
• . 1~$>URCE/OR1GIN OF GOODS AND SERVICES 

____--'::::......J=-..I~.=....1---'-~=:....L.::::..L..:::_L. ~"'_'_':::....L:'::....A...;~~=-.;..:;..-----_---'"-

--------------~---"'T""------------------.,..:_:_:::__:_::__ 
AGENCY "011 INTEIINATIO..AL DEVELD~l;NT 

PROJECf DATA SHEEr 

1. Tll.AnSAcnON roDE 

O A" Add AmeDdaw:Dt Number 
c-aa. 
D=Ddete 

DOCUIlENr 
mDE 

3 

2. OOUNI1lY(ENrffY • 
S&T/lnterreg~ona1 

5. PIlOjECr l\"UMBER 

m1-0453.05":J 
4. BUR.EAU/OFFICE 

S&T/Hea1th I L 1~ 
5. PROJECT 1TI1Z (~40c"-wdln) 

C Malaria Immuno1ogy-V.Hawaii 

B. c. PRIMARY
A. APPRO. PRIMARY 
PRIATION PURPOSE 

TECH. OODE 

CODE I.Grant 2. Loon 

(l}>&T /H 540 542 
12) 
(5) 
(4 ) 

I 

TOTALS ..... 
1. Grant 

~ ~~unt I I I------t-------------------t::::::::--
15. PROJECf PURPOSE (ma:cimum 480 chmactm) 

The purpose of this project is to characterize and purify the protective 
antigens from the RBC stages of various species of human malaria • 

'0 Local. 0 Other (Specify) . . . 

I~ I,,~ In~ J 
~ 

A. FUNDING SOURCE 

AID Appropriated Total 

(Grant) 
(Loan) 

Other II. 
u.s. /2.
 

HlllIt Country
 

Otha' Donans) 

TOTAL S ~ 

10. Sr.cOl'.'DARY TECHNICAL CODES (ma:cimwm 6 code.• 0/3 positioru each) 

I . I I I I 
12. SPECIAL CONCERNS CODES (maximum 7 codes 0/4 POSltinru each) 

(l/ndn 'B:'bdow, mln 1,4.J. 014) 

I A. Initial FY l!UiJ B. Quartcr.l!J 
R. COSTS ( $000 OR EQUlVALENT 11 = 

B.FX 

620 
( 620 ) 

( ) 

620 
9. SCHEDULE OF AID FUNDING (5000) 

E. AMOUNT APPROVEDD. OBUGATIO:-lS TO PATE 
THIS AcrION 

2. Loan 1. Grant 2. Loan 

1652 

1652 

FIRST FV
 

CoL/C
 

( ) 
( ) 

H4 

( 

( 

D. Total 

620 
620 ) 

) 

620 

E.FX 

1652 
(1652 
( 

1652 

c. rmal FY l.tlQJ 
) 

-un ct' I'Il.OJEC'I' 

) 
) 

r. LlC 

( ) 
( ) 

F. UFE OF PROjECf 

2. Loan1. Grant 

1652 

1652 
11. SECONDARY PURPOSE CODE 

G. Total 

1652 
(1652 ) 

( ) 

1652 

6. PROJECT ASSISTANCE (X)MPLETION DATF. (PACD) I 7. F.STlMATED DATE OF OBUGATION 

17. APPROVED 
BY 

Sipture 

itlc: 

Geor 
.a.DATE DOCUMENT RECEIVEIJ 
IN AIDfW. OR FOR AIDfW DOCU 
WENT&, DATE OF DISTRDJunO 

.... DD yy 

AID 1S5D-4 (1-79) 

Director,Office of Health 



UNITED STATES INTERNATIONAL DEVELOPMENT COOPERATION AGENCY
 

AGENCY FOR INTERNATIONAL DEVELOPMENT
 
WASHINGTON 0 C 20523 

PRQlECI' AInHORIZATIOO 

Name of Entity: Interregional Project Title: Malaria Dmllmity 
and Vaccination 
Research 

Project No.: 931-9453.95 

Grantee: university of Hawaii 

1. Pursuant to Seciton H~4 of the Foreign Assistance Act of 1961, as 
amended, I hereby authorize the research project entitled "Malaria 
Dnmunity and vaccination Research" involving not to exceed $1,652,900 of 
S&T Bureau grant funds over a three year period from the date of 
authorization stbject to the availability of funds in accordance with the 
A. I .D. OYB/rulobnent process to help in financing the oosts of the 
project. 

2. 'i'he project will oonduct research on malaria antigens against the 
asexual blood stages of h\Jl\an malaria parasites, primarily PlasroodiJ;m 
.f1tlciparun. 

Clearances: 

A. m'/H: G. CUrlin b T'\"'te~~ 
B. m'/PO: G. Eato~te.!i/!.l!" 

Date 



UNITED STATES INTERNATIONAL DEVELOPMENT COOPERATION AGENCY 

AGENCY FOR INTERNATIONAL DEVELOPMENT 
WASHINGTON 0 C 20523 

March 26, 1984 

ACl'ICN MDtORANDUM FOR '!HE PtGwcr DIRECl'OR 
FOR HFAL'lH AND POPQI.ATI~ 

FRCM: S&T/HP, George CUrlin, M.D. 

Action: Your. approval is requested for a grant of $1,652,000 from section 
104 of the Foreign Assistance Act of 1961 as anended for project 931
0453.05, Malaria Immunity and Vaccination Research, the University of 
Hawaii. 

Discussion: Attenpts to find a vaccine against malaria began in the 
1930 I s but were supplanted by new drugs developed during World War II and 
later followed by world-wide anti-malaria programs OOsed up:m aclulticiding 
with DDr. Resistance to drugs and insecticides, lack of money and 
p:>litical instability, have reduced the prospects of malaria eradication 
and have stimulated renewed interest in a malaria vaccine. 

This project, a continuation of research flD'lded by AID for 6 years 
has made great advances in the large scale in-vitro cultivation of the me 
stages of hunan malarias, especially'p"'~. Schizonts, grown in 
large capacity flasks have allowed the researchers to identify and 
characterize several .p... falciparum antigens through the use of several 
mono-clonal antibodies. Research prop:>sed, herein, will foclE on 
feasibility studies on the lEe of recombinant DNA technology for the 
production of relevant antigens. The experimental design and prop:>sed 
objectives are directly in line with the acceleration of the AID program 
recently approved by the Adninistator. 

Justification tQ ~ aongress: Project FlD'lding is included in the FY 1984 
Cbngressional Presentation, Annex V, centrally flD'lded Prograns, page 53. 

CLearances Cbtained: This project was approved by the AID external expert 
panel on the basis of scientific methodology, qualifications and 
experience of the prop:>sed investigators, and the institutional capability 
in accordance to FPR l-4.9~9. 

Bp.comnendations: 1. That you sign the attached autoorization. 
2.	 That you sign Jthe attached justifications for non

competiti~e procurement. 

Attactments:	 Clearance: _dk J/~ 
1.	 project Authorization S&T!PO, G. Eato~Date1l4r 'If 
2.	 Non-cdmPetitive Justifications 

for non-competitive procursnent 
3.	 Project Paper 



UNITEO STATES INTERNATIONAL [.,EVELOPMENT COOPERATION AGENCY 

AGENCY FOR INTERNATIONAL DEVELOPMENT 
WASHINGTON 0 C 20523 

March 26, 1984 

TO:	 avcm/PE, Ms. Johni Pittn~ 

FR(It1:	 S&T/HP, Janes E. sam, M.~ \ 

&EJECl':	 Justification for oon-canpetitive procurement of tD'lSolicited 
pro};X>sal fran the University of Hawaii entitled "Malaria Drmunity 
and vaccination~ 

The sti:>ject research proJ;X>sal is an unsolicited proJ;X>sal. The sLDstance of 
the proJ;X>sal is not available to the GoveITlllent without restriction fran 
another source, oor Cbes it resemble any pending canl~titive solicitation. 
The substance is sufficiently unique to justify acceptance as an 
unsolicited proJ;X>sal. 

The project officer certification with reference to A.I.D. PR Notice 78-4 
follows: 

! certify that neither I nor, to the best of my knowledge and belief, 

any other A.I.D. employee solicited the prop:>sal or had any prior 

contact with the prop:>sing institution, other than to convey interest 

in the field of malaria irrmunity and vaccination relative to the 

efforts described in the unsolicited prop:>sal. 

I ra;Juest that you award this contlract on a oon-canpetitive basis to the 
University of Hawaii without consid~ration of other sources. 

Clearances: ~~W
s&T/PO, G. Eaton te ~
 
s&T/HFA, G. OJrli ate~~~
 



UNITED STATES INTERNATIONAL. DEVEL.OPMENT COOPERATION AGENCY
 

AGENCY FOR INTERNATlO~AL DEVELOPMENT
 
WASHINGTON 0 C 20523 

APR 5 1984
 

TO:	 SEP! Oi, Johni Pi.ttenger 

~\ 
FRCM:	 S&T/HP, JCI1lel-3 E. &lrn, M.D. 

roBJEcr:	 Justification for Non-axnpetitive Procurenent under Project 
No. 931-0453.05, Malaria Imnunity and Vaccination Research, 
the University of Hawaii. 

I request that you negotiate only with the University of Hawaii for 
the Malaria Vaccine Research described in the PIO/T. The following 
justifies non-competitive procurenent for this unsolicited proposal 
under FPR 1-~.9l0 (b) and (c). 

1. ~ Which ~ Procurenent ~ Intended iQ .Ba..t:J:m: 

The latest estimates of the world wide incidence of malaria 
range, by WHO projection, is at between 300-400 million cases with 
between 2-4 million deaths due to malaria, primarily malaria caused by 
Plasmodilltl falciparun. The Agency's malaria vaccine program is 
accelerating its pace to develop, test, and market a safe, effective 
malaria vaccine against the several forms of hunan malaria. Although 
significant progress has been made against the mosquito stage 
(=sporozoite) and several prototypes are being tested, much work 
continues to be oone to isolate "protective" antigens from the red 
blood cell J:itases (=mC) of malaria parasites. The main reasons for 
the difficulties involved in research on RBC parasite forms lies in 
part with difficulties in "purity" inv~ved with blood-bas~ in-vitro 
cultures and, as well, the fact that during the me stages, the 
malaria parasites are intraerythrQcytic and are therefore very 
difficult to attack with antibodies. This area, the ms antigens, was 
specifically identified as an area for program acceleration in the 
Administrator's recent approval of a greatly expanded malaria vaccine 
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progran. 

2.	 ~ university 2f. Hawaii: Ona'ificatiQOS .tQ ~ .tm ~: 

The unsolicited research proposal submitted ~ the University of 
Hawaii rovers the research area to be addressed to expand our in-yitro 
cultivation capacity, isolate and characterize patented schizont 
antigens against .fa.. falciparl11l, and initiate feasibility studies using 
MAe'S to isolate the appropriate parasite DNA and initiate the use of 
..a.. .QQli to prodoce potential malaria antiyens • The proposal MR been 
reviewed and appr.oved by A. I.D. 's external panel of expert 
consultants. The panel, which is cx:xnposed of leading scientists in 
the field of malaria imnunology, parasite biochenistry, vaccine 
developnent and primate biology has endorsed (i.'1 accx>rdance with 
FPR 1-4.9~9) the scientific methodology, the exceptional experience 
and qualifications of the principal investigator, Dr. Siddiqui, and 
his staff, and the institutional capacity of the University of Hawaii 
to conduct the outlined scx>pe of work. The panel concluded that the 
University of Hawaii is the only institute in the United States 
dealing with the plexi-box large scale production chanbers for the in::. 
vitro cultivation of the RBC stages of malaria parasites. 

3.	 PrQhibition Against aonducting s Market search fQr ~ Procurement 
~ fER 1-4.911: 

Any advertisenent to find Qther sources to meet the objectives of 
this procurenent would require disclQsure of the design fQr the mass
scale in-yitrQ productiQn equipnent which was develQped ~ the 
University Qf Hawaii. This plexi-box systen is critical tQ the 
conduct Qf the reserach outline, is highly prQprietary, and cannot be 
Qbtained ~ A.I.D. from any SQurce Qther that the University of 
Hawaii. This exclusive availibility was cx>nfined by the expert review 
panel mentiQned in paragraph 2 above. 

Cl. earance: 

S&T/H: G. curlin ~ T'\"'te3/~~ 
S&T/PO: K. MilQ~Dat~'· 
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University of Hawaii at Manoa 
Departm:~~t of Tropical Medicine and Medical Microbiology
 

John A. Bums School of Medicine. Leahl Hospital
 
3675 Kilauea Avenue • Honolu!u, Hawaii 96816: Cable Address: UNIHAW
 

December 20, 1983 

Dr. James Erickson
 
Agency for Internati ona1 Development

Bureau for Science &Technology

Office of Health
 
Room 709C RPC SA-18
 
Washington, D.C. 20523
 

Dear Jim: 

Enclosed you will find one signed and five signature copies of my research 
contract application together witl, a formal letter of submission from the 
Office of Research Administration, University of Hawaii. 

Our reseal'ch group has invested considerable time and effort in preparing 
this research proposal and have tri~d to give the progress report according 
to the outline presented during the AID site visit earlier this year. _ 
Intensive effort and careful thought was devoted in the preparation of research 
plans for the next three years. It matches with the overall objective of 
AID research plan. 

In preparing the budget, I have taken into consideration all the discussions 
we had at San Antonio pertaining to this subject. The proposed budget, if 
approved, will avoid the need for any supplementary budget in the future. 

let me take this opportunity to extend my warm best wishes to you and Dorothy
for the holiday season and a happy New Year. 

Aloha and Mahalo. ~ 

• it;·, A r- 

.-'~'.

<c;.....
---1-\'

//
,/: ' ,.1.: -=.71/

I
 
,,,.- "." 

Wasim A. Siddiqui, Ph.D.
 
Professor
 
Acting Chairman
 

ENClS. 

AN EQUAL OPPORTUNITY EMPLOYER 

1__ 



University of Hawaii at Manoa 
Office of Ratt~ Administration 

Spalding HaU fJ6f. 2540 Maile Way
 
Honolulu. Hawaii 96822. Cable Addres!: UNIHAW
 

December 20, 1983 

Dr. James Erickson 
Agency for International Development 
Office of Health 
Room 720, Rosslyn Plaza Building C 
1601 North Kent Street 
Rosslyn, Virginia 22209 

SUBJECT: Continuation of Contract No. DPE-0453-C-00-1026 

Dear	 Mr. Erickson: 

Enclosed is an application for a research proposal entitled, "Na1aria 
Immunity and Vaccination", under the direction of Dr. Wasim A. Siddiqui, 
Department of Tropical Medicine and Medical Microbiology, principal 
investigator. 

Enclosed are seven copies, one of which carries the appropriate administra
tive signature. Thank you for your consideration of this proposal. 

Sincerely yours, 

\ . C-', ~ ..\..~. 
Moheb A. Ghali 
Associate Dean 
Research and Training 

jn 

Enclosures 

cc:	 Dr. Wasim A. Siddiqui 
School of MedicIne Fiscal Officer 
Contracts and Grants Office 

AN EQUAL OPPORTUNITY EMPLOYER
 



December 15. 1983 

1. 

2.	 Sponsoring Agency: 

3.	 Current Contract Ho.: 

4.	 Stnrtinr. Date ~ Duration 
of the Proposed Contract: 

s.	 A. Principal Investigator: 

n.OrGanisation subnitting 
Research Contract 
!EJ>licaction: 

C.P~rson to be Contactcd 
oncontroctual tiattcrs: 

Halaria II!lfI1urd ty and Vaccination 

1. Production. identification. 
characterization and purification of 
asexual blood stage Plas~odium 

falciparum protective antigen(s). 

2. Vaccination studies ,lith purif.ied P. 
falciparu~ anti3ens in Aotus monkeys. 

Agency for International Development. 
U.S. State De~artment. Uashington. D.C. 
20523. 

DPE-0453-C-GO-IC26-00 

July 1. 1984 - June 30. 19G7. 

l!;.lsir.t A. Siddiqui. Ph. D
 
Professor. De?t. Tropical i·led:i.cine f(
 
j·1eclical j·acrobioloCY.
 
John A. Burns School of ~·jedicine,
 

Uni vel"sit)" or iImlOil.
 
Leahi Hospital. 3675 Y.Uauea Ave.
 
Honolulu. Um/aii 96316
 

Social Security ~o.: 1G9-3G-2139
 
Telephone Ho.: (U03) 948-6410
 

(8.08)	 73t~-0221 

University of !!a\·mii 
Office of Research Adr.tinistration 
2540 Haile tIay, Honolulu. HI 96822 

Dr. Moheb A. Ghali 
Associate Dean, Research a Training 
Office of Research Administration 

Uni vcrsi. ty of !lm/aii 
25/,0 l·laUe Hay, Honoll!1u. HI 96822 

Telephone: (GOO) 9/~8-S65G 



S) (;NII'j'1 H: ;:S: 

Uar.le: 
(Wasim A. Siddiqui, Ph.~.) 

Title: Principal Investigator 

"\ .O,\. ..t,:Nante: 
(i'ioheb A. Gholi, Ph.n.) 

Title: Associate Dean 
Office of Research Adhlinistration 
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6. Progress report (VIY 1981, 'U2, '83) 

6.1	 U.5t of published papers: 

1.	 Siddiqui, tLA. 1980. Vaccination against malaria. Is it for 
tor.lOrrO\"? Afr. J. Clin. ~. Immunol. 1(1)1980): 13-22. 

2.	 Siddiqui, \J.A. 1980 IIPJilunization against asexual b1ood
inhabitinG stages of plasr:1odia. Halaria, Vol. 3, Academic Press~ 

Inc. 

3.	 Taylor, D.H. and tl.A. Siddiqui. 1980. Differentiating Old 
oonkey T and n lymphocytes by rosette formation. J. Med. 
Primatol. 9: 38-94. 

Lf •	 Taylor, D.W., S. Richmond-Crum, K.J. Kramer and W.A. Siddiqui. 
1980. Alterations in the distribution and proliferation 
responses of rhesus l11on(,ey peripheral blood and spleen cells 
during malaria (Plasi.:odiuo I:nol-/lcsi) infection. Infec. Immun. 
28(2):502-507. 

s.	 Siddiqui, \LA., S.C. Kan, K. Kramer, S. Case, K. Palmer & J.F. 
t1iblack. 1981. Use of a synthetic adjuvant in an effec.tive 
vaccination of monkeys against malaria. l~ture 289(5793):64-66. 

G.	 Siddiqui, W.A. and K.L. Palmer. 1981. Propagation of malaria 
parasites In-vicro. In: Advances.fn Cell ClII ture, VoL 1 , 
Academic Press. 

7.	 Siddiqui, W.A. 1901. Continuous in-vitro cultivation of 
Plasmodiur:1 falcipnrum: replacement of hU8an serum by calf serum 
and proteose peptone. Indian l. fled. ncs. 73(Suppl), 19-22. 

r,.u.	 Peltola, H.O., S.C. Case, S.F. Perri and W.A. Siddiqui. 1982. 
PlasElodium falcipilrum merozoite vaccination in Aotus monkeys 
recovered spontaneously from f. falcipnrum infection: A Cljnical 
Study. Scand. J. Infect. Dis. 14:217-224. 

C·':J.	 Kramer, K.J., S.C. Kan, S.W. Siddiqui. 1982. Concentration of 
Plasmodium falciparum-infcct('d erythrocytes by density gradient 
centrifugation in Percoll. J. Parasitol. 68(2):336-337._._- 

10.	 Paloer, K.L., G. Hui, ii.A. Siddiqui. 1932. A large-scale 
j n-vltro product.ioll system for Plasmodiul:l falciparu8. J. 
PC1r~sitol. 68(6):1180-1183. 

11.	 Taylor, D.H., \-l.A. Siddiqui. 1982. Recent mivances ill 
mc.dnrial imr.mnity. Ann. Rev. i-feel. 33:69-96. 

J/. •	 Pe1to1n, H.O., S.l::. Ca:::;e, S.F. Pcrri nnd \i.A. Siddiqui. 1983. 
l{cm:toGcnicity of a l:inlaria 1:lcroz0.lte wltigcn in Aotus monkeys 
C(Jl~p:I{('d \rith ttte cffects call~:I2r1 h~,. tl:0 ne\·/ adjuvants, CP-20,~61 

cHId [iJ30]-HIJP. SC(lm!. 1.. Infccc. Ji.i8. (In press). 
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6.2 Pr(lr.res~ report: 

6.2.1	 LQr~e-scale .!.!!. vitro productioil of schizont stage 
Plasl!IociiU/:t fulciparum antigen: 

Our laboratory has been engaged in the in vitro cultivation of 

P. f~lciparum for the post 7 years utilizing a static flask culture 

sy~;tel!l. This unique qualities of the syster.t make it adoptable so that \/e 

are able to gro\1 parasites just as readily in 1 nl tissu~ culture weIl~ as 

in loree-scale, 500 lill, culture vessels. The l:lethoci is sinilar to the 

basic Trager-Jensen system er.cept that \'re usc flasl:s rather than petri 

dishes, and ue pans a special gas mixture (90% N 2% 02' ano 870
2

, 

CO ) constantly through each flask. Our cultures contain a 5%
2

concr~l1tration of erythrocytes, \·rith UPlH mcdiw:! supplemented uith 10% 

hUr1£1O ~t::rUl:I. The cultures are initiated \lith parasHemias of 1 to 2~; and 

tW ohta; n peak pa!"~~.;itel!1ics of 18 to 20% after 6 days. Fresh erythrocytes 

ar~ nddud weekly and the cediuR is chanced daily. 

Our stock strains of P. falciparum are maintained as 10 mi cultures in 

stnnc13nl 125 ml Erlcllmyer flasks. The fJ.asks arc fitted '-rith a hare! 

rl1uh:~r ~;topper \orhich has tHO cotton plunged gas ports. 'fhe flasks are 

conncctc~ together using latex tubiilC and the sp~cial ga~ mixture 

constantly fIo\ls throu2h the syster:l at the rate of apprm:imately 10 ml per 

minute. 

Prlrasi. t~s grown in the syntem maintain good P.1orphol08Y even .,t 

• • 1> 'lOr.paraSll.elHng a ove h. 1~2 system is more fully described by Siddiqui ~I. 

Pnl:'ic.'r (I.clvnllces ill Cell Culture v.l, I(. i:iaral'1orosch (eel.) pp. 133-212, 

J1)13 I ) . 
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6.2.. 1.J 1!!..~~itro cultivuti.on of isolates of.E.:. fcl.lciparum from 
~.!J..rt(~rC'lIt. ~cor~raphic re~iclns of the "orlel and their f:rO\·/th 
charact('rinti.cs: 

He currently have a collection consisting of 15 strains of 

P. falciparur.J including isolates fror:1 Asia, Africa, anl! Latin America. A 

majority of the strains ,.,ere isolated in our laboratory primarily from 

travelers or military personnel; the others have come from laboratories in 

India and from CDC. Strains in our collection are listed in Appendi~ I. 

Otlr tHO principle strains are FUP (Falciparulil-Uganda-Palo Alto) and 

FVO (Falciparur:J-Vietnam-Oaknoll) \lhich have been in culture for 8 and 6 

years rcspectively. Bcfore being r.Jaintained ~n culture, both strains were 

serially passaged in Aotus monkeys. t'le still maintain cryopreservecl 

stoeb. of Aotus passageG stabilites of both strains. "le periodically 

retrievn these parasites from liquid nitrogen stora~e and passage the~ in 

l\otuD l:iollkC'ys. In this \:ay liE.! maintain stod~s of both the so called K+ 

and ~- lincs of FU? and PVO. 

Recently, we added the CDC Honduras strain to our list of stock 

cultures because of the hID netvork's i~terest in this strain. Other 

straillS are kept in liquid nitrogen and retrieved for specific 

cxpuriments. Host have Leen characterized as to their rlrug sensitivities 

anrl in vitro prowth patterns.__.__ u 

Tabl(: 1-1 ~ho",s the various size cultures timt are used in our 

~ystrll!i. St<1rting \-!.lth the 8tnoc:i'\rcJ 1/.5 r.1l flask \Ie havc scaJed up into 

200 ill f1.<I~.;f.:.:;, ,!lid 2.8 1 FCl'nb~ch flw·;;';,,:. '1'11::-: 200 1711 flnsk holds 20 nl 

;:1111! L11(' ~I.[j I f.l[l:':f~ lOG ;.j1. of cull-lire. 'i'o further m:pnncl, \..e designed a 

d(}~:lf~ lY!I"~ clIllll t I.' vr.~;:;el \·;ldcil h;i~; n culture volL:r:le of 300 fll. m3 
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c1ia£~r;II:~.wd ill Figure 1-1. These!lrc constructed froIl 10 liter boiling 

flc"!z;!~s \'/ltich are cut ill half. The botton edges arc grou!lC! flat ana the 

dO!lles moun ted Oil class plates. The domes are attach~d to the plates lIith 

a silicone sealant which istinert and withstands repeated autoc1aving. 

Table 1-1 OUTLIHE OF THE Ifi VITRO SYSTEd 

Volume of Volu:Je of RPiH 
Culture Culture Erythrocytes i'ledi um Seru:n 

Vessel (m1) (li11r:~ (ml) (ml) 

Hicrotitcr Plates
 
96 \/ells 0.2 0.02 O.lG 0.02
 
2/. '-Iells 1.0 0.10 0.3 0.10
 

StalHlc.-:rd Flasks 
25 ml 2.5 0.125 2.0 0.125 

125 r,11 10.0 1.0 n.o 1.0 
500 tll 20.0 2.0 16.0 10.0 
2.8 1 100.0 10.0 80.0 10.0 

Lar3e-Sc~le	 Vessels
 
12 ] dome 300.0 30.0 240.0 30.0
 
Ple~d-box 500.0 50.0 1.00.0 50.0
 

:(: 

ivasl!ecl erythrocytes that have been reconstituted I:! \'lith RPHI t·~edium. 

A unique feature of these domes are the two serUQ capped access ports 

" (silo'.m in Fi~ure 1-1). They allc)\! a tcchnici.an usine lana needles to arm·: 

off Sp-:"lIt I:lctliur:l <lila adcl fre~1i1 r.l~diul1 CHIc.! serum \/Jthout reooving the dome 

frou WI incuhator. Th'i~, feature :i.s cr;pecially il:lportant \/here 

cOIlLfH:dlHltioll i.f; a prohJC!·i. 
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~====~ 

3mm.-- -'----\ 

------29.2 em-------, 
diomet~r 

Figure 1-1 Di.agram of dome culture vessel 

6.2.1.3 Developr.tent .of laq.~e-scalc ple~d:das .culture vessels: 

The dor!H~ type' culture vessel represented onE: step tOlY'ard the eventual 

develop:nent of even larger culture vessels. Mien it came tiDe to design a 

laq~er size vessel \ole r.mde the decision to fabricate it frol!l plastic: 

ruther than r,lass beccJIIse of the difficulty in obtaining larger glass 

cont.td ners find becausp: y13stic \ms easy to fobricate and therefore made 

:ICJ~w~!JIC' Clumerous innovations in design mid function \·thich '.e did not feel 

,,:ere! P()~;~;;.blc \lith g]a~s. 

Thr.! f1ll'~chccl Illlhlicntion (Pa.1la~r <:t ,,1. t J. P"r"sitol. 

(l~:((l): J J80-11<33, 19[(n dC!sc:ri b(!!.> our f.i.n;t vcrsicJ!) of thelarze-scale 

the' vp~,::,~l \Iii!'; dL'~:i!'.m:(: to fliJlcl'iof) ,w V~lrt of the static flosk :::ystelil. 

]t \:n:; ('cplil'jl::d \liLh I.dg!lt g~I~; port!l to provid~ an (!vt~n flOH of gas 
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thrOlJi;h the v(lssel. 1.cce~s port~; located on the front of the vesse-l 

\:ere lIseo to add e.rythrocyt(~S clild medIum and to ta!·:e routine sauples. 

POt.~"'pot' 

" ",;:,orr b:ws / 
." 9''li t.~rrt I:Ol'IJ, ,. ,. 

ern~e.~r 1IlJI.' 
co«.tQIl~etS 

i 
i 

i. 

C)<lJ inr" ,. , 
(COI/?ll p'u.;~~d;·,/ ,, 

QCr. o~M~ 
lcor:oo ~r.~l 

}"i8ure ]-2 Design of the ori.8ir:nl larE~-scale plexiglas culture vessel 

The key features of this culture vessel \-lnre the two effluent 

vrllvcs. A sillgle valve is shO\.;n in Figure 1-3. 'the valve was specially 

des:Le/lec! to t-:i thdrmr spent meui UiTI fror:! the culture ves!.iel ~ithout ta!dng 

up any of the settled layer of erythrocytes. Each valve consisted 'of two 

sections labeled A and B. TIle principle of operation wns that A rotated 

inside·B. A had a vertical slit which matched with a spiral slit in 

Ulli t. D. Suctioll \.,as applied through the center of lI. so that liquid is 

!;ud:(~c1 through the ver.tical slit nl the point t/herc it m;.ltched with the 

sp.irnl !·;]H of eleuent .n. Hy roLating At thf:? point of ~uction could be 

1!1f1\'ed lip "'HI GOI:II (\]Oll~~ t.he· ~Jli nIl ~lit:. The id~a \·:fi~'; to suck off meciium 

of l. 11(:1 Oller 'j t~vvl [, of w:d iwO! ::I~/(! the ] "yet' of. erytlJroc}'tes. M::. the 

1'li~diIiJI \\.1: drdhll off e]c:.l(mt A \1m: rotated aile! the l'o:i.llt of Gllction moved 
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(iclim Idt.h l he sUi"face of the f'i(~d"iu::1 IJttich thereby allO\iecl us to \dthd:ca'.'l 

til.; 1!I..n:ir:lutl\ amollnt of sp(mt r;lediu~~1 \ritraollt takin3 up ony erythrocytes. 

EFFLUENT VALVE

S ROTATION , ... 

Po 
::~
II~ 
" ",; 

:' 
..!:..
"
"

::
" :'

o -- VEflTICAL SLIT 

,,,, 
••••1 

~- - - SP1RAL sLlr 

PAL"'''. KU', 'IDDIQII•• f"ALMllit "., 

Figure 1-3 Diaunl!1 of the surface tracking effluent valve 

Uedi.n:a ,/as drawn off by inserting lone ll'2edles attached to a suction 

clfljlnl'~l.lIS tllrough the sp.rul.l capped ports located on the front of each 

vc~ncl. The valves l:cr(' rotated by haml. 

Oll'_~ l.lajor ci r«\/hack of our oriel mel c1esiUil '....as tlla t it could not he 

<Il1Lucluv('d. The jllex.ich::.; lIsed to fahricate the vessel had a 10\0/ melting 

tel;I:)(~rnlllr(' so tltclt t.he vt's::;~l:.; cOllld ollly be ster:tliz~d \ii't.h ethylene 

(I:~id(' (.1' r:.I:.li'n r-(l(!int'i0JI. After r(':)(~.)t.f.'d cthyh~lI~ oxide ~terilizatio" a 

f.j III dl,:j::rr~IJllr kLilt 11/1 on lile JiJ~I~;t.iC. ~:;dch \1,W to;:ic t.o the pllrns:ites. 
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molecular structure of the plexiglas so that after repeated treatl:lents the 

vessel s be8~n to leak 8lJd fall apart. 

Subsequ~nt designs included numerous minor changes but the major 

development was the switch fro~ plexiglas to polysulfone plastic. This 

change allowed us to sterilize the vessels in a standard steam autoclave. 

Using this redesigned large scale vessel \ole were able to harvest 1010 

parasites per vessel per week. These results denonstrated that parasites 

could be srown in the larse-scale vessels and tllat peak parasitemias were 

equivalent to those obt~ined in our standard 10 mi cultures. 

6.2.1.4 Development of a semi-autormted large-scale cultll.ce system: 

Develo~nent of a micro-computer control syste~ was the next step in 

the clC'velop!:Ient of ",hat \·:e envisioned to eventually be a complet~ly 

al!tor:l~tccl large-scale culture systell. UsilJ3 funds frolll the University of 

!iawnii Founuation \.,re \lorked Hith a local electronics firm to design a 

control unit which would alloy us to assemble a system consisting of 12 of 

our large-scale plastic culture vessels. 

'I'11~·! control unit \'las designed to take over the tedious tasks of 

changing mediUM in the 12 large-scale culture vessels. In doing so, the 

unit hnd to have the capability to withdraw spent Medium fro~ each vessel 

on the ~:YBtCj:J, and then replace it \dth fresh medium. The t\·!O critical 

af:pect~; of these tm.:lw \l<.~1"C first to re!!Iove a maxil;lum amount of spent 

me<1:i tI:.l I; i t:ilout tcdd.nr. lip erythrocytes usi.nr, the effluent valve, and second 

tlw 1111 i L h:lcl to deli ver the correct volu!.,/;! of fresh IJediull to each 

Vt:~;!;(!l. !\t;tlH ion of too mlldl or t.oo little mecliU:1 '>'auld be uetril:tental to 

the ;'::11 ~LJi ti';';. HiLi lc~ I.Ic~rlJ\II:t \:~I~: hcin:.i replaced the erythrocyte layer had 

to II(! 1':'::lI:·;!".~lld(:d ~"I t1wL fU::;;!1 I led tum \-IDS :in contact \Jith a r,la:d::llIm 
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IIll:egrclt.ioll of the originCt1 If.1rec-scnle culture vessel s into the 

auLo!iiLltccl system required ~ nUMher of modifications. The modified design 

h: shoull in Figllres 1--4 Hnd 1-5. Each vessel had a single effluent valve 

!.Irich ":us linked by gea.s to a stevp~r r.1OtO!" assembly. A sight glass and 

sight glass scanner to/ere added to the front of each vessel. The number of 

nccess ports on the front "/ere reduced to one "/ith single gas inlet and 

outlet ports. Instead of cotton plugs, gas ports were fitted with sterile 

8~s filters. 

In addition to the control unit and vessels there ,{as a third 

cor~polJent consisting of the various pumps, vah'es, and a nOli Deter lihich 

hnnclle the movement of Bedim:! in and out of the vessels. 

rl'he control unit operated the system on a preprogr;:''I1li1ed medium 

replenishment cycle. Specific purameters of the cycle were set by the 

bas.lc program but others were determined by the operator. The operator 

set parameters inclllded: (1) intervul bet~:een challge cycles; (2) speed £It 

l,hich the effluent valve "as rotated; and (3) number of steps Lhat th~ 

valve rotated. The ability to control the effluent valve aUo'"ed the 

operator to set the volume of !!1edium \·l1thdra\ln during each cycle. 

To understand hOli ,10 indi vidual vessel operated as part of the sy~te:il 

it is necessary to follol1 a vessel through Po complete change cycle. At 

the beginning of a cycle the control unit sir.lUltaneously activated the 

dnd.rmge pump and the stejlper motors. The D~eed at \o1hich the cotor turned 

tile ef fluent vo} vc \/as coordin[lted \11th the speed of the drainage pur.tp. 

'fll{' sj)(!""d of the motor and the arc through ,.,hich the motor turned the 

va] vr l'lil~; c1('lc:rmined by tlw system's operator. 

\·:11::11 the raotor 11.1d turned the Sl't number of f>teps, the motor and 

clrwill,lgC: l'unp.'I lief(' turl1('d oU and the SystCPl entered a five minute 
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\mJt:illl; period [.;0 thnt the SystCI:1 ()\wrntor couler sar:lplc individual culture 

n~!:sels, add erythrocytes or c.arry Ollt any other I:!::dntenance function • 

.......-.-.-...-


Fieurc 1-4 FuJI vicw of ~()difie~ larc-scalc culture vessel showins 
n~c1i.f:iCr.ltion3 that allo~; the \'cssd to function m; part of the 
~:e~.1 i-all tor:1tl ted S}'5 tcm. 

,._--'f···_··'--· 
--_._--

~..--.--._....-

l-'i!;lIfI,' l,·~; Ctlt":!\';~IY del: o[ Ute' I:lo(lif·it.:d laq"p.-BcnJe cuJ.tlln~ vessel 
!,IIO'.';!I!', tl1l' ::I.lrr:lc~~ t 1';.\('1:1111'. c:fflll('lIl v<lh'(l, ~tepper 110lor noel urive, nnel 
di:;j"'rr;il" eli:;;', 
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Once the waiting pedod 1'laS over the control uni t Io/m; able to fill 

each vessel starting \':ith vessel one. The input pump \'IaS s\'litched on and 

the solenoid valve to vessel one \iaS opened. 

As medium was pUMped into each vesGel it passed through a dispersal 

disc (shm% in Figure 1-5). This hrol\e the flOlI of mediultl into 8 separate 

strealU~ and created a nixing action which resuspended the erythrocyte 

layer. This ensured that fresh medium \'las in contact \'lith a !:tajority of 

cells in the culture. 

The pump continued to deliver medium to vessel one unt~ either 480 

ml were pumped in ~r the level in the vessel reached a predetermined 

point. The volume of !:lcuiulil \.,ras measured by a flo\'l r:1eter locatt;>·l in the 

deli very line. The M:~O r.1l figure represented a fail-safe mechanism in 

case the sight glass system did not function. 

The sight glass and scanner was a simple system. ·As the level of 

r1Cc!illffi c1mnged in the vessel it also changed in the sight glass. \~ilen 

each veds~el \otaS filled \-lith 500 ml of culture the scanner \ofUS set so that 

it: "sm.,r" the miniscll:; of the liquid in the tuhe. As nedium \'/aS drm-Jn out, 

thc level of liquid in the sight glass tube dropped belO\o/ the level of the 

SCOllner. On the fill cycle the liquid level slowly rose until it broke 

the li£ht beam in the scanner. The scanner then signaled the control unit 

to stop filling vessel one and go on to vessel two, etc. Once the last 

vessel was filled the control unit printed out the volume of medium 

delivered to eacll vessel. By checklnc the volume delivered, the operator 

could deterr-d no if the systcm wns opcrnting \dthin acceptable limits. 

Once ti'e control unit became opC'rCltiouCll it \laS used together \'lith 

t.wo culture vess..~ls, to cletcrraine ldiCther thc entirc synter.1 \laS 

fUllction:inc as illto:1d('cJ. Grm:th curv~ls for our thrce stock strClins (PUP, 

FVO, i:()lIdur~ls) crlJlo:il .in tll(: ~;t~I!ri.-nutoi'latcd systen arc s!IO\m in Figures 1-6 

lIncl 1-7. Figtlre j .. () dr.:j'IOIlOLrutCf: tllllt. p,r-OI:til of the FLIP strai.n is the 
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Sill:tC :ill our stnndnrd 125 1lI1 fJH~·;I:s <:I::> it i~: in the lc::~e-~caJe vessels. 

FigUH' 1·-7 sholls sil;}i1~r lJ"ttNflS of ~rO\-/th for the I:onoums and FVO 

~lrai.nt; in thp. larf;e-~c.:ele syste~. Paras:ite yields per culture vess~l 

frO!'I six c}:periments Clre shmm in Tuhle 1-2. These results together 1:Tith 

{t description of tile system \/ere presented. (Palmer ct a1. r 2nd 

International Congress on Halaria and Eabesiosis in Annecy, France. ,.19. 

1ge3). 

GROWTH OF THE FUP STRAI~ OF ~J..C~RlJIott
 

m STANOAffD (10 rAU, AND LARGE-SCALE (500 ML) CULTURES
 

....... Sl ..nd~,d (10 ml) Co,lIu,••
 

• --.... L~''il ....!:cal. (500 "'I) Cull.., •• 
20 

<C 
1551 

II'.. 
Wi 
<C 
c: ..<C

10 
# 

5· 

o	 2 • 
DAY~ , .. Cl;LT'Jill! 

F-l~urc 1-6 Gro\.,th curves for the FliP strai!l (If P. falciparum grO\·m in 
eit:lCf standar~ 125 1:11 culture flas!:s or in large-scale vessels. In both 
case!'> cultures contained RPi·I! medium supplcnented \o'ith 10% human serum. 

Tahle 1-2 Large Scale Culture System Pawsitc Yields and l:iediura Consu::led 

Experir.1E:1I t ParaS:l tE:lriin Total Hedium J..... 
I'lumber Stnrtin3 Harvest Paras15es Consumed 

(%) (~~) (X 10 ) (li ters) 

1 1.2 22.2 2.7 2.1 
2 1.2 21.2 3.0 2.3 
3 1.2 In. II 1.9 2.5 
I, 1. () 19.0 2.1 2.7 
C' 
.) 1.8 18.8 2.9 2.3 
6 1.2 19.7 2.1 2.1 

,"
" Co:d.1 j II~> 1O/.: pl [t!i1'I:j • 
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GROW rH OF Ttle FVO AND HONDURAS S'rRAINS OF 
PA..F.ALClP-ARUM Ir~ LAAGE-~CALE CULlURES 
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Figure 1-7 GrOl-/th curves for the Honduras ane! }'\,O strains of 
P. falcipurum groHn in large-5cale culture vessels. Cultures contained 
RPI:ij r.ledium supplemented \-:ith 10/~ hur:O~ln sert:r:l. 

At the present tii.l(~ the sy~tem in still in an evaluation phas~. "!'\w 

vessels are in operation but it is hoped that the system \.;ill soon be 

~xpanded to include 12 large-scale vessels. 

6.2.1.5 Use of colchicine to synchronize cultures: 

Since our goal \ows to expand our Clbility to produce ~chizont-stage 

nntigen, \'Ie sou£ht l.o increase our harve~t of schizonts by incorporating a 

r,l'Jt h~lrl [(lr ~;ynchroilb:ing tlw cu] ture's ill our lCJrge-scale system. Ue \'jere 

nrd foe:t i,';i. fied \-11 t.1l thf: rc~;ults (Ihtcd ned in our smaller cultures using the 

!;('! ;, i u, 1 m.:..!tltod IJ(~C;llI:;i~ it pro:.hl("(!c1 1:00d synchrony but nt the expens~ of 

jl!·d. /":/iI'·,.ilo1. "111:/;!!) MU, 19:::0) II'(! b('g~1O t.o cxper:il.lellt \/.ith colchicin~ 
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tn:mtlilcnt \'/ith colchici ne Sllspended pa.fasites in the trophOimite 5tage of 

develop~cnt. Tilis led us to investigate whether we could use colchicine 

to stop development of P. falciparum at the trophozoite stage and then 

renrove it and ~llow the parasites to continue growing synchronously. By 

merely stopping the development of the parasites in a specific stage we 

sm.' the possiblity of overcoming the IIlojor problem inherent in the 

Dorbital method. SorbHol "'/orks by eliminating all parasi tes except young 

rinDs. In doillg so a majority of parasites in the culture were lost. By 

starting with fewer parasites the cultures treated with sorbitol reach 

peak parasitemios of only about 10% after six days. Colchirine on the 

other hand does not destroy any parasites thereby allowing the trcated 

cultures to reach high parasitemias of ]6 to lOZ. 

lIe experimcnteJ with various cOllcentrfltions of colchicine together 

with numerous treatoent times and ~ethods of washing out colchicinc from 

our cultures. A concentration of 4 dl in contact with ~hc cultures for 24 

hours followed by t.:/) changes of mediurn at 5 hours intervals \'/aS found to 

give us optimal results. Figures 1-8 and 1-9 show the results obtained 

using this colchicil1e r'lcthodology. Figure 1-8 clearly shmts that ''Ie gct 

good synchrony ...thich lasts for up to 2 cycJcs. The grOl'!th curves sh0\1n in 

Figure 1-9 show that culture:~ treated \:itil colcllicinc reach peak 

parnsi terilias that arc as high or higher tl13n peaks seen in un.::.vnchronizcd 

cultures of the S8r:ie strai.n. A detailed description of the methodology is 

presen ted in the uttaclied manuscri pt (Uul !:l a1., An. J. Trap. lfed. IIyg., 

32(6):1451-1453, 1983), 
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6.2.2 Identificntioll of Plasmodiur:l falcirarum antigens.Qr. sera from 
vaccinated Aotus monkeys: 

The availability of sera fror.l experir:lentally vaccinated Aotus Monke}'s 

has given us a unique opportunity to identify the possible protective 

antigens in f.. falci!larU::J malaria (Kc:m et ..§!..!:.., lnE. & Imr:1Un. 43: 539, 

198LI) . Because of the consisten t an d perr;m nell t ii!'J:lun i t Y ooser veo in 

protected !>otus monkeys, serCi from such monkeys are likely to contain 

antibodies against the relevant protective antigens. i·Joreover, the Aotus 

sera useu are \~ell-defined, since pre-ir'1l&1t1ne, prinary, secondary, and 

post-ch~llenge sera from protected and unprotected r.lonkeys are available, 

under conditions in which the amount and timin~ of antigenic stimulation 

are known. Metaboljcully labeled P. fnlciparum proteins vere 

irnr:lUnoprecipitated I>'ith sera fror:! unprotected (A300, A299, and A305) and 

protected (/'.297, A320, A31O, 1\321, and A301) Aot~ monkeys. In Figure 

2-1, lane A contains proteins immunoprecipitated \I'i th pre-iiillilUne sera, B 

with primary sera. C with secondary sera, and D with post-challenge sera. 

Lane S 5ho\·;s Iilolecular \,'eight standarc1s. Lane L is the totcl parasite 

lysate and llF is the dye front. 1\ total of 21 protein bands, having 

molecular weights frou 180,000 to 30,000 and designated ~ to u were 

recognized. The major protein bands identified \·:ere a (i'ir = 180,000), d 

(j·ir = 132,0(0), i (Hr = 107,000), andl. Uir :: 75,000). 
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t\\'o-dinensional nel electrophoresis as shmln in Figure 2-3. Our t,..o 

dimensional patterns have not been consistent, and b'e are in the process 

uf il:lproving our techniques. 

~. ..-.' . 

'..,:. • 
aD

l-#_.-----......:~.~~.:: 

".,,"...1401 

Figure 2-3 

The pi tfalls in using !luf;13n sera for the identification of relevant 

P. [nld.PErum protective antigens are pl(~lltiful. Often the clinical 

hiGtGry of a patient is obscure; thus, docui:lcntation of the nuuber of 

c1in:i.c<ll :i.nfections and the infecting .!':trClin is unavailable to the 

111'J(~sLigator. Drug treatmr.mt may alter the imr:mne response. j'ioreover, 

tlt(;.: ii:l!"Ulli ty in IlUmanf~ is variable alld transient. In general, \Ie have 

noled cil verse gel patterns Hhen sera fro!') 'JlJ(!cnic areas of Ti131.land or 

flldb ':err~ Iised to imnlul10precipitate f. falci~larllfl1 antigens. In addition, 

identify more anti2en~ than lllwlDn sera as shOl.;o in Figure 2-4. 

LW1(' .'. sllm/::; the anLieelH~ ir:1r.lUnOpredpituted by fI representative 

ltY::JI?T"imi:Jl:ll1IW i\o~us sera; lane H, nnrl1:.!l hUIriCHI scrUi'l; lane A, lysate, 

.IiJ'lU; It '- n, sera frof,} Illdin; 'I'll - TIJ, Hera from Thailand. For the 

1.00tl (~r J ;"'.fll:,; t;;:\l:iP1 e:·; lin! obtai IlC\r! fro/i a to 4 h'(,:cks durillS drun 

trblLi:(:fll. 
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A clinically useful vaccine is one that protects aguinst f. falciparum 

in different parts of the world. The protective anticens should be found 

among diverse isolates. Using Aotus antisera, we h3ve analyzed a liwited 

nu!"ber of i~olates. Our preliminary results, shown in Figure 2-5, 

lndicute that the r.:ajor antigens, are found ar,lOng the isolates analyzed. 

Lanes A. 11, C, D, and E refer to precipitates of metabolically labeled 

Honduras, FUP (Africa), FCH-1 (Philippines), FCU-13 (India), and r~vo 

(VietnaD), respectively. The antigens were i~nunoprecipitatcd by sera 

fro~ Autus 301, 310 and 320. 

---- lip.;;
=R~: '''Mr.•
..;...~. _.119·... 

~r!,,~ 

. -- .. .-..., ~:"Ii-- ,' ' ..---. -~ ,,~-- .. nl .... 
,~ 
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Figure 2-5 
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Possible antigenic diffcrences between lone tcrn in vitro and in vivo 

derived parasites must be assessed. We have intiated such studies by 

comparing the antigens from synchronized in vitro and in vivo derived 

parasites. Long-tenl, in vitro derived P. falciparur:l cultures were 

synchronized with colchicine using a methoc recently developed in our 

laboratory (Hui .£!..§l., Ar.1. J. Trop. lIed. Hyg. 32: 1l~51, 1<;33) and 

metabolically labeled with 3il-isoleucine. Cultures obtained at three 

different stages were solubilized, and metabolically labeled antigcno were 

iml:Iunoprecipitated \'lith pre-immune (lane p) 0r ii:1:nune (lane I) Aotus sera 

in Fi3ure 2-6. Lane L shO'.-/s the lysate. !.ntigens havinn I·ir 2reater than 

95,000 were found only in schizonts; whereas, antigens having Nr less than 

95,000 were found in all stages. 

p L P I L P L 

Figure 2-6 

Sir.1i lar high !-ir antigcns \\'erc found i.n schizont stage f. falciparur.J 

parasites dcrivcd fror.l an oneoing infections of Aotus r.1on!,eys as shO\m in 

Figure 2-7. 
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RINGS TROPHS SCHIZONTS 

Ll PL PP 

~100,-ee, (5e'-83') ~85'-78')1 
~ .. 

Figure 2-7 

A direct comparison of the long term j,n vitro and short term in vivo 

cieri ved schizont stflge untigens \·.'C!S riade. In the lonn term in vitro 

dcrivpri cultures (left) antigen bands l, £' i, ~ and ~ were more ~rominent 

than in the in vivo deriveJ culture (right) (Figure 2-El). Additional 

e;<rH~ril!le;]ts are required to cxr)lain these differences. 

200K 

97K 
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OF -
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Figure' 2-[1 
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6.2.3 Characterization of .p.:.. falciparul:l antigens: 

It is likely that relevant protective antigens are associated \iith 

me~brane material (either erythrocytic or parasitic), since antibodies or 

ir!ll!1Une ct.:l1s must react liith .accessible determinants. To deternine \ihich 

antigens are membrane associated, metabolically labeled P. falcioarum 

in[~cted erythrocytes were separated into soluble and particulate 

fractions Ly passage through a Stansted hydraulic cell disruptor. 

Parasite membranes were purified from the particulate fraction by density 

grnulent centrifugation. Labeled soluble and solubilized membrane 

proteins \'Iere immunoprecipitated as shm-lO in Figure 3-1. Lane C contains 

th~ antigens solubilized fro~ the membrane fraction, while lane D contains 

those antigens in this fraction which were irm'1uiloprecipitated by Aotus 

:it!rrJ. Thc! !1~jor protein bands a (i'lr = 1130,OOO), f (dr = 107,000), 1 (ljr = 

75,COO) are ue~brane associated. Lane A contains the soluble antigens, 

and Jane B contains the soluble antigens immunoprecipitated by Aotus 

sera. Band d (I:r = 132,000) is mainly in the soluble fraction. 

200K 

17K 

48K 

30K -

DF -
C D 

Finure 3-1 

14
!~;:tcrr1ll1 i:i()ilbi"nIlP protein:·; arc often £lycosylated. C glucosmaine 

labeled !Jtlr[:sitc ;Jroteiris \,·~rt! il!:Inunoprecipitateri nnd SI)S-P/IGr: patt~rns 
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an' shO\III in Figure 3-2. Lan~ L shO'.·/s tho 31i-Glllcosmnine labeled 

lys'-Jt.e, ",hilt> Lane IP ShO\IS the Slycosylatl.:!d proteins ii:l!T1unoprecipitated 

\lith l;otu~ sera. i''iajor bUilds a, d, anci 1 are all glycosylated alla a is 

stroIl~ly labeled. DF is the dye front. 

.-- ...... 

....... --n

46K  '0' 

30K 

L IP 

fiGure 3-2 

To ~etermine if ~arasite antigens are corn?osed of ~ultiple polypeptj~e 

challl;.,t\-:o-clifllensional gel elcclropllOresjs ·./Us pcrfon;ed lJy running th~ 

il.l;;JUnOprccipitates under non-rerJucins conditions in the first d1~::en~ion 

cillc; ullder reducinG canell [ions b the secane: dincnsion. Fi3ure 3-3 

inc.:iultes that the 21 f. falciparul" ~nl1·.l:j idont~fied OJ' Aotus sera contain 

'intC(lC:H1ill, but no interchm.l! disulfide bonds. The iI:1flUnOpreci~itates 

\·;erc: clpctrrJplJorc,spd UII(;0, non-reducilJij condiUons in the fir2.t diiaension 

(!Ior!i;onld) lrJn~~) allti un,ler reducing conditions ill the seconc! dir.1ension. 

:;'1 alit i~:(-'T1s fell belo l{ thrJ 14 50 diagonAl, :i ndicatini; that no 
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Figure 3-3 

6.2.l~ Purification of ~ 1ialciparulTl .?nti~enG: 

Ee have used aHini ty chroJaatogruphy to isolate! P. fCllicnprum 

<I!Il..i 3c·ns. THo preliminary stll(:ies \1ere requireC: Loer'xe a purification 

protocol cOllI ci be established. The first involvc.'li ncclJfTmlatinf; 

SlliJ~3t(llltial 31:lOunts of hyperimr.lune sera from Aotlls i'lonkeys. IgG fron each 

\;a~j i solflled and immobilized on Sepharose beads. SDS-PAGt: of 

ilf:rr1ur:oprccipitates, using all such preparations, shm'led that identical 

pattern:: \,:ere obt.ained \Jhcth(~r \oIho1c serum, purified IgG or immobilized 

I:~(; \'![;!J US(~t1. ;~o varial.i.oll in anti~ens identified by the different 

;~lIl:i iJocly t;Llllrc~s could be detected. 

TIle' f,cco::\l study in'/olved analysi~ of various elutin2 agents to 

c.icLcr'Ji II:'" 011,:',' dICIt \/m; ::lO"t efficient in rel:lOvi1l3 the parasi te antigens 

(rOd t:h' colur.ms Il1tilout ]o::;~; of antigenicity. FiGure l;-l gives 

Jl['(~lll'lill'~ry r('::1I1l~; e~:t[j;llish'ln~ th3L Ilthilli:l diiodosalicylate is an 

df.ccl.i,'" ::lll:.jil~ t1['.(!nl. /:lItincn[; hound ,to affinL.j colunns Here eluted 
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radioactivity. Other elutini;:. buffers \:ere: 1~~ SDS in phosjJhate, A; pI: 

10.5 carbonate-0.5~~ ilP-40, B; pi; 3.5 citrate-O.5% UP-lIO, C; plI 11.0 

acetate-O.5;; ;;P-40, D; pH 3.5 citrate-iICl, F; 8i-l urea, G; and 2ii potassium 

isothiocyana te, II. 

EQUAL DPM ..~ ... " -~ "6 EXTRACTION 
.... ~j

200K  ..-.- 85 A - - ---=-ia

:-- -- ---
47 B - _. --- 61 C 

97K - 48 o -
100 E 

-
75 F 

75 G 
46K 

93 H 

OF -~ - - I. -

ABCD E F GH 

Figure 4-1 

Fisure 4-2 sho\ls a scher.lc used for affinity purification of 

P. falciparuc antigens. To rcmove red blooJ cell contaminants that were 

present in ::P-/}O lysntes of saponin lysed p2rafJites preparations, the 

crude extract was passed throuGh an affinity beaci coluQn consisting of 

:>urifiE'(~ anti-red blood cell antiboQ)' conju~3teli to Sepharosc (Step 1). 

Theoretically, the eluant should contain only pRrasite derived antigens. 

The P. falcipBrun :JlltiGcns wore specifically purifiecl by passage throueh a 

second uffinity colll!iJn consisting of purified Aotus antibody covalently 

bondl.~d to C;;:r activntcd Seph;)rO~H~ (StqJ 2). The non-untigcnic para~ite 

rnterird. pnsseJ throu~h the colucn. T!J(~ coluLlo \-IrJfl thoroughly \l~shc<l aod 

all ulltiscns Here elute~: ircJl1 the colunn (Step 3, blue circles) \dth 

1 ithiiHtl di..iodw;nlicylut!.~ buffer. 
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6.2.4.1 I:ctenlion 2i. [l1Iti~enicit)': 

To dNc:rmine I/hethcr the affinity-purified antieen preparation had 

retained cntig(~nicity, the fol1.oldn2 exper.ir.:ent I'I[J~ perrorJilcd c:s ~holm in 

~jgure 4-3. The crudc, unpurified antigens were io~unoprecipitated by 

Aotus in:.~ll ne sern ( 1am' A), protein A-purified "'otL!:' Ig (lane D), and the 

p'.Ir i fieel In
0 conjugnteci to Sepharosc bends (lnne C). Lane D ShO\lS the 

eluted, lIndialp:(~d affinity-pLrified protei.ns, I'lhil e lane E s:,O\:s thc 

eluted, dirl1yzerl naterial. Finally, lane F SlJOIIS the eluted, riialy7.ed, 

affillitY-r,urifit;d protein:; re-ir..j]lmoprccjpi~uted I/ith Aotus hyperi::l:nune 

sera. Tn llll: ];:tt"tr:r, tIJ0rt:' 1'.'[1:; no loss of b::Jnds, vthich inciicated that the 

elllle:r! ulILi8cn:: h[l(~ reLlint::d QlJtieeniclty. 
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Fiaure t~-3 

6.2.4.2 Retention of immunogenicitv: 

To study the imr:1Unogeniclty of the pool of l'lffinity-purified 

P. falciparum anticens, prelinlinary studies were performed in mice. Three 

mice received 5 ug of purified anticen emulsified in Freund's complete 

adjuvant (rCA) intraperitoneally. TIle mice '~cre bled 13 days after the 

primary and secondary irruilunizations and 27 days after the third 

il:ll,llInizClcion. The antibody titers to ,·thole f. falciparum antigens ,·;ere 

eva 1u'.Itl'd iJy solid-phase radioi/11.lUnoassny. Blnt:iing of 1251 labeled 

Proud n 1\ ,-/[\s determined 'dth five serur.l clillitions up to 1/31,250. Only 

t1at[, for the 1/250 ~wrU!:1 tlilution is shOl'/Il in FiGure L,-fl. Ac can be seen, 

all three idcc hml increased antibody titers follO\'Jin~ the seconcary and 

tcrt i,Jry il!lI!lunizations. This prelinilHll"y experiment, shO\:ed that the pool 

of: [lffin1.t y-purific(j anti.gens ,::.1;'; ir.tFlllno3cnic ill a non-prir1atc laboratory 

ani md . 
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Figure 4-4 

Immunogenicity was evaluated in a single Aotus monk~y. Aotus 363 was 

immunized on day 0, and boosted on days 21 (secondary) and 42 (tertiary) 

wi~h 200 ug of the affinity-purified P. falciparum antigen'pool emulsified 

in FCA. The animal was bled 13 days after each immunization, and the 

antibody titers were determined by solid-phase RIA. The antibody titers 

of the preimmune, primary, secondary and tertiC1ry sera were also evaluated 

by indirect immunofluorescence. As shown in Figure 4-5, th~re was 

incrp.ased antibody activity following the secondary and tertiary 

imMunizations. 
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The ability of these serum samples to immunoprecipitate 

3H-iso1eucine labeled f. fa1ciparum antigens is shown in Figure 4-6. 

The preimmune, primary, and secondary sera from Aotus 363 did not 

precipitate significant amounts of parasite proteins; however, the 

tertiary serum immunoprecipitated proteins having Mr 180,000 (band ~, 

132,000 (band ~) and 107,000 (band i). Many other proteins were not 

immunoprecipitated. Whether this reflects a loss of immunogenicity or the 

need for further immunization is currently under investigation. 

200K  ..-
97K 

48K -

OF I P 1 

Figure 4-6 

6.2.5 Production of Monoclonal Antibodies to ~ fa1ciparum: 

The production of monoclonal antibodies (Mab) was not formally 

proposed during the past funding period. However, this aspect of research 

was deemed critical, and preliminary attempts were initiated. The results 

of these s~udies are described below. 
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6.2.5.1 Development of !!. rapid l!lethod for screenin8 hybridorna 
sunernatants: 

! 

A radioifilffiunoassay \las developed to facilitate screening of hybridoma 

supernatants. The most notable difference among the published RIA methods 

is the preparation and fixation of parasite antigens. Ve evaluated 

different fixatives with the pu~pose of winimizin3 any changes to the 

epitopes of schizont-stage parasites. Fixation with formaldellyde-methanol 

gave high specific counts for three l1onoc1onnl antibody (llab) 

supernatants. Early in the screenin3 of hybiclorlUs, \'/e encountered a 

problem reported in the litenlture (Taylor et a1., Exp. Parasitol. 53: 

362, 1982) Some IFA assay positive hybridomas \1ere nC8ative by RIA. As 

shown in Table 5-1, this was resolved by air-drying instead of 

formaldehyde-methanol fixation. Two Hab's 21D79.4 and 21E42.4 became RIA 

positive. 

Table 5-1 

125I_Protein A (cpm) bound 
mO/loclonal antibodiesa 

to 

21E42.4 P3Antigen 
Treatment I r~ I H 

Formaldehyde
580 720 360 330 270 273l,jethanol ii}: 

Air Dried 960 320 1900 270 393 220 

-eIFA-pattern----21579:4:-Trophs-to-Scfii~onts~-linear--

21~42.4: Trophs to Schizonts, linear 
P3: Neeative control
 

bI = Schizont enriched whole infected erythrocytes
 
cN = Normal erythrocytes
 



Ti,Lrut'jurw (If these 11ab'!, IiU\'C shO\m that thIs ;UA \:ill d(!tect about 

1-3 'If..: u f puri fIcd Hnb per 50 ul. Hybrido:na '!lUpernatants 2,cnerally 

(nnLui" ubout 500 to 5000 ne per 50 ul. 

ANllBODY SENSITIVITY TO AIR-PRIED SCIiIZONT INFECTED CELLS (1X 10ti/WEll) 
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'II0UIN A PUA"I!O MONOCLONAL AHTI~ODY In,/W!lll 

Fi8ure 5-1 

6.2.5.2 Use of monclonal antihodies to charClcteri7.c P. fnlcipafuffi 
antigenr.:: 

6.2.5.2.1 E:i. compnrine \dt_f!. Aotus serlin-recognized 5DS-PAGE bands: 

U~;irlG the non-secretor f:1)'clor.m cell liue P3 X 63 fIB 8.653, hybrids 

\ICrc produced by the methcld of I:ohlcr (E!:;BO, Cold Sl'ring Harbor, 1980). 

Sj x hyhr.i dornas \/ere fOllrt(! to :i,rJ:lullo!JrecipHat~ P. falciparum proteins and 

the SiJ3--:'AGE p<Jtterns arc shmm ill Fieun' 5-2. Lanes A, E and C ShOH a 

r,:r ~ ][/J,OOO P. fnlc}pClru.li!, Cllltl3l'n recoGnh:(~d by 1:lOlloclonal antibodies 

5.2, /J;':7..1 rille! '-Md.), n·specti.vcly; lanes)) Clod E shm-; a i1r'o= 132,000 

proU'ill ;nj·:ljllfll'rcc:ipi.ttlt£:l! by r.!cJ/l/.Jclona1.s 219.5 and fj.311, rc~pectively; 

),,1/11.' F !;ilfll/;; II i·I, :: 7ti,()fXJ I't"{J lC'.i1l JdenLifiC!(i hy 11onoclona! allUDod}' 5.1. 
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Figure 5-2 

The antibody repertoire of Dalb/c mice may differ from the Aotus 

monkey. Therefore, a monoclonal antibody must formally co-identify an 

antigen recogizcd by Aotus sera. As shown in Figure 5-3, the proof was 

established for i,lab 5.2, by two nethods. In the first method, Hab 5.2 \o1aS 

Protein A-purified froo ascites and conjugated to Sepharose 4B. J.. 

metabolically labeled ? falci.parUliI lysate \las then ;lasseci throu8n the 

itu:lunoaGsorbent colur:m. The unabsorbed (coluun passed) antigens \'1ere then 

imr:1Unoprecipitated with Aotus sera, and band §. (i-lf = 180,000) can be seen 

to be dil:Jinished (left). In the second oethod, the oaterial bound to the 

Hab ir'Jllunonbsorbent column was eluted ,.;ith lithium diiodosalicylate. 

After dialy~is, it ",as re-precipit8ted "lith hyperinunune Aotus sera and 

found to be band a (ilr = 180,000) (riGht). 
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Figure 5-3 

6.2.5.2.2 CharRcterization.Qy irnDunofluorescence patterns: 

Dy indirect immunofluorescence, the monoclonal antibodies gave 

different qualitative staining patterns. All Nab's to the 180,000 antigen 

stained schizonts; the pattern was even, linear staining over the 

merozoite surface. j·lab's 219.5 and 8.311 ir:!Inunoprecipitated a 

Kr = 132,000 protein and stain schizonts. However, the staining pattern 

was spotty. Possibly the apical end of the parsite was identified. Nab 

5.1 gave a linear staininc pattern. Schizonts and trophozoites were 

staincd,and a Hr = 75,000 protein '.1[\S immur.oprecipitated. [lab's 8.133 

and 3ellS.J defined a parasite protein, \oIhich is inserted into the 

erythrocyte membrane. The surface of in[ectc:d erythrocytes was stained, 

whil~ non-infected erythrocytes were not stained. Hab's 3E51.4 and 

21E22.1 stained parasite and both infected and non-infected erythrocytes. 

They Hf!)H~ar to detect a crossreacting Rntigen. For the latter four Hab's 

no l!ll!tabol iC:llly labeled protein he'S been identified. 
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6.2.5.3 Use of r.lonoclonal antibodies to characterize antigens in 
different-straIns .2i .E..:.. falciparur.t: 

r·loncillras, FUP (Africa), FCH-1 (Philippines), FCl1-13 (India), and FVO 

(Vietnam) were metabolically labeled (lanes A, 3, C, D, and E, 

respectively) with 3I1-isolucine and antiljens Here ir:u:lunoprecipitated 

with Hab's 5.2 and 219.5 as indicated in Figure 5-4. The antigens Here 

present in all strains tested . 

..--5.2 , -219.5_-_ .._ - a (180K)
f. -- - ... - - -.-- - d (132K) 

-
A HONDURAS
 

B FUP (AFRICA)
 

C FCH-1 (PHILIPPINES)
 

o FCH-13 (INDIA) 

......... -_w. E FVO (VIETNAM)
 

,-'A_B__C_D_E...,,! ....A__B_C_D_·_E.... 

Figure 5-4 

6.2.6 Vaccination.2i Aotus r:lonkeys using .E..:.. falcip3rum entigens: 

As directed by AID, no vaccination e~perir.tents were perforoed during 

this period, since a defined antigen preparation was not available. 

HOI·rever, Cl solid-pha~e radioimr.lUnoBssc)' I'laS ucvcloped to evaluate the 

ant.i-f. falcipnrulil. antibody titers in pre-iJ!li:1UllC, primary, secondary, and 

post-chCll1cngc sen: frolll previous vaccilliltion experililcnts. In the 

vClccillation protocol, t,:o il!1!.lunLzatiollS were given prior to c:lallenlje; 

lJO\'/I~vcr I tIth strntC'sy Has deducd id thou t j nforwJtion about the antibody 

titen~. lie IHl\'(~ nOll annly?cc1 these serf.! and rcprcsentativp. data is shOl...n 
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in the Figur,~ 6. Tht: unt:ibody titers in sera fro!'1 anililnls ,-:Ilical recieveda 

sin3le injection of antigen in FC1\ approxhmtely equalled the antibody 

titers in sera from animals receivinG two doses of an~i3en in saline as 

sho'..:m in ~i[;ure 6. The latter grouIJ of Bnir.Jols were not protected. Only 

animals having antibody titers creot€!r than about 1/500 by InA \.'ere 

protect.ed, and t\:o immunizatiolls in rCA \\',,~re required to attain this 

antibody level. The infonlBtion gives sor.le justiHcation for the two 

vaccination protocol, in retrospect. 

Radlolmmunoa.sayof Antlbodl•• to ~. 'aIClp~,uIiI 
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Aotus Serum Samples (1:1250) 

Figure 6 
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7.	 Research Plan 

7.1	 Objectives: 

1.	 To improve technology related to in vitro ~ falciparum 

cultivation by optimizing the culture system to obtain 

maximum parasite yield with minimum cost. 

2.	 To identify, characterize and purify possible protective 

antigens of blood stages of f. falciparum. 

3.	 To carry out vaccination experiments in Aotus trivirgatus 

griseimembra using purified and biochemically characterized 

defined blood stage 

P. falciparum antigens and a appropriate adjuvant. 

4.	 To continue production of monoclonal antibodies, and to 

initiate feasibility studies on the use of recombinant DNA 

technology for the production of relevant antigens 

7.2	 Background and Specific Aims: 

Hith the improvement of in vitro culture techniques (Section 6.2.1) we 

are able to produce sufficient schizont-stage f. falciparum for 

i~~unological studies and for vaccination experi~ents. We propose to work 

on the optimization of in vitro culture conditions so as to increase yield 

and reduce cont in parasite production. By using sera from vaccinated 

Aotus monkeys, we have identified multiple protein antigens which are 

likely to be involved in protection (Section 6.2.2). \!e have carried out 

preli~inary experiments on the characterization of these antigens an~ have 

raised r~onoclonal antibodies to several. We propose that further work on 

the identification and characterization of these blood-stage ~ falciparum 

anti~cns be done. Such \Iork helps to provide ade~unte information for 

identifying the antigen(s) to be selected in vaccine experiments. Such 

informntioll will also help in devising the most efficient method of 
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preliminary experiments on the characterization of these antigens and have 

raised monoclonal antibodies to several. \{e propose that further \,ork on 

the identification and characterization of these blood-stage ~ falciparum 

antigens be done. Such work helps to provide adequate information for 

identifying the antigen(s) to be selected in vaccine experiments. Such 

information will also help in devising the 1II0st efficient method of 

antigen purification. to/hen sui ficient quantities of molecularly and 

biologically defined antigens have been isolated, we propose to do 

vaccination experiments ill Aotus monkeys. If the chosen antigens are 

found to be protective, we propose to carry out molecular biology 

experiments to study the feasibility of producing the antigen(s) by 

recombinant DNA technology. 

7.2.1 In vitro cultivation: large-scale Foduction of schizont
stnge Plasmodium falcipnrum antigen 

\ye will contillue to produce large allJl:1lnts of parasite antigen (Iv'lth 

the existing in vitro technology referred to in Section 6.2.1) to he used 

in experiments designed to identjfy and characterize potential protective 

parasite antigens. The identification of protective antigens constitutes 

the primary thrust 0f our proposed work. However, we propose the 

follOldng studies to further imprO\'e our large-scale in vitro production 

capabilities to more fully meet our present and future needs for parasite 

antiger.. In doing so our gO£ll will he to accoJ~plish maximum yields of 

synchronized parosJtes \{ithin a shorter perior:! of time and at minimum cost 

for labor and supplies. This work will fall into four main categories: 

(]) to replace serum with plasma in the in vitrr~ culture mediumj (2) to 

improve pnrasi.te yield by opt.irnizille ~ vitro (;ulturf? conditionsj (3) to 

ohtuLn schizont-cnric.:lwd culturl'~; by colchicine treatment; and (4) to 

furlh0r rlevr!lop the lar~e-sC:81~ i.!!. vitrr; cuU"'Jrr> system progressing to\,ard 

[) evullturllly flllly automated system. 



7.2.1.1	 To replace serum I-lith plasma in culture medium: 

Since we add 10% serum to the culture mediuc for in vitro growth of 

P. falciparum, large-scale production of the parasite 11il1 lead to the 

consumption of a large amount of human serum. Serum represents the most 

expensive component in the culture medium and it is not readily 

available. Other sera, particularly calf and rabbit, have been success

fully used in L. falciparur.1 culture.:;, but even these sera are not readily 

available. Our preliminary experiments have indicated that unprocessed 

human plasma can serve as a replacement for humnn serum. Termed "salvage 

plasma", this is readily availnblc from most blood banks at a cost which 

is approximately one sixth that of Rerum. Experiments viII be conducted 

to systematically chnracterize plasma as a replacement for serum in 

P. falciparum cultures. Growth curves, f,torphology and yields of parasites 

ujJI be compared in cultures with human plasma versus human serem. 

7.2.1. 2 To obtain schizont-enriched cultures EY. treatment \lith 
colcilincine 

I~e have been using Percoll gradient centr.ifugation to obtain 

schizont-enriched parl'1sites from asynchronous f.:. falciparura cultures. 

This is time-consuming, labor-intensive, and costly. Recently, we 

reported that synchronous cultures could be obtained by treatment Idth 

colchicine (Iltli, ~ n1. Am. J. 'frop. He(l. & HyZ. 32, 1451, 1983). 

l"rps(!O t ly, \ole are abl~ to mainti:in synchrony for one harvest after a 

si OCle colchicine treatment nnd obtl.1in cultures with approximav·'.y 70% of 

pnrilsLtes ilt ::>chLwnt·-..:ieemcntcr stages. Thus, Percol! gradient 

cell!:!" t fU[;:1t tOll i:: not routi~1t'ly u:;cu to harvest schizont-sto2e parasites. 

Parnsit~ ytcld is creatly inpruved sInce substolltial 108s of parnsites 

aftcr Perc\)l t gr;ld.t0n~ centrIfugation 1:1 OCCIlI'S 

\·fe IJill iniUalo slurlil)S to iuprove the method of colchicine 

trl'aLm'f1L, :~Il':!1 n~~ f1rlditillnuJ :;1101'1: dur,ltion trpatnent, \Ising lm"er 
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concentrations applied at specific times with the hope of extending the 

period of synchrony. MRintenance of synchrony for longer periods will 

additional harvests of schizont-stage parasites from a single colchicine 

treatmp.nt. 

7.2.1.3 To improve yields ~ parasites E1. optimizing in vitro culture 
conditi.ons 

\-!ith our static culture system and our largest culture vessel, the 

plexiglas	 box which hol ds 500 ml mediura and 50 011 blood, \/e are able to 

J • 2 4 1010. 1 1 k Hp. willootaln - x parasltes per cu ture vesse per wee. 

attel~pt to ola:<imize the yield of parasites by modifying the r.ledium, by 

increasing the frequency of medium changes, by i.ncreasing the ratio of 

blood to cultllre medium, and by controlling pH changes in the mediuM. 

Preselltly, in our semi-automated culture system ~ediun is changed once 

daily. Theoretically, as the parasitemia becomes higher, nlltrients in 

riediur.: nrc C;dckly depleted, pll chungC!s f<:lster and concentrations of 

harJ:lfu1 metabolic products becOI:le higher. Thus, it is lOf;ical to change 

the C:leoiun lilor0 frequently as parasite!:lin become hi~her. \"e hope that
 

gfter these improvcC:lents, we will be able to harvest the same aC:lount of
 

parasites ~er culture vessel twice per week.
 

7.2.1./1 To further ce\'elOD the large-sen};? culture syster.l:
 

Our c:<perienee wi th the flcr1i-auLol:lated systc!:1 has shQ\oIO that 

pnrusites ...1111 gro\·/ in the systeM [lnu that the control unit and 

lurgc-sca 18 vcs[jcls function as desi~neci. In the process of evaluation 

hOh'cver '.W have identified somE' speci fie chall~es that can be M:lUe to 

irr,pr()Vf~ 0Pf!rfltion of the ~~rstem and ev('otllnlly make the systcm fully 

i111LOl:l<lt(~d. T~ll![~e inc 1udo the incorporfltion of pll nnd t~I1;)eratur~ sensors, 

r.l0rc sorllJisticnterl (bta acquisition Clnd displdY cU{JrliJilities, control and 

monitlJrin G (Jj ~:fJ~; flo\·;, and a ~(ledD] colchicine syncl:roniz,ltion cycle. 
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/laving the pll sensors l.Jlll allow for t\lO modes of operation: (1) 

Either the syste~ can change medium in individual culture vessels when the 

pll reaches a specified level, or (2) changes can be ~ade according to 

predcter~incd time intervals. The importance of pH control for optimum 

parasite yields ~ms recently discllssed by Zolr; et &. (.]. Parasitol, 

u8(6): 1072, 1982). 

The second ceneration syste~ will incorporate data acquisition and 

display capabilities that l-:ill allo\-: the operator to precisely define and 

r:lonitor all factors \/hich could affect the grmo/th and multiplication of 

the parasites. This lo/i 11 include periodic temperature readillgs, 

continuolls mOllitoring of gas flow in the sytcm, as \lell as deter~ination 

of the length of intervals between ~!edium changes, volume of medium 

d::.-liv:red to each vessel after each c!lanee cycle, and periodic pH readings 

011 cacll vessel. 

The incorporation of a special colchicine synchronization cycle will 

provide the l'Jeans for automatically inducing synchrony in the system. To 

carry thit> out the control unit I... ill have to be able to first add medium 

call taining colchicine, then after 24 hours make tHO changes I/ith regular 

medium at 5 hour intervals. This ",il] necessitate having tloJO medium 

reservoirs, one with and one without, colchicine. 

The final j nnovation that Iolill r.1alce the systCr.1 fully automated w111 be 

the incorporation of an auto~ated harvest cycle. Individual vessels will 

bu IHlrvestccl either at a pre3et time or by the operntor Hhen parasitcf.1ias 

reach" specified level. The culture will bc drawn off into a separate 

collccL:ion systt'f;J thLlt call be CO!)!1l!cted directly to a continuous fla 1°1 

cent ri fugc! rotor ',/here the r!lCItr!ri::11 cLln undergo the initial steps of the 

purl ficatloCi proce~~s. 



The second generation control unit capable of carrying out these 

functions \1111 consist of an lEi'; Personal COL1puter or similar 

micro-computer system connected to the present cOlltrol unit that will be 

modified and upgraded. Use of the micro-computer \vi11 allow more operator 

interaction with the control unit so that parameters can be easily 

changed. With the present control unit the nu~ber of user-defined 

parameters is limited making it difficult to precisely adjust operation of 

the system. 

7.2.2 Identification, characterization and purification of potentin~ 

protective ,antigens of blood-scase ~ l.alcinarurl to be testeu in 
vaccination experiments. 

7.2.2.1	 Rationale: 
Our proposed worl( on the identification, characterization and 

pu rification of f. falciparur:1 antigens is based on the hypothesis that 

hyperimmune Aotlls sera (Le. sera frolll Aotun monkeys \·:hich have 

survived repeated challenge with live parasites after vaccinatlon) will 

immunoprecipitate a pool of antigens inclusive of those that are 

intimately in\'olved in protection. This h}'Pothesis \'li11 be tested in 

our first proposed vaccination experiment (Section 7.2.3.2.1). For this 

experiment, we will vaccinate Aotus monkeys with a pool of antisens 

isolated by affinity chromatography, using purified IgG from 

hyper:irr.l11une Aotus sera covalently bonded to Se;Jharose beads. If the 

hypothesis is correct and the vaccinated Aotus monkeys arc protected 

the next step \-;111 invol vo the identificntion of the critical 

protect i ve antigells amonGst this pool. Detailed physical 

chf,roct~rization and indirect im~unocenicity testing of these antigens 

\/ill shed l'ight on the identity of critical protective ontit;Clls. The 

selected antigeris will ultimately be tested in vaccination 
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experiments. Thus the logical sequence of our \vork is (1) to deten:line 

the maxi~um number of antigens recoEnizeJ by 118loria antibudy and to 

docu:1:ent their preG(~ncc in different P. falcioarum isolates, (2) to 

categorize the antigens into different groups based on their physical 

and biocherllical charact~ristics, (3) to devise Beveral schemes of 

purification so that different groups of antizens can be obtained in 

sufficiently pure ?rcparations, and (4) to perforM vaccination 

experiments with these preparations and establish protection with these 

nntigens. Further sub-grouping and ~ vivo testing will continue until 

the end of the third year of this proposal. Dy th~n, we should be able 

to i.dentify a ninimal number of protective antigens with knOtYO 

physical, biochemi.cal and biological characteristics. 

\-te ilCtve iml1lJnoprecipitated 3H-isoleucine labE:led P. falciparum 

proteins with Aotus hyperi~~une sera, separated them on ~DS-PAGE and 

vlsuHli~ed them by fluorography. T~enty-one parasite protein bands 

\lith I'ir bet\,een 30,000 and 180,000 lIere identified (Section 6.2.2). 

TIle detection of antigens in these bsnds depends on their bein~ labeled 

311 , 1 .Y tle If the protective :"lntigens arc 

nature and yet not labeled by radioactiv~ m'lino acids because of an 

extremely low intracellular turnov~r rate, thny will have to be labeled 

\1ith 14C-ncetaldehyde or lla 125r for detectioll. If they are 

glycolipids or polysaccharides, th~n they must be labeled metabolically 

by radic)(Jc ti ve sugars or non-lletnbolically by 3I:-borohydride for 

detection. Alternative La radio-lobeline, group specific biochemical 

stains m~y be used for deLection of proteins, 8lycoproteins, lipids and 

sugars. Furtheri1ore, ench of tlte 21 parnsite bands detected un 

o:w-(Jj r.10.n"i.onnl SD;)-PACr nay cc.ntain more than one prot(~.in specie~. 

T\.,'D-ciil'lf_!nsionnl elcctrophoref:iG \1ill be used to c1etcrr;line hO\v Jny 

b I n-lsoeUClne. proteins in 
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Significant differences exist hetHecn Aotus 1iI0nke)'s and humans in 

the degree and extent of ir.ununity to f.:. falciparum. The acquired 

immunity is long lastiu3 in Aotus Donkeys, whereas, it is transient in 

humans. For this reason, sera from Aotus monkeys, protected through 

vaccination, are more likely to contain antibodies that react with 

protective antieens than hyperimmune £era frOll1 hU/113nS 'with transient or 

variable immunity. Nevertheless, it is important to determine 

experimentally if hunan sera might recognize antigens missed by Aotus 

sera. 

A detailed characterization of antigen serves two pruposes. First, 

it ""ill a11O\'I us to define potentially protective antigens on the basis 

of their physical characteristics. {ve have reasons to postulate that 

the relevant protective antigens are associated Hith membrane (either 

erythrocytic or parasitic), since antibodies or immune cells must 

interact ""ith physicully accessible deten;tinants. 1'1embrane bound 

antjaens are oriented extracellularly and by analogy with most 

mammalian intrinsic me~brane proteins are likely to be &lycosylated. 

Thus, the idelltification of those .E. ialcioarum antit;ens I/hich are 

mel:1brane-bound and glycosylated are ilnportQnt physical criteria of 

relevance. Such f. falciparum antigens, whether associated ""ith 

parasite or erythrocyte membrane, are likely to be confronted ""ith an 

immunological attack. 

Second, it enables the design of a rational purification scheme. 

For exarapl(~, \/e have shmfrl (Section 6.2. l l) that many f. falciparuIn 

antigens recognized by Aotus sera are prcsellt in the particulate 

fraction. This impliC!s that isolation of mel:lOrCll1eS \Jill represent a 
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significant puri fication step. If the r1ef'lbrane protein reoresents 1% 

of the total cellular 'otein (as it docs in r:larnmalian cells), the 

isolntion of membrane alone will give a IOO-fold purification of cell 

surface antigens. ,'hus I·le will perfect methods of isolation of 

.E. falciparum surface mel:lbrane. Furthermore, since intesral !i1embrane 

proteins all possess hydrophobic tails enabling anchorage, arl 

exaninution of the hydrophobicity of antigens viII reveal the 

li!celihoorl of their membrane association. Since many integral membrane 

prot~ins are glycosyuted, we have labeled f. falciparulIl metabolically 

with sugars and shown that several proteins do contain 

polysnccharides. aUf preliminary studies have indicated that the 

commonly used lentil lectin does not bind f. fnlcipBrum glycoproteins. 

A wide variety of cOP.1l!iercially 8\'aih:ble lectJns that react \'lith 

different glycoproteins, glycolipids, or polysaccharides should be 

tested. 

One !i1eans of identifying and localizing f. falciparuQ antigens is 

by the use of monoclonal antibodies (Hab). For exar.lple, by correlating 

iO!llunof] t1oresc~nt patterm:; of ;·lab's, and SDS-PAGE of "lab precipitated 

labeled antigens with results of other antigen characterization 

experiments ','If! are able to ascertain that 1';ao' s 5.2 and 24AI.5 

reco~nize a membrane bound and heavily glycosylated protein antigen in 

b.:lOd §!. ([Ir :.: 180,O()CJ)(S~ction VI,B,5b). The likelihood that an antigen 

i8 relevant in protect:ion can be assessed br Ilsine r·;ab's to tlmt 

antigen in the in vitro grO\'Ith inhibItion of ~ falciparllm cultures. 

On(~ or l.1 rO/llbination of ;.-;ev(~r~l iJab':l to one or s(~vf:!ral antigens can be 

tested uirec tl y to see if in vitro fjrO\lth of the parasite is inhibited 

by itA (their) presence in culture lileu:LllJ1. Alternatively, ,·jab's can be 



coujllgn ted to 5epharose ucmis and used to purify ind i viuual an ti~cns. 

These can be used to raise antisera in rabbits or mice and the 

polyclonal 3ntibodie~ tested for growth inhibition ability. Besides 

bcing m;eful in antigen characterizGtioJl, !'lab's can be used for the 

purification of individual antigens for physio-chemical, biochemical 

and bioloBical studies. Thus in the near futur0 we will hasten our Hab 

production \~ork \-lith a hope to obtaining I~ore I'lab's \Vhich I·till 

immunoprecipitate other 5DS-PAGE bands. 

The purification schemes \/ill be designf'~d lnrnely on the results of 

studies on the physical, biochemical and biological properties of the 

antigens. IlO\~ever, t\;O indispensible t8chniques will be included in 

any schel~e that we· employ. The first i.s affinity cl1ronatonraphy, usinn 

ei thcr lliU1Unoglobins frorl hypp.riur:illOc Aotus S0ra, r.Ionoclonal antibodies 

or lectil1s. Optimizing cOllditiol15 of chroi::atQgraphy, especially 

af;sessing the filost npr>ropriate eluting agent!; that enable the retention 

of both antigenicity anu ilxnllnogenici.ty of th(~ antigens is critical. 

The second indispensible technique is high ~resstlre liquid 

chromat03rap:1Y (!lPLC), Hhich in recen l: yeers has become a valuable tool 

for anal ytical anJ preparative separat:.i.on of J:&ocromolecules. Purified 

antigens can be separated on the bt:sis of r:1Olr;!ct11ar aize using 

nolccular sieving in th!:: presence of cheotropic agents or ionic 

detergents, on cllarge properties using ion-exchange columns, and on 

h}'drophobicity using reverse phase colurlOs. Additional techniques that 

may be t:!xploiteci include chror.mtofocusing (\dlich l;ill separate proteins 

into basic, neutral, and acidic fractions), Triton Xl14 (which will 

provitle a rapi,l method of scparat lng hydrophophi lie and hydrolJl1obic 

protei Ot;), and preparati ve SOS-PAGE for size separation. 
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Groups of purified antigens obtained by using the combination of 

above techniques can be used as antigens either for Mab production or 

in vaccination experiments. 

7.2.2.2 Experimental: 

7.2.2.2.1 Identification of possible protectiYe·~ falciparum antigens: 

7.2.2.2.1.1 To visualize antigens separated on SDS-PAGE by staining: 

Unlabeled f.:.. falciparum protein extracts Hill be isolated by 

affinity chromatography, electrophores2d on SDS-polyacrylamide gels and 

stained \w'ith silver nitrate (Sammons £.!:. aJ ., Electrophoresis 1: 135, 

1981) and "stains-all" (Green et .Q..!.., Anal. Biochem. 50:43, 1973). The 

Protein A purified Aotus anti-~ falciparum antibody used to coat 

Sepharose beads Idll be extensively adsorbed ·.... ith normal erythrocytes, 

and the t:.. falcipflrum extract Hill be exhaustively adsorbed \olith 

insolubilized anti-erythrocyte antibody to eliminate staining of host 

erythrocyte antigens. 

7.2.2.2.1.2 To further resolve identified anticens by 2-di~ensional 

electrophoresis: 

Two-dimensional electrophore~is to better resolve immunoprecipitated 

P. falciparum proteins will be carried out by the method of O'Farrell (J.
 

Ri.ol. Chern. 246: 6328, ]975).
 

7.2.~. '21..3 To compare antigens recognized by t.otus sera with those
 
recoglJized by human serCi: 

Aotu~.; sera from past \'accination experiments and human hyperimmune 

sera from Indochina, India, Africa and South Ameri.ca ~ill be compared by 

autonldiogralJhy, staining, and 2-dimensiondl electrophoresis to determ'ine 

whethar idc-!ntical or (jifferent antigerJ[; nre identified. 

7•2 . ;~ . 2 . 1. 4 TfJ compare L fnldptH"ur.J. alltieens in isolates fror.! different 
geocroJphJcDt regions: 

Di[ferent Isolates of P. falcio8ruM from Central America, Africa, 



India, Indochina, and tile Phili.pp"int.w ~.;ill be labeled \1ith 

....
')

lI-isoll.!ucine. Il!Ifliunoprecip:i.totcd parasite proteins ",ill be separated 

by SDS-PAGE and visualized by fluorography. Only anti;".::ns COf:lllIon to all 

isolates ",ill be considered ae potential candidates for a vaccine. 

7.2.2.2.1.5 To compare parasite antigens in the course of in vitro 
cultivation: 

All in vitro culture with f:. falciparulil [rain an infected Aotus monkey 

will be initiated and aliquots will be cryopreserved in liquid nitrogen 

bi-weekly for 6 months. Aliquots will be thawed and ~etabolically labeled 

lli th 3ii-isoleucine simll1 t:~neollsly. URing vnccillated Aotus seea for 

im~llnoprecipitation and using co~venlionHI SUS-PAGE and fluorography, the 

changc in pattern of antigens during the course of in vitro cultivation 

will be followed. 

7.2.2.2.2 Characterization of possible protective ~ falcioarum 
antigens: 

7.2.2.2.2.1	 To distinguish ElCr.!brane bound antigcns front soluble antigens: 
Surface membrane i!latl~r.i.al vi.ll be isol<1ted to confirm the 

membrane-bound nature of Dalila antigcns. Parasites \dll be r.letabolically 

labeled with 3ll-isolcucine, released by saponin and treated with a 

non-ionic detergent, Tween 40. After breakio3 up tIle detergent trested 

parasites by passaGe through a Stansted cell disruptor, high speed 

centrifUGation at 100,000 X 2 for 1 hr. \Jill separate the parasite 

preparation into a supernatant soluble fractiofJ and a pellet, the 

particulate fraction. Dy density cradient centrifugation of the 

resuspended particulate fraction, parasite surface membrane will be 

obtained os a light fractiofl, since the bouyant density of membrane i~ 

lG\oIC::rcd by the 'I\!ecn MJ bOllud to its lipids. Both the membrane fraction 

f.Hlluldlizcd hy NP-40 Otlt! the soluhle fraction \1'111 be il:u!lunoprecipitl'ttied 

\dth hYf.'F-::ri.f.U:lU!l': sefu and t1H~ antigens reco~nized \·.. i11 be separated on 
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SDS-PAGE and visuali~ed by fluorogruphy. 

7.2.2.2.2.2 To define Zlycosylated vs. non-glycosyluted antincns: 

A panel of purified lectins I-till be !ssflyed for their ability to bind 

parasite antigens. A solid phase assay will be developed to ~creen tIle 

lectins. The assay will involve platios the l~ctin to poly-L-Iysine 

coated ~,el1s of l:Iicrotiter plaf·es. Hetabolically lauelcd pnrasites 

solubilized by :\!P-40 \·:i.d be nrJdeci, and .1fter IJdshioi;, the alllount of label 

associated with the well ~ill be determilled. A partial list of purified 

lectin::; that are coaunercially available (a'ld their specificities) include 

peanut agglutinin (galactose), mistletoe lectin (D-~alactose), 

Concanavalin A (alph:l-&Iethyl-D-i:1Clnnoside), soybean lectin (ii-acetyl 

galactoso~ine), li~ulus hen~gglutinin (sialic acid, glucuronic acid, and 

phosphoryl choline ana 103S), and Dsparngus Jwa lectin (L-fucose). 

7.2.2.:L2.3 To classify antigens uy high pressure liGuid chror.1ato~raill1y: 

I. pool of f:.. falci2arUl1 ant i~ens ohtainod fror,l affinity chrolJlatography 

using ir.u~lObilizerl IgG from hyperimr.lUne Aotlls s(~ra \/ill be fractionated by 

I!PLC. A column filled with 300 angstron or 500 angstrom pore size class 

r.mtrix coated l'/ith glycerylpropyl-silar.8 Hill be used for separation 

according to size. The chrom3to~rHphy Hill be done in lJH guanidine-He!. 

A colu~n of large pore silica with the ligand octadccyl will be used for 

separation according to hydrophoLicity. The c11romatography will be done 

by decreasing the polarity of the 1.1OUile phase I-lith increasing 81:Jounts of 

acetonitrile or n-pro?arlol. A column filled with a glycophane-co~ted, 

fiilicn-il::l3P-d iilatrix \lill also bQ tried for separation according to 

chilrg(!. These e:<peril.icnt~· \/i11 help cct':!rJ:1ine the I.lO:,t appropriate ti'pe 

of co] U~llI ar,d the optir.1UJ:1 elution con(litiorw to be used for the 

jlurificntion of nntiW!Ils by prepariltive llPLC. 
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7.2.2.2.2.11 To separate anti~en[; according to size: 

The usc of the ionic detergent SlJ~) enables the r;eparation of p<Jrasite 

proteins accordin3 to size. Non-ionic detergents such as ~P-40 result in 

micelle formation and prevent such separation. In future work, 

f. falciparum antigens will be isolated preparatively according to size. 

Hmo/ever, \.;e must deterrJine \ihether or not SDS has adverse (·[fects on 

antigE:nicity and ilil:!lunogenicity. To study antigetlicity \Vr~ will do the 
') 

following experiment. An aliquot of JH-isoleucine labeled f. falciparum 

culture \;111 be divided into tuo portions. Oile \/111 be solubilized Hith 

NP-/IO and the other tilth SDS. SDS from the latter \dll then be removed 

and repluced \-lith !lP-I.O. HyperiJ'lI:1une sera ir.J:lunoprecipitation patterns of 

the t\-IO lysates Hill be cOr.lpar2d follmling SDS-?\GE and fluorography. To 

study ii'1l1unogenicit:r, tie will ir.u!lllnize rnic':l separately with :W-IIO-prepared 

and SDS-.prcpared (SDS eventually \ti 11 Le removed (Jnd replaced by ;~P-I.O) 

P. fnlcij>ilrUlI1 antigens and then conpare antisera raised by th~ t",O 

different preparations. If there is no adverse effect, then SDS can be 

used ill antigen purification by ~el chromnt03raphy. This will facilitate 

purification greatly since SUS in a pO\-lerful solubilizer and is very 

easil j' removed. 

7.2.2.2.2.5 To localize antigens usin~ conocional antibodies: 

Production of conoclonal antibodies wllich co-identify antigens defined 

by Aotus sera will contitlue. AG ne',; 1:lOnoc!onf.11::; lJecome available, the 

d(~f i n(~d illlticiens Hill he localizerl to troilO7.oitc, schizont, merozoite or 

erythrocyte by indirect immullofluorescence. 

7.2.2.2.2.{) 'fo evnlu~te antigens that inhihit merozoite rclnvasion 
in	 vil ro: 

!If:, r.lO:lOdr)nal atltiuodies arc produced to 1.:.:- fnlcipttrui:l antigens, the 

flnti~crH; 115.11 hl~ i~jQlnt ..~rl OJ' affjnity-purificntlon. Purified antigens 
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will be used to immunize rabbits and the Ig \vill be purified on Protein A 

COlUlilllS. The purified Ig l/ill be used to evaluate in vitro Brm/th 

inhibition. We believe that inhillition of merozoite rcinvasion is more 

reliably assessed using polyvalent antisera rather than monoclonal 

antibodies, since multiple epitopes on the antigen will be recognized and 

greatly increasing their functional affinity. 

7.2.2.2.3 Purification ~ possible protective ~ falciparum antigens: 

7.2.2.2.3.1 To purify a pool of antigen by tls:!.n8 Aotus hyperimmune sera: 

As mentioned in Section 6.2.t~, a pool of P. falciparun antigens 

isolated by offinity chromatography using IgG from hyperil;unune Aotus sera 

has retained their antigenici.ty and immunogenicity. The elutin3 agent, 

Lithiu~ diiodosa1icylote, though efficient is to expensiva, and is cosily 

precipitated upon sU[:ht change in pll. Other netilods of elution, such as 

elution by electrophoresis with an ISCO elcctroporetic concentrotor will 

be tested. Once the laethod of elut:ion is perfected, we vi11 use this 

prep8rotion as a vaccine in our proposed first vaccination experiment. 

7.2.2.2.3.2 To separate antigens into soluble and ~embrane-bound 

fractions: 

The analytical method described in Section 7.2.2.2.2.1, will be 

e:~tended for the preparation of ~ [alciparum surface membrane. Since the 

starting parasite materials \/ill not be labeled, the purity of THeen 40 

i.ncol'poratcd ~ falcip::trlliil surface memurane will be assessed by 

\'lclI<11izing 5DS-PAGE bands \-lith AgNO., staining.
,J 

7.2.2.2.3.3 To Deparate antigens into Slycosylatcd and non-g1ycosy1ated 
fraction:;: 

Immobi12ed lee tins 011 Se;)harose bench: '..lill be used to separate 

nly':o::~yl:lted fror.J lIon-glycosylatetl proteins. Prelll!linary data on antigen 

chnrac.t(!r.li'.atioll (Section 6.2.3) hm'c ShOHIl that quite fl number of 
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antigenn recognized by Aotus ~8ra arc ~lyco"ylated. We have found that 

the cm:u:Jonly used lentil lectin docs not bind f:.. fa1ciparur.1 

~lycoproteins. Tilus, \-Ie envision usitl;j :I lectin havinp, stronger binding 

affinities, such as Con A. Alternatively, lact1ns hllvinc other sugar 

specificities may be used (cL Section 7.2.2.2.2.2). 

7.2.2.2.3.4 To isolate anti3ens by high pressure lillUid chromatography: 

Tile information used to c1as3ify anti.gens by analytical HPLC '(till be 

uS0d for preparative iIPLC (Section 7.2.2.2.2.3). 

7.2.2.2.3.5 To purify antigens according to isoelectric points: 

A pool of affinity-purified parasite proteins, obtained by using 

il::f:lOl>l Uiz~d IgG from hyperiw.mune Aotl1:~ sera, :,rill Le scparat2u into 

bnsic, neutral and acidic proteins by "chromatofocusing". Both colur:m 

mi':!tlill,'" <.luI.! buffer:; ;)n~ 3v<lU.able cOilliilercially fror.! Plmrmacia Fine 

ChC::l!.cab. The l:JethotiolotiY •..:111 he that of Sluyterman ~ Elgersr.m (J. 

Chromator.:r. 150: 31, 1978) und SlLytermnn :~ Hijdenes (J. Chro;:Jatogr. ISO: 

31,lCJ78). 

7 .:~.2.2.3.G To separnte anti$?,ens according to hydrophobicity by Triton 
X-114 : 

Triton X-114 , a non-ionic detergent of the Triton X series having a 

10'.-/ cloud p'Jint, was found to be Joost suitable for separating hydrophobic 

fror.1 hydrophilic proteins (13IJrdicr, J. Hiol. Chern. 256: 1604, 1981). 

PuraBita proteins CAn be extr~cted by triton X-l14 at 37C (above the cloud 

point). ..\fti!r centrifugation at the SLJr.1p. temperature to rer.love insoluble 

mut::!rinl..:J, the cletc:rgent ~;olution \-lith parasite proteins \:111 be placed nt 

roon tl~:~J1el"lture (belOIt the clotd paj ill) to 0110" phase .:;epnration to 

occur. ;lyc!rlJphLlic ~Irotcin:; Hi 11 rem:.lin in the upper, clear aqueous 

phunr.'; 1I:ll:'r~"ls! hydrophobic proteins '..:ill he in the 100,ter, turbid 

detcr;~vnt ph:.1:;n. 



7.2.2.2.3.7 To separate antiecns according to molecular size: 

The pool of affinity purified parasite proteins will be fractionated 

into three size groups by preflilrative SDS-PAGE: :lr above 100,000, iJr 

between 60,000-100,000, and Mr below 6U,000. Hath SUS-PACE and Sephacryl 

gel chrrnaatography with SDS will be used for sepuration. The latter will 

employ 3 rum slab gels. After electrophoresis, slabs \/i11 be cut into the 

three sections according to tIle arbitrary Mr ran~e3 ahove, and parasite 

proteins will be eluted elp.ctrophoreticnlly by a ISCO protein concentrator 

according to Allington et i!l. (Anal. lIioche!'1. 35, 1978). SDS \-li11 be 

rer.Joved during concentration and replaced by !1P-40 present in the buffer 

used in the concentrator. In gel chromatosraphy a maxioum of J ~1 SDS 

will be used in the buffer 80 that Sephacryl properties ~ill not be 

altered. !~uffer of ionic strentjth O.Sil will be used so that the critical 

micellar concentration of SDS will fall far below 3 ~1. Under such 

conditions, SlJS will not be lost from the SDS-:J::lnlsitc protein cornple:-:es 

and the pnrasite anti3ens will remain solubilized. Groups of proteins 

obtained from the Sephacryl gel chromatography will also be concentrated 

and SDS rer:loved like\'1ise. Ii:L11Unogenicit}· of these preparations Hill be 

evaluated by vaccination of mice and antisenicity will be checked by 

re-imi:lunopcecipitaticn \o1ith Aotus sera. It in likely that SDS ",ill cause 

SOI:1e protein denaturation. JIen/ever, sequential antigenic determinants 

should rcr:min unaltered and so:ne conforr.lational dcterr:linants should re~ain 

int.act. 

7.2.2.2.3.13 To purify antigens using nonoclonal antibodies: 

If :J set of antigens is sho'/m to pro':.ect Aotlls mon!:eys in vaccinntion 

e:':jJeril:l~nt3, the individual antiGens Hill b::.! plJrific!t! by usinZ appropriate 

r.10I1oc:J.olln.1. antHodit:s covalently bonJed to Sepltarose hends. Details of 
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this ,.-ill appear in Section 7.2.4, \oIhich specifically d~ul[; ,... ith 

product ion of monoclollal onti bodies to P. falcipnruiIl anti~'::ms. 

7.2.3 Vaccination studies in Aotus trivir~ntlls usinq purified blood stage 
~ falcipnrum anti~ens in conjunction \:ith ~ apnropriate adjuvant. 

7.2.3.1 Rationale: 

To date, the r.J01it effective vaccines in Aotus monkeys have been 

cor:lposed of partially purified ,..,bole: c(~ll schizont or merozoite antigens 

derivod froln the short-terr.J culture of infected cells obtained fror.J an 

infected r7lonkey or human Ulitchell, C.H., et a!., Lancet 1.: 1335, 1977. 

Siddiqui, \'I.A., £.£. aL, Nature 289: 64, 1'),31). Attempts to repeat thes~ 

experiments ,dth ,...hole cell antigens derived from long-term in vitro 

cultures have not been as effective (l{eese l<T., ~ a1., Proc. Nat!. Acad. 

Sci. USA 15: 5665, 197[:\. Truger, H. ~ .f!!.., Parasite Ir:ununol. 5: 225, 

1~U3). Th~ reasons for this discrepancy are not fully understood at this 

tinle. Perhaps the putative protective antigens: 1) ure diminished either 

in number or in quantity after 1003 periods of in vitro cultivation or 2) 

ure r.Jnnked by if~unodo~inant nnti~ens which appear during long-term 

in vi tro cultivati,jn. 

To dute, no vaccination [Jtudies hn'lc reported Ilsinti purified antigens 

to protect Aotun monkeys against..E. falci2:lrum. He propose to purify a 

pool of f.~ faldparu::J an.tigens fror.J in vitro cuI tures using hyperimmune 

Aotus sera as describerl in Section 6.2.4, and as detailed in Section 

7.2.2.2.3.1. Thb pool of pur:ificd antiecns '.rill be used in a series of 

vaccination stlldies. If these vaccination experiments are successful, 

then \Ie \lil 1 reduce the IIl1!llbcr of anti~~ens ill the purificl! preparation to 

a 1:1I11:h ~·natlcr pool anrl carry alit further vaccination experiments. Our 

propo20cd :·;LlI:l.icw Oil :.lntiJclllw~lItifical:"ioll, ChQr:lctcri;~ation oml 
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purification of antigens will aid us in choosing the most appropriate 

conbination of antigens for further vaccination experiments. 

During the next three years we propose to conduct at least four 

full-scale vaccination experiments using Aotus type II anG III monkeys. 

The first series of experiments will test the effectiveness of a purified 

pool of antigens isolated by antibody affinity chromatography from both 

long term in vitro and in vivo derived cultures. Depending on \-Ihich 

antigen preparation is most potent in conferring protection, we will 

further dis~ect the antigens into grou~s and conduct additional 

vaccination experiments. An example of a purification scher.1e that nay be 

followed is ~iven below. The asterisks indicate high priority groups that 

night be tested. The rationale for priority has been discussed earlier 

(Section 7.2.2.1). Purification schemes ~~y change and priorities will 

shift as more information becomes available. 

P. FALCIPARUM SCHIZONT ""TIOiNS ---- I··-..·..··"n•• 
I I 

,..eMSR"Nt FRACTION SOLUBLE FRACTION 

10""100" UII'''''l' CHIlOIII""OGIlA""'l' 

UtlSOUND 
"'ACTION P. FALCIPARUM ANTlOI!Hll 

- Ir----------.,-...L.-----_---. eEL
r1LT"ATIO,.

IlPLC 

HIOtt MOL. "IT 
AtmOE..' * 

IlIVIIlIiLlCT'" .,""'NI'" 
CHIlOIIIATOlJIlAI'H" 'HA.I HPLC 

o"M.L'81. 
ANT/OEN' * 

NOH-OLYCOSVL~TED HYORO..HILIC LOW MOL. Y/rANTIGENS 
AtlTlGem~ ANTIGENS 

EXAMPLE OF A PROPOSED PURIFICATIO:-l SCHEME 
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7.2.3.2 Exnerirnent91: 

7.2.3.2.1 First vaccination experiments: 

7.2.3.2.1.1 To prepare a pool of antigens from in vitro cultures: 

The parasites will be gra':n in large culture vessels as described in 

Section 7.2.1. Long-term cultured parasites will be synchronized using 

colchicine. This treatment "'ill not be needed for short-term cultures. 

since the3~ rCI:Jain synchronized for appro:<im3tely tl'1O r.lo~ths. Short-term 

culturas will be established from n frozen stabilite of a monkey passaged 

Fur strain and harvested over a two month period only. Jaturc parasites 

fro:i1 both long and short-term cultures \lill be released by saponin and 

0stored at _70 C unitl purification. ~fter sufficient amounts of 

parasites have been accumulated. they will be solubilized by ~P-40. 

Unsolubilized parasite rnaterial will be reraoved by centrifugation at 

100. GOa x ~~ for I hour. The solubili;.:ed ~ falcipClrtlm anti~ens llill be 

purified by affinity chron:ato~raphj' as described in Section 7.2.2.2.3. 

Protein A-purified antibody fro;:] Aotus hyperim.":1une sera 'till be coupled to 

Sepharose. Lithium diiodoGalicylate will be the elutinc buffer. This 

anti30n preparation "ill be concentrated and lithium diiodosalicylate will 

be removed and replaced by NP-40 in an ISCO electrophoretic concentrator 

\'lith i';P-MJ present in the huf fer. All protein determinations 'dll be 

carried alit by spectrofluoro'iletry lIsin~ fluorcscar.line (Sins &. Carnegie. 

Anal. Eiochem. 03: 57:3. 19-iS). 

7.2.3.2.1.2 1'~ test the .0nthcnicity of ~~ff:i.nlty purified r:lnti~cns prior 
to var.r. i Illtt i ()11: 

'rh2 purified anti~ens will bQ nnnlj'zed for retention of antigenic 

d0termlrl~Jilt:-~ ily re-ir.lillIJilOpreC i.pitation \;it:, hyper iJ~j:Junl? Aotus sera 

follO'.lin:"~ C(,lll:all 1~!UtjOIl. ,\ ~mnpla of eluted nllti.g0f1 :lnd a sample of 

rc-ir.ii;Ju:W\lfPcil;lt.:t'_d 2lutC'd <llll.i::c~ '.:ill be co-electrophoresed 011 :1 
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SDS-acrylaai.de slab gel. Antigens "'ill be visualized by silver stainin3. 

If similar bands appear in both lanes, antigenicity was not lost in the 

course of purification. 

7.2.3.2.1.3 To test the immunogenidty of the affinitz purified a.ltigcns 
in non-pr irila tes: 

This antigen preparation, '.vith FCA, •..ill be used to i:Ill:1unize rabbits 

and f:lice. Sera Hill be obtained before inmunization and at several 

intervals after each ir.lffiunization. Total antibodie::; to f. f::tlcioarum Hill 

be assayed by inA and IF.\. J~Qnctivitj" to individual alltise~s Hill be 

analyzed by immunoprecipitation of 3II-labeled parasite proteins, 

5DS-PAGE and fluorography. Gro'.vth inhibition studies I·till be performed 

with the Ig fraction from irn~unized rabbit sera to evaluate development of 

antibodies \/hich neutralize nerozoito reirwasion. l\dditionnl tests to 

evaluate the ability of these purified proteins to induce delayed LY;0 

hypersensitivity will 

be performed in mice using antigen proliferation assays of splenic 

lymphocytes under conditions previously described (T.:lylor D.!·I., H.A. 

Siddieui, lJull. 1,1110., 57(suppl. 1): 'J./~7, 1979) ancl foot pad s\·:ellin3. 

7.2.3.2.1J~ 'fo vaccinate Aotus (:lonkers ",itll i:!. pool of affinit', purified 
antig0.n: 

THO vaccination Dxperiments will be carried out if the antigen 

prcp.:lrntions are shmm to retain antinenicity and ii:lr.1tlno;senicit}·. The 

first vaccination will tQst anti~ens derived from short-term in vitro 

derived cultures and .:lnot!J,~r ::;.:perll:Jcnt Idll cvalufltc the 3ntigens fro:il 

10n3-tcrm in vitro cultures. The vaccination protocol is as foll0·....5: 

7.2.3.2.1.!~.1 COi:lpo!~itioll of the vaccine: 

iJonkr..!ys ...!.ill bt~ vllccinntcd \lith purified al1!"igen!J in FCA. ~Jonkeys 
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rcccivill~ either C111t"igen only or FCA only \v"ill serve ns negative controls 

and i:lOn:~cy~; rcceivinJ \·:hole parasite antigens \-lith FCA ...,i11 be positive 

controls. Jf r.lOre Aotus monkeys are .:]va i lable another group of lJIonkeys 

will be ~lVCll purified antigens with a synthetic adjuvant, either CP20,961 

(Pfiz~r) or B-30 i'iDP. The number of monkeys used per group \dll depend on 

the nu:nber of monkeys available. Karyotype II and III Aotus monkeys from 

Colunbin ',:i 11 :)~ lIsed because these li:Onkej's have 3iven, in our laboratory, 

rclla~lc responses to 1~ falciparu~ vaccination and challenge. 

7.2.3.2.1.4.2 Collection of blood samples from Aotus monkeys: 

Innod fror:1 all experimental iIlonkeys '.dll he collected before and t,..o 

\lec:~s <Jfter CLlch vacccinatioil. After challenoe \-11th live parasites, blood 

.....ill be collecte(! fro;;] surd vin.j I:lonkcys c:ft~r the parasite;;lla haG cleared 

and t:-II~ ilQ:~ntocrit han returned to norh1al. 

7.2.3.2. 1.l~ •3 I~L;lunolo3ica 1 assessment: 

SerD 1/111 b~ analyzed p~ior to challcng8 for total r:1alaria antibodies 

by lUll and IFA lllld for rc'lctiv.ity ...,ith specific f. falcipnrllm antigens by 

imr::U!"lOprccipitation nnd SDS-PAG2. Aotus antibody \'ii 11 be evaluated for 

inlilbitio:l of r.;crozoite re-invasion tn vitro. ThD preGence of bound 

nnt i-:-:![ythrocyte antibodj' lJill be tested by the Coo::tbs anti-31oJulin test 

\!h0.i1 t~1e ir.:nune responses arc rn~:dr:1~l (t\iO to four vaccinatio!1s may be 

needed), \/0 WIll chullcn~c the vnccinnte~ I:lonkcys vith live parasites 

o.btnin.::d f [1):11 '1fI infected uonor ;\otllf; J:101l:(cy. The challenp,e inoculum \/i11 

be 7.5 ;( ]()'> infcctf!u erythrocj'te3 per r:on::~y. 

7.2.3.2.2 C·t:l'!£ \·')c~ci.n:!Lioll .£!-pS'ri::l,~nt.s to .Jctermine tIl(-> l:linllllum nur.lber 
of a[fi~nit:\' J~ll""ii:j,~d allti;~.~lir: r21J1J:ir~rJ fo.£. orotection: 

If l·H~ d;~;t V•.lCc:il;'IL:iO!l I~>:p,'jri.w:!atis succc~;s[l1lt the pool of 
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antigens ,.'ill be fractionated into sub-groups by the purification scheme 

discussed in 7.2.3.1. The me~lodology specified for cvnluatiDn of 

antigenicity, ir;ulIunogenicity in non-prililates. nnd vaccination of Aotus 

monkeys described above, will be followed using a selected antigen 

sub-group. 

7.2.3.2.2.1 To vaccinate with monoclonal antibody purified antigens: 

If nn untizen sub-group is protective, Balblc mice ,.,.ill be iiili:lUnized 

with the fractionated antigens nnd monoclonal antibodies will be produced. 

The antibody will be protein-A purified from Ascitic fluid nnd conjugated 

to SepharosA 41). The specific antigens '"ill be affinity purified in a 

sin~le step from crude. saponin-lysed, NP-40 antigen e~tracts. Again, 

ei thcr single antigens or cor.tbinations of antizcns Hill be evaluated for 

protection, adhering to the ~u31c vaccination protocol dcscriLed above. 

If c single antigen or a rcstricted sut of antiaans is definetl, the 

feasihillty of production bj' rccor:obinant n:rA tec:!1nolo(;y '.lill be evaluated. 

7.2.'~ To continue monoclonal antibody production, and II initiate 
tensibilitv studies .£!!. thi~ ~ of recombinant D:-!A technoloqr for the 
production of relevant nnti~en3: 

.7.2.4.1 ;'!onoclon:tl Antibodies: 

7.2.4.1.1 ~ationnle: 

Impro'/eiilents in rnonocJ.on31 antibody production cnn be made in tHO 

areas: i.:l!:lunizntlon of Balble nice and screening of hyridomas. In the 

post, \·:e i.avc im;,lUnize(1 oice \t1th crude parasite preparations. Future 

iimll:nizntJons \.'111 cr.Jploy c!lnratC'ri?cd antigens obtain2d throu~h 

prcp.1rntivc purific<.Ition r;che:lcs ~uch as thosc rlc3crib~d in Section 

7.2.2.2.:J. This \-11.1.1 incrp.<13t: the prolJnbility tlltlt !-;elected hyIJric1oi71as 

Gnc(! it llyhric1c)!'ln i:l i den ti f t'?d by !::oUd-ph:l:'lP :;L\, much time and labor 
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is inve::;ted in identifying the ~ [alciparum antigen. The identification 

involves indirect inuJlunofluorescence a Ill! 5DS-PAGE. As we produce more and 

more flybridomas, we will encounter the problem of redundancy. That is, 

r.lol1oclonal antibodies will be preferenti.:llly detected ag,li%t the most 

immunogenic E. falci!Jarul1I antigens. The 180,000 (band E.) and 132,000 

(band !J) antiGens are good e:moples. \fe have produced several llab I s to 

both antigens in separate fusions. Tu minir.Jize redundancy, Dalble mice 

will be i~munized vith restricted sets of antigens. For example, the 21 

antigens isolated hy Antus serum \·:i11 be reduced to 18 by adsorption \dth 

affinity columns containing ;rab 5.2 (!Jane; E.), ;'lab 219.5 (band E), and Nab 

5.1 (band 1). As. more and r.IOre monoclonal antibodies arc produced, fever 

nnti3cns \:ill be llsed for iJllffiuur:lizatioll. 

Secondly. the screening assay can ~e improved. The Dajority of labor 

in monoclonal antibody production lies in screening. Thousands of 

hybridoma sup8rnatant~ need be surveyed and the effort is laborious. 

Identified p:lrental culture~ mest be cloned tHice, addin:j to the number of 

sllpornatants thnt ~ust be screened. About half of the identified clones 

nrc unstable and mU.:>t L~ continually !.Jonitorcd for ret~ntion of activity. 

Isotype cu~t be deternined, ascites flul~s must Le titered, and the 

different fractions from Protein A-Scph~rose chromatography must be 

monitored for antibody activity. Thawed aliquots of purified Mab must be 

examined for lo~s of activity upon storage, nnd the various fractions 

duriilg conjuelJt:l01l to Scphnrose lIB lIIust be titered. The I~IA involves 

erenter lnoor tlltln an cnzyioe linked screeni.ng assay (ELISA). Protein A 

must br.! iodin:1tt!rl c:onthly, and the i:1ccllLlnics of counting indi vielunl \wlls 

ill a ga::1:nn counter i3 tir:c-con~Ul;'jillg. Th·J I:mjor advC1ntCJ?es of ELISA are 

the cliI:1i.nilUon ~Jf rndio.JcLiv0 io:line, \/:dch is a biolo3ic.Jl haz3rd, and 
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r8pid thew the counting of individual \'!Clls by InA. S,dtching over ahould 

pose Httle difficulty. Contin;~ of plates \.;i.th f. falcinarttr.l antigens, 

the i~njar problem in iJ:ununonssnys I has been solved and the Sai:le plates 

used for RIA will be used in the ELISA systeQ. 

7.2.if.1. 2 ExperiJ:lental: 

7.2.t~.1.2.1 '['0 immunize Balb/c mice Hith defined antigeilG: 

As ~urificntion sch~mes arc devised for the isolation of pot~ntially 

protect.ive antisens, \l~lC~ther by preparative I1PLC, lectin affinity columns, 

or preparative isoelectric focu3in3, the purified cntiJcns will be used to 

in~uni~c Bnlb/c ~icc for monoclonal antibody praduction. llalb/c mice will 

rech~vl~ <1 pri:mry. innuniz3tioll 50 U3 of purifi.ed antigen in FCA 

intralJ~r.tL(\il.~nlly. Secondary nnd tertiary ii"::::ltInLzntions ,...ill be at tHO 

,reck btcrvals \·:ith 50 U3 of antigen in Freu.lll's incoinp18te adjuvant 

(FIA). (t.1tcrIlatively, 5 X 10
7 unpr:t;;Jcd Bnlb/c spl~cn cells Hill be 

scns-tti z2d in vi tro by culture in 20 1:11 r:alJ/c thymocyte conditioned media 

containin~ 50 u~ characterized P. fulciparu~ antigen.) Four days prior to 

fu~;ion, l:ticc 'oIi11 receive 5 ug intravenously throu3h the tail vein. I·lice 

will ba exnnn3uinatcd by cervical dislocati.on and w~she~ splenocytes fused 

with tll(~ nom:e:Cictor 1'3 X 6:3 Ag 3.653 myelol!la call line according to the 

i:lctho(! (J f Koh lor (J~·IR\) I Cold Spring !larbor, 1930) using 4.5:~ polyethylene 

glycol 1561.1 and 7 .5~·~ D:iSO in s(~rl1li\ free media. The fused cells \till be 

reGl!~:pc:nd(~d in IJAT selcctiv'-! r.1edia and planted in 96 "le11 microculture 

trays (WOO cultures per fU:11on) containin~~ s~lngeneic jl~ritoneal 

screel'f~d lJ}' ?LIS/\ (see b8lO\·:) all a:::S<l i' p12 tcs con ta i fa :lng ai r-dried , 

f. faldjlcll"u.!.:I. slIlJ.i.t:<1ted III:lter:l.nl. Positive> Hells ,...i11 he double cloned by 

lil:li I:i n~; rI i.l uti ,)jJ • 
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7.2.4.1.2.2 To ::ldsorb antip,ens l'iItI) monoclonal antibodies prior to 
irui1unizotion: 

M;ci tic fluid contain:in,~ r.lOnoclonnl antiuodies to dominant in":1unogens 

within a ~roup will he produced. The ascites will be delipidated with 

heparin (Lindqvist, K. and V. C. Bauer, Ir.ununocheiil. 1: 377, 1966). The 

aml,lOnlur.l sulfate fraction '.oIill be passed through Protein A-Sepharose 

(f)hari:i~cia) and the Ig eluted \'lith pH 3.5 dtrate buffer. One hundred r.1g 

of purified !!lonoclonal antibody \/i11 be conju[;::lted to 10 IiIl (about 3 

grar.Js) of cyanogen bror.Jide activatet.l CH Sepharose 413 (Pharr.Jacia), \·mshed 

by three cycl~s of pI! 4.0 acetate buffer follmo/ed by pH 8.0 Tris buffer, 

and stored in borate buffer until required. The set of characterized 

anti~cns will be passed throu3~ the monoclonal antibody affinity column 

prior to ir.:iilunlzation 'of BGllJ/c r:1ice. This step a;lpears uilnecessary \/hen 

the theory or monoclonal an ti body production is considered; hm/ever, \-:e 

believe that i.t Hill ilasten the detection of monoclonal antibodies to 

w2a~ly iruJuno3cnic f. falcipnru~ antigens by clioinatin~ redundancy. 

7.2.4.1.2.3 To convert the Golid-~la3e ~IA to an enzy~e-linked 

imrnunoabsorhent assay: 

Ass'])' plates coated with the cqui.valent of 1 X 106 sonicated, 

air-dried f. falcioarun wilJ be used. These ar~ the plntes developed for 

RIA. For screening, 50 ul of culture super~atant will be added to a 

microtiter ~ell and allowed to react 60 min. at room temperature. The 

plates \;i.l1 then be l/Dsl1ed I/ith O. ()5;~ Triton X-IOO in lIater followed by pH 

7:2 p~lOsplltlte buffer:?o saline (PJJS) cOlltF.Jirring 0.02/~ Tween 20. The \/ells 

\'lill t!l!!n he filled Hith 50 ul of ::l0at anti-molme nntibod}' coupled \·lith 

all:a tine f.lhO~ip!lGtase, diluted :)I! 7.U r:;S-T\l8en 20, and incubated at room 

tel.l;J'-lrntllre for 60 1.1ill. The p11tf):; l;.ill be '.li1sheu and 50 ul Sigma 104 

substrate ill :)lJ HJ.~~ iJllff(~r \.;ill b::~ ;I'I<1(:d. The plates vi.ll he sC::lI1I1etl nt 

40J ml rf)l()rjHl:··~tr.t::.~dly after 60 :!!':n. on Uil '·;LISA re(\d~r. Supernatants 
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givin3 3ruatl:!f tbnn three Gtarlcl:lnl d~.,illtio!l3 nbove nC:1nt:ive controls ~-ri11 

be con!d.rlered positive. 

7.2.4.2 :·Ioleculnr biology related to vaccine producti.on ~ recol1lJinant 
Di:A technolo1 v : 

I t is conceivnblc th,lt the protcc ti 'Ie an ti;?en5 Hi.lt. be polypeptides 

\llli.cil cnn oc 3j'nthesizeil hi' rcco:::uin.,nt J);!A t,~chnolo:;::. This is desirnulc 

[ro;:I a production standpoint, und Ciilp!lusis .:i11 be £Ii v;m to those 

;Jrotecti'le GOti 0CllS which are polypeptide:;. Currently, the m05t comr.1on 

l:lethocl [or producing plas:noJLal proteins bj' recombinant D~;i. techniques is 

by con~.;trllction of cWL\ biJ:1ks (Ellis, J. et a1., ;':aturc ~(J2: .'536, 1933; 

v J ~~.. 1 1)"\"' ....1j : ~ lU83)." ,\ cOilA to screenI,Ci.lp • E...... , 1\1;;' I;' ~~-',;':7, bank is ::>il'lplcr 

than a :;cllo:nlc hnn!~. In cucaryotic cells, for eX<I,liple, a ~enofi1ic ban:< 

vill contaiil between lOO,OJO to 1,OOO,OUO U~A fra:ccnts 0f n size suitable 

for c1o:lill'Jj \l~lerC.:lS, n cUriA b.:lnk l-lill contain betl'lee;} only 1O,OGJ to 

30,000 different r::IU.\ seCJuenCC3. i:cvcrthcl.~ss, the screening of n cDl/A 

bank still rcpre::;ents :t heroic tusk for a ni.1I:I!.Jer of n::asons: First, the 

fre'lllC:l~·f of a particular clullc ia a c.:):;.~\ bank is prorortianal to its 

nbundn~cc. Th2 problem of detcctina D low frequency sane iG difficult for 

plns:'lorlinl protei,lS, since m:::;.\ encoding for antigens that react Idth 

irn::lUne ser:J C~ll be found ill L-otll poly (A)+ tl:lJ poly (.'1)- :1!{::A L actions 

(:~i'lcros-::orl!no, B. und L i). lInntings; 2nd Int. ConE. :lnlaria and 

() b " ')'1 laO?)uU e~~ lO:'>l~;, p. _, ,,'J.J. ~jccolld, the optir.;nl conditions for ohtainin3 

full len~t.h u;:::A tln~ full lejJ~::'j1 trnn8crlpts for brge proteins are 

difficult to altairl, bccnu~o there is prcferantinl ~~lection for cD~A that 

encod~:'3 [or lU',1 :1101ecula: IlclglJt protein::;. 

Sc:':cral tCc:11l11rr\H~3 I.i~ty be l1E~e:~ to Dir.l1Jlifly tlt~ problcl~ of !3crecning 
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nascent polYi,optlJc chains with antijodia~. A moJi[lcntion by Shapiro and 

Young (J. BioI. Ch~n. 256: 14Y5. 19~1) has 3i~plified tho technique 

considerably. In pilot f~asibllity studio.:;, \Ie propose to isolate 

antigcm-sf.ecific ;;::m.\ by reacting polysome;,; \lith polyvalent Aotus serum 

usiW~ ~ tandard techniques (i'!ani:'ltis at aI., ".loleculnr Cloning. A 

Laboratory; [nnunl, II Colc1 Sprin;j rI8rbor Laboratory, 19:~2). The cOr.tplexes 

will be absorbed on protein A-Sepharose colurnlls, and the clutad mRNA will 

be usarl to prepnrc a double stranded cDi/A clone. Eventually, \·,hen 

protective nnti3ens arc identified, monoclonal antibodies \lil1 be used to 

purify s[)cciflc r.Jessases. This technique has been applied successfully to 

tile human !!LA-Di{ antip,en, ~...hich represents only O.Ol-O.05;~ of the total 

liIRlIA (Kornan, i\. J. et a1., PI'lAS 79: ISM~, 1932). Althour;h the initial 

expendituro of time nnd resources i3 grent, the tnsk of screenin3 for a 

specific sl~quoilce is obvir,tcd ~Ihcn monoclonal antibodit~:3 nrc used. 

Vork on the above will not be initiated until protective nntigen3 have 

been formCllJy documented bjr vaccination e;.:periments. At the University of 

Hell/ai i, tllere nrc a nUl:lber of expert .. \vor!dng on v.:lriotls aspects of 

rccoi:JLim~i1t D:-!A technology. THO indivi.duals ",ho have expressed l.'nthusiam 

in servinG w; consultants nrc Dr • .John Hunt: (Departr.1eilt of Genetics) nnd 

Dr. :'iorton ;lnndell (I.bpartmcnt of jJioch~r.1istry and Biophysics). Dr. Hunt 

is nn c3tablished investigator in the area of alpha- and bet3-3lo1>in mRNA 

isolation, ayntllcsis and charncteriz3tion. Currently, he is constructing 

cD:U, fror.1 31Qbill rn!~lrA. He Iws <11 rendy provided help in formulating this 

proposal nnd in plunnin3 of pr~Hr:l.i.nilry eXj)~ril.lents to isolatp. 

P. falcipnruill. ilRi'U. Dr. ~IDnc1e.l is a pion2cr in the field of trnnsferrillg 

E. Coli \:.i.th llJl:cu WA and currently is involved in cloninG sea urchin 

BonN> at. different stneen of th.":l .le·;~J.op;;:eilt.l1 ci'cle. Their (~xperience in 

molecular I:illlo;;y lr. dO(;U:l.~llt(~d in thclr ellclosed curriculum vitae. 
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7.3 Sil~nificance!l :~ntionale 

I\n appra isa! of malaria as a medical and public heal th problem today 

reveals that malaria still persists in many areas of the world. This is 

especlnl1y ture in less developed countries (LDCs) , despite widespread use 

of prophylactic drugs and residual insecticides. The development of drug 

re::;istance in strains of malaria parasites has been reported in various 

areas of SOlltheast Asia and South America. Drug resistnnt strains of 

human malaria parasites h.:wc been found recently in the Indian and African 

subcontinents. The resurgence of rlalaria he.s created alarming concern 

amonG 11lecl lcal and public health officials in LDCs as \lell as a::lOng 

malnriologists all over the I/orId. The> inlpBct of malaria on the economy 

of the J.DCs cun hardly be over emphasized, especially \lith regard to the 

loss of l'la:lpovler not only in terf.1S of nortality, hut, most if,lportnntly, in 

tenl~:: of norbirli ty. 

ilttcl,lpLs to find a vaccine 830insl llIalaria be2an in the 193CJs, then 

ga'/e I';ay to searches for ne,." drUbS dur lng !.'orld Har II and Has later 

follo~ed by anti-mosquito proEruf.1S. R2sistan~e to drUBS and insecticides, 

Jack cf r:!uney nnd political instabi lity, hOl·/ever, have reduced the future 

prosp'!r.ts of I.lalaria eradict'tion and thouGhts have again turned to the 

possi hi li ty of developing a successful vcccine. 

There 118s b8ell a marked change of vicI·/ over recent years concerning 

the po:;sibilitie3 of devclopillij effective vtl~cilles against f.1alaria. 

Forner pef;simi Sr.J concerning such vaccint.:n 1:0::: bn!.jed on th~ vie\( that since 

natural infections did not induce cOI:'lpletc imf.lUnity, \'accination '.Jas 

unI ib: 1:: to :.;ucc8(..d. l~ccC'nt <1d'/(IIIC('3 in k.10\'iJec.J~e of tile if.unune response 

and, in Pl1rt i cuIar, the aer:ollstn::l:iorJ of illL;llInizntion acainst 

1:..folcip1ri!!:! in /~()tll!j r.l0Ilk0j'G have cr.:ur;ed tile vie\ls to be revised. It is 
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the belief of l~any malaria e:<perts that vaccination against malaria is 

feasible and that the time is no'd uppropriate for a no.jor effort to be 

mnde to develop anti test such vaccines. 

To emphasize the above point, let me quote from a report of the \mO 

Scientific Horking Group on the immunolo;~y of Inalarin (TDivnv 76.3). 

"The effectiveness of such a vaccine has been deJ~lonstrated in a primate 

l'lodel. III vitro cultivation no\! opens the \"ay to obtain ::;ufficient 

material to prepare a vaccine. The major ohstacle IS the development of a 

suitable adjuvant for U~.~2 in 1!lan. Once thi.s has been achi.eved and all 

necessary investigations have ueen undertt}:-:en on safety <lnd efficacy, 

including studies in the l'lOst suitable pri.~ate Hlodels, such a vaccine 

,",auld he available for clinical trial in (:mn." 

Provided that the objectives arc accompli~hed \!ithin a reasonable 

period of time, the proposed research will bridge the gnp· between the 

cxinlinE; kno\l1edue of the iJri1111ile res;)()ns(~ in 1.13lario. and the possibility 

of developing an effective ancI safe l!1ulari.s vaccine. 
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8. FncJlities AvailHhle 

Tiw [acU ities to be ut.ili 7.0(: are 'in the Leahi llospHnl \Jbich is t~e 

local lon of th~ Department of Tropical j·jedici.ne ti J1edical IHcrobiology. 

S!)uce i1vflilable to the DepartllQnt consists of sn area of approximately 

11 ,000 sr;. ft. \/hich is divided into ei.3htc'~i1 fully furnished and equipped 

laboratory rOOI!lS, three offices, :'\ conferencc- librur.y roo!." classware 

prepar:ltion room nnd fli ;.: anir.l:1l rooms. 

In addition to the usual r,lcsst·mre and s;:Jull equipucnt, tlH~ Department 

is furnished \lith 21~ss\~8re preparati.on and decontaminati.on equipment, 

pl)\!er, eas, "',1 ter, benches, cubicles, refrigerated cel!trif1l8es, ulta-lm·/ 

te;;lper~it\lre freezers, a nr~c:m~In L2-65i1 prepi:.1rntive ul tracen trifuge, a 

Packard PI;VS [:Iodel PLD liquid sc:illti] lat:ion counter, a Gilford 

spectroplloLometer t·jodel 2!~OOS, an hlil,CO-LOIII'lnn spectrophotofluoro;neter, a 

p.eclt.i.;:~n C~H::r:la cO~ll1tcr dodd 4000, LKD LuHiphor flnt bed clect.rophoreti.c 

~;yste:'i, s('v~ra1. Bio-liuel vertical electrophoretic npflaratus, a Shandon 

prepurative e:l0.ctrophoretic appnratus, an I8CO iJA-5 UV rr.onitor, fraction 

collectors, peristaltic pUIIIj)S, a \\'.:llk-in cold rOOla, and tHO Ha1k-in \'/8rJ': 

roor:!s (37°c), one of which is used e~clusivdy for jn vitro cultivation, 

and 3 tis~;ue-cul ture rooms eq ui ppod \lith L3I:linar FlQ\oJ lIoods. 

There is a1:::0 a r'lOdern anir:l3l facil.i.ty coveril12 an ar(~a of l~,200 sq. 

ft. ava:i1C:lble for housing norr;Jal and e>:p0rimental animals. There is one 

anirliJl rO:'!n IIhich is exclll~;ivaly desiGned to IItrintain a tel1perature of 

8l;oF 01111 50··71)~; hlli:liclity for :wusin2 I\otus nlonlwys. Food storaGe, cage 

Hashi n:.; fneil j t les, an i.:m1 nnd \:astc disposal, and trained prir:mte 

care-Lakers nrc :11.S0 nvDeble. Additionnl lonn-t(~rr.J holdin:.; facUities for 

priJi1Cttc~, tlre [l'''uib.::ote in a trpiler lOl:rlt'3C at the baserjl:~nt level of Lr.ahi 

iluspltnl nnd tit tile Pncific ;iJ.o::ledical ;~(:::;e[jrch Center on the i·innoa CW7IpUS 

of th(~ LJII j I,'cr:d.l.y of 11::1I:"ii. 
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Dr.	 S. C. Kan: A researcll biochccist who has been actively involved with 

thi.n project for the last eight years. He l'/ill be involved in nIl 

phases of the proposad project, with special ecphasis on biochemical 

aspects of the project. 

Dr.	 ;(. ,'.j. Yn:nn6r.l: .\n established i::tilunologist and rC3ular faculty member 

of the J)~partment 0 f Tropicnl j·iedicine ~ Hcdical :'lic'robiolo~y, is paid 

E.Y. the Lilliverst ty. She has !.)(~CO;;le 'teq' :nuch interented in our ongoing 

res~~rch project and lIi11 b·.:! involved in all piwses of in::lUnological 

work of this projrct. 

Dr.	 !(evill l)a]mcr: lie has been involved l'/ith this project for the last 

four yeurs. ilis I:lain .:lrea of expC!rtisc nnd responsibility \-:i11 be for 

lar3c-scalc in vitro production of Pla:':Ji]odil1~jj fnlci.oarum antigen. 

Dr.	 Leslie '1'11::1: He b.:ls expertise in the :]re;) of iramlllolo&}' and \/il1 be 

involved in the proJuction of nonoclonal antibodies nnd other 

il::J'lUnol0tiica1 studies. 

lire	 ::enLon ;':rnm:!r: !Ie h~w been involved \11th this proje:ct for the lust 

nine j'C'ilrrJ. lie has the i:lnjor rcspon:,;Lbllitj' for conductins 

vnccinatil)Tl cxperi:n2nts and \oIill Qsnist Dr. Knn in all phases of 

il.1Jt:unn-lJiJcllC~njc,11 Hor!~. 
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i'Jr.	 ~'>tcve Case: He has bee/l involved \/ith this project for the last four 

years anti has plnyed ;) key role in developing monoclonal antibodies in 

this lnboratory. l!iz orea of responsibility includes vaccination 

studies, production of oonoclonal antibodies and IFA tests. 

;13.	 Joann Olejarczyk: She has been involved with this project for the 

?ast two years and will be responsible for I~IA tests as well as 

nssiAting with in vitro production of P. falcipnrun antigen. 

10•. COLLM;ORATIVE 1.,jO~I: \lITiI OTH£:: I:ESt'::\RS;! O~:GA:nZATIO:jS 

Dr~ S. l:otoni of the 0:30!<:.1 Institute of iliccobiolo.~:v, Osak3, Japan, 

',li11 !Jupply us Hitl, n :j~rie;'1 or synthetic adjuvants nnel \1i11 be 

available'! for con5t11tution \:ith no cost involved. 

Conn2cticut, ~dll also surply us id th fI seri.es of :::'j ilthcti.: adjuvants 

nm:	 \/ill he availnul<1 for consultation idth no cost involved. 

12.	 (}f: II':;~ SpmlSal~S 
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13. BUDGET Summary AID Budget 

(July I, 1984 to June 30, 1987) 

Yr. I Yr. II Yr. III 
FY 1984-85 FY 1985-86 FY 1986-87 

Personnel: Salaries £. io1ages 171,660 190,606 200,129 

Fringe Benefits 55,455 61,958 65,053 

Supplies 56,500 55,000 45,000 

Animals 23,820 23,500 20,000 

Travel 11,585 11,585 11,585 

Repairs 9,500 9,500 9,000 

Other Expenses 3,500 3,500 3,500 

Sub-total 332,020 355,649 354,267 

Overhead (41%) 136,129 145,816, 145,250 

468,149 501,465 499,517 

Major Equipment 152,200 30,500 

TOTAL 620,349 531,965 499,517 

Grand total for Yrs. I, II and III = $1,651,831 
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AID BUDGET 

July 1, 1984 to June 30, 1985 (Yr. I) 

1. PERSONNEL 

Dr. Wasim A. Siddiqui, Principal Investigator 
Dr. Karen Yamaga, Assistant Professor 
Dr. S.C. Kan, Assistant Researcher 
Dr. Leslie Tam, Assistant Researcher 
Dr. Kevin Palmer, Assistant Researcher 
Kenton Kramer, Research Assoc. III 
Stephen Case, Research Assoc. II 
.Toann Olejarczyk, Research Assoc. I 
Administrative Supervisor, 50% 
Microbiologist (50%), for safety check of specimens 
Student helps (glassware washers, lab. assistant, etc.) 

Total Salaries 

Fringe Benefits 

2. MAJOR EQUIPMENT (Justification enclosed) 

High pressure liquid chromatography system 25.000 
ELISA reader 10,000 
Fluorescent microscope with camera 15,000 
Preparative ultracentrifuge with 25,000 

Lwo rotors and 10,000 
Zonal rotor 10,000 

Microscope with dark field condenser 7,000 
Apparatus for automation for large-scale 17,000 

in-vitro cultivat.i.on 
Fraction collector 4,500 
Laminar flow hood 4,500 
Refractometer 3,500 
Con~uctance meter 1.000 
Immunofuge 500 
Gas mixer 4,500 
IBM personal computer with printer 5,700 
X-ray film processoc 4,500 
Large 370 C upright incubator 4,500 

3. SUPPLIES 

Chemicals, media for in··vitro cultivation 9,000 
Blood, serum, etc. 8,000 
Supplies for monoclonal a~tibodies 5,000 
Isotopr.: 9,500 
X-ray films and chemicals 4,500 
t.£finity beads 3,000 
Protein-A-sepharose beads 4,000 
Cheoicals for electrophoresis 3,000 
Disposable glassware, slides, coverslips, etc. 5,500 
Pipets, flasks, beakers, etc. 5,000 

29,196 
25,716 
21,588 
19,752 
17,364 
15,336 

9,876 
7,668 

25,164 

171 ,660 

55,455 

152,200 

56,500
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4. ANIHALS 

Mice (includes per diem)
 
Rabbits (includes per diem)
 
Per diem for 30 Aotus monkeys ($1.65/day x
 

30 days x 30 monkeys x 12 months) 

5. TRAVEL 

East Coast conference for 5 professional 
people ($1,200 + per diem @$65/day x 7 x 5) 

P.I. to visit AID for annual meeting and to 
attend one scientific conference ($1,200 x 
$65/day x 7 x 2) 

6. REPAIRS 

Old equipment, centrifuge, Scintillation 
counter, etc. 

7. OTHER EXPENSES 

Telephone, postage, cables, drawings and 
charts 

8. TOTAL DIRECT COSTS 

9. INDIRECT COST (41% of MTDC) 

10. TOTAL MIOUNT REQUESTED 

3,000 
3,000 

17,820 

8,275 

3,310 

9,500 

3,500 

23,820 

11 ,585 

9,500 

3,500 

484,220 

136,129 

620,349 
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MAJOR EQUIPMENT 

1. High	 pressure liquid chromatography system 

2. Small electrophoresis apparatus 

3. ELISA reader 

4. Fluorescent microscope with camera 

5.	 Preparative ultracentrifuge
 
with two rotors and
 
Zonal rotor
 

6. Microscope with dark field condenser 

7.	 Apparatus for automation for large-scale 
in-vitro cultivation 

8. Fraction collector 

9. Absorbance monitor 

10. Lyophilizer 

11. Laminar flow hood 

12. Refractometer 

13. Conductance meter 

14. Immunofuge 

15. Gas	 mixer 

16. IBM personal computer with printer 

1/. X-ray film processor 

18. Large 370 C upright incubator 

Yr. I 

25,000 

10,000 

15,000 

25,000 
10,000 
10,000 

7,000 

17,000 

4,500 

4,500 

3,500 

1,000 

500 

4,500 

5,700 

4,500 

4,500 

152,200 

Yr. II 

14,000 

5,000 

4,500
 

3,000
 

4,000
 

30,500
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JUSTIFICATION FOR MAJOR EQUIPMENT 

1.	 High pressure liquid chromatography system (HPLC)--lJe have proposed to 
use preparative HPLC as one of our major methods for the purification of 
Plasmodium falciparum antigens. In the first year of the present contract, 
we will need $25,000 for an analytical HPLC system which includes 2 pumps, 
a solvent delivery programmer, a high pressure mixing chamber, 3 analytical 
columns (one each of reverse phase, gel permeation and anion exchange), 
a UV detector, sample injection valves and loops, and a recorder/data 
processor. In the second year, we will use data from analytical HPLC for 
preparative work in~. falciparum antigen purification. We will then need 
$14,000 for 2 preparative pumps, one or two preparative columns, a fraction 
collector and other accessories for adapting the analytical HPLC into a 
preparative one. 

2.	 Small Electrophoresis apparatus 

a.	 A multiple slab gel apparatus--We will need it in the beginning of the 
second year for the separation of ~. falciparum antigens according to 
molecular size groups. The cost inclusive of accessories is $1,800. 

b.	 An electrophoretic blotting cell--We will need, it in the second year 
for analyZing DNA and RNA from P. falciparum. The cost inclusive of 
accessories is $500. 

c.	 A preparative nucleic acid electrophoresis apparatus--We will need it 
at the end of the second year for fractionating mRNA mixtures. The 
cost is $2,700. 

3.	 ELISA reader--We will speed up our production of monoclonal antibodies to 
!. falciparum. Even though the RIA method we have developed for screening 
hybrid cells is much faster than indirect fluorescent antibody tests, it 
is still too slow. We will need a much quicker ELISA method, using a 
sensitive fluorometric enzyme assay and an automatic ELISA reader is 
$10,000. 

4.	 Fluorescent microscope with camera--Presently, we si. te the use of a 
fluorescent microscope with other researchers in our department. In order 
to avoid our work on monoclonal antibody production being held up by irre
gular accessibility to the fluorescent microscope, we need one exclusively 
for malaria research in the beginning of the second year. The cost for a 
fluorescent microscope with camera of average qunlity is $15,000. 

5.	 Preparative ultracentrifuge with rotors--Presently, we share the use of 
a preparative ultracentrifuge with other researchers in our department. 
Thus the ultracentrifuge is not always av~ilable when we need il:. In the 
next 3 years, we anticipate more frequent use of the ultracentrtfuge. It 
is essential for us to have one exclusivPly for malaria research. We will 
need to acquire a basically preparative ~ltracentrifuge with optics for 
in situ analysis of macromolecules during centrifugation. The cost 
inclusive of 2 rotors (large capacity, 1 angled, 1 swing-bucket) is $25,000. 
We would also like to have 2 more rotols (1 angled and 1 swing-bucket) of 
small capacity and the cost is $10,000. In addition, we need a zonal rotor 
to harvest schizont-enriched parasites by Percoll gradient centrifugation. 
The cost of a zonal rotor is $10,000. 
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6.	 Microscope with dark field condenser--We will need it in the second year
 
to monitor the morphological changes (i.e. presence or absence of knobs)
 
on the furface of infected RBC. The presence of absence of knobs is an
 
indication of both the virulence of the parasite and the time it has been
 
in culture. The cost of a microscope with dark field condenser is $7,000.
 

7.	 Additional components and accessories for semi-automated in vitro culture 
system--In the next three years we will work on optimizing conditions of 
in vitro production of parasites in our semi-automated system. These include 
monitoring pH changes and controlling pH changes with a pH stat, programming 
the duration of medium changes to coordinate with parasite growth, and 
monitoring the regulating gas flow. The total cost is $17,000. 

8.	 Two fraction collectors--Presently, we have only one Gilson Mini-Escargot
 
fraction collector. Since we will carry out a lot more liquid chromato

graphy, we will need to acquire 1 fraction collector in the first year
 
and one more in the second year. Each fraction collector inclusive of
 
security valve and refrigeration unit costs $4,500.
 

9.	 Absorbance monitor--Presently, we only have lISCO UAS absorbance
 
monitor. As work progresses, we will need an additional absorbance
 
monitor in the beginning of the second year. The cost is $3,000.
 

10.	 Lyophilizer--We will need a lyophilizer in the beginning of the second 
year to freeze-dry samples in the course of antigen purification. The 
cost of a satisfactory lyophilizer is $4,000. 

11.	 Laminar flow hood--Present1y, we have 4 Laminar flow hoods placed in 
different rooms exclusively for use in malaria research. Two are for the 
handling of in vitro!. falciparum cultures, one for medium preparation 
and one for. general use. As our work on the production of monoclonal 
antibodies is expending, we will assign one laboratory exclusively for 
this purpose in the second year. We will need to install a Laminar flow 
hood in that laboratory. The cost is $4,500. 

12.	 Refractometer-~Ne will need a refractometer to measure the refractive 
indices of fractions collected after density gradient centrifugation. The 
cost is $3,500. 

13.	 Conductance meter--We will need a conductance meter to measure the 
cunductance which is a function of the ionic strength, of fractions 
collected in gradient liquid chromatography in our work on antigen puri
fication. The cost is $1,000. 

14.	 Immunofuge--Presently, we have two table-top small centrifuges for quick 
processing of small samples for analytical 50S-PAGE. We will need an 
additional one to increase our capacity in sample handling. The cost of 
an Immunofuge is $500. 
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15.	 Gas mixer--Until now, we order gas mixtures from a local gas company for 
use in the in vitro culture of P. falciparum. The cost of one cylinder 
of gas mixture is more than 10 times that of 02, and N2 and about 7 times 
that of C02. If we purchase a gas mixer, we will be able to prepare gas 
mixture from pure gases to the right proportions for in vitro cultl.!:-e and 
save 90% of th~ gas money. The cost of a gas mixer is $4,500. 

16.	 IBM personal computer with printer--Needed for acquisition, storage and 
analysis of data generated by work with monoclonal antibodies, in vitro 
cultivation, antigen characterization, and immunological studies in primate 
and nOI.tj=imate animals. 

17.	 X-ray film processor--Towards the identification of f. falciparum antigen, 
the number of fluorographs generated through SDS-PAGE work has reached a 
level where hand processing of the x-ray films is a major task and it 
lacks the reproducibility and consistency. An automated system will handle 
the task in a shorter period of time with more consistency and reproduci
bility of the quality of fluorographs. 

18.	 Large 370 C upright incubator--In order to accommodate the proposed expansion 
of our large scale semi-automated culture system, a large size incubabor 
is needed. We intend to expand the total capacity of our culture system 
to 12 large scale vessels, but our current incubator has a maximum 
capacity of only six vessels. 



14. APPE~UICES: 

A. List of strains 

13. Copies of publinhed papars 

c. Curriculu~ vitae 



APPE:mIX I 

ST;~An;s OF i). r'ALCIPARljj·; AT
 
THE am/A:'! U,\LARIA rtESEAI~CH LAlJORATORY
 

UHIVEilSITY or ilAHAII SCHOOL OF l-iEDICH!E
 

FCH-J Phili.ppinl~S 

Source 

Cultu:-es 
Stabi.l ~tes 

Drug Sensitivity 

FCH-2 P8pua-i,el{ Guinea 

Source 

Cultures 
Stabilitcs 
DruG Sensitivity 

FCH-3 Philippines 

Source 

Cultures 
Stnbiht,:?s 
Drug Sensitivity 

FCH-!~ Phil i.ppines 

Source 

Cultures 
StaiJi Ii tcs 
DruC Sensitivity 

FCH-5 

Source 

Cultures 
Stahi lites 
Drug Sensi.tivity 

FC!I-7 

Source 

Cul t'JrC':: 
..itahU it.!:!:'.: 
Drup' S(:lIlc; it i \ it:; 

U.S. Harine recently returned from Subic Day,
 
Philippines.
 
Started June 27, 1980.
 
Frozen December 12, 1982.
 
Resistant to pyrimethamine, sensitive to
 
amodiaquine, quinine, and chloroquine.
 

Americal; anthropoloeist recE-ntly returned from a 
study trip in Papua ;{c·... Guinea. 
Started November IS, !980. 
Froz0n January 7, 1983 
SensitivQ to chloroquine 

u.s. f':arine recently returned from Subic nay, 
Phili~pines.
 

Started Nove~ber 21, 1980.
 
Frozen December 12, 1983.
 
Resistant to r!tloroqulnc.
 

U.S. i'1arlne recently returned from Subic Day,
 
Philippines.
 
Sturted December 2, 1980.
 
Frozen November 9. 19B1.
 
Resistant to chloroquine.
 

U.S. Marine recently returned from Subic ~ay,
 

Philippines.
 
Star~ed December D, 1930.
 
fro~en Janunry 19, 1981.
 
No tests yet carried out.
 

3 year old child recently arrived in San Frnncisco
 
frOl:! the Caiilcroc.ns. Blond Ims drawn at r-It. Zion
 
HO~pit(ll, San ::-rn:lcisco, California and sent to
 
IIcl\-:aii. Sal!lple I-;as imfJroperly frozen Clnd an
 
<lCCOnpflllj'inU saIr,ple (FCil-f;) \188 lo~t.
 

Sta rted J\lI.'~ust 15, PX~ / .
 
Fro;:c-f: Oc t ol,(~r 0, IlJfH .
 
'l'.:"'~lls i.n ~)ro;:re;,!;.
 



FClI-it K~nya 

Source 28 year old A~erlcnn female. 
Cultures Started July 9, 1931 
Stn IdIi tt"~s Frozen July 13, 1981. 
Drut.: Sensitivity No testing done. 

FCH-13 Inuia 

Source India (Utar Pradesh) 
Cultures St~rted AU8ust 29, ]981. 
Stabilites Frozell April 27, 1982. 
Drug Sensjtivity Sens! ti ve to clll oroq uine, ai~lo<!iaquine, and 

pyri/;letharoline. 

FCE-It. India 

Source 20 year-old fe~ale Indian. 
Cultures Started August 29, 1931. 
Stabilites Frozen i:over.lber 13, 1981. 
Drug Sensitivity No tests yet done. 

FCH-17 'fan,wllia 

Source 31 year-old female Tanzanian 
Cultures Started January 19, 1902. 
Stubilites Froz~n January 7, 1903. 
Drug Sensitivity Resistant to chloroquine. 

Honduras I!CDC Honduras 

T',m vials of stauilite rC!cei vcd fror.! CDC/Atlanta on narch 2, 1983. 
Par~sitemia at time of [reezinB was 3.2%. 

Source	 CholutecCl, iionduras. Isolated from a patient on 
January 25, 1980. Stabilltes frozen July 29, 
19[32. 

Cultures Cultures initiated at fil.ii~L on Harch 2, 1983. 
StaLilites One original vial saved. Additional stabilite 

frozen after one passage, iiarch 10, 1983. 

DruG Sensitivit;	 Datn [rc~ CDC inMcatc strain \'las iuitially 
sensitive to chl.oroquine, end resistant to 
pyr ir.l(lthu~.line. H8C(!nL information indicates 
stmin hns lost sQr,le of its sensitivity to 
chloroquine. 
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IndochincJ I!C1jC: Viet Nam 

Tvo vials of stabilitcs received from CDC on l·jarch 2, 1933.
 
ParAsitemia prior to £reezin3 was 3.4%.
 

Source Indochina. Isolated from a patient on May 22, 
1980. Samples were frozen on August 13, 19132. 

Cultures Becun at IH-iRL 011 ;·lay 2, 1983. After two passages 
all culture material \!BS frozen. 

Stabilites One original vial saved. Stabilite frozen after 
two ~assaGes on i-lay 17, 1933. -

Drug Sensitivity	 Clinically resistna to chloroquj.ne and 
pyrimethamine-sulphsdiazine. In-vitro tests have 
confirn~d the isolate's resistance to chloroquine 
and pyri~ethamine. We have not confirmed these 
findines. 

PAP 135/CDC :-I<.1:i ti 

One vial of Rtabilite received fror.! CDC on ii;:trch 2, 1';83. Parasiter.lia 
prior to freezing was 2.0%. 

Source	 Port-au-Prince, Haiti. Isolated from a pati ent on 
November 19, 1982. Sar.Jples frozen January 27, 
1933. 

Cultures	 Cultures be2un at H;·if:L on Harch 2, 1923 and 
maintained as stock cultures since. 

Sta ll.il ites Frozen ? 
Dn!3 Se/lsitivity In-vivo the parasite vere sensitive to Fansidar. 

In-vitro experiments indicate it to be s":!llsitive 
to chloroquine anel pyriuethumine. 

In all cases adequate supplies of all strains ar~ maintained in liquid 
nitrogen. At resular intervals strains are recovered and grown-up so that 
addit.ional stabilite can be frozen fwd made and lnblo for specific 
experiMe~ts. An attempt is ~ade to pres0rve at least one vial of the 
origino.1 isolate for future referonce needs. 

c.\.
 
o 


