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UNITED STATES INTERNATIONAL DEVELOPMENT COOPERATION AGENCY
 

AGENCY FOR INTERNATIONAL DEVELOPMENT
 
WASHINGTON 0 C 20523 

PRQJEC1' AImIORIZ~ 

Nane of Entity: Interregional Project Title: Malaria Imllllmity 
and Vaccination 
Research 

Project No.: 931-0453.17 

Grantee: SCripp:; CLinic and 
Research FOundatior 

1. Pursuant to seciton 104 of the Foreign Assistance Act of 1961, as 
amended, I hereby authori7.e the research project entitled "Antigens of 
Plasmodiun f9l..ciparun" involving not to exceed $3,266,000 of S&T Bureau 
grant ftmds over a three year period fran the date of autoorization 
subject to the availability of funds in accordance with the A.I.D. 
OMB/Allotment process to help in financing the costs of the project. 

2. The project will conduct research on red blood cell antigens of the 
hunan malarias through the use of IOOnoclonal antibodies and genetic 
engineering techniques. 

CLearances: 

A. sr/H: G. L Date3/u1F,~CUrlin 
B. sr/PO: G. Eato~Date'1!i1i'l 

~~£J~.., -,
S&T/ijP, J. sarn, M.D• 

. Ag~nJ:y Director for 
adaith and ~pulation 

Date 



UNITED STATES INTERNATIONAL DEVELOPMENT COOPERATION AGENCY
 

AGENCY FOR INTERNATIONAL DEVELOPMENT
 
WASHINGTON 0 C 20523 

March 26, 1984 

ACl'ICN MDtORANOOM FOR 'lHE AGa1CY DlRECl'OR 
FOR HFAL'lH AND PORUTlOO 

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

Action: Your approval is requested for a grant of $3,266,900 fran section 
104 of the Foreign assistance Act of 1961 as anended for project 931
0453.17, Malaria Immuni~ and Vaccination Research, SCripps Clinic and 
Research Foundation. 

Discussion: This project is designed to further identify, isolate, and 
begin chemical characterization of some of the macromolecular components 
of the asexual erythrocytic forms of hlltlan malaria parasites which can be 
us,ed	 to induce inmuni~ in primates, inclooing man. 

This project and its proIX>sed scope of 'ttUrk mesh well with the current 
thrust of the A.I.D. acceleration program for the developnent of hlltlan 
malaria vaccines. The thrust of this project will focus on the lEe of 
JOOnoclonal and polyclonal antibodies fran monkeys and hlltlans to isolate 
potential antigens. These same antibodies ~.,ill be tEed to identitfy 
recombinant bacterial clones containing Piasmodium eDNA which are 
producing parasite antigens of interest. The primary peptide structures 
will be determined fran both CONA and genanic OOA sequences. Primary 
structural analysis will be performed to predict those };X>rtions of the 
JOO1ecule which are likely to protrude into the cqueous environment and 
thus becane };X>tential simple protective antigens, basic to vaccine 
production. 

Justifil.dtion .tQ ~ Omgress: Project FLIDding is included in the FY 1984 
Qmgressional presentation, Annex V, Qmtrally funded Programs, page 53. 

Clearances et>tained: This project was approved l:¥ the AID external expert 
panel on the basis of scientific methodology, qualifications and 
experience of the pro};X>sed investiga_tors, and the institutional capabili~ 
in accordance to FPR 1-4.909." .. 

Recommendations: 1. That you sign the attached authorization. 
2.	 That you sign the attached justifications for non

competitive procurement. 

Attactments: 
1. Project Authorization 

Clearance: 
s&T/PO, G. 

" ... W uLI. 
Eato~te!K!f. flf 

2. Non competitive Justifications 
for non-canpetitive procurement 

3. Project Paper 



UNITED STATES INTERNATIONAL DEVELOPMENT COOPERATION AGENCY 

AGENCY	 FOR INTERNATIONAL DEVELOPMENT 
WASHINGTON 0 C 20523 

1"1arch 26, 1984 

TO:	 CM/CID/PE, Ms. Johni Pittnger 

FRCM:	 S&T/HP, James E. sarn, M.D. 

&BJECI':	 Justification for non-canpetitive procurenent of lDlSOlicited 
proIXlsal fran the SCripps Clinic and Research Foundation entitled 
"Antigens of Plasmodiun falciparlJD." 

The slbject research proIXlsal is an unsolicited proIXlsal. The sli:>stance of 
the proIXlsal is not available to the Governnent without restriction from 
another source, nor ooes it resenble any pending competitive solicitation. 
The slt>stance is sufficiently lmique to justify acceptance as an 
unsolicited proposal. 

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

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

arrj other A.J.D. enployee solicited the proIXlsal or had any prior 

contact with the proIXlsing institution, other than to convey interest 

in the field of malaria immlmity and vaccination relative to the 

efforts-described in the unsolicited proIXlsal. 

J 

I request that you award this contract on a non-competitive basis to the 
SCripps Clinic and Research Foundation without consideration of other 
sources. 

Clearances: ~ till'"
S&T/PO, G. Eato te rf) , 
s&T/H, G. Curlin te5Z~r'lf 

\~
 



UNITED STATES INTERNATIONAL DEVELOPMENT COOPERATION AGENCY
 

AGENCY FOR INTERNATIONAL t'EVELOPMENT
 
WASHINGTON 0 C 20523 

APR 5 1984
 

nD10RAN1U1 

TO:	 SEWOt, Johni Pittenger 

FRGI:	 S&T/I!P, James E. sam, MoD.1fJ 

SUBJEcr:	 Justification for Non-a:xnpetitive Procurement lD'lder Project 
No. 931-0453.17, Malaria Immunity and Vaccination Research, 
the SCriPIE Clinic and Research Foundation. 

I request that you negotiate only with the SCriPIE Clinic and Research 
Foundation for the malaria vaccine researched in the PAP and PIO/T. 
The following justifies non-canpetitive procurement for this 
unsolicited proFOsal under FPR 1-4.910 (b) and (c). 

1. ~ Which ~ Procurement i§. Intended .t.Q satisfy: 

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 
Plasroodil.J!\ falciparl.J!\. The Agency I s malaria vaccine progran 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 ~squito stage 
(=sFOrozoite) and several prototypes are being tested, much work 
continues to be done to isolate "protective" antigens from the red 
blood cell [i1ases (=mC) of malaria parasites. The main reasons for 
the difficulties involved in research on me parasite forms lies in 
part with difficulties in "purity" involved with blood-based in-vitro 
cultures and, as well, the fact that dl~ing the me stages, the 
malaria parasites are intrae~throcytic and are therefore ve~ 
difficult to attack with antibodies. This area, the ms antigens, was 
specifically identified as an are~ for progran acceleration in the 
Administrator's recent approval 'of a greatly expanded malaria vaccine 
progrCltl. 
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2.	 SCriBE Clinic .mlQ Research Instit\G Qual ifications .tQ ~ .the 
~: 

. 
The unsolicited research proposa1 submitted by the SCripps Clinic 

and Research FolD'ldation, san Diego, california, covers the research 
area to be addressed to isolate, identify, and chanically character.ize 
the macranolecular ex>mponents of the asexual erythrocytic forms of 
hunan malaria parasites which can be tEed to induce inmlD'lity in 
primates. The Proposal has been reviewed and approved by A.I.D.·s 
external panel of expert oonsultants. The panel, which ·is oanposed of 
leading scientists irt the field of malaria immuwJlogy, parasite 
biochanistry, vaccine Clevelopnent in-vitro cultivation and primate 
biology has enoorsed (in accordance with FPR 1-4.909) the scientific 
methooology, the exceptional experience and qualifications of Dr. 
Reese and his staff, and the institutional capacity of the SCripp:; 
Clinic and Research Foundation to oonduct the proposed soope of work. 
The panel concluded that the SCripp:; Clinic and Research FolD'ldation is 
the only institute in the United states dealing with synthesized 
peptides fran the eDNA library constructed fran the poly A+ fraction 
of the RNA isolated from trophozoite/schizont stage Honduras I 
isolates of Plasmodium falciparum. 

3.	 Prohibition Against O;mducting g Market search ill .tbi.§. Procurement 
~ fER 1-4.911: 

Any advertisement to find other sources to meet the objectives of 
this procurement would require disclosure of the research roethodology 
and experimental design which Wi~ proposed by SCripp:; Clinic and 
Research Foundation, including <letails of specific isolated candidate 
protective antigens as well as the genetic engineering plans including 
the specific insect vectors, insect sites (especially plasmids };VC8, 
};(lC9), and the details of the preparation of the DNA and RNA malE. 
These components of the research are fundamental to the research 
program, are extranely proprietary, and cannot be obtained by A. I.D. 
from any other source other than SCripps Clinic and Research 
Foundation. This exclusive availibi1ity was oonfined by the expert 
review panel mentioned in paragraph. 2 pve. .. 

J 
Clearance:	 1 

S&T/H: G. curlin~te J)2(JI't
 
S&T/ro: K. Milow~DateJ[i1ft
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A.	 Title Page 

1.	 Organization and Address: Department of Immunology 

Scripps Clinic and Research Foundation 

10666 N~rth Torrey Pines Road 

La Jolla, CA 92037 

2.	 Title: Antigens of Plasmodium falciparum 

3.	 Investigator and Rank: Robert T. Reese, Associate Member 

4.	 Submit ted: December 1983 

5.	 Proposed Starting Date: 15 September 1984 to extend through 

14 September 1988 

6.	 Principal Investigator Admin'j.s tra tor 

~K 
7.	 The human experimentation plan '(use of human blood components 

to culture the parasite) has been reviewed by the Institution's 

Human Research Committee. Approved 14 February 1983. Human 

Research protocols are reviewed yearly. When a new approval 

has been received, a copy will be forwarded. 

8.	 The proposal has not been submitted to any other agency to
 

obtain support.
 

9. This applicaticn involves	 recombinant DNA. 



B. Relevance of Proposed Work to AID 

1. Malaria is currently the most prevalent death-threatening infectious 

disease in the world. The objective of this work is to develop a method for 

obtaining compon~nts of the human malaria parasite, ~ falciparum, which can 

be use ~o stimulate protective immunity to this organism. 

2. Malaria is predominantly a problem in developing nations; thus, if a 

vaccine could be produced, it would be likely to have dramatic effects on 

the general health and productivity of these people. 

3. Most of the work will-be done in the continental United States because 

much of the necessary technology is not readily available in many areas of 

th2 world. As potential immunogens are ~haracterized, it is likely that use 

of them in large scale immunization experiments can best be conducted at 

some other site either in the United States or some country such as 

Columbia, where the appropriate monkeys are readily available. 

4. Although accurate statistics are not readily available, there are lj~ely 

to be 300-500 million cases of malaria per year. Approximately 1% result in 

death, the rest (297-495 million) have varying degrees of illness which on 

the average claim one or more weeks of effective work time, even among the 

educated who are properly diagnosed and treated. Thus, the morbidity due to 

this disease is even more devastating to the economy of these countries than 

is the mortality. If we assume the cost in productivity, physician and 

epidemiologist time, hospital, pharmaceutical, and funeral expenses is even 

as small as $10 per case, then the cost to these countries is billions of 

dollars per year. Because lmmuni ty to this d:!.sease would have such a 

dramatic impact in so many societies, it is impossible to predict in any 
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realistic fashion what the effects on the world would be. It would clearly 

imp~ove the general health of all of the individuals in these countries, 

increase the productivity and reduce the number of childhood deaths 

significantly. In doing so, it might initially contribute to a further 

increase in the rate of population growth. As the number of childhood 

deaths decreases and the general productivity of each individual increases 

due to better health, then tte necessity for larger families should be 

reduced. Historically, higher living staodards have led to smaller 

families. Reduced family size will decrease population growth and decrease 

hunger and starvation by increasing the ratio of food to the number of 

people. 
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C. Scientific Aspects of Proposed Work 

1. Objectives 

During this project we will attempt to further identify, isolate, and 

begin chemical characterization of some of the macromolecular components of 

the asexual erythrocytic forms of human malaria parasites which can be used 

to induce immunity in primates. 

2. Rationale 

Data have been accumulatt'd from our laboratory as well as from others 

which demonstrate that it is possible to induce immunity to malaria which is 

not strain specific (1). Thus, immunization with antigens from a single 

strain of P. falciparum should confer immunity to all strains. More 

important, data from several laboratories suggest that serum or purified 

globulin from an immune animal can cure an animal infecLed with P. 

falciparum, and thus, that the antibodies from immune animals should be able 

to bind selectively with the parasite components which stimulate immunologic 

protection (1). With this premise, we will use the antisera obtained from 

immune monkeys, immune humans (polyclonal), as well as monospecific 

monoclonal and polyclonal antibodies, to identify and then to help in the 

isolation of the desired macromolecular structures. These same antibodies 

will be used to identify recombinant bacter.ial clones containing Plasmodium 

eDNA which are producing parasite antigens of interest. !he primary peptide 

structures will be determined from both the cDNA and genomic DNA sequences. 

We will try to use primary structural analysis of the purified proteins to 

rigorously determine the amino terminus of the molecules. Computer analysis 

of the primary structures will be used to predict those portions of the 

molecule which are likely to protrude into the aqueous environment and thus 

are potentially antigens (2). Judging from results obtained with a variety 
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of antigens which have been studied in this way, such' analysis should 

identify the maximum number of regions which might be useful 

immunologically. This information will be put together with information 

gained by mutagenizing the cloned structures to identify the human and 

monkey antibody binding sites. I expect the hydrophilicity analysis to be 

particularly useful in predicting peptides which might serve as important 

immunogens. The ability of a peptide structure to stimulate antibody in a 

particular individual is a unique characteristic control:~d by the genetics 

of the individual challenged. It 'Nould probably require a pool containing a 

large number of immune sera to define the entire set of potential epitopes 

from any single molecular species. Thus, based on hydrophilicity analysis 

and mutagenicity studies, peptides will be synthesized, covalently attached 

to carriers, and used to immunize first mice and then monkeys. The above 

approach is applicable regardless of the complexity of the molecules being 

analyzed. If we find that the specific molecules being studied contain 

large regions of repeating sequence (as found for the two parasite proteins 

for which sequence data are available) then prediction of regions 

potentially useful as immunogens will be greatly simplified. 
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PROGRESS REPORT and BACKGROUND INFORMATION 

In our initial proposal we provided a detailed review of the literature 

covering immtmity to malarial parasites. Since then a large number of new 

reports have appeared. To simplify the review and reduce the length of the 

proposal we have omitted this previous documentation as well as any 

informa tion learned more recently which is e,:traneous. We have included a 

relatively detailed report of our progress, which provides the main 

foundation for our futu~e studies, and have added supplemental and 

supporting information gained f~om other laboratories where pertinent. 

Approximately 2.5 years ago we moved our laboratory from Rockefeller 

University in New York to the Research Institute of Scripps Clinic in La 

Jolla, California. This provided us with a significant increase in space 

and facilities so that now we can use a broad immunochemical-molecular 

biological approach. During the first period after our move ( ~ 6-8 months) 

our progress was very slow. Nevertheless, it is clear from the manuscripts 

included that we are not only productive, but are now in an excell~nt 

position to do the work outlined in this proposal. 

In addition to the work di~ected at identifying merozoite components 

which might playa role in immunity, several side issues were addressed 

because of their potential importance in understanding the disease. At the 

time the award was made we had found that parasites maintained in continuous 

culture for up to a year contained a subpopulation of organisms which no 

longer induced "knobs" in the host erythrocyte surface. These we had called 

K (3). K variants of three different strains had been isolated and 

examined. In each case the K- variant was found to grow better under 

culture conditions than its K+ parent (4) and it did not appear to bind 

antibodies found in immune owl monkey serum to its surface when examined by 
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electron microscopy (5). Recently we have cloned a K+ isolate, and after a 

limited time in culture, cloned a K- from the K+ progeny. This demonstrates 

that K- arise from K+ and that the K- are not simply a minor subpopulation 

which overgrows because of their greater ability to grow under culture 

conditions (6). Extrapolating from the length of the growth period which 

was necessary before the K- was apparent, it i~ likely that K- arise 

continuously at a relatively low ~ate ("'10-6 ). The K- clearly have a 

selective advantage in culture and, although they probably also arise in 

vivo, there is no information available on their role in the disease. 

(Manuscript fI3). This work has not been taken any further in response 1:0 

suggestions made by a 1983 Site Visit Team. 

During our studies on malaria we have developed several in vitro assays 

which allow us to detect the interaction of antibodies with the surface of 

the parasitized erythrocyte and the merozoite. Each assay appears to detect 

a separate population of antigens all of which may be useful in providing 

protection against the disease. 

Several years ago, we dl~monstrated by immunoelectron microscopy that 

antibodies in immune owl monkey serum could bind to the surface of red cells 

infected with schizont-stage parasites and with the surface of merozoit~s 

(5). At least some of th'~se antigens were shared among different strains 

since cross reactivity fJmong parasite strains from widely different areas of 

the world wflq observf.:!d (1,5). In order to assess the putential importance 

of various antigens, we developed alternative assays. 

After the de~onstration (1,7) that immune owl monkey sera could inhibit 

in vitro growth of the parasite, immune "era were tested for their ability 

to block re?lication of K+ and K- strains which had been synchronized with 

Physiogel or sorbitol (8). When tested in typical Trager-Jensen cultures 
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(9); inhibition always occurred at the point of schizont release, thus the 

antibody was judged to block by inhibiting merozoite invasion of new RBes. 

Although there was some variance of the ability of sera to inhibit different 

parasite strains, highly inhibitory sera appeared to inhibit the growth of 

all parasites efficiently even if only 1~ immune serum was used in the assay 

(1). A number of controls were used to demonstrate that these inhibitory 

antibodies were present in both human and monkey sera and that the effect 

was not due to antimalarial drugs which might have been taken by the humans 

(1) • 

As we were leaving New York, we found that serum from one of the 

rabbits we had hyperimmunized with parasite material could inhibit the 

uptake of radiolabeled amino acids by both K+ and K- parasites even at the 

ring stage. Because the serum was lost during the move ~o Scripps and we 

were unable to reproduce the effect with other sera, the work was never 

published. At Scripps we found that by maintaining the parasitized cells in 

suspension during the assay, all of the cells were exposed to the antibodies 

in the medium which made inhibition apparent during intracellular growth of 

the parasite. However, unlike the experiments with the rabbit serum, 

inhibition by immune monkey or human serum did not occur until trophozoites 

began appearing in the cultures; in addition, inhibition was only 

demonstrable with Kr strains. When we tried to compare intracellular 

inhibition with fluorescence titers determined on fixed parasitized cells, 

sera which had the lowest immunofluorescence titers inhibited as well or 

better than those with the highest demonstrating that the antibody 

populations against the surface of the cells were distinct from those 

against antigens on the inside of the cells (10). The details of this study 

are contained in manuscript #4. 
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In parallel with these studies we began to examine the abtlity of 

parasitized cells to activate the cascade of serum enzymes referred to as 

complement. The objective was 2-fold. If complement was activated in the 

presence or absence of antibody, then we had a well defined link with a 

series of very potent biological mediators of immunity including several 

aspects of the cellular immune response. In addition to providing an 

independent assay for biological significance, activation of complement 

might serve as a highly sensitive assay for important antigens on the 

parasitized erythrocyte surface and eventually lead to a way of isolating 

the components of these structures. In manuscript #6 we have included the 

first part of this study. Here we demonstrate (II), using a series of 

independent but confirmatory assays, that red blood cells (RBCs) parasitized 

with K+ falciparum schizonts can activate the human complement system by the 

alternative pathway. Binding of antibody to the parasitized RBC surface was 

found to augment activation by the alternative pathway, and to lead to 

significant depo~ition of C3b by the classical pathway. Because sera which 

were highly inhibitory by the direct inhibition assay [suspended culture 

(10)] do not necessarily activate complement well and vice verna, either 

they detect different functional subpopulations of antibody or different 

antigens on the parasitized erythrocyte surfaee. As recommended by the 1983 

Site Visit Team, this work is not being continued as part of the AID 

sponsored program. 

Armed ·with a series of assays which detect surface antigens present on 

either the schizont or merozoite, and which were thus likely to be useful in 

stimulating immunologic protection against the parasite, we then sought to 

identify the antigens wirh which these various antibody populations bind. 

Initially we used Iodogen to 125r label various stages of the parasite 
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including schizonts and purified merozoites (1). Paper 01 presents some of 

these data. When 125I-labeled prote1.ns from detergent solubilized schizonts 

are immunoprecipitated with either immune owl monkey or human sera, and then 

separated by SDS-PAGE, many of the same (based on electrophoretic mobililty) 

20-25 proteins are detected. This helps to confi~m the usefulness of the 

Aotus as a model for human falciparum malaria. When sera are selected which 

cause high or low in vitro inhibition of parasite growth (anti-merozoite 

assay) and used for immunoprecipitations of schizont proteins, comparison of 

the profiles suggests that molecules of approximately 45,000; 78-85,000; and 

200,000 are likely to be important in immunity (1). Immunoprecipitation of 

125I-labeled purified merozoites with the same types of immune sera provides 

a much simpler picture than with labeled schizonts. The ability to bind a 

46K protein is common among all of the highly inhibitory sera. 

More recently, an alternative approach has been taken. It is based on 

the assumption that during the processing steps through which most membrane 

proteins go, at certain points sugars may be attached. With this in mind, 

we have tried to define what glycoproteins are made during the asexual 

erythrocytic cycle al.J detect those which are aosociated with the merozoite 

and are iwmunoprecipitable with immune owl mvnkey sera. Although 13-15 

glycosylated structures can sometimes be detected in schizonts, too little 

glycosylation has been observed during ring-stage develo~ment to be 

convincing (12,13). Of those observed at the schizont stage, only 185 K, 

88 K, 56 K, 46 K, 41 K, and 34 K appear to be reproducible. The 185 K, 

88 K, 46 K, and 41 K structures can be labeled to varying degrees with 35S

methionine; thus they are believed to be glycoproteins. Co-migration of 3H

glucosamine labeled and 35S-me thionine labeled structures on 2-dimensional 

electrofocusing SDS-PAGE gels has also suggested that the molecules at , 
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185 K; 88 K, 46 K, and 41 K are glycoproteins. The 56 K and 34 K molecules 

do not label well with 35S-methionine but molecules of the appropriate Mr on 

SDS-PAGE are observed in samples labeled with either a group of 6 3H-amino 

acids or 3H-glucosamine. In addition, treatment of all of these 3H

glucosamine-labeled structures with proteases such as pronase reduces them 

to relatively small carbohydrates. Immunoprecipitation with monoclonal 

antibodies has demonstrated that the glucosamine labeled 185 K and 56 K 

molecules are the same as the 185 K and 56 K proteins labeled with 3H-amino 

acids and that Gp56 may contain a very small amount of methionine. 

By 3H-glucosamine or 35S-me thionine labeling of synchronized schizonts, 

incubating them in unlabeled medium, transfering the purified schizonts to 

unlabeled red cells, and following the radiolabeled merozoite proteins as 

they are carried into the ring stage, we have been able to get a minimal 

picture of the glycoproteins associated with the merozoite (12,13). Such a 

picture has been very elusive until now because m~rozoites autolyzse so 

rapidly. During attempts to purify merozoites, extensive degradation occurs 

so that a realistic picture is difficult to obtain. Reports in which 

viability has been used as a criterion of merozoite integrity after 

purification have been difficult to interpret becausa the preparations were 

acknowledged to contain more than enough schizonts to account for all of 

the viable merozoites in the preparations (14). Because of this, merozoites 

were said to contain no glycoproteins. Our studies clearly demonstrate that 

a group of glycoproteins of Mr 185 K, 88 K, 56 K, 46 K, 41 K, and 34 K which 

are all made during the schizont stage become part of the merozoite and are 

carried into the newly infected red cell as the ring is formed. This, taken 

together with immunoprecipitation data obtained with 125I-labeled schizonts, 

suggests that Gp185, 88, 46, 41, and 34 are merozoite glycoproteins which 
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may all be important in stimulating immunity. Gp56 was apparently not 

efficiently labeled when the schizonts were labeled with 1251. 

Nevertheless, immune sera which effectively inhibit in vitro growth of the 

parasite contain considerable levels of antibody to all of these antigens; 

thus, they are major parasite glycoproteins which are immunogenic in both 

monkeys and man. The details of these studies are contained in manuscripts 

#5,7,9-11. 

Having identified glycoproteins which were likely to be of immunologic 

importance in man, we have begun obtaining monoclonal and polyclonal sera 

which specifically bind them. Monoclonal antibodies have now been produced 

against Gp185, Gp56, and p82 of the merozoite (9,10). Monospecific, 

polyclonal rabbit immune sera have been produced against Gp185. By indirect 

immunofluorescence, the monoclonal antibodies to Gp185 and Gp56 outline the 

merozoite; the anti p82 create a high intensity dot at the apical end of the 

merozoites and are likely to be binding to the rhoptries or the organelle at 

the apex of the organism. Preliminary immunoelectron microscopic studies 

suggest the anti-Gp185 and anti-Gp56 both specifically bind to the merozoite 

surface; the anti-p82 may not (9,10). The anti-p82 appears to bind a 

series of smaller polypeptides (70 K and 41 K) which may be proteolytic 

products of each other or parts of a single parasite structure held together 

by protein-protein interactions which are not disrupted by the detergents 

used from immunoprecipitation. When reacted with parasite samples from 

widely different areas of the world, homologues of Gp185 are bound which 

vary slightly in Mr. The structural basis for this molecular heterogeneity 

is being sought. 

All of the monoclonal antibodies against Gp56 examined so far have been 

isolate specific. What appea~ to be homologues of Gp56 found in different 
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isolates of ~ falciparum vary considerably in Mr. Whether exposed epitopes 

can be identified which are shared will require further study. When 

examined by immunoelectron microscopy, both the anti-Gp185 and anti-Gp56 

monoclonal antibodies bind to antigens on the merozoite surface which on a 

molecular 19vel are likely to be widely sepa~ated from each other. 

Polyclonal antibodies to these antigens might be expected to have the 

capacity to cross-link merozoites, thus agglutinating them and interfering 

with their capacity to invade red blood cells even if a monoclonal would 

not. 

We are particularly interested in producing antibodies specific for the 

other merozoite proteins with the idea of finding those which react with 

what we believe to be the specific receptor and penetration apparatus. 

These organelles appear to be located at the apical end of the organism and 

antibodies to them might sterically interfere with interactions necessary to 

allow penetration to procede. 8y immunofluorescence such a monoclonal would 

be expected to produce a dot pattern similar to that seen with the anti-pB2. 

Now that at least 2 merozoite surface glycoproteins have been 

identified which may be useful in stimulating immunity to ~ falciparum, two 

separate but complementary approaches ar.e being taken to characterize these 

molecules. Polyadenylated RNA has been isolated from trophozoite- through 

schizont-stage parasites, eDNA prepared, Eco R1 linkers attached and the 

eDNA cloned inte A gt 10. Twice, the cloning efficiency above background 

was below 10%, We, therefore, changed our approach. Rather than continue 

with this phage, we decided to use the pUCB - pUC9 expression vectors. eDNA 

was prepared containing EcoR1 linkers on one end and Sal 1 linkers on the 

other. The linkers were attached in both orientations so that regardless of 

which DNA strand is read by the parasite we will capture the information 
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assuming we have the proper reading frame. We are also tailing and trying 

to clone into the Pst-! site. All of these sites potentially have the 

capacity to express the cloned material as part of a -galactosidase (15). 

Using the high efficiency transformation procedure of Hanahan (16); which 

approximates the efficiency given by packaging of A (5 x 107 colonies/ ~g 

DNA); we appear to have generated a substantial iibrary (>30;000 clones) 

having inserts ranging from ~ 200 bp to ~1000 bp. These colonies will be 

screened with immune serum obtained from Aotus monkeys for those which 

express cloned eDNA from the parasites. If expressed proteins are found; 

the monoclonal and monospecifie polyclonal antibodies will be used to 

identify clones coding for the particular antigens of interest. 

As yet we do not know if any of the parasite proteins we seek will be 

expressed by these vectors in E. coli. Thus, in parallel with the cloning 

work, we are attempting to obtain primary structural information by 

sequential Edman degradation of the purified polypeptides. Such primary 

structural work will be necessary to establish the amino terminus of the 

molecules and what the processed structure really is. Relatively large 

amounts of anti-Gp56, Gp185, and p82 have been produced from hybridomas in 

culture, isolated, and then covalently conjugated to beads. These are being 

used to purify specific parasite proteins. After elution of the proteins 

from the affinity columns the absorbance at 260, 280, and 550 is measured 

and aliquots of the preparations are being electrophoresed and silver 

stained as a means of evaluating their homogeneity. We are in the process 

of purifying proteins for both primary structural work and immunization 

studies. 
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Outline of Proposed Work 

I. Production of monospecific probes: 

A) Mouse monoclonal antibodies 

B) Monkey-mouse hybrids 

C) Immunization with semipurified proteins as hap tens - from 

parasite; from clones which express parasite antigens 

D) Affinity purification of monkey and human antibodies 

II. Demonstration of the specificity of monospecific probes 

A) Itmlunoprt:cipi tation - metabolic labels; 35S'-methionine, 3H
glucosamine, with schizont and schizont-labeled ring stage, 
analysis on one and two-dimensional gels 

B) Western blots to assess 1. proteolysis,~ 2. non-specific 
binding, 3. protein-protein interactions a~~ng chaine of 
molecules, or parts of organelles 

C) analysis by indirect fluorescence 

D) immunoelectron microscopy 

III. Purification of antigens potentially useful for stimulating 

protective immunity in primates 

A) Monoclonal antibodies 

B) Monospecific polyclonal antibodies 

C) Immune human or monkey sera 

IV. Primary structural analysis 

A) Protein chemistry 

B) Molecular biology 

V. Immunization with purified antigens or peptldes of known 

sequence 

A) Oigests of purified proteins coupled to carriers to convert 

them to haptens 

B) Synthetic peptidee 
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Proposed Work 

I.	 Production of Monospecific Probes:
 

A) Mouse monoclonal antibodies:
 

Immunization of Balb C and Ajax mice with semipurified merozoite 

preparations has allowed us to obtain hybridoma cell lines secreting anti 

merozoite antibodies specific for Gp185, Gp56, and p82. Using similar 

~i~unization	 protocols, other laboratories have apparently been able to 

obtain antibodies specific for several of these same structures (17-21). 

This suggests that these molecules are the most immunogenic in the mouse and 

that unless the antigens are presented in a considerably different form, the 

same results are likely to be observed as products of future fusions. To 

counter this, future immunizations will be done with semi purified or 

purified protein preparations which have been fragmented with either trypsin 

and/or chemical reagents such as CNBr in an attempt to generate a fam~ly of 

peptides of approximately 20-30 residues in length. These peptides will be 

connected as haptens by chemically conjugating them to either keyhole limpet 

haemocyanin or tetanus toxoid. They will be injected into mice with MDP (N

acetyl-muramyl-L-a1anyl-D-isoglutamine) as an adjuvant. By converting them 

to haptens we Cdn expect to reduce the amount of antigen necessary by 10-100 

fold based on studies with dinitrophenol (22), and can also anticipate their 

being stronger immunogens because they are being presented on strongly 

immunogenic carriers. Such an immunization protocol should stimulate 

antibodies to the entire polypeptide structure thus providing us with probes 

by which we should be able to i.solate individual fragmeuts and therefore map 

each protein. 
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B) Primate-rodent hybrids: 

Using suggestions made by 2 individuals at Hybritech, we have begun 

trying to make monkey monoclonal antibodies by monkey-mouse fusions. We 

have generated a number of fusion partne~s some of which appear to be 

producing anti-parasite antibodies. Although they grow exceedingly slowly, 

we hope by January 1984 we will know if such fusions are likely to be stable 

and if this is a reasonable route to obtain the monospecific probes we 

need. We are particularly interested in this system because immune Aot~ 

are capable of controlling the disease and are likely to produce antibodies 

against most of the proteins which we expect to be of use in immunizing 

humans. 

C) Immunization with parasite-specific polypeptides from recombina:lt 

clones: 

If recombinant clones of microorganisms can be isolated which are 

synthesizing parasite specific polypeptides, they will be solubilized, and 

the polypeptides isolated using human or monkey polyclonal antibodies 

conjugated to beads (23). The polypeptides will be converted co haptens as 

in I-A and used for immunization. This approach will depend on the 

availability of the appropriate recombinant clones. 

D) Affinity purification of monkey and human antibodies: 

Parasite-specific proteins are expected to be isolated in a series of 

ways using as a source either parasitized erythrocytes of recombinant clones 

of microorganisms which are expressing these structures. Once parasite 

antigens are available in appropriate amounts, they will be conjugated to 

insoluble supports and used to isolate antibodies irom immune human or 

monkey serum. This procedure will b~ used as an option but will not be 

applicable in many cases. Pro:~dures A & B were presented first because 

they are expected to be more widely applicable. 
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II.	 Demonstration of Specificity of Probes 

A) Immunoprecipitation of metabolically labeled samples: 

Parasite material metabolically labeled with 35S-methionine, 3H

glucosamine, or a series of other 3H-amino acids will be immunoprecipitated 

to determine the antigens with which they bind. The schizont, schizont

labeled ring stage, and if necessary, purified merozoites will be examined. 

Both one-dimensional SDS-PAGE and two-dimensional electrofocusing-SDS-PAGE 

will be used to determine the isoelectric points and molecular weights of 

the molecular species bound. 

B) Western Blots: 

There are at least 3 things which can confuse interpretation of 

immunoprecipitation data obtained on parasites solubilized in non-ionic 

detergp.nts: 

1. Proteolysis: As part of processing, or simply due to hydrolysis 

which occurs following the release of the proteases contained within the 

cell, polypeptides of varying molecular size can be produced. Whether this 

degradation is programmed by the cell or simply occurs as an expel:imental 

artifact can be approached by s?lubilizing in 3% SDS with reducing agents 

for Western blots. 

2. Non-specific binding: A major problem with interpreting 

immunoprecipitation data using mouse monoclonal antibodies is caused by non

specific binding of parasite proteins. In most cases this crcatea a 

background of at least 4-5 bands on a fluorograph. Western blots tend to 

minimize this. 

3. Protein:protein interactions: A basic premise ot any 

immunoprecipitation system is that the detergents used to solubilize the 

sample will not appreciably interrupt high energy protein:protein 
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interactions. If the detergents do, then the antibodies themselves will not 

be able to react. Both the antibody, and many, if not most of the antigens 

are proteins. This can obviously create problems in trying to analyse the 

molecular components of an organism. Organelles of the parasite as well as 

many cytoskeletal and membrane structures are not likely to be fully 

dissociated in any non-ionic detergent system which allows 

immunoprecipitation. Antibody interaction with a single component of such a 

complex would be ex"ected to precipitate the entire comple'. The complex 

could also be a multichained molecule composed of non-identical chains. 

Whatever the case, a series of different polypeptides could be 

immunoprecipitated even though the antibody reacts with only one. Western 

blots would help to untangle this complexity. 

C) Indirect fluorescence: 

Although a series of procedures have been tried, indirect fl"orescence 

still appears to provide the best initial screening procedure for 

monospecific antibodies. It provides some idea of the type of structure the 

antibody reacts with a~ well as its prevalence in the cell. 

D) Immunoelectron microscopy: 

To establish the molecular structure, or organelle of the parasite with 

which a particular monospecific 3ntibody interacts, electron microscopy will 

be necessary. At present we are using both gold- and ierritin-Iabel~d 

antibodies and 2 levels of sensitivity, scanning and transmission. The 

Institute has just acquired a new transmission electron microscope 

containing computer enhanced graphics capabilities. We are led to believe 

this instru~ent may allow us to view molecular structure. Such equipment 

will be used to demonstrate visually the components of the cell with which 

each monospec!fic anti.body population binds. 
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III. Purification of antigens potentially useful for stimulating 

protective immunity 

A single general protocol will be used to puri!} antigens potentially 

useful for stimulatjng immunity: 

Antigen Mixture 

~
 
Affinity chromatography with 

antibodies attached to solid supports 

•I
SDS gel electrophoresis 

I (HPLC if necessary) 

Homogeneous protein•

The source of antigen will either be parasite cultures or recombinant 

clones expressing parasite polypeptides. As a first step, antibodies will 

be used in affinity chromatography. Monospecific polyclonal, monoclonal, or 

polyspecific polyclonal (immune humdn or monkey) antibodies will be used 

depending on availability. Antigens will be eluted from the affinity 

columns and then electrophoresed on SDS gels. The electrophoresis step 

appears to be essential because virtually all of the affinity systems we 

have used, bind some other proteins non-specifically. Although the second 

step clearly reduces the yield, at present it appears necessary to assure 

the purified material is homogeneous. The SDS-PAGE is likely to be 

particularly useful if the monoclonal antibody precipitates a multichained 

structure or binds the same epitope on polypeptides of different molecular 

sizes which are perhaps proteolytic products of each other. From our 

current work purifying r.F185 we believe that sufficient amounts of 

homogeneous material can he isolated to do the studies outlined. 
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IV. Primary structural analysis 

A) Protein chemistry: Together with Varian Instruments, we have 

developed a system which separates all 20 amino acids in a relatively short 

period of time by HPLCj a hybrid CN-CI8 column is being used. In addition, 

using the protocol listed under III above, we have been able to isolate in a 

homogeneous form approximately 400 ng of Gp185. Assuming the 185,000 is an 

accurate molecular weight, then this would represent approximately 2 pM of 

polypeptide. Tha actual polypeptide size may be considerably smaller since 

glycosylation creates either a much greater Stokes radius or allows binding, 

of much less SDS than the equivalent mass of polypeptide. This causeD 

glycoproteins to tr~vel less rapidly in SDS gels making them have an 

artificially large Mr. Artificially J.arge molecular ~.eights translate into 

estimates of molar concentration which are proportionally small. The 2 pM 

estimate is therefore likely to be conservative. 

We believe we will be able to spectrophotometrically detect 5-10 pM of 

a PTH-amino acid after HPLC separation. Since we should be able to scale 

our purification up 30 fold without too great a difficulty, at least the 

first groups of residues can be identified spectrophotometrically as well as 

by radioactivity. The gas-phase sequencer is quite capable of sequencing 

these amounts of polypeptides; unequivocal identification of the residues as 

they r:e cleaved is the problem. 

Initially, our objective j-, to obtain whatever information we can on 

the amino terminus of the molecule. Such information will be useful in 

itself as well as providing a basis for construction of oligonucleotide 

probes (IV-B). Regardless of what info~~tion can be obtained from 

sequencing the DNA, modifications which occur as part of processing cannot 

be predicted as yet, thus an accurate knowledge of structure still requires 
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protein seq' lencing. In the case of the sporozoi te antigen of P. !,nowlesi, 

sequencing of the genomic DNA did not necessarily generate an accurate 

5 ructure because no information was available on sites of processing, the 

exact location of the signal sequenca, and the amino terminus of the 

processed protein (24). Since signal sequences (25) do not always come just 

before the amino terminus of a molecule (they may be internal as with 

ovalbumin), and since signal sequences do not generally have a unique well

prescribed sequence (26), it may be difficult to tell what the exact 

boundaries of the expressed protein really are. This may well have happened 

with the published structure for the sporozoite anLigen thus accounting for 

the major discrepancies between the size predicted by the DNA sequence 

(36,792) and that predicted by 5DS gel electrophoresis (52,000). 

Depending on the rate at which information is obtained by molecular 

biological studies, we will also fragment the molecules using a series of 

chemical means (CNBr, NCS) and enzymes (Le. trypsin, chymotrypsin), 

separate the peptides generated, and systematically sequence them (27) so 

that a more complete structure can be generated for each molecule. 

B) Molecular Biology: Due to the num~rous internal poly A stretches 

which plasmodial RNA and DNA contain, much of the technology for eDNA 

cloning does not work efficiently on this parasite. For this reason, it has 

taken us, as well as others, unusually long times to 

produce libraries which are likely to be useful (28,29). We have a cDNA 

library constructed from the poly A+ fr.action of RNA isolated from 

trophozoite- through schizont-stage Honduras T isolate Plasmodium falciparum 

parasites. That portion of cDNA which was inserted into the Sal I, Eco RI 

si tes of pUC8 contains inserts ranging from tV 200 to tV 1000 bp. 

Approximately, 30-40 thousand clones have been harvested for the pUC8 
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portion of the library (see Figure I). At this point, before harvesting the 

complete library, we are beginning to work on an immunologic screening 

procedure in the hope that some expression will be detected. Using 

immunoabsorbents composed of ~ £2!!, non-immune and immune monkey serum 

have been absorbed to reduc~ the antibacterial antibodies which create high 

backgrounds in these procedures. If clones which ~xpress par~site antigens 

can be identified, monoclonal antibodies will be used as pools of antibodies 

having a specificity for the same parasite protein. As monospecific 

polyclonal antibodies become available they will be employed because of the 

greater probability of their detecting the fragments of unmodified 

plasmodial polypeptide antigens likely to be produced by the recombinant 

clones. 

The DNA coding for these epitopes will be sequenced di~ectly (30). They 

will also be used to probe a genomic library constructed by shearing 

plasmodial DNA, methylating it, attaching Eco Rl linkers, and then 

inserting the DNA into A L41 or L47 (31). An estimate of the entire protein 

structure will be deduced from the genomic DNA using the computer programs 

of Stadin (32). Potential regions of antigenicity will be determined in two 

ways: 1) Using mutagenesis (33), those regions which are responsible for 

antibody binding will be identified. Families of overlapping synthetic 

peptides will allow precise characterization of these epitopes (15 residue 

peptides can be constructed within 1.5-2 weeks at Scripps) which will 

simplify this procedure. 2) Computer generated hydrophilicity plots (2) 

will be used to predict potentially antigenic sites. This should predict a 

large set of possible antigens of which genetically different individuals 

should respond to a series of overlapping subsets. Analysis of a pool of 

immune human and monkey sera with families of peptides should allow us to 

define the members of this inclusion set. 
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Figure I 

pUC 8 and pUC 9 are complementary plasmid vectors which contain a 

''mul tip Ie cloning site" in the gene which codes for B-galactosidase. The 

multiple cloning site can be seen from the figure to have an exactly 

opposite ori~ntation in the two vectors. To make optimal use of these 

complementary vectors the eDNA p:~mple is split in half after the second 

strand is completed. One type of linkers (i.e. EcoRI) is attached to one 

pool; a different set (i.e. SaIl) to the second pooL The "hairpin" turn 

which connects the two cDNA strands is then removed and the opposite set of 

linkers attached to the second end. The cDNA now has polarity and 

regardless of which strand of the original DNA is the coding strand in the 

parasite, 50% of the cDNA clones should contain at least a partial copy of 

1t. 
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Alternative Approaches 

Because it has been possible to get expression in!. coii of both a P. 

knowlesi sporozoite surface antigen (33) and several P. falciparum antigens 

(29), it is probable that the expression system we are using will also allow 

this straight forward approach. There may, however, be molecules of 

interest, which for a variety of reasons are not detectable by such a 

screen. With this in mind, we must have alternative approaches. One such 

approach will be to screen with RNA fractionated into 4-5 size ranges by 

sedimentation in sucrose. Clones hybridizing with RNA of the proper sizes 

will then be examined in groups by hybrid selection (34). Antibody 

precipitation of the translate with human or monkey polyclonal antibodies 

will provide an estimate of the size of the translate and whether it is 

recognized by these sera (is immunologically important). As monospecific 

polyclonal antibodies become available (IA), this step will be all that is 

necessary to recognize clones of interest. It will be more cumbersome to 

detect clones for molecules for which no monospecific antiserum exists. A 

procedure being considered is as follows: 

Possible detection system: 

To monoclonal antibody covalently linked to beads or adsorbed 

to a plate, add parasite material solubiliz~d in precipitation 

buffer (I), allow binding and wash, add polyclonal monkey or 

human serum, incubate, and wash; (it may be necessary to 

covalently link this antigen as well) add radiolabeled 

translate from hybridized RNA, wash, count to detect binding. 

This could also be converted to an ELISA to allow large 

scale screening. 
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We believe, however, that under most circumstances such procedures will 

not be necessary. Currently, we have at least 5 different monoclonals and 

one polyclonal rabbit antiserum against the Gp185 merozoite surface 

glycoprotein. We are actively t.rying to produce a family of monospecific 

polyclonal sera against 4 merozoite proteins of interest. Since our 

molecular biology group is too small to examine more than one or two of 

these molecules simultaneously, we believe the antisera for screening will 

become available as they are needed. 

Another alternative will arise as primary structural information 

becomes available from protein sequencing. Once 12-15 residues of amino 

acid sequence are available for a particular molecule then corresponding 

oligonucleotide probes will be constructed. Because of the degeneracy of 

the amino acid code (of !. coli), this will require a fami~y of probes which 

increases in size rapidly with the length of the amino acid sequence to be 

coded. Machines are now available which can efficiently do these syntheses. 

However, until it becomes clear that such a purchase is essential, we will 

not request such an item. 
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Scheme for Cloning of Genes for 

Parasite Antigens of Interest 

eDNA Expr~iDn Library 

sereen with immune mD~Y and immune human sera 

use monospecific mono- and polyc10nal antibodies to 
clones making ... ;.~cific proteins 

~ l__~ 

sequence DNA coding for probe genomic library. sequence 

parasite pr:;:in ~~ gene for w:::e strueture 

analyse amino acid sequence mutagenize to look for loss of 
to determine potential antibody bin/ding activity 
regions of antigenicity

l . l 
~ 

produce overlapping polypeptides based on gene structure to 
establish amino acid sequence most useful for immunization 
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V.	 Immunization with purified antigens or polypeptides of known sequence 

A) Digests of purified proteins coupled ~ carriers like haptens: 

Immunization protocols will be tested in mice and then used in monkeys 

once they have been shown to effectively stimulate antibody. Before any in 

vi vo tests ace made on the monkeys, the titers of the an ti bodies wi 11 be 

tested as well as their molecular specificity (immunoprecipitation and 

Western Blots). Immune sera against different surface structures of the 

rarasite will be examined independently and in mixtures to determine their 

capacity to inh~bit growth in vitro (7,10). Based on predictions from in 

vitro assays, monkeys will be challenged with parasites only after they are 

likely to have substantial immunity. This may require immunization with 

antigens from a variety of parasite molecular structures. 

B) Syntheti~ peptides: 

If protective monospecific antibodies can be obtained as well as the 

primary structures of the corresponding antigens, then by using increasingly 

small synthetic peptides it is possible to deduce the minimal essential size 

for a particular antigen. It is likely, however, that a somewhat longer 

polypeptide will be necessary to stimulate the appropriate antibody in vivo. 

Thus, once primary structural information is available from whatever source, 

computer analysis will be used to predict potential antigens based on 

hydrophilicity (2). Families of over-lapping synthetic peptides will be 

constructed based on the hydrophilicity plot and the ability of these 

peptides to block protective antibodies tested. These structures will be 

coupled to carriers (I-A) and tested as immllnogens (V-A). The ability of 

peptides synthesized from DNA structures to protect monkeys against a 

challenge with ?arasites will be evaluated only after substantial antibody 

levels are being produ~ed. 
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Ethical Aspect.s of Proposed Research 

Human subjects 

a.Subjects will be normal, healthy laboratory personnel. 
b.Units of blood will be collected from selected, paid donors to provide 
humAn serum and human red cells. 
c.Blood will be oLtained from the General Clinical Research Center whose 
personnel will recruit donors from among the Institute's employees. 
Standard consent forms will be employed to ob~ain consent for the 
drawing by venepuncture of up to 450 ml of blood. Subjects will receive 
a copy of the "Experimental Subjects Bill of Rights" form. 
d.No substantial risks are to be expected. The drawing of blood is a 
routine procedure. 
e.Subjects will be screened to verify that they have no medical history 
predisposing th~ drawing of blood, and that they have a hematocrit 
within normal limits at the time blood is to be collected. To eliminate 
any possibility of injury (due to fainting), subjects will be asked to 
recline on a cot during the drawing of blood. Information solicited 
from potential donors in the form of a short medical history will be 
considered confidential, as will the records of any studies with the 
donor's blood. 
f.While the risks to the bl'ood donors are minimal, their blood 
components will be used to obtain information contributing to the 
efforts to produce immunologic a~ents against human malarial parasites. 

Vertebrate anima Is 

Owl ~ankcys will be used in this study because they curreutly 
provide the best model for human malaria caused by!. falciparum. Other 
than human patients, these animals provide the only reliable source of 
blood containing relatively large numbers of parasites. They will be 
housed in our new vivarium facilities, caged in stainless steel cages 
(~16 ft3), and fed a special diet developed specifically for them. We 
will provide them with care identical to that which we provide our 
Columbian owl monkey breeding colony. This care easily fulfills Federal 
requirements. When animals are bled, they will be sedated with 
ketamine. Mice and rabbits are housed in quarters developed 
specifically for their care. These quarters conform to Federal 
requirements. 
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Facilities Available 

The laboratory is housed in tv 2100 square feet of space in which 
are contained offices and a cold room as well as the following 
equipment: 

3 biological flow hoods 
temperature-regulated incubators 
media-making facilities 
standard, invertp.d, and fluorescence/phase-contrast light microscopes 
cylindrical and slab polyucrylamide and agarose gel electrophoresis 

apparatus 
Varian high performance liquid chromatograph and chart recorder 
IBM personal computer 
Altex pH meter 
Gilford scanning spectrophotometer 
Sorva11 ultracentrifuge and high speed centrifuge 
3 table-top centrifuges (two refrigerated) 
3 high-speed microcentrifuges 
chromatography columns 
peristaltic pumps 
LKBfraction collector with UV detector 
lyophilizer 
analytical balances 
water baths 
4 liquid N2 fre~zers 

4 -20 0 freezers 
Kelvinator -85 0 freezer 
Packard B counter 
Packard y counter 
analytical balances 
Napco vacuum oven 
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BUDGET
 

Reese, Ph.D. Principal 
Robert T. Investigator 

Ramasamy, Ph.D. Visiting Immunochemist 
Ranjan Professor 

Primary structural analysis of purified parasite proteins 

Technician III 
Purification of proteins and glycoproteins for primary structural 

analysis 

Stanley, Ph.D. Assistant Immunoparasitologist 
Harold A. Member 

Primate monoclonals, immunoelectron microscopy for antibody 
localization - 507. time 

Somers, Technician III 
Cynthia 

Production and screening of monoclonals - work with Dr. Stanley 

Flint, Ph.D. Postdoctoral Immunoparasitologist-
Janette, E. Fellow Molecular Biologist 

Mouse monoclonals, polyclonal ~utibodies. molecular biology (DNA 
sequencing) 

Techn i dan II 
Large scale culture aud purification of proteins for immunization 

studies 

Saint, Ph.D. Assistant Molecular 
Rob Member Biologist 

Technician III
 
Work with Dr. Saint
 

Howard, Ph.D. Research Cell Biologist-
Randall F. Associate Biochemist 

Identification and characterization of parasite components 
important in immunity 

Lyszczasz Technician II 
Diane M. 

Work with Dr. Howard on antigen identification and characterization 
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Ardeshir; Ph.D. Research Molecular
 
Feroza Associate Biologist
 

Technician III
 
Work with Dr. Ardeshir
 

Gritzmacher, Ph.D. Research Molecular 
Christine A. Associate Biologi~t 

Coukoulis, Technician II 
Helen 

Work with Dr. Gritzmacher 

Castillo, Technician II 
Rosario 

Maintenance of stock cul tures, production of mp.dia, large scale 
parasite production 

Year 1 Year 2 Year 3 

Reese (70%) 49,749 53,729 58,027 
Ramasamy 44,982 48,581 52,467 
Stanley (50%) 22,491 24,290 26,234 
Saint 44,982 48,581 52,467 
Howard 25,846 27,914 30,147 
Ardeshir 26,717 28,854 31,163 
Gri tzmacher 26,717 28,854 31,163 
Flint 18,240 19,699 21,275 
Technician III 23,538 25,421 27,455 
Somers 23,538 25,421 27,455 
Technician III 23,538 25,421 27,455 
Technician III 23,538 25,421 27,455 
Technician II 21,349 23,057 24,901 
Lyszczasz 21,349 23,057 24,901 
CoukouHs 21,349 23,057 24,901 
Castillo 21,349 23,057 24,901 

Total 439,272 474,414 512,367 
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Year 01 

Personnel $439,272 

Supplies 

Animals 

Monkeys (Board, Breeding, Bleedings, etc.) $ 32,499 

Rabbits and Mice $ 5,198 

Total Animal Costs $ 37,697 $ 37,697 

Travel - 8 professionals, 1 meeting per year $ 10,000 

Publication costs, graphics, etc. $ 8,000 

Equipment 

Monkey cages 10 @ 400 each $ 4,000 

VAX computer system: 

VAX 11/730 System Kernel 
204MD Removable Disk 
1600 BPI Tape 25/100 IPS 
Multi-function 8-async/l sync lpdr 

peripheral control 
Inst. & Warr. Service 
Graphics Terminal 

-

$ 23,650 
$ 24,200 
$ 10,890 

$ 4,395 
$ 8,096 
$ 8,580 

Versatec V-80 laser printer-plotter $ 9,845 

Software: 

VAX-Fortran package 
VAX-Basic package 
Intelligenetics software for 

molecular biology 
University of Wisconsin DNA package 
Western Electric UNIX System III 

multi-user operating system 
UNIX System III 5 manual set 
Berkeley UNIX upgrade 
UCSF DNA Sequence Analysis package 

$ 9,570 
$ 10,120 

$ 11,000 
$ 2,200 

$ 1,650 
$ 138 
$ 193 
$ 550 

Total $125,077 

Total Equipment $129,077 

Total Direct Costs $742,139 
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Year 01 Year 02 Year 03 

Personnel 439,272 474,414 512,367 

Supplies 118,093 127,540 137,743 

Animals 37,697 40,713 43,970 

Travel 10,000 10,800 11,664 

Publication 
Costs, Graphics 8,000 8,640 9,331 

Subtotal 613,062 662,107 715,075 

Equipment 129,077 0 0 

Total Direct 
Costs 742,139 662,107 715,075 

Indirect Costs 353,124 381,374 411 ,883 

Total Costs 1,095,263 1,043,481 1,126,958 

A VAX 11/730 with tape drive, laser printer-plotter, video 
terminal with graphics upgrade kit, Fortran and Basic languages, as well 
as software for molecular biological work are being sought. We will use 
the equipment to help obtain and then to analyse the data generated on 
various molecular components of human malarial parasites. Available 
software makes it possible to enter the information from DNA sequencing 
gels directly into the computer and generate a primary amino acid 
sequence. Programming will be acquired which will allow us to analyse 
such sequences and then to predict regions which are likely to be 
antigens. Graphics programs will be obtained (see enclosed manuscript) 
which allow ~nalysis of autoradiographs and fluorographs which permit. 
objective evaluation of such data even when the images are of limited 
intensity. 
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Research and Professional Experience: 

Laboratory Instructor in Microbiology, George Washington University 

Microbiology Departmental Fellowship, George Washington University 

Laboratory Instructor in Microbiology, Yale University 
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Professional Societies: 

Sigma Xi American Society of Tropical 
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