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A. Title Page Department of MOlecular Immunology 

1. Organization and Address: Scripps Clinic and Research Foundation 

10666 North Torrey Pines Road 

La Jolla, California 92037 

2. Title: Antigens of Plasmodium falciparum 

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

4. Submitted: 6 September 1980 

5. Proposed Starting Date: 1 April 1981 to extend through 

31 March 1984 

6. Principal Investigator 

()j.t~ 
Robert T. Reese Frank J. Dixon, M.D., Director 

7. The human experimentation plan (use of human blood components 

to culture the' parasite) is pending review by the Institutio~:."s 

Human Research Committee. 

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

obtain support. 
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B. Relevance of Proposed Work to A.I.D. 

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 components of the human malaria parasite, P. 

falciparum, which can be used to stimulate protective immunity to 

this parasite. 

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

a vaccine could be produced, fit would likely have dramatic effects 

on the general hec\l~ and productivity of these people. 

3. The initial work will be conducted in the united States where it 

can probably be done most efficiently. As progress is made, it 

might be less expensive to use the owl' monkeys in Bogota to test 

selected. antigen preparations than housing equivalent numbers of 

animals in the u.s. 

4. Al though the amount of money spent on heal th care in developing 

nations is very small relative to what is spent in the U.S., malaria 

infects such a large portion of the population in many of these coun

tries that a major portion of the available healch budget must be 

utilized for treatment of this disease. Not only does malaria kill, 

but for every death there are another 99 who are sick with the disease. 

The morbidity caused by the disease must therefore create a greater 

stress on the economy (by withdrawing people from the work force or 

dramatically reducing their efficiency) than does the mortality. 

Production of a vaccine for malaria would probably have an impact 

mostly on the lower class individuals of developing n~tions since they 
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lack ready access to appropriate chemotherapy. It would improve the 

general health of all of the individuals in these countries 

and would reduce the number of childhood deaths significantly. In 

doing so, it would contribute to a further increase in the population 

growth. However, the population increase may not be a permanent problem. 

As the number of childhood deaths decreases and as the general produc

tivity of each individual :ncreases due to better health, then the 

necessity for large families should be reduced. Historically, higher 

living standards have led to Slnaller families. 

It is likely an entire kook could be devoted to the changes which 

might fol: JW if a vaccine for falciparum malaria was available •. 

Above I have listed a few obvious effects. For the purpose of this 

application, it is probably best to acknowledge that the impact. will 

be so dramatic and far-reaching that it is impossible to predict what 

the total effects on the world will be. 
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c. Scientific Aspects of Proposed Work 

1. Objectives 

The goal of this project is to identify, isol~te, and begin chemical 

characterization of one or more macromolecular components of the asexual eryth

rocytic form of ~. falciparum which can be used to induce protective immunity 

in owl monkeys. We will also attempt to establish clones of'microorganisms 

c~ntaining recombinant DNA which can produce the particular parasite proteins 

which are usefl,l. for imml'.nization. 

2. Ra tionale 

Data have been accumulated from our laboratory as well a.s 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 n~ purified globulin from an 

immune animal can cure an animal infected 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 (1,2). With this 

premise, we will use the antisera from immune animals (polyclonal antibodies) 

as well as monoclonal antibodies (which can inhibi t parasite growth in vitro 

and L"l vivo) to identify and then to isolate the desjred parasite macromolecu

lar structures. These same antibodies will be used to identify recombinant 

clones of microorganisms which are producing important parasite proteins. 

3. Review of Literature 

This project will be concerned only with malaria caused by Plasmodium 

falciparum. It is this parasite which causes mos1: of the world' s fatal 

malaria cases (~3 million deaths per year), and it is the erythrocytic form 
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of thi"s organism which Dr. Trager recently managed to culture in vitro (3,4). 

With this in mind, the following background information has been selected in 

order to provide the appropriate supporting work without attempting a lengthy 

review of the literature as a whole. 

In the primate l}ost, malaria is primarily an infection of red blood cells. 

The parasite invades erythrocytes, feeds on the hemoglobin present, and then 

multiplies within these cells generating merozoites. The merozoite form of 

the parasite is released as the red cells burst. These mero~oites"invade new 

red cells spreading th~ infection from one cell to another. In cases where 

P. falciparum has infected non-immune humans or"Aotus trivirgatus monkeys, the 
- i 

disease steadily pr,ogresses with an ever-increasing anemia. This severe para-

site-induced h~lytic anemia causes stress to the heart, lungs, bone marrow, 

spleen, and perhaps most important, the kidneys (5,6). The animals often die 

in acute ren~l f~ilure with a hematocrit of 5-15% (6). 

To spread -malaria, "IIIOaquitoes must ingest red cells containing sexual 

forms of the parasite while feeding on malaria-infected subjects. The gametes 

mate within the mosquito. Their progeny, sporc.lzoites, infest the salivary 

gland and are injected by the IOOSquito into new subjects. The sporozoites 

invade liver cells in the new primate host and multiply giving rise to mero

zoi tes. These merozoi tes ini tia te the blood or erythrocyte phase of the 

cycle. This invasive form of the parasite (merozoite) which spreads the infec

tion from one red cell to anotller is believed to be a point in the cycle which 

can successfully be interrupted (7-13). It is predominantly this stage to 

which we are directing our attention. 

In recent years a number of articles l~v~ ~een written which have provided 

a detailed discussion of why an immunologic solution to malaria should be 
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sought (10-19). Among these reports are included several which suggest that 

study of the merozoite as a possible source of immunizing material may be 

particularly useful (8-15). The data which support this concept began with 

some of the studies of Jules Freund (7,8). Freund et ale (7,8) found that 

formalin-treated erythrocytic stages of !. lophurae and P. knowlesi were able 

to induce protective immunity in ducks and monkeys, respectively, if the para-

sites were administered as an emulsion with mycobacteria in oil. Little 

further work was done on vaccination until the 1960's. 

This general neglect of immunology as a possible tool for combating 

malaria may be blamed largely on the early effectiveness (1950's) of vector 

control. Due to the resistance of malaria-carrying mosqui toes to insecticides, 

of parasites to drugs, and in recent years, to radical c~nges in the world's 

economy, the number of malaria cases has again begun to rise (19,20). During 

the last few years, malaria has even been able to regain a foothold in Mexico 

(19,20) • 

This resurgence of malaria has led to renewed interest in t!le prospect of 

producing a vaccine. With this in mind, the work of Freund !! ~.' (7,8) was 

extended by Brown et &. (22,23). Brown and his co-workers observed that 

rhasus monkeys could be immunized ag.ainst !. knowlesi but that immunity to 

the parasite could be variant specific; that is, P. knowlesi appeared to under-

go antigenic variation. Subsequent studies (23) suggest that variant-specific 

il=unity is focused primarily on ~'"'~~t)the mature erythrocytic form of ... ~~~~ 
the parasite}. Recent data fram our own laboratory as well as the work of 

others have demonstrated that protective immunity to malaria can be achieved 

which is not variant specific (6,10). Thus, immunity induced to one straill 

can provide immunity to other strains of the same species (6,10). 
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Between 1971 and 1977 Silverman and' his co-workers reported one of the 

first studies in which fractions of parasites were employed to induce protec

tive immunity (24~26). The procedure of D' Antonio was used to obtain non

viable fractions of the erythrocytic stage of !. knowlesi. After being crushed 

in the French pressure cell, the parasite material was subjected to some frac

tionation and then used with complete Freund's adjuvant to induce protective 

immunity (24,25). Monkeys immunized with this material were resistant to 

challenge with!. knowlesi as long as 4 years later (26). 

Merozoites have also been used to successfully immunize monkeys. In some 

of the first studies, Mitchell, Butcher and Cohen (10) were able to demonstrate 

that purified preparations of P. knowlesi merozoites were capable of protecting 

monkeys if injected in complete Freund's adjuvant. These studies have been 

extended by Siddiqui (II) (and independently but in a considerably less convincing 

manner by Mitchell, Richards, Butcher and Cohen (12». Siddiqui and his colleagues 

demonstrated that parasite material ~rozoites) isolated from mature P. falci

parum schizonts could be used to protectively immunize Aotus trivirgatus monkeys. 

We have added to this work by demonstrating that crude parasite material 

harvested from cultures could be used to induce protection. Two things were 

l~arned from our study. First, we found that parasites which had been main

tained in culture for over a year could still serve as a good source of antigen. 

In addition, a more benign adjuvant, MOP-Pasteur, could be used to' present the 

antigen rather' than complete Freund's adjuvant (27). Thus, ample evidence now 

exists that antigens obtained from the asexual erythrocytic stages of the 

parasite can be used to induce protective immunity to primate. malarias. In 

addition, when appropriate antigens are available, adjuvants such as CP-20,96l 

which have been prepared by Pfizer are likely to provide a mode of presentation 

which will be useful in 'lDan. 
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When reviewing the immunology literature on malaria, it is difficult to 

determine whether antigens of the schizont or merozoite are~re useful in 

inducing protection. Approximately 10 years ago Rudzinska and Trager demonstrated 

that~. coatneyi infected erythrocytes had alterations in their membranes (28). 

These "knob-like" structures have now been observed in erythrocytes containing 

mat.ure parasites of a number of species (28-31). It is probable that in some 

cases these knobs participate in adhesion of the parasitized erythrocytes to 

capillary walls (28,29). Such sequestration of the parasites during their 

late stages of development (when the parasitized red cells are considerably less 

elastic than normal red cells) would protect them 'from the filtering action of 

the spleen. These alterations of the red cell membrane may also be antigenic 

toO their hostq Should this be true, then the ability to reduce the exposure of 

a lymphatic organ such as the spleen to such antigens would also clearly be of 

advantage to the parasite. 

Recent experiments (31,32) suggest that the knob-like structures rep+esent 

alterations. Such alterations of the erythrocyte membrane are antigenic to the 

original host in which the infection occurs. It is not known if initial respon-
----------
siveness to these alterations in the ery""..hrocyte membrane leads to a Il'Ore 

general autoimmune hemol~c: __ ~emi~ affp.cting normal cells. This is of particu-

lar importance due to the severe anemia which accompanies malaria and which 

causes so much of the pathology associated with the disease. Some of the 

questions can be answered using newly isolated variants of the parasite which 

no longer alter the erythrocyte membrane. 

CUrrently, a group working in The Gambia has been examining the cause of 

what appears to be a malaria associated autoimmune hemolytic anemia (33). We 

will, therefore, not concern ourselves with this problem. OUr attention will 

be trained on ~nfected erythrocyte membrane and the plaSll1a membrane of 

-
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the p~rasite at the 'merozoite stag~ At present, exceedingly little is known 

regarding the .brmrunogenicity of the merozoite and its components. However,. 

immunocytochemical studies have been initiated in an attempt to characterize 

at the ultrastructural level the infected erythrocyte membrane (3~). 

In prelimina~ experiments we have examined the antigenicity of the alter-

ations induced in the membranes of infected Aotus lnonkey erythrocytes.and 

cultured infected human erythrocytes (32) .(_~ti~ were obtained from monkeys 

made immune to malaria either by infection followed by d--ug treatment or by 

immunization with parasite material,'obtained from in vitro cultures. The 

antisera were absorbed with normal human erythrocytes before incubati.on with 

infected erythrocytes. Bound antibodies were detected with goat anti-human Ig 

conjugated to ferritin. They were found on ~~e knob-like protrusions of the 
- - ----------------------- -.-.. -- -. 

red cell surface of infected erythrocytes of both human and monkey origin. Un-
__ ... _._.~--'--' -0·-- _~_. _.. ___ .-".-------.... ----.. -

infected . erythrocytes and infected ring~stage erythrocytes (knobless) bound no 

an t.il:xxl y • Therefore; Plasmodium'falciparum infection produces similar anti-
- 4 -

genic changes in the erythrocyte surface of both 1I1al1 and 1DOnltC~:. In add! tion, 

different strains of E,. falcipai:'u:!! cultured in 'vitro in human erythrocytes 

induce -membrane alterations which have common antigenicity (32). 

This reinforces the likelihood that the parasite-~n~':lq~-f:!:rYthrO_9..Y.!:~_!~!.:tfga-
- -' 

tions are receptors by which the parasitized cells can be sequestered and also .-....... -~ - . 

establishes, that r,egardless of whether strains of E,. falciparum induce specific 

antigens 0:1 these cells, cammon antigens are present which could potentially 

be usef'lll for immunization. 

Al though the amount of antibody which binds to the knob antigens appears 

to be l.i1nited, this is 'lot the case with the surface of the Lle:cozoite. Large 

amounts of antibody appear to coat the surface of 1I1erozoi tes regardless of 
----------------- "----------- --------_ .. 
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whether the animal from which tne serum was drawn has had contact with the same 

strain of parasite or not. This correlates well with the in vivo data which we 

have accumulated which suggests that an animal immune to a strain of P. falciparum 

from one area of the world is likely to be immune to organisms from other areas 

as well (1,2). This again supports the concept that, if the appropriate antigens 

can be obtained in large enough amounts, immunization of individuals should be 

possible. 

In summary, compelling d,~ta have been accumulated which suggest that·it is 

possible to protectively immunize against P. falciparum with antigens from the 

asexual erythrocytic stage of the parasite. Since serum from immune animals 

can cure an anin&al infected with P. falciparum, antibodie~ fro~ __ ~~_~~ls 

shoulc be able to bind selectively with the parasite compon~nts~hiCh stimulate 

immunologic proteCtion~JFollOWing this premise, we will ~e antisera f~_om 
immune animals to identify and then to. isolate thE! d~siredparasite components. 

These same antibodies will be used to identify recombinant clones of microorganisms 

which are producing important parasite-specific proteins. 

4. Experimental Design 

During tr.e last few months two critical groups of observations have been 

made in my labora tory which will be the focal point of the work outlined in 

this proposal. 

a) Data. are accumulating which suggest that one or more of a group 

of merozoite proteins having apparent molecular weights of 45,000 to 50,000 

are important in protective immunity (manuscripts included). 

b) Active messenger RNA has been isolated from mixtures of schizonts, 

segmenters, and merozoites and translated in a cell-free system using ribosomes 

from wheat germ or rabbit reticulocytes. The RNA has been translated alone and 

together with microsomal membranes from dog pancreas. Since the microsomal 



-11-

membranes allow glycosylation of the proteins after translation, comparison 

of proteins on SDS gels which have been produced with and without microsomal 

membranes, makes it possible to identify the glycoproteins since the apparent 

molecular weights of the molecules increasa. 

The importance of these observations is that we now hav~ two very clear 

ways of approaching the problem of obtaining the immunologically useful com-

ponents of the erythrocytic forms of f.. falciparum. First, we will use various 

modifications of Trager' ~~ culture method (3,4) to produce parasites for frac-

tionation. After isolating merozo~t:es from cultures synchronizeC. with sorbitol 

and Physiogel (33,34), they will be solubilized in detergent and then Frac-

tiona ted using a series of physical techniques together wi~b_~~~~pity chromato-

graphy. The purity of fractions will be established using both isoelectric 

focusing and SDS gradient acrylamdde gels (2). Antisera will be produced to 

the proteins and the abill ty of the sera to inhibit the in vi tro growth of the 

parasite determined (1,2). Sera which can inhibit in vitro will be examined . -
for their ability to cure infec'Ced owl monkeys. Antibodies which can inhibit 

parasite growth in vitr~ and in vivo will be used to isolate parasite proteins 

so that owl monkeys can be immunized directly. 

Parallel with the physical fractionation of the parasite, we will try 
I . ~ • I ' 

I ." i ,..... I " " • r ~.I'" ~ ~ ,'. f 

to f~ction~~j1.:the-,-.g~.!!.e~~ materi~~_ o_f the .~.:ra~~.~e_ .w.hich codes for the immuno-

logically important proteins ~y use of recombinant DNA techniques) As:' I will 

outline later, there is no necessity to wait for monoclonal antibodies which 

will recognize only the ~ecific proteins that are important. By using anti-

sera which contain ~ntibodies which can inhibit in vitro as well as passively 

protect monkeys, we have been able to recognize at least 8 proteins which are 

produced in a cell-free system using mRNA from late-stage parasites. These 

proteins can'be produced and examined imm~diately. 
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In addition, yeast systems are being developed which will hopefully 

allow production of eukaryotic proteins ~hich have native con~igurations 

including all of the post~translational modifications which may be required 

for them to be recognized by antisera. 

5. Research Methodologies 

From our work as well as that of others, it appears that antigens which 

are components of the merozoite can be used to induce protective immunity in 

monkeys and probably in man. This immunity is not strain specific; thus inununi-

zation with antigens from a single strain of P. falciparum should confer immunity 

to all strains (1). The chief problem which we now face is how to obtain purified 

parasite components whose immunologic properties can be examined. Once the 

appropriate parasite components have been identified, the next question is how 

they can be produced in large enough quantities to make large scale immunization 

possible. 

Alb~ough the current culture systems (3,4) are useful on a research basis, 

they cannot easily be scaled up. Besides requiring a huge amount of manpower, 

it would be difficult to obtain enough human blood products to make large scale 

parasite isolation feasible unless dramatic revisions are made in the culture: 

and isolation procedures. Specifically, the data suggest that when crude mero-

zoite preparations are used to immunize owl monkeys, it is necessary to inject 

at least 5 x 109 - 5 x 1010 merozoites per animal in order to induce protective 

immunity (6,27). High quality merozoites can be obtained most easily from 

cultures containing wild-type K+ parasites because they can be concentrated with 

Physiogel befol:'e hartTesting is begun. + It is difficult to get K cells to 

exceed approximately a 10!!s parasitemia; thus, from a unit of blood (V"I200 ml of 

erythrocytes) at best 14-20 ml of parasitized cells can be ~ected. Even usinq 
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Physi,ogel and sorbitol to synchrollize, often less than 50% of the parasitized 

cells will burst during the 9-10 hour period when Eerozoites are being collected. 

If we then assume 10 merozoites per infected red cell and at least 50\ find 

their way into the medium without autolysing or sticking to red cells, then 

7-10 x lOll mero2:oites should be obta;.nable from a unit of red blood cells. 

With this crude material we could in theory immunize 10 animals. The antigen 

preparation would, however, be grossly contaminated with erythrocyte membranes 

and other red cell components as well as hepatitis virus or any other human 

viruses which are likely to be present in human blood, . Realization of this has 

prompted efforts to generate merozoit~··preparations which are free of extraneous 

~terials. One approach using various gradient systems (35) reduced the merozoite 

yields to 0.1-1.0\ of the theoretical levels, With such techniques, it is like~y 

to require 10 units of. blood for erythrocytes and another 10-12 units of blood 

for se~ in order to isolate enough merozoites to immunize one or at best a 

very smal~ group of monkeys, If this is to be scaled up, virtually thousands 

of units of blood will have to be pooled to produce enough parasite lnaterial to" 

immunize even limited numbers of humans. With our current inability to detect 

non-A, non-B Hepatitis virus, it is certain that any such pools of blood will 

contain this virus as well as numerous other human viruses and drugs. Production 

of a vaccine using such a procedure is a health hazard to both the workers who 

produce and handle it as well as to any recipient. Even if it wasn't a health 

hazard, it would be exceedingly difficult to obtain the enormous amounts of blood 

required for culturing if the objective was to provide antigen to all of the 

millions who could profit from immunization. 

Techniques are now being refined which might allow us to circumvent these 

problems (36,37). If the appropriate messenger RNA's can be isolated from the 

parasite which codes for the proteins wlich are important in immunity, then it 
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should be possible to insert the right part of that RNA into microo~ganisms such 

as Escherichia coli or certain yeasts and have the microorganisms produce the 

desired parasite component ~6,37). Such recombinant DNA systems could be ex

pected to produce the amounts of parasite antigen necessary without requiring 

any of the expensive, hard to get human blood components necessary when cultur

ing the organism itself, 

We have already begun to explore the feasibility of such an approach by 

isolating ~-~A from late-stage parasitized erythrocytes (trophozoites, schi

zonts, segmenters and merozoites) a~d' translating the m-RNA's using ribosomes 

obtained from wheat germ. The data are very encouraging since of the 100 or more 

proteins which are synthesized, at least 8 react with antisera from immune 

animals. Thus, at least these proteins do not require post-translatio~l modi-

fications, such as glycosylation, in order to produce the native conformations 

which the antisera recognize. We have also translated these RNAs in the presence 

of microsomal membranes which caused glycosylation of at least 4 of the proteins. 

Thus, we already have m-RNA for 4 surface proteins of the parasite since any 

protein containing carbohydrate is likely to be on the cell surface. It is also 

important to note that the antisera reacted with all of the proteins before 

glycosylation. This suggests that the sugars are not essential to the structures 

recognized by the antisera; therefore, all should be excellent candidates for 

recombinant DNA systems where post-translational modification does not occur. 

I should add that the yeast systems which are being developed in several places 

will hopefully allow production of mammalian (eukaryotic) proteins which are 

completely native. One of these systems being developed at Rockefeller we hope 

to make use of (37). 

Although all of the preliminary studies have been done in my laboratory 

at Rockefeller, the recombinant DNA work will be conducted in a collaborative 
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fashion ~ogether with Dr. John'Seidman of the Laboratory of Molecular Genetics 

at the National Institutes'of Health, The project will be develo~ed' in 2 

stages: First, m-RNA will be isolated from schizonts, segrnentears and merozoites 

with the objective of obtaining ~elatiyely large amcunts of m-RNA's which code 

for the merozoite surface proteins. Complementary (c) DNAs will be produced 

from the m-RNA' s so that the messages .. can be expanded and cloned (36). After 

appropriate RNA producing clones are available, they will be used to obtain 

recombinant microorganisms capable of producing the desired proteins. Selection 

of the desired clones will be done wiith. antisera which can inhibit in vi tro 

growth of the parasite as well as terminate a malaria infection in an Aotus 

monkey. At fi.rst, immune monkey se.ra will be used. As antisera become available 

against specific parasite su.rface proteins, they will be employed. 

Parallel with the recombinant DNA work, we will also conduct immunochemical 

studies in which we will, attempt to purify and chemically characterize the 

immunologically important components of both the parasitized erythrocyte and the 

merozoite. If we can produce specific antisera against the components which can 

induce protective immunity, then these antisera can be used 'to simplify the re

r.:ombinant DNA work. If, fo.r some reason, the app.ropriate molecules cannot be 

made by recombinant DNA, then the specific antise.ra can be used to produce 

affinity chromatography systems to purify the mate.rials f.rom cultu.res. A series 

of app.roaches will be used in this aspect of the project: 

a) Purified preparations of merozoites (35) will be su.rface labeled with 

1251, solubilized in either Triton X-100 o.r in a second detergent (i.e., 

Zwitte.rgen) which solubilizes a somewhat different popUlation of molecules. 

This mate.rial will then be fractionated using high pr~ssu.re liquid chromato

graphy (HPLC). Preliminary studies in which surface labeled merozoi tes have 

been examined on 5DS gradient acrylamide gels have shown that the number of 
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proteins on the surface of'merozoites is not likely to exceed 8 to 9. They 

appear to vary widely In lDOlecular weight; thus, rrolecular sieve chromatography 

may provide an excellent method of fractionation at least as a first step. The 

advantage of HPLC over other liquid chromatographic procedures is that it can 

be used to quickly (0.5-3.0 hours) and efficiently (high yields on microgram 

arr~unts) fractionate small quantities of material while achieving high resol~

tion of molecules having similar ID('.·lecular weights. This procedure should be 

particularly useful for the highly labile parasite components where degradation 

is likely t~ be minimized by rapid fractionation. 

b) If we cannot obtain. good separation of the merozai te proteins using 

HPLC, then we will invest more effort in separation of the proteins on SDS 

acrylamide gels using preparative procedures. Here, samples 'will be labeled 

with l25 I , electrophoresed in acrylamide gels, the gels will be frozen, sliced 

into 1 mm sections, and each slice counted in a gamma counter. Aliquots of 

the isolated proteins wil~ be "placed on analytical isoelectric focusing gels 

to dete~e how efficiently the proteins have been separated. 

c) l25I_labeled merozoite proteins will be examined by isoelectric focusing 

to determine if they can be fractionated by this procedure. If analytical gels 

suggest the procedure will be useful, preparative gels will then be used. The 

gels will be frozen, sliced, and counted in a gamma counter as above. Samples 

of fractions will be analyzed for purity on SDS acrylamide gels. 

d) It is becoming increasingly clear that many, if not all, proteins that 

extend through the lipid bilayer of membranes contain some carbohydrate on 

that part which is in the aqueous environment (38). Because of this, the pre

sence of sugar on a protein clearly marks it as a probable membrane constituent. 

In addition to the experiments we have conducted where microsomal membranes 

have been used to glycosylate proteins made using a cell free system, we have 
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also begun usi,n9' plant lectins such as wheat gena agglutinin, lentil lectin and 

Helex promatia lectin which can bind with specific carbohydrate residues. These 

lectins should not only help us to ide~tify those parasite components which 

contain sugar, but by later reacting the parasite components with antisera 

from immune primates (2), we should also be able to determine which are of 

immunological importance. 125 Thus, I-labeled schizonts and mer,ozoites which 

have been solubilized in detergent (Triton or Zwittergen) wiJ.l be mixed with 

lectins which have been covalently linked with beads of Sepharose 6B. The, 

parasite-specific molecules which can be dissociated from the lectin beads are 

likely to be from the surface of the merozoite if the original preparation 

contained only merozoites. These carbohydrate-containing molecules could be 

fractionated further using HPLC, acrylamide gels, isoelectric focusing, affinity 

chromatography or a group of these procedures. Fractionation of schizonts by 

lectins would require tha't antisera be used either to eliminate the erythrocyte 

components or to select for the parasite-specific molecules. 

All of the'procedures outlined have as their objective the identification 

and isolation of parasite-specific surface proteins from merozoites or parasitized 

erythrocytes. Once available, t.lle purified proteins will be injected into Balb/c 

~ce which have been sublethally irradiated to eliminate their T-suppressor cells. 

Three weeks later, spleen cells from the i.mmuniz~d mice will be transferred to 

recipient mice which have just been sublethally irradiated. The recipient mice 

will be boosted with antigen. Repeti tion of this procedure several times should 

allow us to greatly expand the number of parasite-responsive cells. With other 
. 3 

antigens (39), such a procedure has allowed a 10 increase in specific antibody 

levels after each antigen boost. Thus, even with microgram amounts of antigen, 

we should be able to get high 3Dough antibbdy levels to determine the usefulness 
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of the antigen for inducing protective immunity. Sera from mice containing 

high antibody levels as determined by radioimmuno-assay (40), will be .tested 

for their ability to inhibit in vitro growth of the parasite. Once effective 

sera are obtained, the spleens of these animals will be removed and hybridomas 

produced (41). Antibodies which appear to inhibit in vitro will also be -
examined in vivo. ---

Mice will also be immunized with purified merozoites br with Physiogel 

purified schizonts, segmenters, and merozoites. The schizonts and segmenters 

in such an inoculum should continuously release merozoites over a 10-20 hour 
.... 

period. Al though lacking the abili ty to invade mouse erythrocytes they should 

provide an excellent stimulus to the mouse. The schizonts should also immunize 

thl! mice against the knob antigens. Hybridomas will be made from mouse spleen 

cells if the mice contain antibody which can inhibit in vitro growth of the 

parasite. The inhibition assay will also be used to examine hybridoma clones 

selected by the radioimmuno-assay (1,2). 

Irl all of our studies we will use both polyclonal and monoclonal antibodies. 

This is essential when working with purified molecules since membrane components 

which ha'l7e been purified may stimulate antibody to any part of their structure 

regardless of whether that part of the molecule i3 hidden or exposed to the 

aqueous environment in the native state. Monoclonal antibodies to portions of 

surface molecules which are inaccessible in their native environment would be 

unable to inhibit parasite growth even though they would be useful in purific;:a-

tiona 
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D. Facilities and Resources 

1. Institutional: The type of work outlined in the prop:lsal represen~ 

an expansion of an ongoing project. Because of this, our laboratory is well 

suited for the t::ype of work outlined. Except for the items listed in the prop:lsal 

to be purchased, the necessary equipnent is already available. 

Equipnent Available or Provided by Institute 

1. Y -counter 

2. 2 lamina flow hoods 

3. hot air incubator, CO 2 incubator 

4. pH-meter 

s. 4 gel electrophoresis tanks 

6. 2 0 freezers -23 C 

7. 0 
freezer -70 r: 

8. 2 freezers liquid N2 

9. freezer dry ice 

10. Zeiss fluolescence photcmicroscope 

11. LKB fraction collector 

12. LKB U.V. cords for monitoring column chromotography 

13. LlG chopper bar recorder 

14. 1 strip chart. recorder 

15. 1 Sorvall RC-3 refrigerated centrifuge 

16. Sorval1 RC-S refrigerated centrifuge 

17. Fisher microfuge 

18. gel drying equipment 

19. Mettler balance for large weights 

20. Micropipetting equ.ipnent 
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21. Peristal tic pumps 

22. Hand-GM counter 

23. Columns for chromatography 

24. Constant temperature cooling system 

25. 2 isoelectric focusing tanks 

26~ 1 water bath 

27 • 1 LKB constant power unit 

Equipment Purcha~ed By AID For 

Rockefeller University Project Which 

will Be Needed To Conduct This Work 

Item 

2 Zeiss microscopes with objectives 

1 Cary 219 spectrophotometer 

2 Laminar flow hoods (CeI) 

1 American optical shaker bath 

1 Liquid nitrogen freezer 

1 -23 C freezer (Frigidaire *211) 

Rockefeller University Number 

18830, * 

~8231 

22209, * 

22152 

+ 

+ 

2 Freas incubators (Precision Scientific) + 

. *microscope purchased during 1979-80 fiscal year: no 

number affixed to equipment 

+items which cost less than SlOOO are not assigned a number 

2. Personnel: See enclosed c.v.'s 

3. Other Research Support: 

a. Immunologic protection against malaria, NIH, $71,000, year 2 of 5 

b. Production of immunologically important molecules by Plasmodium 

falciparum, U.S. Army, $33,902, requested for year 3. 
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BUDGET
 

Fringe 
Personnel: 
 % Effort Salary Benefits Total
 

Principal Investigator 50 $20,000 $ 4,000 $ 24,000
 

Research Associate 100 19,500 
 2,145 21,645
 

Research Associate 100 2,145
19,500 21,645
 

Postdoctoral Associate 100 15,500 1,705 17,205
 

Technician 
 100 14,000 1,540 15,540
 

Total Personnel $88,500 $11,535 
 $100,035
 

Supplies: 
 Blood components, chemicals, enzymes, media, radionuclides, 

glassware, etc. (cost based on current eipenditures) $ 27,483 

Other Expenses: 

Animals: Purchase of 10 owl monkeys at $400 each 

Board of 20 animals at $762/animal/year
 

Graphics, publication costs, etc. $2,800
 

Travel 
 $2,100
 

$ 24,140 

Equipment: Lyophilizer 
 $1,960
 

Inverted Leitz microscope with 
1oX and 20X objectives $6,270 

Analytical balance 
 $6,129
 

Sorvall ultracentrifuge and rotor $25,795
 

$ 40,154
 

Total Direct Costs $191,812 

Indirect Costs (56% of Non-Equipment Direct Costs) $ 84,928
 

TOTAL PROJECT COSTS - YEAR 1 $276,740
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YEAR 1 YEAR 2 YEAR 3
 

Personnel $100,035 $121,106 $136,850
 

Supplies 27,483 31,056 35,093
 

Other Expenses 24,140 27,278 30,824
 

Subtotal 151,658 179,440 202,767
 

Indirect Costs 84,928 100,486 113,550
 

Equipment 40,154 5,000 5,000
 

TOTAL 276,740 284,926 321,317
 

$882,983
 

The budget figures for Years 2 and 3 reflect a general increase of
 

13% to offset the effects of inflation.
 

It is likely that it will take close to a year to organize all of
 

the personnel needed to implement this program. For this reason,
 

salary for a second technical person has not been requested until
 

Year 2.
 

F. This proposal is the product of original thinking, thus the
 

technical data contained on pages 2 through 20 should not be used
 

or disclosed except for evaluation purposes.
 



Human Subjects
 

Title: Antigersof Plasmodium falciparum
 

Principal Investigator: Robert T. Reese
 

1. Human serum and human red cells are used for culture of the human
 

malaria parasite, Plasmodium falciparum. Units of blood will be 

obtained from selected paid donors.
 

2. 
The drawing of blood by the Institute staff is a very low risk procedure.
 

3. 
The consent forms used by the Institute staff are those used for drawing
 

blood for use in transfusion of humans.
 

4. The Institute has highly skilled staff who specialize in drawing and
 

handling human blood. We will only be provided with the donor's number
 

and blood type, thus his confidentiality is protected.
 

5. & 6. While the risks to the blood donors are minimal, their blood components
 

provide a means of culturing P. falciparum, the most important infectious
 

agent known. We expect to purify from the cuitures parasite components 

which can be used to induce protective immunity in monkeys.
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1. TITLE OF PROPO'PAL OR ACTIVITY 

"ANTIGENS OF PLASMODIUM FALCIPARUM" 
2. PRINCIPAL INVESTIGATOR/ACTIVITY DIRECTOR/FELLOW 

ROBERT T. REESE, Ph.D. 

3. DECLARATION THAT HUMAN SUBJECTS EITHER WOULD OR WOULD NOT BE INVOLVED 

E A. NO INDIVIDUALS WHO MIGHT BE CONSIDERED HUMAN SUBJECTS, INCLUDING THOSE FROM WHOM ORGANS. TISSUES,FLUIDS, OR OTHER MATERIALS WOULD BE DERIVED, COULDOR WHO BE IDENTIFIED BY PERSONAL DATA, WOULD BEINVOLVED IN THE PROPOSED ACTIVITY. (IF NO HUMAN SUBJECTS WOULD BE INVOLVED, CHECK THIS BOX AND PRO-CEED TO ITEM 7. PROPOSALS DETERMINED BY THE AGENCY TO INVOLVE HUMAN SUBJECTS WILL BE RETURNED.) 

B. HUMAN SUBJECTS WOULD BE INVOLVED IN THE PROPOSED ACTIVITY AS EITHER: C NONE OF THE FOLLOWING, ORINCLUDING: -' MINORS, 0 FETUSES, C ABORTUSES. - PREGNANT WOMEN, r7 PRISONERS, - MENTALLYRETARDED, r7 MENTALLY DISABLED. UNDER SECTION 6. COOPERATING INSTITUTIONS, ON REVERSE OF THIS FORM,GIVE NAME OF INSTITUTION AND NAME AND ADDRESS OF OFFICIAL(S) AUTHORIZING ACCESS TO ANY SUBJECTS INFACILITIES NOT UNDER DIRECT CONTROL OF THe APPLICANT OR OFFERING INSTITUTION. 

4. DECLARATION OF ASSURANCE STATUS/CERTIFICATION OF REVIEW 

E A. THIS INSTITUTION HAS NOT PREVIOUSLY FILED AN ASSURANCE AND ASSURANCE IMPLEMENTING PROCEDURES FOR THEPROTECTION OF HUMAN SUBJECTS WITH THE OHEW THAT APPLIES TO THIS APPLICATION OR ACTIVITY. ASSURANCE I"HEREBY GIVEN THAT THIS INSTITUTION WILL COMPLY WITH REQUIREMENTS OF DHEW Regulation 45 CFR 46, THAT IT HASESTABLISHED AN INSTITUTIONAL REVIEW BOARD FOR THE PROTECTION OF HUMAN SUBJECTS AND, WHEN REQUESTED,WILL SUBMIT TO OHEW DOCUMENTATION AND CERTIFICATION REVIEWSOF SUCH AND PROCEDURES AS MAY BE RE-QUIRED FOR IMPLEMENTATION OF THIS ASSURANCE FOR THE PROPOSED PROJECT OR ACTIVITY. 

ES. THIS INSTITU -ION HAS AN APPROVED GENERAL ASSURANCE (DHEW ASSURANCE NUMBER GO108XB )OR AN ACTIVESPECIAL ASSURANCE FOR THIS ONGOING ACTIVITY, ON FILE WITH DHEW. THE SIGNER CERTIFIES THAT ALL ACTIVITIESIN THIS APPLICATION PROPOSING TO INVOLVE HUMAN SUBJECTS HAVE BEEN REVIEWED AND APPROVED BY THISINSTITUTION'S INSTITUTIONAL REVIEW BOARD IN A CONVENED MEETING ON THE DATE OFPen -nin IN ACCORDANCEWITH rHE REQUIREMENTS OF THE Code ot Federal Regulatione on Protectionof Human Subjects (43 CFR 46). THIS CERTIFICA-TION INCLUDES, WHEN APPLICABLE, REQUIREMENTS FOR CERTIFYING FDA STATUS FOR EACH INVESTIGATIONAL NEW
DRUG TO BE USED (SEE REVERSE SIDE OF THIS FORM). 

THE INSTITUTIONAL REVIEW BOARD HAS DETERMINED, AND THE INSTITUTIONAL OFFICIAL SIGNING BELOW CONCURS 
THAT: 

EITHER V HUMAN SUBJECTS WILL NOT BE AT RISK; OR , HUMAN SUBJECTS WILL BE AT RISK. 

5.AND 6. SEE REVERSE SIDE 

7. NAME AND ADDRESS OF INSTITUTION 

Scripps Clinic and Research Foundation
 
10666 North Torrey Pines Road, La Jolla, California 92037
 

5. TITLE OF INSTITUTIONAL OFFICIAL TELEPHONE NUMBER 

Frank J. Di on, M.D_ Director (714) 455-8120

SIGNA OF INSTITUT Ni OOF CIAL DATE 

E I-5)u,' ry----) &1->December 
 12, 1980
 

ENCLOSE THIS RM WITH THE PROPOSAL OR RETURN IT TO REQUESTING AGENCY. 



TO: AA/S, Mr. Sander Levin
 

TRRU: DS/PPU9 Mr. 
 4~ 
-OR: OS/H, Lee Howa., 

SUBj-CT': Environmental "hreshold Dece-anatlon 

-rojec: Ti.le: Mali a..
Iimunity & Vaccination
Prajecc #: 931-0453 

Se~p ccif c 'v iCYR-"E.FUCZ: (i f, applicable)__ _ _ _ _Intcial Znviro=enal/L _ _ _ _ _ _ _ _S11i th to ia 77nHowa d memo"-:o (IE) conanedSmt oHwid--odated lz cnandi
 
January 24, 1978
 

On the basis of the Initial Envronmenal/Pxaminacabove and attached to this (ZZ) referencedmemorandum 1 recoc.mend tha you make .chefollowing decer-inaaion: 

actionx I. The proposed agency action is not a majorwhich will have a si=ificanc effect'on the ?ede:.a!
h=an envizo=enc. 

2. The proposed agency. ac "ionwlAhave a sif.cat ts a =ajor Federaleffecc ac:ionon the huMan envircent, and:
- a. An -nvi-onmental Assessmen is required; or 

AnAb.-nvironmental pacc Sa~ement *s t-&quired.Y.ie cosc of and sc:ledule for this requiremenc is !ulLy escr'h.n in
Che eferenced documa... 

will submi- . cheOur envirotncal.axaminazionanalysis laer is noc e.no han cc=-:_.*for an 'ih our recorzndaionenvirom.mental chresnold cjslo 
0 /-.,,. 

Apprcved:',.. 

Disap. r:v e4 :_______ 

Ae: .t
Boest Available Document 



Antigens of Plasmodium falciparum (New) - Scripps Clinic and
Research Foundation. Duration of project, 3 years; total
 
estimated cost, $587,302.
 

Project Summary and Background: This new proposal would move
the 	malaria research network directly into the area of genetic
engineering. 
The 	purpose of the project is to identify, isolate and begin chemical characterization of one or more of the
micro molecular components of one form of P. falciparum which
can 	be used to induce protective immunity in owl monkeys.

researchers will also attempt to establish clones of micro-

The
 

organisms containing recombinant DNA which can produce particu
lar parasite proteins which are useful for immunization. The
proposed procedures are highly specialized and technically
complex, but if successful, could greatly advance the research
effort in malaria vaccine development.
 

RAC 	Discussion. The principal investigator was described as an
outstanding scientist and-the project as extremely well written. The RAC reviewers felt that the project had very good
merit and was especially appropriate under the new malaria
 
research priorities.
 

RAC 	Recommendatin: 
That the project be approved as proposed.
 

Related Research Projects Funded by AID: This project will
become part of.an AID malaria research program currently consisting of ten projects carried out by a network of nine institutions. The network was established by AID on the advice
of RAC to avoid duplication of work and to coordinate the vari
ous research components toward the accomplishment of a single
well defined goal, i.e. the development of a vaccine against

human malaria. The projects in the malaria research network

and the institutions res]onsible for them are listed below:
 

1. 	Large Scale Cultures of Human Malaria (Plasmodium

falciparum) and their Use for Immunization and -For

Antigenic Analysis of the Parasites (Rockefeller

University)
 

2. 	Sporozoite-Induced Immunity in Simian Malaria (New York
 
University)
 

3. 	Preparation and Evaluation of Merozoite Antigen in the
Immunoprophylaxis of Malaria (University of New Mexico)
 

4. 	Continuous In-vitro Cultivation of Various Strains of

Plasmodium falciparum at High Parasitemia Production and
Purification of Antigen and Vaccination Studies 
(University

of Hawaii)
 



5. 	In-vitro Cultivation of Human Malaria (New York University)
 

6. 	In-vitro Cultivation Malaria Parasites (Gorgas Memorial
 
Institute of Tropical and Preventive Medicine)
 

7. 	Assessment of Potential Antimalaria Vaccines (Instituto

Nacional de Salud, Bogota, Colombia)
 

8. 	Ultrastructural and Cytochemical Analysis of Malaria Anti
gens (Uniformed Services University of the Health Sciences)
 

9. 	In-vitro Cell Culture of the Erythrocytic Stage of Malarial
 
Parasite (Biomedical Institute)
 

10. 	 Isolation and Evaluation of Malaria Immunogens (University

of Missouri)
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In addition to the above projects, RAC also reviewed preliminary proposals for "Forest Surveys" and "Man and the Biosphere"
projects. 
The RAC comments on these proposals are included
with other project summaries under TAB B. Inasmuch as the two
proposals are still in the developmental stage, we are not
asking you for your approval of these projects at this time.
 
The Initial Environmental Examinations (EEs) 
for the five
recommended projects have been completed and threshold determinations have been made that none of these projects will have a
significant effect on human environment.
 

The: approval of the five projects listed at 7AB A constitutes
the authorization to initiate negotiations of contracts pursuant to the RAC recommendations in accordance with applicable
provisions of AID Procurement Regulations and Procedures and as
requii.d by PD-47 (Supp. A 2B1, September, 1972).
 
Recommendations: 
 1. That you approve the implementation of
five RAC endorsed projects listed at TAB A along the lines of
the RAC recommendations.
 

APPROVED: ~~A'~ 
DISAPPROVED: 

DATE: _ MAY 1981 

2. That you sign the attached Project
Authorization (PAF) for the International Fertility Research 
Program (IFRP). 

. () 
Attachments;
 

TAB A -
List of projects and funds proposed for implementation
TAB B -
Project summaries with RAC recommendations

TAB C - Project authorization for the International Fertility


Research Program project
 

Clearances:
 
GC: JRBolton at
GC/THFA.ARich~tein, st.. AWDate >,: 
?/AID:24inners _'4t.- Date /64:.4,
AA/PPC:CPaolillo C Date /
DS/DAA/FN: EBabb DateY.-0.
DS/DAA/DT: FTugwelE ZDa 
 te _/?/f


~~DS/PO:BChiapnick /../ Date //

DS/PO/RES:MRc l AAA/PPC/PDPR:JEH kss on,-3% Date -,

D R :lws/cev: 3/l6/81:X59011 

~ r~'-
T" A.r/ 60(/ ,i
 




