- *} 71** 

(LJ 20] 

1119F1] 910]A1, f7] *1 J°1 }M 4* /yj-i 

EC . 01 t 01 7A1- , *1o} m _  

[jL 21] 

1]20] 9)OA], 71 1Hi 11 01t4 iq f tl * 
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*J "/t1O]1 1]1 c- 4I1 E 

!-- tH, 113elelô}  

[L 22] 

)19j-1] 9)] Al, -711 UI 1IM191 AXIA171 L °] ]-t–(horseradi sh 

peroxidase), 71- .i]-40]-l1(a1ka1ine phosphatase),--°1.-  E, 

-1- T#1} jA]4z. 

[1 23] 

Al j9tg-,?] 9)1A1, ’71 71 * U11I *}1 191* * 

k**- }Io} jA]F. 

[L 24] 

13 F)6]. UI& o1*}o1 tflc] o1. -o] 1gM  

(jL 25] 

1124J1 9O1AT, 1gM A1-4i-1 E}-]- 1gM 
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-1 6F tI7,14 

27] 

A] 24V-011 9)]A], i] J- 6/_–(PJasmodium vivax)9] 

’1’1- I1(Merozoit surface protein)9-]71 
_ J L, - 

j-el }o}. 

28] 

A] 27*011 9).°]1, J7] i-  o} J--?J& q?&E f b’/(PJasll1odium vJvax)1 

[L 29] 

11281 6:IA1, k7]� )j7] t]O]E 31: 111I1 c- 4I1 1]tHE. 

PV200C  
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1gM (capture) EIA 

Cut-o(°1 

T4’ ................ 
� * Ł 4* � 4* 4 � � ’ 

�.;.J.  �* $ . 4����! �. � 
� �, + . 4 4 � T � 4 

�’ �..,.,$.ł.  �.... 

101=11 201=11 30.I1 401=11 
01 4 - c 

I 4 (Antigen sandwich) EtA I 

0 

10’08090

 0 

CUt 

1 

0.1 

101=11 20L11 304 404 
01 24 
L-. C 

&1 t ; 110&gt; LG CHEMICAL LTD. &1 t ; 120&gt; IMMUNOASSAY, A DIAGNOSTIC REAGENT AND 

A DIAGNOSTIC METHOD FOR MAL ARIA BY DETECTION OF MALARIA-SPECIFIC 1gM 
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&lt;130&gt; Pn007005 &it;150&gt; KR 10-2000-0007648 &lt;151&gt; 2000-02-17 

&it;160&gt; 1 &lt;170&gt; KOPATIN 1.5 &lt;210&gt; 1 &it;211&gt; 108 

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

Glu lie Leu Ser Gin Leu Leu Asn Val Gin Thr Gin 1 5 

10 15 Leu Leu Thr Met Ser Ser Glu His Thr Cys lie 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 lie 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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rru 01 LUl.. 

[] 

(LH.IeJiiE] 

(ILJ 
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2000. 11 .30 

iIAE XIf al-

1 -1998-001275-0 

9- 0101 
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1999-067126-3 
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1999-067124-9 

9-1999-000606-6 

1999-067127-1 

10-2000-0045806 

2000.08.08 
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FI0F 0I 2IHJ 21F FEI0F.I 
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1-1-00-0166020-43 
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t0I (0I\ 1U2101 
L I_ / tII 1.-I L_. 

YOIT1I (01 
-L. ’...., ,u i_.. 

U 
F 01 

0 tj 

0 aj 
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! 

1. 
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13 -#1* rtF7l 

IL) 
2000/12/15 

iŁl A---1, t1 )JA11l t}1E * ItIcl ufltl 1gM - 

}41 Z1,4141 il4 } ’Alt*. - 

_1*1 IA1?lz 5 i*164q--el }o} !] IgM4

*} ? 1*}° I°}* 71°11 rill **4t1, 

71$ 471 1H- t1]]  

[jtfl] 14 

731 
,- Y II°1--1 11 1V1j

 oil 3i 

A-i, -A1l1 * t1]f 1gM -- } 

14laeliq4 aVale] 4-VI AAOIr+-

U-79rfl-ft-1-11-1 

}Jo}. 7]- 12J]7 }ô o] c?j ] 01 -q Oj 

i A11] 10 ?1c?I cd:iL7} -}o1. 11 7I*iL 9-2-1, U]] 
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qpg 0101 }o1o] 7LiL 2 11V °R°1 r’* ?-I 4401 

r+. }14 A11713ici--- -]i Pi- 1P1- -t*1i 

19604 o] o] -]]N :z4. :i.N 1i 

°1 71 1I -1 7f, ô]] t]] 7c]A 7]- Z3 A117fl 

I -Q- 4A1 j-

[7tf-] Zl It  

}4o 1-u-- J1 * , 3’x I 

A16 140.171t.11, -1--N 114 -] 901J 41 

1]7 o}i o] 14F4L !14 * ] 1  

IJL11*] 

AHI- 1’I1 ’ftO ’1-i i71(Schizogony)9* J1 

4I. Th11A11 A1-t1 37,}71(Sporogony) 1’1, 1*°11 717} A -j-* *i 

%4e]o-t*o1 1c1 A1-Fi S. 44 k---

z} 71?J0] z]4i 

4I*F M}+- 1i *)]1A1 11i 2WHAi 

4** 7L 4Pt1* -]7} Aj 71 *-
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lg*tj7jj 4-11- o] *-1 -1-1 °171 } *71-

°l -71 i A1 L}t1], j] o] l14* -} 1 

A A117]- -71 i 4A} 2-7li *Pf* * l$ 414M 

tl-7l- Afl 7j 014 j4* }71111*. 

[Pcli] 11 

OJ] ]c)J -.41(ch1oroquine), I 110 

117l- A}*]O] LO11 °l1F FA4.o11 c1]t} ]tJA 

}c)] O1*- i t]-

(cF*] li::9 

[LFJ 

%4ZJ6F,qjXlt  71-1 -01 }*1-i’ ii1, 012 li3l4el71 

zJ- jL u]7O tf ija]QjIN014. LN- Ol 

i-°l -°l L’ o] i t]_. 2 

7A-t1 A]Ol A]i 5a7jl= t]-4, Vj771 1,42  °l* 

PCR(polymerase chain reaction) 111 9t1l, 01 Of] �o1lA1  

F 
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]1 }1]- fo1} oj t1], 

1960 E11-- A13 #]- 1970 tH --1’1lalejejOF91114 

°1 7]] -3’1 e:9):T:}.ZLaJ4, 19931d01] 11 ]-7} t-lft 01 

Rk]G] 1998111 }o]- k* -7]- 3800 9t]-. 

[r114f] 11 

?:1?1 

21/W(P1asmodiuffl vivax), L–JI?ff  

(PJasrnodium falciparum), Jº,/6J(P1asnzodiun,  nialariae), 

W(Plasnzodiuzn ovale) - 4 **7]- Ji 9)t*. L 7}-t-1] tlqlbilA1 

21/ W (Plasmodium vivax)°1] ] t 3 Qj ii], o] 7J4 7] 7]- 7 .3]. 1 0-4 t]] 

oil 7]- jJ-o] OJ o] o1c]- , l-oi1 QJ 

O}I i?–(Lactate Dehydrogenase) 

S?j*t]- FhQ-, L iTh7} 50% oi1 9).°1 -1-71-F °1 1-*71 

7]- 3i tl]°11 iVF7]- I& }1 }10}l ioil 01 BI * 
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;- 1030A1H1A1 ?}44 1 6c)1 11 404 O11A1 
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- immunoassay)-- 11}4. 1t }1°} * 
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*119497 F-RF 1gM *- A-* iH LFO1. - 
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j-A]* 1]4. 1 L1 1I oliazit 011 11i 1-

}o} L:1* tA1i 3o]4 

24-9 



Pi 
1020000045806 

iL.26 

IV 14-9-1 

]-: 2000/12/15 

5. -t -}1} %-’1 I-%- °1  *t M1’a-lelel f si 

Ol IgM&110 4. 

[t]1*] -U27 

[jJi] 7AI 
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1gM * 7}7] 

- -}16F-J-1 F* 

Plasmodium vivax)Q1 ]P(Merozoit surface protein: 01-81 MSP.. 

lK * °1* fl1 1t }°F ] 1gM -& 
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11} * Jt} 111 c* 11}t+. f 

71 C-  1-*- }°1°11 1--- ’1f 
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’(Merozoit surface protein)I 01*lc11 L] 1]4 ij 

}o]. -o] 1gM * }H91 1*1 11t1, t 
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ABSTRACT 

ABSTRACT 

The present invention relates to an immunoassay, diagnostic reagent and 

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

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

method for malaria which detect malaria Protozoa antigen-specific 1gM in blood. The 

immunoassay, diagnostic reagent and diagnostic method detecting malaria-specific 

1gM in blood according to the present invention can distinguish malaria patients from 

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

10 malaria patient possible. 

REPRESENTATIVE FIGURE 

Figure 1 

15 KEY WORD 

Malaria, Diagnostic Reagent, malaria-specific 1gM 
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Figure 1 is a graph showing a result of diagnosing 216 malaria-positive 

samples and 353 malaria-negative samples for malaria, according to malaria-spectflc 

1gM capture enzyme immunoassay. 

5 Figure 2 is a graph showing results of diagnosing 75 malaria-positive samples 

and 

92 malaria-negative samples for malaria, according to malaria-specific 1gM 

� 0. capture enzyme immunoassay and indirect enzyme immunoassay. 

IFigure 3 is a graph showing results of diagnosing 129 malaria-negative 

� . . samples classified by age for malaria, according to malaria-specific 1gM capture. 

enzyme immunoassay and antigen sandwich enzyme immunoassay. 

DETAILED DESCRIPTION 

PURPOSE OF THE INVENTION 

15 FIELD OF THE INVENTION AND THE PRIOR ART THEREOF 

The present invention relates to an immunoassay, diagnostic reagent and 

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

immunoassay, diagnostic reagent and diagnostic method for malaria which detects 

20 1gM 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 

malaria-risk area and over 500 million people 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 regions, malarial infection was ôradicated 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 
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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. 

5 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 

10 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 

asexual reproduction, again forming schizonts. Some of the merozoites change into 

gametocytes. The gametocytes circulate in human bloodstream. When a mosquito 

is 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. 

20 Antibiotics such as chioroquine 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 

25 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. 

1.0 
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 

Ireported. However, after a patient infected with malaria Protozoa was reported near 

10 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 falclparum, Plasmodium ma/ariae and Plasmodium ovale. Among 

them, malaria which occurrs in Korea is caused by Plasmodium vivax. Plasmodium 

15 vivax is characterized in that diagnosis thereof is difficult because latent period is 

,,, 4-M 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 

20 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 

25 malaria which detects malaria-specific 1gM in blood by using antigens of malarial 

Protozoa. 

It is the second object of the present invention to provide an 1gM capture 

immunoassay for malaria which detects malaria-specific 1gM in blood 
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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 1gM 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 immunoassay for malaria which detects only malaria-specific 1gM 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 lgG 

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 lgG 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 lgGs 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 
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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 1gM 

of which titer disappears with time after the treatment of malaria will be more effective 

than a method of examining lgG of which titer remains even after the treatment of 

5 malaria. 

The present invention provides an immunoassay for malaria which detects 

malaria-specific 1gM in blood by using antigens of malarial Protozoa. As a 

embodiments, the present invention provides an 1gM capture immunoassay for 

malaria that uses anti-human 1gM antibody on a solid support The immunoassay for 

io 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 1gM in blood by using antigens of malarial Protozoa. Preferably, the 

present invention provides an 1gM capture immunoassay detecting malaria-specific 

1gM, and more preferably, the present invention provides an 1gM capture enzyme 

immunoassay. Also, preferably, the present invention provides an immunoassay 

20 detecting malaria-specific 1gM in blood by using anti-human 1gM antibody. 

An 1gM capture immunoassay for malaria detecting malaria-specific 1gM in 

blood according to the present invention, comprises (i) immobilizing anti-human 1gM 

antibodies on a solid support; (ii) pouring blood serum or plasma sample to combine 

malaria-specific 1gM with the anti-human 1gM antibodies immobilized on the solid 

25 support; (iii) adding labeled antigen conjugates to combine the labeled, antigen 

conjugates with the malaria-specific 1gM bound to the anti-human 1gM antibodies 

immobilized on the solid support; and (iv) analyzing by using the markers of the 

labeled antigen conjugates bound to the malaria-specific 1gM. 
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The present invention provides a diagnostic reagent for malaria detecting 

malaria-specific 1gM 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 1gM 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 

IP� 
malaria surface antigen prepared from recombinant transformants. Also, the present 

invention provides a diagnostic method for malaria which detects malaria-specific 1gM 

10 

in blood by using antigens of malaria Protozoa. 

The present invention will hereinafter be described in more detail. 

The present invention provides an immunoassay for malaria detecting 

malaria-specific 1gM 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. 

0 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. 

The present invention provides an immunoassay for malaria detecting 

10 malaria-specific 1gM in blood by using antigens of malarial Protozoa. Preferably, the 

present invention provides an 1gM capture immunoassay detecting malaria-specific 

1gM, and more preferably, the present invention provides an 1gM capture enzyme 

immunoassay. Also, preferably, the present invention provides an immunoassay 

detecting malaria-specific 1gM in blood by using anti-human 1gM antibody. 

15 The present invention provides an immunoassay for malaria detecting 

"W-F, malaria-specific 1gM in blood by using antigens of malarial Protozoa. Preferably, the 

present invention provides an 1gM capture immunoassay detecting malaria-specific 

1gM in blood by using antigens of malarial Protozoa, and more preferably, the present 

invention provides an 1gM capture enzyme immunoassay detecting malaria-specific 

20 1gM in blood by using antigens of malarial Protozoa. Also, preferably, the present 

invention provides an immunoassay detecting malaria-specific 1gM in blood by using 

antigens of malarial Protozoa and anti-human 1gM antibody. 

The present invention provides a 96-well plate coated with anti-human 1gM 

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 1gM. 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 EColi transformant to detect malaria-specific 1gM. 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 1gM capture immunoassay for malaria detecting 

malaria-specific 1gM in blood according to the present invention, comprises (I) 

immobilizing anti-human 1gM antibodies on a solid support; (ii) pouring blood serum or 

plasma sample to combine malaria-specific 1gM with the anti-human 1gM 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 1gM; and (iv) analyzing by using the markers of the labeled 

antigen conjugates bound to the malaria-specific 1gM. 

Preferably, in the above 1gM 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 1gM capture immunoassay for malaria detecting 

malaria-specific 1gM 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 1gM 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 1gM bound to the anti-human 1gM 

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 1gM 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 I below. The antigen protein is expressed from the 

recombinant yeast or E.Coli which is transformed with the expression vector prepared 

5 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 1gM antibody derived from goat, 

human 1gM in blood becomes combined with the anti-human 1gM antibody 

io immobilized on the solid support. 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 1gM of the malaria patient among lgMs bound to 

the anti-human 1gM antibodies immobilized on the solid support. The HRP of the 

conjugate bounded to 1gM of the malaria patient decomposes the color fixing agent in 

is 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 1gM in blood and amount of the 1gM 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 

20 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 lgG against malaria were 

diagnosed to be negative. The immunoassay detecting malaria-specific 1gM 

according to the present invention has more improved specificity than the above 

25 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 1gM in blood, comprising antigens of malarial Protozoa. 
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Anti-human 1gM antibody for the diagnostic reagent of the present invention 

includes, but is not limited to, for example, anti-human 1gM antibody derived from 

goat. Preferably, the anti-human 1gM antibody is specific to mu chain of 1gM, purified 

by affinity between antigen and antibody, and does not cross-react with lgG or other 

5 immunoglobulin. 

The present invention provides a diagnostic reagent for malaria detecting 

malaria-specific 1gM in blood, comprising antigens of malarial Protozoa. Preferably, 

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

specific 1gM 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 

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

Also preferably, the present invention provides a diagnostic reagent for 

malaria detecting malaria-specific 1gM in blood, comprising a solid support coated 

20 with anti-human 1gM antibodies; labeled antigen conjugates; and a substrate solution 

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

present 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 

5 solution inducing color development when reacted with the marker of the labeled 

antigen conjugate. Preferably, 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 

10 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 1gM and amount of the 1gM are detected by measuring the 

absorbance. 

Also, The present invention provides a diagnostic method for malaria 

15 comprising detection of malaria-specific 1gM in blood, using antigens of malarial 

Protozoa. In the above diagnostic method, preferably The present invention provides 

a diagnostic method for malaria comprising detection of malaria-specific 1gM in blood, 

using anti-human 1gM antibody. In the above diagnostic method according to the 

present invention, a example of the antigen of malarial Protozoa includes a surface 

20 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 

25 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 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. 

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

Protozoa from yeast transformants 

Oe 

10 

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 vectors were cleavaged with restriction enzymes, Hindill and 

Xho I, respectively. Then, DNA coding PV200C and pYES-2 vector were linked by T4 

15 ligase(Promega) to be a recombinant expression vector that is referred as "pYLJ-

MSP". Yeast Saccharomyces cerevisiae INVSCI was transformed with pYLJ-MSP 

according to Hinnen method(Proc. Nat!. Aced. Sc., 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 

20 (Deposit No. KCTC 8977P) 

The transformants pYLJ-MSP/S. cerevisiae INVSCI were inoculated in YEPO 

medium containing 2% glucose at 370. Then, the culture medium was transferred to 

YEP medium containing 1 % glucose and I % galactose, respectively, and cultivated. 

The yeast transformants expressed PV200C polypeptide, exhausting glucose. The 

25 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 

5 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 

fir 

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(lnvitrogen) to which anionic nickels were coupled by using six histidine 

10 residues linked with C-terminus of the above-amplified Pv200-I9. 

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 

15 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 

20 Protozoa from E, coil transformants 

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

antigen of malarial Protozoa. 

25 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-I 9b (Novagen) were 
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cleavaged with Ndel and BamHl. Then, the DNA fragment was inserted into pET-19b 

to prepare an expression vector, pELK-MSP 

E. coil strain BL2I (DE3)lysS was transformed with pELK-MSPs by the 

treatment with CaCl2. The transformants were deposited in Korean Collection for 

5 Type Cultures of Korea Research institute of Bioscience and Biotechnology on 

December 18, 1999 (Deposit No. KCTC 8976P) 

I, 
The transformants pELK-MSP/strain BL2I (KCTC 8976P) were cultivated for 

12 hours in LB medium containing 50 pg/mI of chioramphenicol and 100 pg/mI of 

amphiciline. Then, 50 ml of the resulting cultures were again inoculated in I L of LB 

io medium and were cultivated for about 2 hours at 370. When absorbance(OD 600) of 

the cultures became 0.3, IPTG (isopropyl thio-3-D-galactoside) was added to the 

medium to a final concentration of 0.2 mM. Then, the cultures were cultivated further 

for 7 hours. 

15 Example 2-2. Purification of a surface antigen of malarial Protozoa from E, coil 

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 

20 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 

25 histidines in N-terminus thereof, the protein was adsorbed on histidine affinity 

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 
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were desorbed and separated with an elution buffer in which 500mM imidazol and 

0.1 M 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 

5 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.. Diagnosis of malaria by 1gM capture enzyme immunoassay 

10 To diagnose malaria by 1gM capture enzyme immunoassay, a solid 

support coated with anti-human 1gM 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 1gM antibodies (anti-

15 human 1gM mu chain-specific, affinity purified, Bethyl Co., USA) derived from 

goat were diluted with phosphate buffer solution (pH 7.0) to 1 -10 .tg/ml and then 

100-200 J.d 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 j.tl of 0.1% 

20 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 p1 of a sample dilution solution that is a phosphate buffer solution 

25 containing 0.1% bovine serum albumin was added to each well of the well plate 

coated with anti-human 1gM antibodies derived from goat. Then, 2-20 p1 of 

antibody-negative plasma sample or 2-20 p1 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 p1 of a phosphate buffer 

solution containing 0.05% Tween 20. 

The surface antigens of malarial Protozoa purified from yeast or E.Coli 

5 transformant which were prepared in Example I or 2 were conjugated with 

HRPs according to the following method. 

The recombinant surface antigens of malarial Protozoa prepared in Example I 

or 2 was dialyzed for I day at 4 0 against I L of 0.01 M sodium carbonate buffer 

Ssolution(pH 9.6). The buffer solution was exchanged 3 times during the dialysis. Also, 

lo 5 mg of HRP was dissolved in 0.5 ml of distilled water in a tube, and then 100 .d of 42 

mg/ml Na104 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 .tl of 1M glycerol was added to the reaction solution. 

Thereafter, the tube wrapped with foil was shaken for 30 minutes at ambient 

is 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 PDIO 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 

20 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 jti 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 

25 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 IM 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 was 

5 stored in a refrigerator after addition of bovine serum albumin (BSA) of final 

concentration of I %. 

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 I % BSA and 0.05% Tween 20. Then, 100 p1 of the solution of the 

10 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 p1 of a substrate solution containing 100 pg/mI 

tetramethylbenzidine, 0.006% hydrogen peroxide and citrate-phosphate buffer 

15 solution(pH 4.5) was added to each well of the plate. After color development in 

a dark place for 30 minutes, 100 .ii of the reaction-stopping solution (IN sulfuric 

0 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, 

20 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 1gM and amount of the 1gM 

were detected by measuring the absorbance. 

According to the above method, 216 malaria-positive samples(plasmas 

25 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 

1gM capture enzyme immunoassay using the recombinant surface antigen of 
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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 1gM capture enzyme 

immunoassay of the present invention exhibited 98.1 % of sensitivity and 99.4% 

5 of specificity (Refer to Figure 1). 

1 Example 4. Comparison of 1gM capture enzyme immunoassay with 

indirect enzyme immunoassay 

In the 1gM capture enzyme immunoassay, a solid support coated with anti-

io human 1gM 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 1gM capture enzyme immunoassay was 

performed according to the method of Example 3. 

Also, the indirect enzyme immunoassay was performed according to the 

15 following method for comparison with 1gM capture enzyme immunoassay. 

The solution of recombinant surface antigens of malarial Protozoa prepared in 

Example I or   was diluted with 0.IM carbonate buffer (pH 9.5)to 0.5 pg/mI, and 100 

p1 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. 

20 Then, the surface antigens which were not adsorbed on the well were removed by 

adding 300 p1 of phosphate buffer solution containing 5% general goat serum to each 

well and leaving it for 18 hours at 4 0. 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 

25 dehumidifying agent and stored in a refrigerator at 40. 

100 p1 of a sample dilution solution containing 1.15 mg/ml NaOH, 0.2 mg/ml of 

KH2PO4, 0.2 mg/ml KCI, 8 mg/ml NaCl, 300 p1/ml bovine serum, 0.2 mg/ml thimerosal 

and the like was added to each well of 96-well plate(Nunc) coated with recombinant 
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surface antigens according to the above method. Then, 10 p1 of antibody-negative 

plasma sample or 10 p1 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 well plate was washed 

5 5 times with 300 p1 of a phosphate buffer solution containing 0.05% Tween 20. Anti-

human lgG antibody(Cappel) or anti-human 1gM 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, 1 m CaCl2, 0.5% glycerol, 0.2 ml/ml bovine serum, 100 p1/ml 

goat serum, 0.05% Tween 20, 0.2 mg/ml thimerosal and 50 pg/mI phenol red. 100 p1 

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 p1 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 R1 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 lgG antibody or anti-human 1gM 

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 1gM capture enzyme immunoassay with the indirect 

25 enzyme immunoassay, 75 malaria-positive samptes(plasmas of malaria 

patients) and 92 malaria-negative samples(piasmas 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 1gM 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 1gM capture enzyme immunoassay of the present 

5 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. 

io Therefore, the indirect enzyme immunoassay of the present invention exhibited 

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

Example 5. Comparison of 1gM capture enzyme immunoassay with 

antigen sandwich enzyme immunoassay in normal people classified by 

is age 

JW In the 1gM capture enzyme immunoassay, a solid support coated with anti-

human 1gM 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 1gM capture enzyme immunoassay was 

20 performed according to the method of Example 3. 

Also, the antigen sandwich enzyme immunoassay was performed according to 

the following method for comparison with 1gM capture enzyme immunoassay. 

30 p1 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 

25 method of Example 4. Then, 100 p1 of malaria-positive samples(plasmas of malaria 

patients) or 100 p1 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 p1 of a phosphate buffer solution containing 

Tween 20. 100 p1 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 

5 30 minutes, 100 .tl of the reaction-stopping solution (2N sulfuric acid solution) was 

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

1 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 

10 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 1gM capture enzyme immunoassay with the antigen 

is 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 1gM capture enzyme immunoassay 

20 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 1gM capture enzyme immunoassay of the present 

invention exhibited 100% of specificity. 

In the meantime, when positive cut-off value was determined by adding 

25 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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Especially, when plasma samples of normal 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 

5 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 

asandwich 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 

io Figure 3). 

EFFECT OF THE INVENTION 

The immunoassay, diagnostic reagent and diagnostic method for malaria 

detecting malaria-specific 1gM in blood by using antigens of malarial Protozoa 

15 according to the present invention can distinguish malaria patients from normal 

people who completely recover from malaria, because they detect only malaria-

specific 1gM 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 immunoassay, diagnostic reagent and diagnostic method for malaria 

20 detecting malaria-specific 1gM 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 diagnostic method for malaria detecting malaria-specific 1gM in blood 

25 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 1gM 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 

5 apparent to those skilled in the art that these examples are given only to illustrate the 

10 

Pff 

25 

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

I An Immunoassay for malaria detecting malaria-specific 1gM in blood by using 

antigens of malarial Protozoa 

2 The immunoassay for malaria according to Claim 1, wherein said immunoassay 

� 5 �. detecting malaria-specific 1gM in blood is an 1gM capture immunoassay. 

3 The immunoassay for malaria according to Claim 2, wherein said 1gM capture 

immunoassay is an 1gM capture enzyme immunoassay. 

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

1gM in blood is detected by using anti-human 1gM antibody. 

lo 6 The immunoassay for malaria according to Claim I, wherein said immunoassay 

detecting 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 I, wherein said surface antigen 

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

Vivax 

7 The immunoassay for malaria according to Claim 6, wherein said part or whole of 

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

Protein of Plasmodium Vivax 

20 8 The immunoassay for malaria according to Claim 7, 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. 

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

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

25 ID NO: 1. 

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

malarial Protozoa is a recombinant antigen. 

II. An 1gM capture immunoassay, comprising: 
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(i) immobilizing anti-human 1gM antibodies on a solid support; 

(ii) pouring blood serum or plasma sample to combine malaria-specific 1gM 

with the anti-human 1gM antibodies immobilized on the solid support; 

(iii) adding labeled antigen conjugates to combine the labeled antigen 

5 conjugates with the malaria-specific 1gM; and 

(iv) analyzing by using the markers of the labeled antigen conjugates bound 

to the malaria-specific 1gM. 

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 

10 Plasmodium Vivax. 

13. A diagnostic reagent for malaria detecting malaria-specific 1gM 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 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 

20 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 potypeptide in the C-terminus of Merozoite Surface Protein of Plasmodium 

Vivax. 

25 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-lgM 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 

5 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 Plasmodium Vivax. 

10 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 

15 development when reacted with the marker of the labeled antigen conjugate. 

24. An diagnostic method for malaria detecting malaria-specific 1gM in blood by using 

antigens of malarial Protozoa. 

25. The diagnostic method for malaria according to Claim 24, wherein said malaria-

specific 1gM in blood is detected by using anti-human 1gM antibody. 

20 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. 

25 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 



; 

28 161 

2 

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. 

5 ID NO: 1. 

10 

15 

20 

25 



(,1 

2 
0 

J43,? 

LA OFICINA DE PROPIEDAD 

INDUSTRIAL COREANA 

Por la presente se certifica que la siguiente 

solicitud que obra anexo a Østa es copia fiel de 

los registros en la Of icina de Propieclad 

Industrial Coreana 

mero de Solicitud: 2000 45806 

Fecha de Presentación: B de Agosto de 2000 

Solicitante: LG CREMICAL LTD 

2000 12 

runcionario certiicante 

13 



ftIV1N919ACIONES 

1. Un inmunoensayo pare Is detecciOn de malaria identificando 1gM 

especificos contra malaria en Is sangre, mediante of emptso de antigenos 

de protozoarios tipo malaria 

2. El inmunoensayo pare detectar Is malaria de acuerdo con Is reivindidcación 

No. 1, caracterizado en que el inmunoensayo que detects 1gM especificos 

contra malaria en la sangre as un inmunoensayo que capture el 1gM. 

3. El inmunoensayo pare malaria do acuerdo con Is reivindicaciôn No. 2, 

caracterizado an que dicho inmunoensayo que capture at 1gM es un 

inmunoensayo de captura de 1gM. 

4. El inmunoensayo pare malaria de acuerdo con la reMndicacion No. 1, 

caracterizado an que dicho inmunoensayo 1gM aspeclfico de malaria en 

sangre se detects mediante el uso del anticuerpo 1gM antihumano. 

S. El inmunoensayo pare malaria de acuerdo a Is reivindicación No. 1, 

caracterizado en que el mertcionado inmunoensayo que detects los 

anticuerpos especlficos de Is malaria en sangre as un inmunoensayo de 

enzima 

5. El inmunoensayo pare malaria de acuerdo a Is reivindicación No.  
Is 

caracterizado on que dicho antigeno del protozoario tipo malaria es un 

antigenode superficie protozoano tipo malaria. 

S. El inmunoensayo pars malaria de acuerdo con Ia relvindioaciôn No.1, 

caracterizado en que dicho antigeno de superlicie del protozoano tipo malaria 

as una parte a Is totalidad de Is proteins de superficle del merozoito del 

Plasmodium Wax. 
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7, El Inmunoensayo pare malaria do acuerdo con Ia reivtndicaclôn No 6, 

caracterizedo en qua dicha parte a Is totahdad do Ia proteina do superficie dot 

merozolto del Plasmodium Vivax es Ia porciôn C -terminal do La protefna do 

supevfc1e del Merozolto del Plasmodium Wax. 

B. El rnmunoensayo para malone do acuardo con Ia reMndicacvôn No 7, 

caractenz.ado en quo dicha porctôn C-ter minal do La proteins do superficie del 

� 

Merozoito del Plasmodium Yvvax as tine parts a una totahdad del pohpØpttdo 

PV200C an La fraccvon C terminal do La proteina do superficie del Merozoito del 

Plasmothum Vvvax 

.04 El lnmunoensayo pars. La malaria do acuerdo con Ia reivindicadon No 8, 

caracterizado enquo lee secuencias del aminoÆcido del poli$ptido PV200C 

son secuenctas do eminoâcvdos coma so muestra en SEQ. ID NO A. 

� 

10 El inmunoensayo pare Ia malaria do acuerdo con Ia reivindicaciôn No 1, 

caractenzado en qua dicho antlgeno del protozoaria tipo malaria es Un 

antIgena recombinants..... 

11 El vnmunoensayo do capture 1gM, qua comprende Jo siguiente. 

(I) inmoviUar aflticUerpos 19M anuihurnanos sabre Ufl SOPOI’t$ 5 

(vi) Vacrar at suero o Ia muestra do plasma pars combinarse of 1gM especlflco 

-doz malaria con anticuerpos 1gM antihumanos inmovihzados sabre el medio 

sóhdo 

(vii) Agregar conjugados antigØnicos marcados pars combinar los conjugados 

antigØnvcos marcados con 19M espeelficos contra malaria, y 

(rr) Matrzar usando los marcadores do los conjugados antigØrucas 

marcados ligados a 1gM especificos contra La malaria 



12. El Lnmunoensayo do acuerdo con Is reivindicacjôn 11, caracterizado on 

quo at antigeno del conjugado antigØnico marcado en el paso c es una parte o 

Ia totalidad do 18 proteIna de superficie del merozoito del Plasmodium Vivax. 

13. El reactivo de diagnôstico para  Is detección de Is malaria, 1gM malaria 

especifica on Is sangre, que comprende antigenos del protozoarlo tipo malaria. 

14. El reactivo diagnostico para malaria de acuerdo con Is reivindicaciOn 13, 

caracterizado .porque dichos antigenos del protozoario tipo malaria as un 

antigeno do superficie del protozoaiio tipo malaria. 

15. Reactivo diagnóstico para malaria do acuerdo con Is 

reMndlcaciôn 13, caracterizado on quo dicho antIgeno de superficie 

protozoano de tipo malaria as un parte o totalidad do Is proteina do superficie 

Merozoito del Plasmodium Vivax. 

16. El reactivo do diagnóstico para malaria do acuerdo con ta relvindicaciOn 

15, caracterizado an qua dicha parte o Is totaildad de Is proteina do superficie 

del merozoitol del Plasmodium Vivax as una porc,ôn C terminal de Is proteina 

de superficie del Plasmodium Vivax. 

IT. El reactivo diagrióstico para malaria de acuerdo con Ia reivindicación 18, 

caracterizado en qua dicha porciôn C- terminal do la protelna do superficie del 

merozoito del Plasmodium Vivax as urn parte 0 totalidad del polipØptido 

PV200C y ostØ en Is pardon C terminal de la ptoteina do superficie del 

merozoito del Plasmodium Vivax, 

18. El reactivo diagnOstico para malaria de acuerdo con Is reivindicaciOn 17, 

caracterizado en quo las secuencias do aminoÆcidos del pokpØptido PV200C 



son secuencias de àminoÆcidos como se muestra on La secuencia. SEQ ID 

NO.1 

19 Un reactivo diagnôtico pare Ia malaria quo comprende to siguiente: 

Sopórte sôIido recubierto con conjugados antigenos marcados, ariticuerpos 

igM-�arflthumaflo; y 

una.soluctón de substrata quo contlene Un agente de fIjación do color.. 

20 El reactivo diagnóshco pare  Is malaria de acuerdo con la reivindicacion 

19, caracterizado en quo dicho antigeno de superfice del protozoano do tipo 

malaria Constituye una parts o Ia totalidad de la protelria do superficie del 

mer*zoito dot Plasmodlurn Vivax. 

21. B reactivo diagnóstico pare Is malaria do acuerdo a Is re1vtndicackn 20, 

�caracterizado  an que el antlgeno del marcador del conjugado antigØnico es una 

parts  una :totalidadde la porciôn C terminal do la protelna do superficie del 

Plasmodium Wax. 

22. El reactivo cia dlagnostico pare la malaria de acuerdo con Is 

reivindicadôn 19, caracterizado porque el marcador del conjugado antigØnico 

es una peroxidasa do rÆbano, fosfatasa alcahna, orocoliodeo, matertaies 

fluoroscentes, colorantes o sustancias anÆlogas, 

23. El: reactivo diagflôstico pare malaria de acuerdo a Ia reivindicaciôn 19, 

carecterizado on qua la solucion sustrato consiste on una soluciOn buffer y un 

agents fijador de: color quo induce, desarrollo:de color cuando reacaiona con at 

marcador del cojugado afltigØnico marcado. 

24...El rnØtodo do diagnOstico pare detectar la malaria del 1gM especlfico de 

malaria en sangre mediante at Uso do antigeflosde protozoarlo tipo malaria. 
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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 

io the probability of recurrence is high. 

15 

20 

25 

REPRESENTITIVE FIRURE 

FIGURE 1 
10 
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IgG 1gM lgGFIgM 

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 1gM 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 

5 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 Vivax of malarial Protozoa as 

antigens. Also, the present invention relates to diagnostic reagent for malaria 

io 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. 

15 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. 

20 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 

25 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 

5 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. 

io Antibiotics such as chioroquine 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 

15 frequently. This method is a classical method wherein blood cells infected with 

Smalaria 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 

20 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. 

25 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 malaria Protozoa was 3,800 in 1998. 

Human malaria can be caused by one of four known parasites: Plasmodium 

vivax, Plasmodium fa/ciparum, Plasmodium ma!ariae and Plasmodium ovate. Among 

them, malaria which occurrs in Korea is caused by Plasmodium vivax. Plasmodium 

5 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 

io 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 

is 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 

25 

To achieve the above objects, the present invention provides a method of 

measuring antibodies in blood .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. 

The present invention will hereinafter be described in more detail. 

The present invention provides a method of measuring antibodies against 
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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 

5 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 

Sdiagnosed by measuring antibodies generated in blood by infection of Plasmodium 

Vivax. 

First, in the present invention, antigens are prepared and antibodies in blood 

io 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. 

15 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 

20 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 1gM 

25 or/and lgG; 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 
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transformants or E, coil transformants. The present inventors prepared a yeast 

transformant and E.Coii 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, 

s 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, 

10 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 

15 conjugate. The color fixing agent in the substrate solution is decomposed by the 

Smarker 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. 

20 The DNA fragment coding PV200C was inserted into a vector to prepare an 

expression vector. PV200C was expressed from Yeast and E. coil 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 

25 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 lgG, 1gM or IgG+IgM 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 

S 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 

is 

antibodies. 

is 

The invention will be further illustrated by the following examples. It will be 

io 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 

15 

. 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 

20 ,reverstranscripted from RNA purified from malaria-positive blood. The DNA coding 

PV200C and pYES-2 vectors were cleavaged with restriction enzymes, Hindill and 

Xho I, 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 INVSCI was transformed with pYLJ-MSP 

25 according to Hinnen method(Proc. Nat!. Acad, Sc!., 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 
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(Deposit No. KCTC 8977P) 

The transformants pYLJ-MSP/S. cerevisiae INVSCI were inoculated in YEPD 

medium containing 2% glucose at 37°C. Then, the culture medium was transferred to 

YEP medium containing 1% glucose and 1% galactose, respectively, and cultivated. 

5 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. 

io 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 

15 coiumn(Invitrogen) 

I. 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 phosphate buffer containing 500mM 

imidazol. The surface proteins having approximately 90% or more of purity were 

20 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. 

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

Protozoa from recombinant E, coll. 

Example 2-1. Preparation of E, coil 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 

5 fragments with high purity. The DNA fragment and vector, pET-I 9b (Novagen) were 

cleavaged with Ndel and BamHL Then, the DNA fragment was inserted into pET-I 9b 

to prepare an expression vector, pELK-MSP 

E. coli strain BL2I(DE3)lysS was transformed with pELK-MSPs by the 

treatment with CaCl2. The transformants were deposited in Korean Collection for 

io Type Cultures of Korea Research Institute of Bioscience and Biotechnology on 

December 18, 1999 (Deposit No. KCTC 8976P) 

The transformants pELK-MSP/strain BL2I (KCTC 8976P) were cultivated for 

12 hours in LB medium containing 50 pg/mI of chioramphenicol and 100 pg/mI of 

amphiciline. Then, 50 ml of the resulting cultures were again inoculated in I L of LB 

is medium and were cultivated for about 2 hours at 37°C. When absorbance(OD 600) 

of the cultures became 0.3, IPTG (Isopropyl thio--D-galactoside) was added to the 

medium to a final concentration of 0.2 mM. Then, the cultures were cultivated further 

for 7 hours. 

20 Example 2-2 Purification of a surface antigen of malarial Protozoa from E, coil 

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, 

25 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 
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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 

5 repeatedly with a washing buffer in which 10mM imidazol and 0.IM 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.IM NaCl were 

dissolved in PBS. It was confirmed that the surface proteins having approximately 

it 90% or more of purity were separated by the above process. Then, it was confirmed 

1: 

10 that PV200C polypeptide having approximately 99% or more of high purity were 

15 

obtained from recombinant E.CoIi 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 I or 2 was diluted with 0.IM carbonate buffer (pH 9.5) to 0.5 pg/mI, and 100 

20 p1 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 p1 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 

25 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 °C. 

Example 4. Indirect enzyme immunoassay for antibodies against surface 
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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 

s prepared in Example I or 2 according to the method of Example 3, and the 

labeled antigen conjugate consisting of HRP and anti-human 1gM antibody or 

. anti-human lgG antibody derived from goat were used. 

100 p1 of a sample dilution solution containing 1.15 mg/ml NaOH, 0.2 

mg/ml of KH2PO4, 0.2 mg/ml KCI, 8 mg/ml NaCl, 300 p1/ml bovine serum, 0.2 

10 mg/ml thimerosal and the like was added to each well of 96-well plate(Nunc) 

coated with recombinant surface antigens. Then, 10 p1 of antibody-negative 

plasma sample or 10 p1 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. 

15 After the reaction terminated, the well plate was washed 5 times with 

300 p1 of a phosphate buffer solution containing 0.05% Tween 20. Anti-human 

lgG antibody(Cappel) or anti-human 1gM 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 CaCl2, 0.5% glycerol, 0.2 ml/ml bovine 

20 serum, 100 p1/ml goat serum, 0.05% Tween 20, 0.2 mg/ml thimerosal and 50 

pg/mI phenol red. 100 p1 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 20lphosphate buffer solution. 100 p1 of a substrate solution containing 100 

25 pglml 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 .tI 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 1gM was detected, and JgG 

5 and 1gM were detected at high value when lgG and 1gM was tested at the same time. 

. EFFECT OF THE INVENTION 

The diagnostic method for malaria that measures antibodies against malaria 

0 

according to the present invention is more enhanced sensitivity than the prior arts that 

io measure antigens. Particularly, The diagnostic method according to the present 

15 

20 

25 

invention that measures antibodies 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; 

I An method of measuring Plasmodium Vivax-specific antibodies in blood by using 

Merozoit surface protein of Plasmodium Vivax of malaria Protozoa as antigens 

2 The method of measuring Plasmodwm Vivax-specific antibodies according to 

5 Claim I, 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 I, wherein said antigens are a part or whole of PV200C polypeptide in the C-

terminus of Merozoite Surface Protein of Plasmodium Vivax 

10 4. The method of measuring Plasmodium Vivax-specific antibodies according to 

Claim 3, wherein amino acid sequences of the said PV200C polypØptide are amino 

acid sequences as shown in SEQ. ID NO: I. 

.5. The method of measuring Plasrnodium Vivax-specific antibodies according to 

Claim I, wherein antibodies binding to said surface antigens of malarial Protozoa is 

is lgG 

6 The method of measuring Plasmodium Vivax-specific antibodies according to 

Claim I, wherein antibodies binding to said surface antigens of malarial Protozoa is 

1gM 

7 The method of measuring Plasmodium Vivax-specific antibodies according to 

20 Claim I, wherein antibody binding to said surface antigen of malarial Protozoa is lgG 

and lgM 

8 A diagnostic method for Plasmodium Vivax of malaria Protozoa comprising 

(I) expressing Merozoite surface antigens of Plasmodium Vivax from 

transformants yeast or E, coil and purifying it; 

� 25 � (2) immobilizing the purified surface antigens on a well plate; 

(3) pouring blood serum sample to measurug the antibodies bound to the 

said surface antigens immobilized 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 Wax is a part or whole of PV200C polypeptide 

5 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. 

ID NO: 1. 

10 

15 

20 

25 
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REt VINDICACIONES 

1. Un mØtodo do medición do los anticuerpos especificos P/asmodlum 

Vivax en la sangre, mediante el empleo do antigenos de protozoarios 

tipo malaria do la protefna de superflcie do) merozolto del Plasmodium 

Vivax.. 

2. El mØtodo do medlciôn do los anticuerpos especificos Plasmodium Max 

do acuerdo con to reivindicaciOn No.. 1, caracterizados porque dichos 

anUgenos estÆn en la porciOn C terminal do la protelna do superficle del 

merozolto del Plasmodium Vivax. 

3.. El mOtodo de medlclôn do los anticuerpos especificos Plasmodium Vivax 

do acuerdo con la relvindicacRn No. 1, caracterizado porque dichos 

antlgenos son una parte a un todo del poilpØptido PV200C an el terminal 

C do Is proteina do superficle merozolto del Plasmodium Vivax. 

4. El mØtodo do mediciôrt do los anticuerpos especificos P/asfnodiuyn Max 

do acuerdo con la relvindicaciOn No.3, caracterizado porque las 

secuencias do los amlnoÆcidos del mencionado polipØptido PV200C son 

secuencias do aminoÆcidos tal como so muestra en la SEQ. ID No..: 1. 

5. El mOtodo do mediciOn do los anticuerpos especificos Plasmodium Max 

do acuerdo con la reMndicación No. 1, caracterizado porque los 

anticuerpos se unen a dichos antigenos de superficie del protozoario tipo 

malaria lgG. 

6 El mØtodo de medlciôn do los anticuerpos especificos Plasmodium Max 

do acuerdo con la reivindicaclOn No.. 1, caracterizado porque los 

anticuerpos so unen a dichos antigenos do superficie del protozoarlo tipo 

malaria 19M. 



7. El mOtodo de niediciOn de $08 anticuerpos especificos Plasmodium Wax 

cia 

acuerdo con La reivindicaciOn No.1, caracterizado porque los 

anticuerpos se unon a dtchos antigenos do superficie del protozoarlo tipo 

malaria lgG y 1gM. 

S. Un mdtodo do diagntSstico pare et protozoarlo tlpo malaria Plasmodiurn 

Max quo comprende 

(1). Expresar los antigenos do suparficie del merozoito del Plasmodlum 

Vivax a partir de transformados do levadura a E, coil y su purificación; 

(2) lnmovihzaciOn de los antigenos de superficie purificados sobre un disco 

profundo. 

(3) Vaciamiento de La. muestra sØrica do sangre pars medir Los anticuerpos 

unidos a dichos antigenos do Superficie Inmobilizados sobre dioho disco 

profundo; 

9. Un reactivo cia diagnOstico pare Ia malaria que comprende una parte a 

un todo do to proteins cia superficle dot merozoito de Plasmodium Max 

coma Un antigeno; conjugados antigenicos marcados; y una soluciOn de 

substrato quo contiene. un . agente fijador do color. 

10. El reactivo do diagnóstico  pars Ia malaria do acuerdo con La 

reivindicaciôn No.9, caracterizado porque dicha proteins do superficie 

marozoito . do Plasmodium Max as una parts o un todo del polipOptido 

PV200C 

Ii. El reactivo de diagnOstico pars La malaria de acuerdo con Is 

reivindicaciOn No.9, caracterizado porque las secuenclas do aminoªcidos 

del polipØptido PV200C son secuencias do aminoÆcidos como so 

muestra en La SEQ ID NO: l. 



� 

Application Number-

Date- of Application 

21: 
Applicant(s) 

200Ot Al 7649 AR 

200O WE 1791 

2000 12 13 

91.0 



1020000007649 

I9 9V2321 iN] 

1 

2000/12/1 

� ji - Al 

-I 
81 

mnaigg 

0002 

2000.02.17 

0If 

Method for producinghe ilniant malaria sa1fadeEv 
antigen protein from yeast 

IAF 29 x 19-191 

1-1998-001275-0 

0li:l 

9-1998-000385-9 

1999-012836-2 

L I M , Kook-J I n 

611117-1482719 

305-390 

1014AI 0  111 ff 404-1104 

KR 

SOHN ,Mi -J I n 

650325-2929420 

305-333 

LH!AI 01 k0FIL 1259 505 

KR 

I U 
f1

 Z(6=Z
01 

LEE , Seungwon 

640824-1068214 

27-1 



1020000007649 2000/12/1 

463-060 

[–] ’IE AI i? 09H I10F1IF 206-1804 

[1] KR 

XI] 

I91 2I t] 2AH 

. W2ialall)-iV OH,jaehoon 

720629-1168020 
rF 

305-503 

� chonn 

r–] LAI 8-2 0IiIL 102-306 

(1] KR 

o 
0 

[21 3EDI] 
� [i2.I )I] 

730724-1024411 

[?] 136-104 

[–1 MAI 1? 266-37 301 

KR 

[XF] 

[I )IJ 
(??12.( 29 E 31 )11 HWANG,Byung Gap 

[] 550612-1552314 

di [?] 120-093 

[–] M5AI A1CH I3 C0ff 101-110 

� I1 KR 

(JAF?] 

[OI)I] 

[JI)I] XF 

KCTC 8977P 

[44XF] 1999.12.18 

[tJI 0IOIk M] 

008 

(A1J !XIA11 

27-2 



LI 

1020000007649 2000/12/1 

(IXI] M142-xi-212I , XH60I 
Oil 2I iJAE tLlD. [Halpi 
0lJ (2i) 

20 29,000 ! 
DI a rH

 6,000 t 

f 01 
U U ! 

10 9 429,000 ! 

LKJLf 
AIA ,A 

JUU 
rA CI 

1. 24M Ail M(E)_1 

27-3 



S 
1020000007649 2000/12/1 

o1*j. 1�id }} i* 1 111 11-1 

Af016I1AI OfA] 

tO] 100% 1t1- MSP(nierozoit surface protein)] C-F-V0Crnr 

*i14 ’J-1]- 7}j iQ] L- 1}c4*4 v’�4 E4 

�til1] *iL, Rrq  C�oI]  6711 1I1i *°]’1 A1i 

1* f -i4. 7]t u0Jc1] 

7A01. . d.T] 11 11} 1-1’ }14 * 

PV200C }o]E 1]1o} -A1 t1] vja -o1o] o- ilJ*14*01 

(t1]] 

* 

£1 

i1 }1O}1 i1 W1-Q 4* -

27-4 



0 
is 

1020000007649 2000/12/1 

( Ig All Al] 

[t ] 

}% }Of if AIVI la’14VI AIM19t {MeVhiil fbf’ptoducihg 

the recombinant malaria surface antigen protein from yeasi 

’ 

Tt;rn nr,  

t a i E11A1 Ol- Ii1l P YLJ-MSP 11-4* t} : 

I�O4 -’-!i 30LiL, 

. 2 t’-1 01*}°I * SDS-iK-iq6IaI-4rTOf4_- -*-oil 

4Ej 3101 -17  

1lc?i 1:]4 4ll’} 

fti 2: AW* 

*Qi 3 : 

3 1-’ * }01- -7111  o1*} c I AM]?i *ei d* 14, 

fti 1: **} 

11011 2: 41 MSP IqIAIV

27-5 













. 

1020000007649 2000/12/1 

E iF1E] I- * * 7j 1]} ]F- 1] 

4*] 

9}ct, )Oc 11cf -d(P1asmodium vivax)-I 

i- MSP *}, ]EI 71 -] - a-} -1tI }°LE- } 

71 71 O]*t 

MSP Ifl * 4114. 

17, o], ..  

5 <23> --9 -01- 1* A MSPI C-°11  9d1t PV200C ’Lei 51 

}o] t1 N--1] a-j 3JE}O]E- A171.IL, C-i01] 67I 1 

EP }7]- 7J-A1i * i1Ii pYLJ-MSP 1Er1 L9-°]1  

ik1] pYLJ-MSP/S. cerevisiae INVSC1( ]-iJ : KCTC 897W) -- 11 

}4. 

<24> MSP ** L °- A1-* ? 1 -’- - m 

27-11 



.11 . . 
102000000749 . . ..... .. 2000/12/1 

i}z]t}7] R1/ 1i PI °}1t 1°1 u1ii1 

4i MSP1 C- *iHi PV200C *I}* 

444’= A01 **;a] 614. J/O 

o o1Lr-– A101 100% J*i* 108711 O}P1M4–O F47) iJ 

i 1SM C- 41°11I  Al aV } 

7] E}O1. PV200C L-71 MtN - }&  

JV 1A RN 4}j o] cDNAL1ii, 71 cDNAI- PrV PV200CI 

�.....elol  V1  +4* 1}*(O11 ’PCR’ o]}J)4- 

DNA *q 5,14.- 

PV200C E}01E 11*-- 14- I t* * 

I1!14 1 Id11A1 PV200C 114o]E] N- I’11 

A14 A]4. 01 PV2C* N 

°11 a - f4t Aicd,207 IVA A-14 j* 

� PCR4- *I 71 DNA 7 4 *’? 

-71$ o] ’- PV200C *i4$ - a-114 fO1E DNA ’4 } 

.7] }o4, °1i-�- PCR .U(overlapping) PCR 4 

;d4 Ig.71 *} 8 714 1081 10}u14 *A} 

:1Joj ] *iFi4 PYES2 14BIMI ;1]z 

�fE] pYLJ-MS1I tf( 3 %:) 

-Vi.1 JE pYLJ-MSP-- L-°11  

pSP/ 

27-12 





1020000007649 2000/12/1 

<33> ol  Oil Al ]--l- -°l 71 Z:  LE 

-i
 1,1l- * 7 4 

’2flO ’l 1f 111°1l  illv} 1  oPo1 ii. 1]*1 l-1 

-C4-( 

i’-1  CIIA °1- t -A] 

* Al oil  I1l ’-Afl] t}c}. 

<35> , t17 i Al 1l * 1l 1l 1 4-8-01   SF71 - °1l 11 

<36 <’ A. 1> 1i1-1 o] ’ °il  Al 1 cDNA 411 

<3> l*’l- o1Al RNA- ]t}71 11cl TRI Alq TM(Sigma)-0-  A}444. 3] 

1lA}7} 1lAl ll tg1fiWO  AF*}JII}. Va4EI01 0.1 ml 

°l1  Till Alst TM 0.1 ml* 1-.il -]-&11Al 5 )}QtJ-. --71 I* *O°1]  BCP 

20 ji� E3L ]’l 5 1l} , 4°C, 12,000 rpm 15i 4i4 

tt}. o]iI1, t 37API 1601 ’11 o RNA71 

&71,i1, 1710]1 0] .14-(isopropanol) 50 1a* 1°1 ’F] 

Ai 51 l}1-. -71 4°C, 12,000 rpm ?3°1ll  c}Al 10’?] ’11 

fo4 fI.3’ 75% 0u1k.9-. A]j- --’ 20 i]0IA1 cDNA Al 

27-14 



. 22 

1020000007649 2000/12/1 

<> -7]1lA RNA 9 ØM- N6 ]] ]-O]tII(rdom primer, Genotech) 1 ae - 

}ol 651ColA1 511 11*Ali *71 -4A]F. ’171 i--1 RT 

4 eat, 0.1 M DU 2 yt, 10 mM dNTP 1 pt, jA]-A--.’t--(Reverse transcriptase, . 

1 , Q1A1 711L](RT inhibitor, Promega):i u1, D.W.1 42°Cp11?1  

1Al1 }*A] ]5L °1l A] 701C oflAl 10-?} *All cDNA  

0 
� 

<39> <-A] 2> PV200C *44 1-l- 1 l--].E-1 AM 

<40> ’A]Ofl 111Al I]} cDNA- ]-.iL A1i.t 1511- 1U 3--- 71i1- !-

}0l u ô] -S-t1-Ii PCR* ’J. ’1 4 PCR ’i1-’ PCR 4&*4254 5 19, 2.5 mM dNTP 

5 pt, }oti] 1 i�, o]p 1 ue, DNA 2 °]A 35 u 

U} tl-9-40-1114- 941C1]A-1 30i i*A]J , F71i**1 i–(Vent 

polynierase, BioLab) 1 jt* VM 94°C 30, 55°C 30, 72°C 30 10 
1 

i:�.. 361 1*1-1 

� 
<41> ’J-7]t)]]A-] DNA* t}i A1CJ 2$ 3.-- }o1u] 

PCR* A]t1-94. PCR ’i*- 1-71$ -} i*101]A1 -] 

1-tiL, -I DNA 1% 6}7}z 1A1i71 °--* A1}cz1  

DNA( ’Pv200-ct657’ .. EcoR V.- 11} pBluscript 

KS(+)(Stratagene) 1JEJOil T4 DNA 01*1-o1 -1( 

pBC-Pv200-ct 657’ Eli HE JM 109 tJAA,,% A] 

27-15 



z’I A] 4J 3> 10t.1 ti PYLJ-MSP1 AIM. 









S 

El 

0 
S 

1020000007649 2000/12/1 

[f 11 

J11 (PJasa1odiLLm vivaI RIa 

iISP(merozoit surface protein) *i}-, Aa9la-j4 iJt3I E}-QiLE(a-factor 

leader peptide) ]?i(histidine) F71 f}- ’gtAEI  

2] 

1 011 9)A1, MSP *i} *}1 tC 7)476 
-- l__ 

tH: 

-_-T 3  

11 2] 911A1, *i MSPI C-°11  I-]tH PV200C 

lor 761 -814 1-01 B 

[L 4] 

Al 31 9cA1, PV200C 401 AtU. 8. 714I 3* !--

(L 5] 

27-21 



1020000007649 2000/12/1 

Al 41 9)OJA-], 1 7];3- 721E ; pYLJ-MSPj * tH I. 

[L’% 5] 

[6] 

1 5J- IJ . IN pYLJ-MSP/S. cerevigiae’IPWSC1(t-’ 

KCTC 8977P). 

[91-7] 

SL b1*% -}3I°} * MSP 11 m IM . 

8] 

I1 7F’11 9)01A1, 

i )T,4I4jq6j i* RIAi- MSP1 11 1; 

7] A] 

S iii ) -71 AR 8’}cx1 a 0,31fvI11; , 

iv) 71 Li F41} * 2  421=- Alm -

27-22 



iigii000g 

4L 

:H 6 -  14 *[o 
(6 

Tr Al [ ’[-YI;Q [[Q8 [1 

J79L0oOOg0 

S 

0 



. 

1020000007649 

- 

pc1t 

MSPI (350 bp) 

Ic.d ieqv 
52 (B6Obp) 

wusnuwrnwmrn=u,=n 

) l 

(600 bp) 

}Undfflflaoi iftilEI 

& 

I 
CoIE1 odgin TennintorXhoI

 

UIILIt_hiitrp_/ 

MSP 

Hind JR 

GALl proinmor 

Ap 
pYLJ-MSP 

(- 
- fl orighn 

2 micron origin 

� 

27-24 





C 
1020000007649 

6 
2000/12/1 

&lt;110&gt; LG CHEMICAL LTD. &lt;120&gt Method for producing the recombinant 

malaria surface protein from yeast &lt;130&gt; Op-01-21 &lt;160&gt; 

&lt;170&gt; KOPATIN 1.5 &lt;210&gt; 1 &lt;211&gt; 3141t;212&gt; 

&lt;213&gt; Artificial Sequence &lt;220&gt; &lt;223&gt; specific PCRpxinier MS-. 

protein &lt;400&gt; 1 aaaaaagtcg acgccaaaaa ggccgagctg g 

31 &l..t.;210&gt; 2 &lt;211&gt; 31 &lt;212&gt; DNA&1t;213&gt; _Artificial 

Sequence &lt;220&gt; &lt;223&gt; specific PCR primer for MSP protein &lt;400&gt; 

2 aaaaaagtcg acgagaagta cctcccgttc C 31 

&lt;210&gt; 3 &lt;211&gt; 31 &lt;212&gt; DNA &lt;213&gt; Artificial 

Sequence &lt;220&gt; &lt;223&gt; specific PCR primer fpr MSP protein &lt;400&gt; 

3 aaaaaaatcg atttaaagct ccatgcacag g 31 

&lt;210&gt; 4 &lt;211&gt; 30 &lt;212&gt; DNA &lt;213&gt; Artificial 

00 
Sequence &lt;220&gt; &lt;223&gt; specific PCR primer for MSP protein &lt;400&gt; 

4 tctctagata agagaaacga gtccaaggaa 30 

&lt;210&gt;. 5 &lt;211&gt; 45 &lt;212&gt; DNA &lt;213&gt; Artificial 

Sequence &lt;220&gt; &lt;223&gt; specific PCR primer for MSP protein &1t;400&gt;.. 

5 aaactcgagt cagtggtggt ggtggtggtg gctacagaaa actcc 45 

&lt;210&gt; 6 &lt;211&gt; 24 &lt;212&gt; DNA &lt;213&gt; Artificial 

Sequence &lt;220&gt; &lt;223&gt; specific  PR primer for MSP pretein &lt;400&gt; 

6 aaaaagctta tgagatttcc ttca 24 

27-26 



I 

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 

5 preparation method wherein the PV200C gene in C-terminus of Merozoit Surface 

Protein(MSP), which exhibit 100% homology among subspecies of malarial Protozoa 

0 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 

10 purified by using a column having an affinity for bistidine and gel filtration 

chromatography. The surface protein PV200C polypeptide prepared from yeast by the 

preparation method of the present invention has sensiLtvity and specificit to malarial 

antigen, and markedly low pseudo-positive signals, and useful in the diagnostic reagent 

for malaria. 

40 - 15 

� REPRESENTATIVE FIGURE 

Figure 1 

Al, 

�p. 

MPI 

- � 

\....____  -�_ ’U!l NR 

IV 
Z101411-11 L. 

H&ndIIIflthl 

Mol 

-I-

/:_l.. çM 

lffind in 

n 



U 

10 

5 

I 

2 

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. 

10 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 supematant that was concentrated after centrifugation of the cell 

culture; and 

15 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 

20 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 

25 The present invention relates to a method for preparing the surface protein of 

malarial Protozoa using Yeast. Particularly, the present invention relates to a 



3 
;2p 

preparation method wherein cc-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 

5 and only the object proteins are secreted into out of cell. 

The present invention relates to a preparation method wherein the protein is 

0 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. 

10 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 

15 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 Sporogony. 

20 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 

25 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 

5 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 

10 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 

15 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 

20 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 

25 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 

5 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, there is a difficulty in processes thereof. 

10 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 

I. 15 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 

20 100% homology among subspecies of Plasmodium Vivcix. 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 

25 have been developed. Most antigens were expressed after they were fused with 

proteins such as blood coagulation factor Xa (Ellinger et at., Virol. 180, 81, 1991), 
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protein A of Stapbylococcus(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 

5 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 above-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 

10 consist of 108 amino acids which exhibit 100% homology among subspecies of 

Plasmodium Max 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 

15 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 

20 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. 

25 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 
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sensitivity and specificity and markedly low pseudo-positive signals by means of the 

above-mentioned preparation method. 

CONSTRUCTION OF THE INVENTION 

5 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. 

10 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 

15 pJ-MSP/S. cerevisiae INVSCI (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 

20 amino acid is known to be constant considerably among various species of 

Plasmodium Max. 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 Max. 

To clone the PV200C polypeptide, the present inventors purified RNA from 

25 malaria-positive blood, and prepared eDNA from the above RNA. Thereafter, the 

present inventors obtained amplified DNA fragments of PV200C by performing 



8 

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 

5 leader peptide sequence of yeast was linked with N-terminus of PV200C polypeptide. 

Amplified DNA fragments of the a-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 fragments of the a-factor leader peptide of yeast with genes of 

10 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). 

15 Also, the present inventors obtained a transformant pYLJ-MSP/S. cerevisiae 
40  IN\TSC 1 by transforming a yeast with the recombinant expression vector pYLJ-MSP, 

and deposited the transformant in Korean Collection for Type Cultures of Korea 

Research Institute of Bioscience and Biotechnology deposited on December 18, 1999 

(Deposit No. KCTC 8977P). 

20 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 

25 cell membrane. Accordingly, it was confirmed that only the surface protein was 



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 adsorbing 

the surface protein on Probond column by utilizing six bistidine residues linked with C-

5 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. 

10 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 

15 antigen having high sensitivity and specificity. 

IAs the above-described, 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 

20 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 

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



10 

Example 1. Preparation of eDNA 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 

5 mixture of 0 1 ml of TRJ reagent TM and 0 1 ml of malaria-positive blood was left for 

5 minutes at ambient temperature. .20 jil of BCP was mixed with the mixture, and the 

resulting mixture 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 

10 transferred to a new tube, and then 50 il 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 jil of deionized distilled water, 

which was used to prepare eDNA. 

15 9.0 of the above-purified RNA and 10 of N6 random primer (Genotech) were 

mixed and reacted for 5 minutes at. 65 and then transferred to ice for cooling. 4 p1 of 

RT buffer, 2 p1 of 0. 1M DTT, .1 p1 of 1M dN 1 p1 of Reverse 

Transcriptase(Gibco Co.), 1 0 of .RNase inhibitor(Promega) and 1 p.1 of deionized 

distilled water were added to the above mixture, and the resulting mixture was reacted 

20 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. 

Polymerase chain reaction was performed using cDNAs prepared in Example 1 

25 as a template and a pair of primers, SEQ. ID,. NO: I and SEQ. ID. NO:3, as follows. 
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The reaction mixture containing 5 p1 of PCR buffer, 5 p1 of 25 mM dNTP, 1 p1 

of sense primer, 10 of anti-sense primer, 2 0 of template DNA and 35 p.1 of deionized 

distilled water was reacted for 30 seconds at 94 Thereafter, 1 p.1 of Vent 

polynierase(BioLab) was added to the mixture. Then, the reaction having the 

5 following cycle was repeated 36 tunes 

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   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 confirmed through electrophoresis in 1% agarose gel The amphfed 

DNAs(referred as "Pv200-0657" hereafter) and pBluscnpt KS(+)(Stratagene) vector 

were cleavaged with restriction enzyme, EcoR V, and Pv200-ct657 was inserted into 

15 pl3luscript KS(+) vector by using T4 DNA hgase(Promega) As a result, recombinant 

plasnnds(referred as "pBC-Pv200-ct657" hereafter) were produced Then, E coh 

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. NO:5. 

The  PCR was performed in the same condition as the above reaction condition. The 

amplified DNAs(referred as "Pv20049" 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 polypeplide, PCR was performed using the a-IFN 

pYLI3C(deposit No KCTC 005 1BP) comprising the sequence encoding a-factor 

leader peptide of yeast as a template and a pair of pruners, SEQ 1]) NO :6 and SEQ 

ID. NO:7. The PCR was performed in the same condition as the above reaction 

5 condition The amplified DNAs(referred as "a-leader of yeast" hereafter) were 

confirmed through electrophoresis in 1% agarose gel 

To link the above-amplified Pv200-19 with a-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 

10 mixture containing 5 p.! of PCR. buffer, 5 p.! of 2.5 mM dNTP 1 p.1 of sense primer, 1 p.1 

of anti-sense primer, 1 p.! of PCR products of Pv200-19, 1 p.1 of PCR products of a-

factor leader peptide of yeast and 35 p.! of deionized distilled water, was reacted for 30 

� 
seconds at 94. Thereafter, 10 of Vent polymerase(BioLab) was added to the mixture. 

Then, the reaction having the following cycle was repeated 36 times 

� 15 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. 

� 20 The above-amplified a-MOO-19 and pYES-2 vectors were cleavaged with 

restriction enzymes, HindlU 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-MOO-19 sequence in 

pYLJ-MSP, it was confirmed that a-MOO-19 consisted of the genes encoding 108 

25 amino acids as shown SEQ. ID. NO:8. Yeast Saccharomyces cerevisiae INVSC1 was 
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transformed with pYLJ-MSP according to Hinnen method(Proc. Nat!. Acad. Sci., 

U.S.A 75, 1929-193311 1978), and thin the yeast transformants were cultivated 

overnight in minimal medium lacking urtcil. The yeast transformants were deposited 

in Korean Collection for Type Cultures of Korea Research Institute of Bioscience and 

5 Biotechnology deposited on December 1$,,1999 (Deposit No. KCTC 8977P) 

Example 4. expression and purification of MS1’ from yeast 

In order to produce the surface protein MSP from yeast, the transformants 

pYLJ-MSP/S. cerevisiae INVSCI were inoculated in 100 in! of YEPD medium 

10 containing 210 glucose and cultivated 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 transfonnants expressed 

PV200C polypeptide, exhausting glucose. The expressed PV200C polypeptide was 

- secreted into out of cell by the a-facor leader peptide linked with N-terminus of 

. 15 PV200C polypeptide. Thereafter, the a-factor leader peptide was removed by 

� 
peptidase existing in cell membrane. Accordingly, only the PV200C polypeptide was 

secreted into culture medium. 

In order to obtain the PV200Cpolypeptide secreted into culture medium, the 

biomass was removed by centrifuging the culture medium that was cultivated for 2 

20 days. Then, only the fluid of cu1tie medium was taken and concentrated by 

uitrafiltrating 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 

25 which were not adsorbed on column were 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 iinidazol 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 

5 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 

10 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 

15 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. Nati. Acad. Sc., 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 

20 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-

25 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-

chloronàphthol and hydrogen peroxide were added to the membrane to induce color 

development. As 
a 

result, it was confirmed that only the PV200C polypeptide was 

5 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 

10 The present invention relates to a preparation method wherein a-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 

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 

15 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 protein of malarial Protozoa expressed from yeast in an 

active form by gene recombinant technique, the surface protein with high purity can be 

� 
20 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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What is claimed is; 

1.  An expression vector comprising genes of Merozoite Surface Protein of 

Plasmodium Vivax, ct4actor leader peptide of yeast and histidine residues. 

2. The expression vector according to Claim 1, wherein the genes of Merozoite 

5 Surface Protein comprise a part or whole of genes of Merozoite Surface Protein of 

.. Plasmodium Max. 

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. 

10 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 pYLJ-

MSP having a cleavage map as shown in Fig. 1. 

S 
6. A yeast transformant pYLJ-MSP/S. cerevisiae LNVSCT (Deposit No. KCTC 8977P) 

- 15 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 

20 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. 

25 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. 


