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TUESDAY, April 23, 1985
 
Abstract No. 12, page 28
 

Studies on the development of a P.falciparum malaria vaccine for the 

induction of transmission blocking Immunity. 

J.H.E.Th. Meuwissen. 

1. Introduction. 

The induction of transmission blocking immunity in avian malaria models as a 

potential tool in malaria control was reported by Gwadz (1976) and by Carter 

and Chen (1976) following earlier experiments by Huff et al. (1958). The 

efficiency of immunization with extra cellular gametes was also demonstrated 

in a P.yoelii rodent model (Mendis and Targett 1979) and in a P.knowlesi 

monkey model (Gwadz and Green 1978). 

The introduction of methods for in vitro culture of P.falciparum (Trager and 

Jensen 1976) was followed by procedures for, the production of gametocytes 

and gametes as well as the establishment of routine in vitro infection of 

mosquitoes (Ponnudurai et al. 1982a, 1982b, 1983). 

Thc availability of gametocytes, gametes/zygotes and ookinetes were basic 

for biochemical and molecular btolcgical studies of these developmental stages 

of P.falciparum. In the NIH research group Rener et al. (1980) were the first 

to demonstrdte that monoclonal antibodies (MoAbs) against male and female 

P.gallinaceum gametes could interfere with the sporogony of the parasite in 

mosquitoes. In most experiments effective transmission blocking activity was 

achieved only in the presence of complement or by the synergistic action of 

two different MoAbs. In later studies in this avian model it was shown that 

the MoAbs prevented the fertilization of macrogametes by microgametes 
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(Kaushal et al. 1983). Similar results were obtained with P.falctparum. (Rener 

et al. 1983). A combination of two MoAbs against gametes of a Brasilian 

isolate 7G8 suppressed the infectivity of gametocytes in the absence of 

complement, whilst in the absence of complement (with one exception) 

individual MoAbs were not able to block transmission. 

The MoAbs were used for the identification of target antigens of antigamete 

immunity. Three gam~ete proteins of P.gallinaceum of Mr 240, 56, and 54 k, 

were identified by specific MoAbs by the application of surface labelling 

techniques, SOS poly acrylamide gel electrophoresis of parasite extracts under 

reducing conditions and followed by auto- radiography. In the corresponding 

experiments with P.falciparum sexual stages a similar set of gametes surface 

proteins of Mr 260, 59, and 53 k, were precipitated by the available MoAbs. 

(Carter et al. 1984). As demonstrated in biosynthetic labelling experiments it 

was found that these gamete surface proteins were synthesized in 

gametocytes before gametogenesis. In the P.jallinaceum model it was shown 

that these surface proteins were shed into the surrounding medium (Carter 

and Kaushal 1984) and that a new set of proteins, Mr 26 and 28 k was 

synthesized and expressed on the surface of ookinetes. (Carter et al 1984). 

Meanwhile similar studies on the sexual stages, zygotes and ookinetes of 

P.falciparum have been carr;ed out independently at our institute. The results 

are reviewed in greater detail in ord.er to indicate to what extent they 

confirm the above results and at what points new information can be added. 

1. Surface labelling of macrogametes of a P.falciparum isolate NF 54 resulted 

in a number of a 1251 labelled bands after separation by SOS PAGE. The 

electrophoretic mobility of some proteins was different in the presencE or 

absence of reducing agents like DTT. Usually four major polypeptides of 250, 

58, 47 and 10 k could be detected under reducing conditions; under non 



reducing conditions the above proteins demonstrated a Mr of 230, 48/45, 43 

and 10 k. The 48/45 kU doublet did not separate under reducing conditions. 

Minor bands were seen at 33, 25 and 16 kD. The Mr under non-reducing 

conditions will be used for the rest of this review when reference is made to 

the various prcteins. 

Several MoAbs (32 Fl, 32 F3, 29 F432, 32 F5) reacted with the 48, 45 kD 

doublet, some of these however co-participated also the 230 protein. Although 

a protein was labelled in the 25 kD region this could not be precipitated by 

any of these MoAbs. 

2. Immunoblotting experiments using polyclonal as well as monoclonal 

antibodies showed a result somewhat different from the above. Polyclonal 

rabbit serum did not bind to a 230 kD protein whereas it precipitated this 

protein after surface labelling. On the other hand the serum did react 

prominently with a 25 kD protein which was not labelled in the surface 

iodination. Some of the MoAbs were obtained by selecting hybridoma lines 

that positivitely reacted to the blotted 25 kD protein. Similarly MoAbs 

reacting with the 10 kD protein were selected and these recognized also a 45 

kD protein. 

3. Seven transmission blocking and eight non b'Wiocking anti macro gamete 

antibodies were identified. The molecular weights of proteins of 

macrogametes/zygotes recognized by the MoAbs and polyclonal rabbit serum 

are given in table 1. Table 2 gives information with regard to the 

transmission blocking potency of the different blocking antibodies. 

4. The strength of transmission blockade depends on two factors: the 

concentration of the specific antibodies and the quality of gametocytes that 

are involved. The intensity of the blocking effect appeared itiversely related 

to the transmission potential of the gametocy.es cultures. It should be 
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considered that in the laboratory experiments the number oF infectious 

gametocytes in the mosquito bloodmeal -about 20,000 per 3 ­mm is much higher 

than In normal field conditions. Although complete transmission inhibition 

could be achieved by single MoAbs, we confirm that combination of MCAbs do 

potentiate transmission blockade. Combination of a complete blocker used at 

a dilution which on its own could not totally inhibit transmission with a non 

blocking MoAb was able to potentiate the transmission blocking action of the 

former. 

Combinations of non blocker MoAbs recognizing different proteins had no 

effect on transmission. 

5. In biosynthetic labelling experiments (using freshly purified macrogametes 

incubated in methionine free RPMI 1640 medium supplemented with 35S 

methionine, for a period of three hours (at 250 C), it could be shown that 

predominantly 25 kD protein was produced. This protein could be solubilized 

almost completely (in 25 mM Tris 0,5% Triton X100 p H 8), and precipitated 

by blocking MoAbs 32F61, 32F81, 7F11 as well as by non blocking MoAbs 

32F71 and 32F72. The 25 kD protein was not present in asexual parasites but 

it could be demonstrated in gametocytes and in much larger quantities on 

gamete/zygote surface. Using surface immune fluorescence differentwith 

MoAbs it was demonstrated that the surface of the zygote transforming into 

the ookinete in the mosquito midgut is gradually replaced by the 25 kD 

protein. 

6. By application of a two-site im munoradiometric assay (IRMA) using 

microtiter plates coated with MoAbs against 45 kD or 25 kD protein and using 

protein extracts of gametes/zygotes as the antigen it could be shown that 

transmission blocking and non blocking MoAbs recognize two different 

epitopes on each protein. Both epitopes appeared to be non-repetitive In the 



IRMA. 

7. The SDS PAGE pattern of surface labelled proteins of P.falciparum NF54 

rnacrogametes showed great similarity with that described by Rener et al. 

(1983). We confirm that some labelled proteins showed a difference in 

migration in SDS PAGE under reducing and non reducing conditions. Since all 

three proteins of 230-48-45 kD showed a higher Mr value in the reduced 

stage, they consist of no more than one polypeptide chain. The presence cf 

intra-chain disulfide bonds probably influences the binding of SDS to the 

polypeptide backbone resulting in shift in the their relative molecular 

weights. 

8. The three proteins of 230, 48 and 45 kD might possess a common antigenic 

site on account of their reactivity with a set of MoAbs (11C5-B10, 32F1, 

29F432, 7;'3; only MoAbs 28F1 was monospecific for the 230 kD protein). 

However the quantity of 230 kD precipitated relative to that of the lower Mr 

proteins, differed from one MoAb to another. This suggests that the 230 kD 

protein probably coprecipitated in a non-specific way. This is supported by 

the finding that in the immunoblotting experiments the 230 kD protein could 

not be detected. The 230 kD 48/45 proteins are no longer detectable on the 

surface of developing ookinetes. A precursor-product relationship of the 230 

kD protein with any of the lower Mr antigens has not yet been demonstrated. 

The importance of the 230 kD protein in transmission blocking action is not 

clear. Only one 0oAb (29F432), which recognizes the 230, 48 and 45 kD 

proteins blocked effectivitely , but it is not clear whether this was due to its 

reactivity with the 48, 45kD proteins as well. 

9. The 48/45 protein doublet is present in the gametocytes and later 

expressed on the surface of the newly emerged macrogametes. Since 

transmission blocking MoAbs that are interacting with this protein doublet, 
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completely block formation of retort cells/ookinetes, it appears that these 

proteins play a significant role in the process of fertilization of the 

macrogametes. There was no indication in biosynthetic labelling experiments 

that one acted as a precursor for the other. This doublet, however, is no 

longer present on the intermediate stage (retort cell) between zygotes and 

ookinete. On account of similar findings in P.gallinaceum (Carter and Kaushal 

1948) it seems likely that also the 49/45 kD proteins are shed from the 

furface during ookinete development. 

The relevant epitopes of the 48/45 kD proteins are not sensitive to the action 

of SDS as was demonstrated by immune reaction on Western blots. These 

epitopes, however, are sensitive to reduction by DTT. The reduced proteins 

not only showed a difference in Mr but reactivity of these blotted DTT 

treated proteins with blocking MoAbs as well as non-blockers was totally 

abolished. This suggests that these epitopes have a conformational nature. 

10. The 45/10 kD set of proteins could also be detected in the gametocytes 

stage by MoAbs that were selected on Western blots. These MoAbs (32F62, 

32F63 and 32F84) also showed a positive immuno-fluorescence on live 

gametes. Following surface labelling of gametes, however, none of these 

MoAbs precipitated any of these these labelled bands. Apparently the 

radio-iodination interferes with the binding of the antibody. 

The significance of these proteins remains unclear since none of these MoAbs 

block the formation of oocysts. The 10 kD protein is predominantly present 

with respect to the 45 kD one. 

In two dimensional PAGE the 45 kD protein appeared identical to the 45 kD
 

protein that reacts with the blocking MoAb 32F3.
 

Reduction of this protein by the DTT resulted also in a shift in Mr to k.
58 

The epitope present on both the 45 and 10 kD proteins, however, was not 
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sensitive to reduction. 

11. The 25 kD protein is already present in mature gametocytes. 

Biosynthetic labelling experiments in in synchronized gametocytes cultures, 

containing gametocytes only (Ponnudurai et al. 1985 in preparation) indicate 

that the 25 kD protein is already being synthesized in small quantities in 

early stages of gametocytes development. MoAls against this protein were 

selected on Western blots of macrogamete proteins. Some of these block 

transmission (7F11, 32F61, 32F81). 

Non-blockers probably bind to another determinant in the molecule. Using 

surface immunofluorescense on live cells it was demonstrated that this protein 

is hardly detectable on the surface of newly emmerged macrogametes. It 

becomes, however, progressively expressed on the surface of the 

macrogamete/ zygote over a period of two hours. The suggestion that this 

protein plays an important role in the development of the parasite in the 

mosquito was furhter confirmed by the fact that although the presence of the 

transmission blocking MoAb 32F81 in the mosquito blood meal did not 

significantly influence the number of retort cells/ookinetes formed yet almost 

no oocyst resulted. The presence of the antibody on the surface of the 

transforming zygote apparently did not hamper its further development into a 

mature ookinete. Does the 25 kD protein act as a ligand for a receptor on the 

mosquito midgut cell wall? 

12. The NF54 isolate has been obtained from an airport infection in the 

Netherlands and is therefore of unknown geographic origin. The presence of 

the 48/45 and 25kD proteins and their relevant epitopes in isolates from 

different geographic areas was tested using immunoblotting and transmission 

blocking assays.
 

Isolates from Vietnam (NF 117), Ghana (NF 7), Central Africa (NF 115) and
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Brash (7G8) were probed with the anti-NF 54 MoAbs 32F3 and 32F81. Ali 

isolated demonstrated positive reactions with the MoAbs and no differences 

were found with regard to the Mr of the relevant proteins. 

The transmission blocking capacity of several (NF54) MoAbs was tested in 

three different isolates (NF54,NF7 and 7G8) in parallel experiments. All 

MoAbs tested, either blockers or non-blockers produced similar results. 

13. Blots of NF54 macrogamete proteins were incubated with sera of patients 

with P.falciparum infection. From a set of serum samples collected from 

Dutch patients with an infection, one serum gave a strong reaction with the 

48/45 kD protein. That the reaction of MoAb 32F3 and of this patient's serum 

identical was demonstrated in a two dimensional blotting experiment. 

Moreover the patients serum was shown to block transmission of the isolate 

NF 54. The serum was collected from an elderly missionary who had lived in 

East Africa for the greater part of his life. He was accustomed to treat the 

repeated attacks of malaria with chloroquine. 

Positive reactions with 48/45, 25 and 10 kD protein were seen also with sera 

obtained from indigenous people from Burkina Fasso and Liberia. These 

preliminary results indicate that the development of transmission blocking 

antibodies might occur also in natural conditions. Further tudies are needed 

to investigate under what circumstances this takes place and especially what 

the epidemiological significance is, of these antibodies. 

14. Genomic DNA libraries as well as cDNA libraries prepared from NF54 

gametocytes and macrogamete RNA respectively have been cloned in E.coli 

expression vectors. Fusion proteins were obtained which did not react with 

any of the MoAbs. However by using the "antibody select" method, fractions 

of a polyvalent rabbit antigamete serum (1771) monospecific for certain 

proteins, were able to identify several bacterial clones relating to the 48/45 
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as well as the 25 kD proteins. 

Summary 

In summary we conclude that proteins of the 48/45 doublet and 25 kD are 

involved in transmission blockade. They are produced already in gametocytes ­

although expressed later on the surface of gametes/zygotes and ookinetes. 

This might have relevance for the boosting of induced immunity by natural 

infections. It might be expected that DNA recombinant technology would lead 

to the production and application of transmission blocking varcines, 

preferably as components of a polyvalent malaria vaccine. Such vaccines 

should be applied in combination with existing and new methods fer .he 

control of malaria. There is need now for thorough epidemiological stuo in 

the field in order to identify the sites where these vaccines can be applie ­

well controlled field trials. 
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Table I
 

Action of a selected number of monoclonal and polyclonal antibodies directed
 

against P.falciparum macrogametes/zygotes.
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Molecular weight of target proteins .10


230 48/45 45/10 25
 

+Transmission 7F11 


blocking 29F432 + +
 

+
antibodies 	 32F3 


32F5 
 +
 

32F61 
 +
 

32F81 	 + 

1771 + + + + ­

Non-blocking 	 7F3 + +
 

antibodies 	 28F1 + 

32F1 + + 

32F62 +
 

32F63 +
 

+ 

32F72 + 

32F84 

32F71 


+
 

* rabbit polyclonal antibody. 



Table II
 

Degree of transmission blockade by monoclonal and polyvalent antibodies directed
 

against P.falciparum macrogametes/zygotes.
 

Antibody Mean percent reduction Total no, of test Mean oocysts
 

in oocysts compared to mosquitoes dissected In control
 

control mosquitoes
 

7F11 97 (3) 79 17
 

29F432 97 (2) 25 21
 

32F3 100 (11) 173 24
 

32F5 95 (5) 103 14
 

32F61 74 (4) 53 16
 

32F81 95 (6) 74 18
 

1771 99 (4) 76 19
 

The number in parentheses indicates the number of experiments carried out with
 

each antibody.
 

* rabbit polyvalent antibody. 

<'1
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SCHIZONT/MEROZOITE ANTIGENS OF P. FALCIPARUM
 

Robert R. Freeman and Anthony A. Holder
 

Department of Molecular Biology, The Wellcome Research
 
Laboratories, Beckenham, Kent, U.K.
 

The three major surface antigens of P. falciparum merozoites
 

appear to be derived by proteolytic processing from a single
 

precursor polypeptide synthesized in schizonts 
(Holder and
 

Freeman, 1984). 
 In the Wellcome (Lagos) strain of P. falciparum
 

the precursor has an apparent molecular weight (MW) of 195,000.
 

A polyvalent antiserum raised against this polypeptide immuno­

precipitated labelled bands of 83,000 MW, 42,000 MW and 19,000 MW
 

from extra ts of 1251 surface-labelled merozoites. 
 Peptide
 

mapping indicated that the 83,000 MW and the 42,000 MW bands
 

are non-overlapping fragments of the 195,000 MW precursor.
 

Satisfactory peptide maps were not obtained for the 19,000 MW
 

band, and our conclusion that it is also a fragment of the
 

195,000 MW precursor is tentative. 
We have made three monoclonal
 

antibodies that immunoprecipitate the 42,000 MW and the 19,000 MW
 

fragments frcm extracts of merozoites (these also precipitate
 

the 195,000 MW precursor from schizont extracts). However, these
 

antibodies always precipitate both the fragments together.
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The two are not disulphide-linked, and our working hypothesis
 

is that our antibodies bind to only one fragment, the other
 

being coprecipitated due to non-covalent z,sociation.
 

The 83,000 IMW 
fragment seems to be shed from the merozoite
 

surface. It can be recovered in soluble form from culture
 

supernatant and cannot be detected in newly-invaded ring-forms.
 

On the other hand, the monoclonal antibodies specific for the
 

42,000/19,000 MW complex react with ring-stage parasites in
 

the immunofluorescence t-st using acetone-fixed cells.
 

The functions of these merozoite surface antigens are not known,
 

but their abundance suggests that they may be constituents of
 

the merozoite surface coat. 
 As such they may be involved in
 

the initial interaction of the merozoite and the red cell,
 

or they may serve the function of protecting the merozoite
 

from immune attack.
 

The 195,000 MW precursor of these three merozoite surface
 

components shows considerable antigenic diversity between
 

different isolates of P. falciparum, although some epitopes
 

are conserved in all serotypes (McBride, Newbold and Anand,
 

1985). 
 Where the variable epitopes are situated with respect
 

to the 83,000 MW, 42,000 MW and 19,000 MW fragments has yet
 

to be elucidated.
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Whether the 195,000 MW protein is a protective antigen is not
 

yet known, but it is interesting to note that young children
 

with acute malaria may have a high titer of antibody against
 

it, whilst it is not uncommon to find sera from immune adults
 

that is low in antibody titer against the 195,000 MW antigen
 

(Fig. 1i.
 

We have recently identified an antigenic protein that is located
 

within the rhoptries of P. falciparum merozoites (Holder, Freeman,
 

Uni and Aikawa, 1985). Monoclonal antibody 61.3 stained free
 

merozoites in the IIF test, apparently binding to internal
 

paired organelles. The antibody immunoprecipitated a 140,000 MW
 

protein and a 155,000 MW protein from schizont extracts. We
 

purified the antigen from a detergent extract of schizonts by
 

affinity chromatography using antibody 61.3 coupled to Sepharose.
 

After washing away unbound material, the 155,000 MW band was
 

eluted using 2 M KSCN. Then the 140,000 M antigen was eluted
 

using 50 mM diethylamine pH 11.5.
 

We raised a polyvalent antiserum in rabbits against the 140,000 MW
 

protein, and this antiserum reacted only with the 140,000 MW
 

band on Western blots of schizont and merozoite proteins. The
 

antiserum bound to the rhoptries of cryosectioned merozoites,
 

demonstrated by immuno-electron microscopy, indicating that the
 

140,000 MW protein is located within the rhoptries.
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On the basis of immunoprecipitations using immune and non-immune
 

sera, as well as monoclonal antibodies that inhibit the growth
 

of P. falciparum in vitro, Perrin and co-workers have defined a
 

subset of schizont/merozoite proteins that are 
likely to be
 

protective antigens. 
 Their sizes are 200,000 MW, 140,000 MW,
 

82,000 MW and 41,000 MW (Perrin and Dayal, 1982).
 

Finally, Perkins 
(1984) has identified two schizont/merozoite
 

polypeptides, of 155,000 MW and 130,000 MW, that seem to have
 

a high affinity for erythrocyte glycophorin. It is possible
 

that these proteins may be involved in the initial attachment
 

of the merozoite to the red cell.
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Fig. 1. P. falciparum polypeptides immunoprecipitated by
 

individual Gambian sera. P. falciparum polypeptides were
 

biosynthetically labelled with 35S-methionine and solubilized
 

in a buffer containing 1% NP40. Individual sera from Gambian
 

donors were used to immunoprecipitate labelled parasite poly­

peptides, which were separated by SDS-polyacrylamide gel
 

electrophoresis and detected by fluorography. The position
 

of the 195,000 MW protein is indicated.
 

Tracks 1 ­ 5: Immunoprecipitations using sera from 

non-immune children. 

Tracks 6 ­ 13: Immunoprecipitations using sera from 

immune adults. 
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PARASITE-INDUCED CHANGES IN THE
 
ERYTHROCYTE SURFACE
 

I. Alterations Due to 
External Parasites
 

A. Merozoite surface proteins which bind to 
the red blood cell
 
surface
 

B. Internal merozoite molecules bound to the red blood cell 
membrane prior to 
or during endocytosis
 

II. Alterations Due to Internal Parasites
 

A. Knob-related changes
 

B. Non knob-related changes
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PARASITE-INDUCED CHANGES IN 
THE
 
ERYTHROCYTE SURFACE
 

I. AltcratioiCn3 Dut to Enternl F-arasites 

A. ltrzalt,_ uLv face ,r,_-,t n which bino t t,he red blood cell 
s fo-.-ond remain d ,z'n SI1b1 

Lt us be gin ,n e'a inati,,n o,f 
the efft- - f L.ii sitir, , 

the er vth , e membr ane at -he point at whi,:h er, zite bind and 

begin e-ntrv i a t - ei - l. A ,,, ' r of C~r , -E../
E tze lmoteI 

-Table I have been uui rt '' . LW i to l .'coh -i , to- i­

erythrg ,.-a- ,.f 
r d bl Dd c L nd , or otti- . ',_ F.- ra, ,
 

'whihi.n fo'rd on both. The dote h.ve be.n ,--i-o-., i '-r duc­

n:i- i.'an\' o-:.iIl- binding f sim] w and/or that 

energy of ineinters.ct!_-,n ,:aner-.11 v 1 cMw. vz .. t:ere is n :.'
 

c-va encc- thtan;ero':cat 1
z-.so'a:: mA cu . w are~ ofte~h:ilh cn c'Lnno 
free ini the culturi-e ;om ern.tart. Ltnd to the sur o' of &ryhr,-,-cvtc­

on, their ,o-n. UNhether thev ,an b& used dti fyvi ng anc as a ,.tan- 'of 


a.ttackii 
 thE oara itizood --rvthrccvt- i
:iaa till uLnresl;cved.
 

B. "Se rtor m,,-lecules ins-.erted 
i to 
the red Iod ceil
 
meL' ae s oar t of enrc',,t--i. 

t . irst? there s ho. r 'ouu evid.-,:n that 
drinrc 

F c yLi
,'.'
w' z:, on., 'it I of-:" ­p ' 
 .r- i Lor4 d ioL the 

f -mb7ant ' of "y-- - ;I,,r c'.' ,-,*r-Lt2 ,-c h. it0- * i - i 

dens-e matemr1al-- I - - - ' -, nno'rmal ' a i . 'ly '::ntaand ci n 'rar ' ' F ''ll fournd at t 0 c xthe apical 

Enid 'f t;he i. coot e (r toot r i and iC(' ron-t mbWhbicr ute duIiLLn-j 
th_ in. 52,-,n r:rOz.S. Tho-s :iyvn:-tiiators £LI(tL--.&:tew that .- ondc', ,t,,i,
 

w.Et driven bV "ne-mbyare-ac-ti ve" materia]s r ieEas-d mr these 

I '1
 



-rOancliles which ,-aused th.. erthrocyt- merbrane to, invaginate. Thi­
caused f',rmati.n 'f a ","itv Wl1 t' h t 1'.,-,,-y" i n which the
 
S"a r a-s i tt, W o.,e d . .. .S. A i U h. 
 5 y 
t h i si.h 
 O 1 a
1 i 
i t wh.L-rVaL tilt .. 'a- ,-r al/i -	

'are 
*-; ily id fiab a.leli the U'f,r :,ter. 

thol ugh'-mo ' , i E tages t- -'V :nin -r, 'Ii . sta flac 'v. ,-oI 


enr\ hla been compl eted 
 "rig"1nd mforpholo 2i's SSui, 


E.aminati,-,-, 
.
 

of tim--] .hn- oh-,-, SLi4s (..can e-ntr
it. be
 
comri 

4 c d in under s' mL - hus. i- -E , r 4i,'ab . ,, rdoets.!I re 

La 'A, ad Un-n3LtIr EoQ 
 t that 
Ma suL-..c- ni .. ar - I e ­

fro t t 
 m co "-L .th e id i I . ' i, -'.I'the*'s Thise I 

uL l'*rt .. l dab - ih 

1 c'n' ': t'll i'-.. " 

,b' .
 - E al-l " I' 'ic l-Ie- .... Lo"e Iii' ' L-u w ith tht­
rh,-,p ltries o~- :.a L.--.;tudi n- s- .g.-.e,-... -

Dur g e id,:',t'-, ,- ;th el '..t r'c ­ r membran e ,.ap' idl y , , Z-'dz 
'ies ,-ie chanu,. Thi. wae n ' L, La.i.9th i n a c -c -,-' 


stL~y if.
t t[Jjj " in wh4ichi Me-I 	 -izthait withi 	 . fouc iar thre'-inuLtl 	 .priod 	 .durin
 

cr ulct1 :'e- 1 - ­: 	 fie ? en 'i "n"'e-litlt It Zi ,- It, telnorm ilnll fou it'he fnd ..... t'] Dne had roersd thei'
 

ousd 
 of the Jrhroyv 

'vbcru
. . ..iI W e 	 wn v ione 9 


''U ' i, 
into the erthj c
4 zt.. 'n 

had b
- - ,pi,-~e fou'nrd~ ' : o -,i ,, he i" ioe,,.. "the, .2, ter 
ii-<.
,n. I, I . I, 4: r , e ,'itlod -Icofl nI ' ', ii c i ,. , t i.}, ' ace- .,.'I.,, ,.t 

aiii'A. outh-.par an t 'oh.r'it va uo e.
 
(i':,h 4-
t .' l).':i t"'Li,-I 1 ,t 	 r,r uti.,,- that .- '.,( 21tih .L SI.. - fl ( Eh C". &,'1 maer-ia l playsJ, Z { i uidvh .	 ,,'i ,*ihin (Igenra tin the 

intr, the it lo h pa, n it ',E, oo..-u .t nc o wmi c ro s co 	 o e l r e
dataat 	 n
h p'.a int.
L;L't,,,- r',:' ,:,b h ut t'h,,,:'.I',:: ia] WL -::,eOi iv" al g' t .L<-r~y i ... . . a ,:: _ l-- t'~ dlaLL ofii 1' 1l 

muchof ma,
-tl terCi l ineiEwi£ ,t -d2a,
 n o , ,d t.he.r~eb-ai, 



then the .-,r ,.j ell. -, disappea .
 ,er rhL, rIy ''lpoients have ' -,; 
,-bser id -tt ilL o-f LjJe ier ­ ,t b y 'anniti 2t I ,, who cugces.ted 
thaLt they. cind int o
n e nL' - rb a .e,: 2 - 110'. Ho' er. e.' w' iwau:t ; 
bi,,cherical 'characterizati,-,o n of the Pro-teins ilv.lved Ltfre wc cal 
determine w. -er these -'ults 
ar. 1ikvely t -be real or artifactual. 

Inct"
'--1( F'rii I,'': trill1 \0E t.i1d . 

At Lr ISCM. t w ' u u'LID , I"-l' rptides have been a ,,ia~tc "'1til 
thc 


- 1) . ,1,_e caL 1 .i- , M , tahe .e gr,-,L of prctc:ir 
detect thjir .n .inl 'in 
what .pp--r t'o .b'e ''ir'd ,r,.'anel .- l.cated 

a re i.. n of o in 
Ith ,*,,:ii. u ED ra..i from the 'nucle-u's. 
 F" c.set 1 deE: 

in th- i Lc . t ' i z ed 
1 

by 'owr ( -H I U K 9K. and
 
37K) ate fon' i n fr, ', itn. and ,hi -,r.'- LSit 
 .';d p7"? :re no
 

longer 'W- .,t--b-E at the Il g tai. ", ,Ab- ae not rac'ated 

with s hiz nt '"p ,teins n Western O',ct - nal -E, and a--' '.' . 
nc't k i: 

,:,Cenl .
.'f' ai< 
 LU it,m,-. ,: r . mr e
, Lrot..irj 
..... * * ' . Ihf u rh,: L'so G c.,'" , i cns do - e .; t:a i fv , -'u or 
their ai-
 - itnoi n,-,-r.,-in.' it d by ei fferent M,,bs. into t,:, 

lik g -'-up 
 so. Wt,! if ,on n,umehre o:f ,z groupZ oif o-,:,l..,,ptid._s i-,
 
pre'ilitau-l. al are lik 
el ,t be and if a Particular M,'Ab aLpears 
to be inL- ap, ble of in,ding one membh r of a .o it does 
not bird 
any. Thisi cl aI l . roiu al ns L i..re iL, ' ' niz an±1i i -..- .Lin ,d., 

bon oemeri 
 of. We 
 '.init% th '1C±r 
 'iilVA SOiLt L boun~d
 
wit l " - of .j,. COP'enl ifa 
 V 
 i of Iore 
 asLil'
bi; dir, that attacccd'.oe-- not:, 
 .al-le P-'articl dzissocZiation, ,of t.'he. w on, ., 

~~; ..C -li i' c~lt- i..a 1iL' Li ''.. I~ ''l r l- ' n3 
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arti fac ts of the ael sv t e or the mro']: ,.4 , .Li: l] i . ngh ' V. LweS .nin 

their : e rriati ,:o TT i. i a. !cast one "xbor . ' Von,i.d or. 

rl- highL -e nt,:atil.' na 'r:' :.cic. cpci.e rgie:L, t ic.r .- timr tes,.. =vo- thLiCJo '. 

the Prot*i.. tnm di eL a,,'.:-,-r .:--:,. r th an !',.: ;,:10:: ther h' r t r dvi-d 

th e dci. iE. ,-,r the da: u ww i'thich 4,-'ir .- t waC
 

robler , t.:ethc,- wiLh the i.csi Y r ian :c - ;,o,:,n . '- zemolec,' w'ich 
ma 

-me fr,-omc i E,-, aote variance,. are not l iLel v to be resol' ved Lntil
 

protei ; a DNA eclu.-n.- dat 5 ,rec .,. 1 
 w Ycng:a n tL,.- to- all i ,f th.­

ei ,on Lybe t. ed 1: & -i gle sb,,:. « - ' . .,'t', . , '.ed
 

the' 'neCJuence of the. WhAs encccin thaEc. pr:': cn ic.t a : 2 i el 
 *'-M 

the two~c 1U15I prctesinE which hav't Lttwi Etudiw*-i rei Fact, diffe re-u 

A3mLlrino that the ':1icgc dT use.d to: prcime the synther-in cof t:..: firi'
 

':DNA stv :kvd 
 did noct binrd toc somec interna poly:.A :4:retch, then Mh.
 

re r_ cr ENA :c'u'cr s . o l r:'- r 
 t M' mi- ,z-i.. o' Ow::: 

dif fec rt :i':lve 

:. Altar -..... n Du to,,,- , 

On,:.- -tra.nce into the ervthrc.yte hai- been coJmpleted, th-- -­

i - o .n'o, _ ' ": _ d ,:c For furthLI er m . fi'c:ation of the eryvthr,cyt
 

-re -r---nuntil 
 .... . -.. .. 2- h-'.Lys.ho rs cor 4.--. a; .fwt ' rou'ay - th. c:!th:',,ath 

cycle . At thi z D:icnt, drami c channc. gi-~ro-.1 o..'ccur -L. 7Q.
 

arasi tized cell devel:p-- - form sm-, ,-h - L-b wa rnon"-,hici.a ..... 

hvng c-v cil \ di it I Lu "- :: ci._ _-n-. i r anrni :RD ztayw~-'lv . I . ...'_cc."- " 
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ci c- whoz - hI-c& and zpcu-c av!* 

irre L'] ,r The.se i,,,,-cl-o,wgic,. ch iu,.ngen ,of cr- tl-,- _t-i U e 

'- b . tb iLi -e- 1 :yl. I c1lla I I ."- - -I .pytat- and ,­
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favor of the IK Wh,-at har -t,-, or g a.n i sE 1'CU Le K aL pr csent 

uLl.:nowl. It ER li e]> hat fcrrn of the c.rait wich are h nd
 

pe-rh-aps iicro,-rate other changes 
 as w-ll are a! s cLos lethal t,
 

their 
hut. Rece-nt worL bv Lac.:reth 
cQ aT. has demr-nstr.-t.d that the 

oreseCPCC of ricLjInb flwell~ tu~rn oiut to~ be a oivaen,1aor 
 A
 

cloert- wa fourrC toC ,-au±:. aa '.y-eW li ed ain 
 -fezction
a ii nta:ct mon .ey
 

while l-,l.z,'ti j"-_ .nin,.l ' evel.m,-.d iif,-.C . ,n 
 equii va-OLent1 to Mt!'-­

seen int i ml i nfr-ct.o w'th noc-,lonr-d K ,-rcana £uS. -r acer has datE. 

suggvt-i;I t ict K riu~OEr: have- the caz.pci U tco live. for
 

a> tehrdc-d p-riod. 
in i nt!act animals. With -thePotential to do thi a-r
 

wel1 an r-.vrrt to it: K fcormn a I t e ig ' tr £ un id- d-sri ::tn-tr at .-. , L,­

croana r clearly h a caabili t-'to:i t inin . ,,,_P ut,- ash: C hi.
 

h -a - a a . ,, 
ot e idely pr.ecia 
 d. . ' - -,: toI :-ifc- jv-... - C
 

the bcdy cf mr-iar ial o.arm- t e . a ruat b-ar in 
m i, that th.r.- Kay t.. 

r hc post'iUa a of Hci.rIn the? o cn form oif
r 1 ody : the oCtn~ _ ,''i only 

create a less viible ,arriur s._.o: fr which aute diseas- may ari-A 

later.
 

ct ::Is: Th c-c a : ,_!. ,--ri r, 

Wher it w- fr-it u. e-.t c , - hat ther n -t be• a cor latin 

L'e-tw-e-n- the ore-rc- of a'90 rote in arc the oretnce of nc', the 

protein va-2- L-.-± C-t t'u to- I :'.ali in t:-s iyth':r':c-,te mur~n.
 

Thi 4 9 r; awc'ya -- i th th c-
 i -tV-zn tIC :'CW~Ccz: 0aL - vOA 

c o l attiI'c'n c-l w cac I -- i se aOn c. " 
 a i n ti "- vt..- ,.- , -t..a.l r-I c:n wi :. 

r clls. it a is: 'J- not take i[atoc acc: L.nlt te.- bioch emi ca1 data 

which foutr that th 90K 'oteitn ,. not v.a.l etra,:tible in 

no iu ic d teroent- but was highl '- ,-,luL "- ED., which t,­o] ii i-. kncown 

di ssl: v- Ie ,;vLtc-s i,l and r' -- zr ubl a tie-h,h rL a L',,ct ,. -i- .e i .- uoo rl 1 ira:. 
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These bio-chemical and elec-tron miiicr1- :ouc a ta have now betr,
 
re roduc -d in at 1 eas! three di f rent The mrtant 
pcint which was used- to 1,ccali- . this pr,-tein in the mc-mibrare was the 
apparent aiirinoel,- ec rcn Fijicr cii-,--,ic reactio co f a rabbit anti serurn, 
orcduccd against what was bel ievd to be an a'yi an anal iOue c., tBh 
prctein. 
 The a'-aian 
Drt.in has been- rteferred to a: histadi ne-rach 
protein 
([iRP) because of its higoh hiztidi-.- cc,:, nt. it in E,iE-s-bie. 
therefc,-_-. that an 95-50r irtein hi oh i -:-,ducced by the La, ri -e as 
nsc-rt d into ti he er'.thr., cv. tc-i i-o-n - usig to r cotutribitino to 

draratic 
c . ges in c-ell 'tructure. 
it is alsc ouite p,,::-ible tatt 
thias pr,:-t ina .. tends .,r, E 

" Ctihy.v -r ',t,f -- 01." i iihwhbrsni . Th,_I' iE
 
precedent ftr 
this i uch urct in .. l ',c hurat, and bord D. T-re 
ii, h'ou..n-v.en. 
no- rigrou,,s proo,'f 
 that-" it- ,4Z
oe ,t 
 .'tond. "{hro-pgh]J 
 i.,t
 

riemibr-;ne anti the GUL,- i I 
 V YclilL'. t,.,ne do 
o, I he cal so. t . it 
wciui b et ac c essibi e to hL-,e i rlibiLi l r 0nlse,n r tiin c- yir or,, that 
it -- r*es ,- sni I e fc-r .nob f,, rat .,r More than QI c -. ir .s i t "-con i en 
proitein wich- 3! a±5 .tord w,s a,_ 
 -t Ihe er vthirccvt&c- : 'tola oi r nen. rae 
is present in r or
,-,:ani nts and absent in K cram.2 :v . 

p --r Knob la 'Ced hanocaE 

'I n den,:... xAtP th.t oarazi ti-- r r cal vly .- . thW -
surfac. of the -ry'r o . n ah:K (cs ll, a subE rta :,tiC'o t 
of eviden- . -t- - _.ttiiougJh mos-t of it i i ir - :,al ic it 
der-ives fro a -ri- e of ir f-rent ttch- i, e5.- thu. . the dat x frcr-, 

ecii-¢ ..ilfo , .2z ho ,--}ir 

The first 
stud in. ,hvic 
 it was dm nctn,,,
raLed that anirmaIls that 
Could b- ijnfect..-d wiLh mialaria 
..,Ild recogz: p:arsit-e-indI-ed 

a3 tc L ins. on the e-r'.-*tha 

-urfi, 
 ic yi, . -'r ua: j i- a cf 

9-- . 
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a ~~ ~ ~~ ':ig I 10runcnt'! ~ Ion . L J
rra:i~ -'v~~-tr )~~Cgi t~11 : -r 

LtCI i- t CE' , t ",-t-rLIi I Uc ' E I : l ' -1 hlriL:: t r-
Ca, i>,'r.r a]':w.v', . ,,toi nced &ivi..L:,d
, ' es. ',hi ,h ,:,:,: 
d aLnhibi t _iriv~i tr,. 
o., h F th, Etar at I'I tdId , Lrf- ,e 
, I- r.i tr 

c,r - _-i ,-,,-
1.I htI'l101 az 

: ,, Ian b' i ,-,lJEC.cJ t', t. r,.- *i' r !-. e ,_,in.
btticAIIL ,'2f~OU IciIiid 1cD DI Z 

I t: fl r i')f Ur t,-~- t-n ,Ir s,, v2 ChIIDI u'
,: .t t e < , :u ft h bl-,it,_- 1 1 v b, a~ ..'idI L,a]l --e,J*dt t aE- b
 

f I r UI-,: j1 tCf I'- r ~t..' r' h1 

T ,p L--d-I.I,
ti IJ, - , ,dc . . I.r tr I L, -,,. , . l -


z:,u'O.-d ,b I ± i it, . , , ir e '-.r r p r t . :, 
-,,:.
 e th . c-:.zn\ Iil
e ": k 
 t 11, L~ 
_, .­i I , . 

t c• --..
f it DrI-., t~ ~ /d l _
 

2....:r' .. t, d-4 . . v r t.- . LJIqrL. • , L 1c,I. V . - j ; ~ - i 
t 

t 
t , *-: ._ t t i 1, t

-i t 
 c- t e da 

-1 d I.C .1 caf~J,-J h-.
.4 
0 L.~.~ -

. .4_ & t . .. . . ... L u ,. 

- . . . ...l 
 1......"l~ 
 -,-. .. .
i~s.
- ,_.ILa. t- r "- , 
,, i. l. 1IL~e y aI .
 L .
 1 L . LL. L Ur .i h iht
 

4 -1 

1 LI'
i tCI 
Lt tt U.I- 1 1n 11 UI .j t 

ec,i 1,"_!-,s ,h* K
e 
 'e ,: - ',U" 'd .- ,,I' '. ,,L: I ,-,Lii 1Cr .I.T -, LI; 

1
I . LI L',C,'a r - L _ . ILa: 3-, 
Io, - i" I L I ,­
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1 .mflLune- $,-'rcisec, fr mfY ,f cL..1ow vnto:-r a hiae, i cPo'a : were mao bn 

thIe L li E . 2 *L . ..- rhi:i-w i that SerJ', i f rI J ill i rii;L'i-, to- -. 

f :1ic r,,Ialwavs.cotn 
ined c 1 .iUc-dies whi,-h coliLd inhibit in vi r,­
'wth of the paraU2 te and bind to the .Lr face "_f Cv' vtlrc,'-vt-.., 

co n -l i ve 
t'ar_, 
 -it tl'i I'-
 C - .1,_-,been 
fLid t' 
 p v-,,
 

p "A- " r -"t ' t, wi hp,'o e ,.o'h 'o---,,b,.,f t h e c tU- L l e t) 

these 
 locaiirn zed in the r eg in - theii . .. 1 .~~ , h Iht-\ 1 ,-ib .,d were low iniuC,_ u _n ,~ ~l'L ~ L > *r 
Tn - tLnd ­ -. - Noh<.t they c'uid not, easil 
 b,,.V i -ied by 

t ri;iL ,I- ,i J bu,L .Ilhiiirl.r ' fire qtedm-.'I'L" "i _- lc ton -ri wi 
 -, cc j.,
 

t t K~ Colin= ,,o,'d de ,1,-, d,l ng-
,c ult .:.. Such.t' F wells] 
 did not:,
 

apoe r +L dn * ib,,. Wh' r hi- y- ,-r , 
 -, itK:.c i-r:­

;.,,r o ,b~o ied ie';
- 1n 
,a ro 
 w Y o z 
o 
 f vrn'y c y o w =
 
fon d. Anoaain. j; i-iL-[di 
 ± i rrimune ,',i,-. arsg Zc-L, '. 

loaalize 
in the rei-' - -s-
 ited with the knbs. rntibidI. bindi o 

r. C,-, c Cr'0 ._I'.

than 

, 
. .. 

. 4 ­, i - LI, d to is -- it .m M 
i + -. i ,' ' ' eL r i BeaL s ii r fLl-c 


-
 J4
 

t li '-r ,-- i- /-'Fi -l- " -.-, t-i DI i- - - . ­- --. 1 i -l,: -I Li:i ,-ti-.' ,suo& i,j i. U / +[I £ iZlL , .i '-n aervation 
of -L -ain =L ti',, 6::Url I) ­Po"a, ltiz: c,1 L' v ,of,eli.s. a:nd i t..:
no ,_-,,E--,K-,. 
tha..t thlis. ,_ 
n''ghly lively I;'

dor s o z r
ofc 
 a t vt ,b 
 t i-i l r t a h r wa--". '
 

: , -a r,:la i : .-.low',ing '.tLh 
,c-1'. t,o Lind'_- tc, '-ndor,: 
 l al C0 11:. 1.'
 

c-,.: "';"i 
 I,C,Ih ', dei" Ct ':nclT.r' r arsiinr
_ 

,.rI :}l';L V I ,CiL!S si Li-C'.O_C-ii ,-C* 'a. c: W i' L!Uit 

since the -old
i 
 ful 
 'fora
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respinse; ztructure which 
!he p aLrajite cou]d altc rto the u..t nt t -e
 
rranv fo r,, 'i-t por rr& itted o'r :. that subcte nti j,-l - in.1 of thrt.e-
Am,nr inal 'u',c, are_ o-.t itt in'd 'rte. ob LVioLsl 
 or c nd.datt­
for imh'nl ,-1 tactn., , TIe P:arasite: has- a r ad dev-loed a 
retiod of rm"('Ij tin th- p ,iod. th'ust can r,,.li I prti act its.l" 

Co inst rt"on:'aL LO t ho,. 

I)i-La - :' "i.: Jr "-if InLit- '' '2" Jur] G tnr i2 '"J 'if ti - F' my '-

Tie Doi.i,- tiat a,tigenE 'n the sLrface of the Parasitized
 

ervthrc,,:t 
 sh,,uld b.- inaidered a target fo, any r m- of irnmunol,:,, . 
Dp otection iE s p,,t-d by ''e,ral grou o:- ,:f en..erim_,.- Firatly
 

they,.-. :,pear 
 t,- be n4_e as. i..ifo 
21 our i,-c, ntraA wth the r'2 - Li, e] . hct-] ived mler',iic, sLi face a tntiuens;: 

sI e' e+
t i . . s - v r a l a r m s' o . n' .! '_" p ar c E 'xn , c c ann b e *-W e-e 


e-fe, ctiv -ea , i t tht.. --. " " 2 , vid n e e i t s th -
-t rf .: +_ 
tiuei~i'. res-' w
1 to, r cop~d vin'' ayn I~re ma_
of 


dif +:ent fnctv:.y .
 Specifically,+.'-.]

antim u r 

'p r ;liminoryi.-
o immune'' data... s_.uggo... thathu a 1reacti tseru 
 ca U w''ith
iD'Zc.2.] . t par sitized,-' ,i i ±F,LII,' i +~' l S -i -L,~ ' l F--zWI- i ... 'it .r'''
2 

erythro,:.tb. surIface: 
 an~d alter. ths- Lupta-,ks 
antd Detihp-mD the dispo:sal cof 

ess'n-itial metabolites suL aE the ,,ino acid m-t-i nine and in s,' 

doing inhibit the iii]I 2) dL.,,...! eJ1u,..rtZD:. Th-, .a.tiL..,cien: in'vol ved 
1f the para-iA CFigur&-a,-, not l"-c].....--ta a.- ii , whih! m,,igh., :. 

.po ct i t li-k b i ind t ,o,t h - , r 
I1'i -IiLs 

1 1-
a i- of .,r Ian el i -, , v, c" t- y.. j-i- ,: i -d in 

- '[ ' m rm n r o u 
ct* 

',. ' i . ... y in ware ,of." n ,,ound in i' . o m .,i y'n;di vi dut& 2 who, hava n-,--:. 
yet prodLuced high 1 e 
 s of antibJody to i #: n:] ' : nt ,:,r ',r :.:it­
a,- ig .,. 1ugge0tin th ot production ,:cf antbodi Uc, stocthn, strLct u r 
wav 
be ._, of the eari,.t.t re.Ept,,1-vs whi,'hI £istr igg,,ered rhauls. ' slt'.­

11 
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i 

antions rmdy be car'nci th- 8 rst paints': at wh'h the Larasite i. 

Linrdi ni f uc h "Yntib,'diIetS not :nlv ha: th.e- direct: effect 
,rw ticred - ,a',vebut alI:co tr g.ers a seri of idiret .. fects. Amon.,_
 

the .ant 
 o Lr 1 - that it ,auEL --E Ubtt .­actvationo.-lcf the 
body or plas ma n * "rteo' whic . c =-"no- - oh1arc
 

,,ll actival y refvrred 
to, c -linha -.;iti . il.- t-aci to ,J-.,i ,_r _,l 

bicl g ical lv 
 -
rea:tive ,:c'rpoen,= -,f :-coruplerrien- , !., Lu f -cc '. 

nrfec-ed ceilll 
 ,dc -auses the ,oncirueL. rele - ,,..- ,: 
 , , -, .-. ­
2. - ,*i
 

.. ..
 

w'hich are c led "','_- act' f ,-to , _. " Thi-n _ r-,n of ch. .. : 
iuctc-,' oi: : U:.out~ :r'...u t'Viib ofA' L-.~ ca l- to 

- ,-.u lL"co
 

in fected vrt'raocyt s evene thoyh thc-'- *re- znroistcerydc in thb:e-' 
va zulat--re.- Ohtva ':vLoic,- , iLt-rs of thiz or uc .: o , Fe: i .-. 

reco iz-, n-:O, and. - ,--.t o., car- itiz-dc ­ t hrc, t in-. cl,-arI., 

docu,_Uii c . iHic'. c-f f ,:ti E thi --s.-Dct of the : ;ru ' ""EDC,' ze is i'l 

Ga~ning protectL on in, 'v w o ord I ' *- i . Lu. ' 
L V r , i 

I--i ,,'i 't :, Hr I , ' t-,* ,;" %, mn han a vo' * j riuro1 ' il' -.- 11:: i ,7...-r L'd_,-,-,,:,HOL zZ . 
j
 

e. tab] i -,e-
 . Th,-r,- -
ore:, l-,,:,4er . w.ugg&EtiLln.
 fi:r,om a rtudi.E 
oni r'od-In
 

-iria that the i L'-r f t-hin . l of run:iL . a,,d.' 't be­

undecr catia ated. 

In Z IL ing ute interaction w' L.±wti - ''4 1-mhytrj t 


th y? "b oen r. ... i , ' I ,j: r3 1 , r e iT* - C I 

com ple-re nt - tem 'a-- L , t v -t -d b ' - " l tern tiv " ', nn,- WL-W,1 ­

pathway. Thiis wou c]d$LIdn 
c .cE- t -that t r ',-h':twow ': .hi;:,onL , a;: 

I Mvv rot bL-en . in, .LI -,0aWik-'1u z;, ont -iiL o e um' 1 -- mr t c'o mi IcIin; t 'no. t, 
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th-ir sur-faces reoardlieE-- of the level of irriimunit\ o'f the hs,ct at t_ 

D:i;t in L ime. Doea th oarasitct ubLbV-rt hi, bc2ic Pri e yt,, 

mechani s i n ru toc :reaL-- , h r: - _. tiruci- the _i vthr,-,cL. e re;L,'­

by whi,ch it c:an mrore ea a I y'obtait .tl'.t-z I ll r met Ebcl it andes 


di a.h.rn. toxic: bV-LprodLLt,. ' Thi a 
 ' ICE.h.'r\; :rht 01 thc:,:sl :tL' 


i"nforrat ion Ziu;,{ L J1
n .- iatiu:j with the tyl.h':z ito' ata :,. . ­

oiter red b ood cel m,e brane-,r .far,r .. E t h
 

'-''r l emeriI fi xa t i n and pa-, c 
 oC.LII" 


c'ar-.sitc c',cl e why-


:y,21 ',1],fL c :cn: L,apoint in tM ­

it ."cAl"e- it. metab,:,c:c level.. but. asz et.
 

there i_ noc forral &, i.den,:c- to 2W', ther. Fhizz'. 
 :, . area clearl.'
 

needs a cjr.cL d w',re - tudc i f we are 
 1-: .-,,chieve any' fundamental
 

Iund,-,uandi 
 ng ,f w .stha. o, ':oQ.ft ai : s ( i Cf ,n c-i t-rc't C. 

An Etso.uan i$'t inp~n poinH 1 d Now the prov.'' ots, £wer;- 5- A 

.' tI t ­
s
ztudia was ', .. . £i -- cl-
p ,,yi - ,-5..-n the thr' c ,, 

:LyLIturs. which rsarowe 2s SCOLS'to x '"" vccrL; ;incnder't o7 thY 

exor--ss ,aonof changies r the ol asa rer,,.-rane of the oar asi tizea 

er'yth ocytes-. This t an,t VlK ct they 'werC- i,- a to' be undr - hE
me* 

". t r , _ .-. ia" Ff" c o ,:L_-,t ,ar -'.n-. . Tiec, data damonatrati ng this 

- "
w'" oiua "--i i 'l:: 'iu 
 sucha.a:an
',- Z'.A .AL,. _LOt hi.h a f.' au:_­
+ 

V i n Le-en uised to c:'nc'nt-atc- K. ar n~i "<:ed ct-l a ho-cause th:' itic:i 

p'-i lv .prc aud: eL such ,c.A ls f'roti E . andtac i g th',e-y' do,rot 1lv
IZ, 

dc fwi . Th,.. the:'awL a.ciha. DLl(e non - in ink:no'-c' nL a cells (normral 

laiE.. ,or I cu1. t:, stacl ii R'U,l .:_L. . Thi !.-C'd n' ;4 K 

calls a in £L150D'I'i-'Z . Wh-n vLIC!; 5', w'- .L~u'_,,i,'C-,n'od i' t 
4 

L.l.cn.e.i..t.ho : was bl-v'L.d 'li that . , 
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d ... .t-., f c'i.Ji',wt . ,'. if ,L., w'hi ,-h,_t.,'.. ,t.d 

the: -,'--ind,:,cd t)anhibati ,_cf at.,CtcUId . LUl6sf dcv.-.,,r,,:t d.- W ­
-t;Cr-',ased t i nce ,-u. tLIrc. even thlcL- 6hi the '~L-

t , -: io a- :- ',edJ'.., ee
 
a l Y.'V.c:'--1 "tcd ,,i 
 th e b, ' cf , .z n' i..C,' (T l IYE c''-,lier - C- ev 

L .A.. li th e i L.Cy ,. :L - <5o-:ia . sL[-c2 11 t -, L C ELIO 'C,E L c that her cn- %IT £C 

,:,h,',;De C-o"-:t iru', , ":
f l ..\ e 1:- ,:f a l: L.:_-, a to. r ,2 : , d ! ­
v Li uid D s- -J.7 


,: :- t t­

__-- D.9I;, '~ ~~~ Z..:.....- .. . ,,n , bLt o t le. . c- E r u . btand tc * -

S t : I I U 2 0 t o t : J 0 :1- V t 

- .i " .4"-,I *L * .9 I: ["" '- .: ;; f+

j.b- + ., i ' ' .:; - '.- " . .- i -. : L s.C '.9 9 '1 IV_ Ci* C Lt ., -" ,L'--

t JL ,n, -1:. Ll , U . . " '' ,-LI2.5.t 
r v h-D1a 

coflUil r' n'~ a ''i ­ -Lc~-t dIn to w:c 

L ' ' D. - r'r i . - D 

n J~Lx 

In t- I LcI~ UIi=' - -Trb c - s -,_...t~e U-'. f-'9-
- c -r a -n n r c 

d I, d" L
 
Is .'.-r -=.t\ 02 1r~ Ee W 
 n a trlLr-dw t' L E..i~- :i: jICI1c -1 s 

U . . ±: I 4 .
L1t e !L : -~ C U- .r n t h l ~ i ~ .*' 

Li... UID -.. . .,t,.h ,h
 

.
- . s ' : , . s , "-: , t j r' 1- D l £ 'I - i j _ &. . i 
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- -7 :- 7 - -- 77 
t CS Lk1 fa:Et C be1 wi th 1 I n t teroY, etz1'-CIi Cf EL f Yoc. r arg't. t I? 

'rIoa i te U'Si f)1 ~v r tLaUE .11VE 11 C.f th11C- I a be 1 i nog t e 1: h1 1i CU QU i­

wrd1~&i ':,bn. is1 - be c fk3-.b -3Ic:bin I o~bel,&d.' h it in 

df iU Iu ti: c 1)t:- o C. wI hai n the t:.rv t hr :t e' ~r E rlsur p'h. ' E: 

alIs: b&i no 1abel e d. I t Ell SCI~ C'Ingu-Il ii atec- r ioCJCrI-' As b i c Ih.tiao I: 

1cal izt i o'n :If a prr:'t eiin' th& L vr asi 1:i zed r c b1c":d 1:C . 1 11 runba ri 

* ASS )bo -:DNA o:nc'c,~ wicih pn:cdOi vt If ri'CI LC hI.)El ' U c 

Es:'i td with the ertr've riri h~ea- b'et ~~i 'e 
AIIt i 'di e~ t C theI or Ct C.i;I' h1 h W.ee .111 0 JUC t: d CJU-Ii TC t h e ' ):IdU Ct 

t i'l1 1 :r ~ ' end,~ ii C- ---I . 1 -o''''' ~~aDZt ~r '~n
 
*-rn~~~ r, E.~ Ot 
 o~rLo Et C' 1. L.& 

-4UJa CI1 .o 

'L1 '1 'It-'I.U'D)~C, I''' 

c-3 L'o' 1i' nik I . t~o1 [1'- hat ~ta I ~'~ c aL 

'WC tS~ 
zrA ,, , !,, < : S. >A , 

1'r~a C e f L,oaD0riiLnr))~ -E- 0' hL~ ii 
, .. , .,, .< , , . , .. ;, : 

' l Ei.o- )L'- by411rflt htI l Ii , '~i'It i Et C.itihI b..*t-da~ 

b ~ di~ ThIa t r u.L.It u i la !-1.fl1 o..V. c r 

bl..n ter ~~ b1ks o-f r -Pot'ts anid ' F-har0;. LMfi t S.G Cb) t~-LU'~ C'C,,f, 
the chairo ed Wlni,t saEWE rLsh i ':clnc er vtd Uhan' th':'se - er6etf1 

t' 1ra.imr- t11rEl, a-I.P -If fo-e r re :h ntf-rL 

rrvtIr'aetr1 'LOT 1 -i fr'IItr h'h~tr.t fr 

i ." I h,'r:)-11 F!±1 a - a.,U ­rn asi E-~ P4 E,1 1- . ~0. f~ a n*, I IIC *. 

U~'' C' rierr' -Z1 t I-' Eur,LO i ' 'C1r t 'L S & ' Lc-a1a . 1 ik,-c ti h&LIILI& thfe w t hin 

. ~ rh o ..-rit-s wid ruii ''~its ri\ v L ain d t. b Q' -­10 ert I r t d i I t . 

vevtr-- r - ni fi t:- d i tw Mc A~,, I s c ttzSri c.1::' md (iyt s y 
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TABLE 1
 

ALTERATIONS IN THE ERYTHROCYTIC SURFACE
 
DUE TO BINDING OF EXTERNAL PARASITES
 

3Mr x 10 - of 
Possible.Erjythrocvtic Receptor Merozoite Protein Reference
 

Giycophorin (155?) 130 Perkins et al. 

N-Acetylglucosanmine 140, 70, 35 Jungery et al.
 

Erythroglycan of Band 3 
 Friedman et al.
 



TABLE II 

ALTERATIONS IN TUE ERYTHROCYTE £JRFACE BY PROTEINS
 
SECRETED BY THE MEROZOITE DURINC PENETRATION 

3 - 3Mr x 10 - Mr x 10
of Rhoptry Proteins of Rhoptry Proteins
 

Group at Merozoite Stage at YoungRing Stage
 

I 
Low Molecular Weight 82, 70, 67, 39, 37 82, 39, 37 

II 
High Molecular Weight 150, 135, 100, 60, 35 
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TABLE III 

EVIDENCE FOR NEW ANTIGENS ON THE SURFACE 

OF PARASITIZED ERY!h-ROCYTES 

1. 	 Antibodies from immune monkey serum have been demonstrated by 
immunoelectron microscopy to bind to K+ parasitized erythrocytes; 
this binding did not appear isolate-specific, although 
quantitative differences among isolates would not have been
 
detected.
 

2. 	 Antibodies from immune monkey serum can block the in vitro
 
binding of parasitized erythrocytes to certain culture cell 
lines.
 

3. 	 Antibodies in immune human or monkey seru- can block the uptake
 
of 3 5S-methionine into trophozoites and stop the
 
intracellular development of the parasite. 

4. 	 Parasitized erythrocytes activate the complement system in the 
absence of immune seru; in the presence of antibody, the 
complement system is activated more efficiently.
 



TABLE IV
 

ALTERATIONS OF THE ERYTHROCYTE MEMBRANE
 
CAUSED BY INTERNAL PARASITES
 

Cytoske eta M Isolate
 
K+
IFA Pattern Distri bution 
 K_- Linkage MrO-- Specificity References
 

Confluent Trophozoites, + + - 350-400 Broad Stahl et al. 
RBC Surface Schizonts Stanl eyand
 
or Spotty* 
 Reese
 

Confluent Trophozoites, + -(?) ? 260-280 Limited? Leech et al. 
RBC Surface Schizonts 
or Spotty 

Confluent Trophozoites + - + 84-94 Broad Kilejian,
RBC Surface Schizonts (Band Typical ly Leech et al., 
or Spotty Indistinct) Stanley and 

Reese 

*One McAb gives spotty fluorescence with some isolates; spots appear
 
membrane-associated but may be intracellular also.
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TABLE V
 

Z INHIBITION AS FUNCTION OF
 
LENGTH OF TIME PARASITES MAINTAINED IN CULTURE
 

Nigerian Serum I Month 2 Months 3 Months 

1 27% 9% 

2 35% 20% 

4 33% 11% 

36 47% 26% 12% 

Stanley, H.A. and R.T. Reese (1984) Am. J. Trop. Med. Hyg. 33:12. 
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2.
 

Introduction
 

During schizogony, rupture of the infected erythrocyte releases many
 
parasitic proteins into the blood stream. 
 These include:- proteins secreted
 

into the parasitophorous vacuole, proteins released from the secretory
 

organelles of merozoites and solubie cleavage fragments (secondary to pro­

cessiig or degradation) of proteins that are not otherwise soluble. 
 Many
 
of these proteins will elicit immune responses. The term soluble antigen
 

is therefore an imprecise one covering a wide spectrum of antigens. 
 For
 
example, the ring infected erythrocyte surface antigen (RESA) is transferred
 

to the surface membrane of a newly infected erythrocyte during the process
 

of merozoite invasion. 
A proportion of merozoites fail to 
invade and die,
 

releasing RESA which can 
subsequently be detected as 
a soluble antigen.
 

Antibodies against soluble antigens have been demonstrated to inhibit
 

parasite growth in vitro but the target antigen has not been clearly
 

demonstrated (12)
 

The S antigen system
 

An early attempt to classify soluble antigens of malaria identified
 

antigens differing in their stability to heat (1). 
 Those proteins that
 
retained their antigenicity after boiling were designated S antigens. 
 S
 
antigens which are found in the plasma of infected individuals and in culture
 

supernatants, exhibit extreme serological diversity. 
Although many different
 

S antigens may be present in a localized region, individual S antigens are
 
found in widely separate geographic areas (2,3). 
 The S antioren serotype of
 
a particular parasite strain appears to be stable, persisting unchanged after
 

numerous 
in vitro and in vivo passages (3). 
 Thus this system differs
 

fundamentally from the variant surface glycoprotein of Trypanosoma brucei,
 

as a cloned population of trypanasomes switches readily from one VSG to
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another. 
As it has proved impossible to raise antisera against purified
 

native S antigens (4) and the acquisition of anti-S-antigen antibody in man
 

is age dependent (5), 
S antigens appear to be poorly immunogenic. Immuno­

blotting experiments using culture supernatants from P.falciparum lines main­

tained in vitro has enabled us to identify of the S antigens of several
 

isolates (6). 
 S antigens show remarkable size polymorphisms with apparent
 

molecular weights ranging from less than 100kd to about 250kd. 
 Even
 

antigenically related S antigens from different clones of a single isolate
 

may vary in size. Biosynthetic labelling experiments have demonstrated that
 

the S antigen is
a gene product encoded by the parasite (6). Use of 3H­

glycine as a biosynthetic label has been particularly useful for identifying
 

S-antigens of different isolates (7). 
 Localisation studies have demonstrated
 

that the S antigen is synthesized in the mature parasite and released at
 

the time of schizont rupture. Immunoelectron microscopy suggests that S
 

antigen is located in the parasitophorous vacuole.
 

S antigen gene structure
 

The recent development of molecular cloning techniques have led to the
 

construction of cDNA libraries that express the antigens of P.falciparum.
 

One such expressing clone was found to produce a portion of the S antigen
 

from FCQ27/PNG (FC27) a Papuan New Guinea isolate of P.falciparum (8). This
 

fragment was entirely composed of a repeating 33 base sequence coding for
 

tandem repeats of 11 amino acids. 
This 11 amino-acid sequence was found to
 

be highly strain specific ­ the sequences were absent from other P.falciparu,,
 

isolates that did not express that S antigen specificity. This cDNA was
 

subsequently used to identify a genomic clone from the FC27 strain that
 

encoded the complete S antigen sequence. Although the repeats were absent
 

from other parasite isolates, flanking regions of the gene could be used to
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find the corresponding S antigen in other isolates. 
 Thus, the S antigen
 

gene from NF7 a Ghanian isolate was also isolated. Both genes were com­

pletely sequenced and demonstrated a basic structure for S antigens (9).
 

The structure of the S antigen gene is summarised in Figure 1. The central
 

portion of the protein is composed of tandemly repeating oligopeptides, 11
 

amino acids in the case of FC27 and 8 amino acids in the case of NF7. 
 The
 

vast bulk of the natural antibody response to S antigens appears to be almost
 

totally directed towards epitopes encoded by these repeat sequences. Varia­

tions in the number of amino acids in their repeats and their composition
 

account for the serolugical diversity of the S antigens. 
 Surrounding the
 

repeat regions are stretches of highly charged amino acids, 
a structural
 

feature also found in the circumsporozoite proteins of P.falciparum (10).
 

The amino and carboxy terminal portions of the sequences are up to 70%
 

homologous. There is 
a signal sequence present at the amino terminus. A
 

mechanism of generation of the diverse S antigens appears to be by a process
 

of point mutation, deletion and insertion throughout the repeat units. 
 This
 

has resulted in a series of genes that are maintained by selection as a poly­

morphism in natural populations of the parasite. The selection pressure
 

that maintains this polymorphism would appear to be the human immune system.
 

S antigen families
 

The isolation of genes encoding the S antigen has enabled a subclassifi­

cation of the S antigen family. The repeat portion of the gene can be used
 

as a probe to identify cross hybridising S antigens, e.g. the repeats of
 

the NF7 antigen will hybridise to the S antigen of Ki, a Thai isolate. The
 

corresponding S antigens from these isolates 
are not cross reactive at the
 

protein level. 
 Thus, the S antigens can be classified within subgroups which
 

demonstrate nucleotide homology but not protein cross-reactivity. This may
 

reflect the way in which the proteins have evolved.
 



5.
 

Function of the S antigen
 

The function of the S antigen system is unknown. There are several
 

striking and even paradoxical features about this system that are yet to be
 

explained. These centre on the observations of extreme diversity coupled
 

with low immunogenicity as native molecules (c.f. fused polypeptides). As
 

has been mentioned there are very many S antigen types which have been main­

tained in the naturally occurring parasite population. This bespeaks some
 

strong selective pressure. 
However, one of the main findings in the sero­

epidemiology of S antigens has been the observation that antibody responses
 

to these antigens are rare. This is precisely what one might predict for a
 

soluble antigen made up of repeating epitopes behaving as a T independent
 

antigen and giving rise to short lived IgM responses together with suppression.
 

Immunization with vaccinia virus expressing the S antigen has 
resulted in
 

very low antibody responses in experimental animals (C.J. Langford, unpub­

lished observation). It is difficult therefore to understand the need for
 

such extreme serological diversity in a molecule that is so poorly seen by
 

the immune system.
 

One seemingly obvious conclusion about S antigens is that because they
 

are so variable they cannot be the target of protective immunity as there
 

exist many strairs that do not express a particular specificity. This con­

clusion seems less obvious after the discovery of conserved regions among S
 

antigen molecules. However, the conserved regions have apparently been
 

rendered invisible to the immune system as evidenced by seroepidemiological
 

studies with cloned antigen fragments. That immune responses directed against
 

S antigens can have some host protective value has been suggested by t0e
 

finding of a monoclonal antibody directed against the repeats of the FC27 S
 

antigen that inhibits the growth of the homologous strain in vitro (11).
 

J/
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SIGNAL 5' REPEATS 	 3' 

ila Lys 	Rio Ser Gin Gig Gly Leu Glu Rfsp Pro 

SIGNAL 5' REPEATS 	 3' 

Rio Arg Lys Ser Rsp Glu ila Glu 

Fig. 1 	Schematic of the structure of S antigen from two 
different strains of P.falciparum . The regions 
labeled 5'and 3' are more than 70% homologous 
between the strains. 
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Summary
 

The University of Illinois malaria vaccine program
 

utilizes cell culture-derived soluble exoantigens of
 

Plasmodium falciparum and the squirrel monkey (Saimiri
 

sciureus) as its experimental model. Exoantigens are
 

soluble proteinaceous moieties naturally released into
 

the blood plasma of animals infected with Plasmodium
 

and Babesia species or in the supernatant medium of in
 

vitro cultures of these organisms.
 

In earlier studies, vaccination of squirrel monkeys
 

with crude cell-culture supernatant containing exoantigens
 

protected them from clinical reactions and death caused by
 

P. falciparum. Challenge was administered 2 to 9 months
 

after vaccination. The immunogen consisted of filtered,
 

concentrated or chromatographically-purified supernatant
 

fluid. Immunogenicity was enhanced by the use of saponin
 

or aluminum hydroxide adjuvants. Strong humoral immune
 

responses measured by the indirect fluorescent antibody
 

(IFA) test were evident post-vaccination and challenge.
 

No mortality occurred among 11 vaccinated animals, while
 

2 control monkeys developed typical signs of malaria
 

following challenge and died. In addition to clinical
 

protection evidence of protective immunity in vaccinated
 

animals was revealed by stable hematocrit levels and
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consistently lower parasitemias with structurally abnormal
 

parasites situated intra- and extra-erythrocytically.
 

In more recent vaccine studies, susceptible squirrel
 

monkeys were vaccinated with an aluminum hydroxide-fortified
 

fraction purified from culture supernatants of the Indochina
 

I and Geneve/SGE-l P. falciparum strains by cation-exchange
 

(SP-trisacryl) chromatography. Animals immunized with 'SP'
 

and corresponding control immunogens were challenged with
 

whole blood containing monkey-adapted virulent organisms of
 

the Indochina I strain. Hematological, serological and parasit­

ological profiles served as 
potential indicators of protection.
 

This immunogen conferred significant clinical protection of
 

.;quirrel monkeys against needle challenge with the homologous
 

Indochina I strain, and a moderate degree of immunity to the
 

heterologous strain.
 

Malaria antigens contained in the SP fraction have been
 

identified by Western immunoblotting using rabbit anti-SP
 

antiserum. This serum was highly schizont-specific and
 

inhibited merozoite invasion of human erythrocytes in vitro.
 

Examination of the SP fraction by crossed immungelectro­

phoresis revealed an absence of erythrocytic elements and
 

IgG immunoglobulins.
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An 83,000 (83K) molecular weight protein has been
 

purified from the SP fraction by use of conventional column
 

chromatography, high performance size exclusion liquid
 

chromatography, and high performance anion-exchange liquid
 

chromatography. The 83K protein exists as a dimer in the
 

native state and has been identified as a parasite antigen
 

by Western immunoblotting and by its specific reactivity
 

in the indirect enzyme-linked immunosorbent assay (ELISA).
 

The N-terminal sequence of the first 35 amino acid residues
 

has been determined. More recently, another 1OOK exo­

antigen was isolated. Sequence data of this antigen
 

were found to be identical with those of the 83K.
 

Sequencing of the N-terminal amino acids of the 83K
 

polypeptide has led to the synthesis of 
a 20-nucleotide probe
 

with only 4-fold degeneracy. Hybridization results show the
 

oligomeric probe sequence to be specific to 
the P. falciparum 

genome. Since the probe does not cross-react with -A gt n1, 

A 1059, PUC and E. coli DNA, a small genomic library has 

been constructed in the PUC 19 plasmid. Prospective clones
 

are being screened by hybridization to the oligomer, and
 

sequence analysis will be performed to confirm isolation of
 

those fragments coding the 83K peptide. 
 Isolated fragments
 

will then be expressed by recombination to _ gt 11 for gene
 

expression.
 

I,' ):) 



Report
 

I. Objective.
 

To de2'velop a vaccine against malaria caused by
 

Plasmodium falciparum utilizing exoantigens and the
 

squirrel monkey (Saimiri sciureus) model.
 

II. Exoantigens.
 

Exoantigens are soluble proteinaceous moieties
 

naturally released into the blood plasma of animals
 

infected with Plasmodium and Babesia or into the
 

supernatant medium of in vitro cultures of these organisms.
 

Our knowledge of these antigens commenced some three
 

decades ago when we first observed their presence in the
 

plasma and serum of several non-bovine animal-species
 

infected with Babesia sp. During these studies an
 

interrelationship between parasitemia levels, concentra­

tion of plasma antigens, and the level of antibodies to
 

these antigens was demonstrated. A direct relationship
 

between the levels of parasitemia and plasma antigens
 

was found while an inverse relationship existed between
 

these two elements and serum antibody levels. Recognizing
 

the immunogenic potential of these antigens, we initiated
 

vaccination studies in dogs against infections caused by
 

B. canis utilizing soluble exoantigens as immunogens.
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It is in the course of these studies that we, for the
 

first time, recognized the protective nature of these
 

antigens. However, while such potential was clearly
 

evident, it was also recognized that the immunogeni-city
 

of plasma-derived soluble antigens was low, probably
 

because of immune-complex formation and enzymatic
 

degradation.
 

The development of methods for in vitro propagation
 

of B. bovis renewed our interest in soluble exoantigens
 

as immunogens against bovine babesiosis. During the last
 

six years, well-controlled babesiosis vaccination experi­

ments using culture-derived soluble exoantigens of B. bovis
 

were conducted in the United States, Mexico, Venezuela and
 

Australia. The evidence of protection against virulent
 

B. bovis challenge using infected blood or ticks was
 

demonstrated in all of these studies.
 

Exoantigens of parasitic origin have been detected
 

in the plasma or serum of rodents, chickens, monkeys and
 

man with acute malaria. Several groups of plasmodial
 

exoantigens from human plasma have been characterized
 

according to heat stability, molecular weight, enzyme
 

sensitivity, and aritigenicity. In addition, exoantigens
 

have been isolated from the culture supernatant medium of
 

P. falciparum parasites propagated in vitro.
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Partial protection against challenge infection has
 

been demonstrated in chickens (Illinois) and monkeys
 

(CDC) with blood plasma-derived exoantigens of
 

P. gallinaceum and P. knowlesi, respectively.
 

Development ol a method for continuous in vitro
 

propagation of P. falciparum provided a means for the
 

production of soluble exoantigens unaffected by the
 

host's metabolic and immune systems. It appears that
 

the antigen to which the host must respond if it is to
 

develop protective immunity against the asexual blood
 

phase of malaria, is a component of the surface coat
 

covering the cuter membrane of the merozoite. This
 

surface coat appears necessary for attachment of the
 

merozoite to erythrocytes and mediates the first essential
 

step for entry of this organism into the erythrocyte.
 

There is sufficient evidence that most of the exoantigens
 

originate from the merozoite surface. Accordingly, the
 

humoral immune response to these exoantigens should be
 

capable of blocking an invasion of erythrocytes by the
 

merozoite as recently demonstrated with B. bovis and P.
 

falciparum.
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III. Vaccination Experiments with Exoantiqens Contained in
 

th 
Crude Culture Supernatant: Homologous Challenge.
 

Squirrel monkeys (Saimiri sciureus) were protbcted
 

from clinical reactions and death caused by P. falciparum
 

by vaccination with a cell culture-derived immunogen.
 

The 
immunogen consisted of filtered, concentrated (10x)
 

supernatant fluid collected from in vitro cultures of
 

P. falciparum. 
 Challenge was administered 2 to 9
 

months after vaccination. Challenge material consisted
 

of 2.0 x 10 7 P. falciparum-parasitized (Indochina I)
 

erythrocytes contained in 
whole blood collected from
 

an acutely infected monkey. Immunogenicity of vaccinal
 

antigens was fortified by the 
use 
of saponin or aluminum
 

hydroxide adjuvants. 
Strong humoral immune responses
 

measured by the indirect fluorescent antibody (IFA)
 

test were 
in evidence post-vaccination and challenge.
 

No mortality occurred among 11 vaccinated animals which
 

included 4 preimmunized and 7 malaria-susceptible monkeys,
 

while 2 susceptible control monkeys developed typical
 

signs of malaria following challenge and died.
 

Pathological and clinical observations demonstrated
 

substantial protective immunity in vaccinated animals.
 

The latter maintained stable hematocrit levels and
 

(c' 
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consistently lower parasitemias, accompanied by
 

presence of crisis forms of this organism. Further
 

corroborative evidence of the vaccine efficacy was
 

the specific inhibitory capacity of sera collected
 

from vaccinated animals prior to challenge. This was
 

established by in vitro growth inhibition studies.
 

IV, Partial Purification and Characterization of Culture-


Derived P. falciparum Exoantigens.
 

Previous work has led to the isolation and partial
 

purification of an antigenic fraction from supernatant
 

fluids of asynchronous cultures (average parasitemia=
 

2-3%) of the Geneve strain (Senegalese isolate) of
 

P. falciparum. This fraction, referred to as.the SP
 

fraction, was purified by cation-exchange chromatography
 

on a SP-trisacryl column (0.01 M acetate buffer, pH 3.7,
 

with a step-wise NaCl gradient). Antigenic fractions in
 

this and subsequent purification procedures were monitored
 

by the indirect ELISA utilizing human anti-P. falciparum
 

IgG and normal human IgG, both of placental origin.
 

Antigenic activity was found in fractions which eluted
 

between 0.2 M and 0.3 M NaCl concentrations. Malarial
 

antigens contained in the SP fraction were then identified
 

by the Western immunoblot technique using rabbit anti-SP
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antiserum. This antiserum was 
highly schizont-specific,
 

showed an IFA titer of 1:1280 and inhibited merozoite
 

invasion of human erythrocytes in vitro. Analysis
 

was also conducted with an appropriate control antigen
 

and antiserum to a SP fraction from supernatant fluids
 

of noninfected cultures (rabbit anti-negative SP fraction).
 

Western Blot analysis revealed a major malarial antigen
 

of MW 83K in the SP fraction. Subsequently, additional
 

P. falciparum antigens of 100K and 70K were 
identified
 

as being present in this fraction.
 

An examination of the SP fraction by crossed immuno­

electrophoresis demonstrated that 
it was free of erythro­

cytic components and IgG immunoglobulin. We estimated
 

that 80% of contaminating serum proteins was removed with
 

the SP-trisacryl fractionation procedure.
 

V. 	 Vaccination with Partially Purified Culture-Derived
 

Exoantigens: Homologous and Heterologous Challene.
 

In this experiment we investigated the induction
 

of protective immunity with a SP-trisacryl cation-exchange
 

purified antigenic fraction derived from supernatant fluids
 

of asynchronous cultures of the homologous Indochina I and
 

heterologous Geneve strains of P. falciparum in susceptible
 

Bolivian adult male squirrel monkeys. This SP fraction
 

is approximately 80% pure and contains P. falciparum
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polypeptides of 100K, 83K, and 70K 
(see part IV above).
 

A SP-purified fraction from noninfi cted cultures was
 

was utilized as a negative control immunogen. This
 

study involved duplicate experiments of identical design.
 

In total, 4 monkeys were vaccinated with the homologous
 

SP fraction, 8 animals were immunized with the hetero­

logous SP immunogen, and 6 animals received the control
 

preparation. Each dose consisted of 2 mg total protein
 

in I ml volume. These preparations were gently mixed
 

with 127.5 ul of 1.86% aluminum hydroxide adjuvant for
 

1 h at 250 C. Two subcutaneous inoculations were
 

administered at a 4-week interval. Challenge exposure
 

consisted of an intravenous injection of fresh infected
 

blood containing I x 107 virulent monkey-adapted Indo­

china I organisms approximately 2 months following the
 

second vaccination.
 

A complete hematological profile was considered
 

essential for assessing potential indicators of
 

protection post-challenge. Jn addition to hematology,
 

blood chemistry and serology, parasitemia levels were
 

monitored. Special emphasis was also placed on the
 

development of parasite morphological alterations,
 

termed crisis forms.
 

/ 
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The critical period in the 
course of infection
 

occurred 14 days post-challenge as decreases in hema­

tocrits paralleled rises in parasitemia. Recovery to
 

normal hematological levels was 
notably accelerated in
 

the animals which received the homologous SP fraction,
 

was 
moderate in monkeys immunized with the heterologous
 

SP fraction, and was considerably delayed in the negative
 

control animals. Mortality was observed with two monkeys
 

of the control group on 
days 13 and 15 pcst-challenge. At
 

this time, we 
felt that to provide an unbiased evaluation
 

of protective immunity, treatment of experimental animals
 

should be avoided. 
Significant differences in clinicopatho­

logical responses were seen, particularly with regard to
 

animals immunized with antigenic fractions prepared from
 

the homologous strain. Hematocrit decreases were limited,
 

as well as the degree of parasitemia. Antibody levels in
 

vaccinated monkeys increased rapidly and remained elevated
 

4 weeks post-challenge at the time titers in control
 

animals began to decline. Crisis forms were 
 first
 

observed between 11 
and 13 days post-challenge with mean
 

parasitemias 
on those days notably lower in vaccinated
 

monkeys. 
 Three types of crisis forms were observed:
 

(1) intracellular point or anaplasmoid forms, 
(2) intra­

cellular forms with degenerative or 'stretched' morphology
 

and (3) extracellular, apparently deformed organisms.
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Gross and microscopic pathology in monkeys which
 

succumbed to clinical malaria revealed hepato-spleno­

megaly with spleens 
6 times normal size, splenic rupture
 

accompanied by hemoperitoneum, jaundice and parasitic
 

occlusions and microscopic lesions in major organs.
 

Potential criteria for protection against disease
 

included parasitemia levels, appearance of crisis forms
 

which would encompass parasite killing by both cell­

mediated and humoral mechanisms, hematocrit and hemo­

globin values, and importantly, SGPT and BUN levels as
 

indicators of liver and kidney function, respectively.
 

Fourteen days post-challenge, nonvaccinated animals
 

showed dramatic increases in these specific parameters
 

(SGPT=+i119, BUN=+58%). 
 This is consistent with the
 

hepatomegaly and proliferative glomerulonephritis 
seen
 

upon necropsy.
 

In conclusion, this study demonstrated that purified
 

P. falciparum exoantigens induce significant protective
 

homologous and moderate heterologous strain immunity to
 

clinical malaria caused by a virulent challenge exposure.
 

Additionally, various clinicopathological parameters were
 

found to be 
important indicators of protective immunity
 

against disease.
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Vi. Isolation and Characterization of 83 AND 100K Exoantigens.
 

Fraction "SP", described in Part IV, was further
 

purified by preparative gel filtration HPLC. Based
 

on the ELISA monitoring of proteinaceous fractions.
 

eluted from the column, apparent molecular weights of
 

antigenic moieties were 350 kd, 170 kd, 130 kd and 40 kd,
 

respectively. However, subsequent character'. tion by
 

SDS-PAGE and Western Blotting demonstrated that these
 

proteins were actually being eluted in the dimeric form.
 

Immunoblots of HPLC fractions showed unique bands repre­

senting major malarial proteins at 83 kd and 70 kd with
 

minor antigens observed at molecular weights 185 kd,
 

100 kd, 43 kd and 20 kd.
 

Antigenic fractions from gel filtration HPLC which
 

contained the 83K exoantigen were pooled and additionally
 

purified by DEAE anion-exchange HPLC. ELISA reactivity
 

corresponded to one major protein peak, demonstrated on
 

Western blots to be the 83K antigen. This antigen was
 

found as a single homogeneous protein by SDS-PAGE with
 

Coomassie Blue staining. One liter of the original
 

pooled supernatant fluid yielded approximately 50
 

micrograms of the 83K protein.
 

Automated Edman Degradation was performed on an
 

Applied Biosystems, Inc. (Foster City, CA, USA),
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Model 470A Protein Sequencer using 500 picomoles of
 

purified 83K exoantigen. Phenylthiohydantoin (PTH)
 

amino acids were detected by reverse phase HPLC 
on an
 
Altex ultrasphere ODS column 
(Beckman Instruments, 'Inc.,
 

Palo Alto, CA, USA).
 

The N-terminal amino acid sequence of the P.
 

falciparum 83K exoantigen was 
determined for the first
 
35 residues. 
 There were no repeating units in the
 

N-terminus, in 
contrast to 
that seen 
for some other
 

P. falciparum antigens. 
 Residues 16 through 22,
 
Trp-Asp-Gln-Asn-Glu-Lys-Phe, 
contain the 
least codon
 

ambiguity and represc it a sequence appropriate for
 

constructing a synthetic oligonucleotide probe.
 

Tryptophan has 
a single codon and the other 6 amino
 

acids, aspartic acid, glutamine, asparagine, glutamic
 

acid, lysine and phenylalanine are only 2-fold degenerate.
 

The strong hydrophobic nature of the N-terminal
 

sequence suggests that it is associated within an
 
interior portion of the protein or 
alternatively it
 

pould serve as a membrane binding site. 
 Thepossible
 
existence of a membrane binding site on 
the 83K protein
 

coupled with the schizont-specificity of the rabbit SP
 
antiserum is suggestive that 
the 83K antigen may be
 
derived from the 190-200K protein identified by other
 

investigators.
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A mixed 20mer derived from amino acid codons for
 

residues 16 through 22, 
was selected as a hybridization
 

probe on the basis of the relative stability of G . T
 

versus 
A . C mismatches and the fact that Plasmodium DNA
 

is very rich in A . T base pairs. Thus, a mixed probe
 

with 4-fold degeneracy was synthesized on an Applied
 

Biosystems Model 380A DNA synthesizer, having the
 

composition: 3'ACC-CTA-GTT-TTA-CTT-TTT-AA 5'. 
 The
 

oligonucleotide probe was purified by reverse phase HPLC.
 

More recently, the 10OK exoantigen has been isolated
 

in pure form: Preliminary sequence data appear to be
 

similar, if not identical, with those of the 83K poly­

peptide.
 

In summary, we have isolated and characterized a
 

P. falciparum 83K exoantigen. The 83K protein was
 

purified from a "SP" 
fraction that induces protective
 

immunity in squirrel monkeys against 
a virulent challenge
 

P. falciparum. 
This protein reacts with antibodies
 

which are present in human placental immunoglobulin IgG
 

,from individuals who have recovered from P. falciparum
 

infections. This observation suggests that the 83K
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protein may be a good candidate for a potential host
 

protective antigen in malarial immunoprophylactic
 

regiments. We are currently preparing a polyclonal
 

rabbit Lotiserum specific to the pure 83K protein.
 

This antiserum should aid in the analysis of the 83K
 

protein to determine whether it is a processed molecule
 

produced from a larger precursor protein. Studies are
 

also in progress in which the pure 83K exoantigen will
 

be tested for its ability to induce protective immunity
 

in experimental monkeys.
 

VII. Recombinant DNA Studies.
 

Sequencing of the 83K peptide N-terminus has led
 

to the synthesis of a 20-nucleotide probe with only
 

4-fold degeneracy. This oligomer is being employed
 

to search for sequences encoding the 83K protein by
 

Southern blot hybridization to P. falciparum
 

restriction digests.
 

The DNA was isolated from erythrocytes of in vitro
 

cultures infected with the Geneve strain of P.
 

,falciparum. Infected cells with a 3-5% parasitemia
 

were harvested and centrifuged to remove serum, buffy
 

coat and the upper erythrocyte layer. Remaining
 

erythrocytes were washed several times in PBS to remove
 

any remaining serum contaminants. Cell-free parasites
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were obtained by lysing infected erythrocytes in
 

saponin and washing parasites 3x in PBS. The DNA was
 

recovered by solubilizing the parasitic fraction in
 

sarcosyl detergent buffer and repeatedly extracted
 

with phenol, chloroform, and mixtures of the two. The
 

DNA was then dialyzed, ethanol-precipitated, pooled
 

and checked for purity from enzyme inhibitors by
 

restriction digestion and agarose gel electrophoresis.
 

Preliminary hybridization results show the oligomer
 

probe to be specific to the P. falciparum genome.
 

Since the probe does not significantly cross react with
 

) gt 11, ) 1059, PUC or DNA, a small genomic library
 

has been constructed in the PUC 19 (plasmid). Prospec­

tive clones are being screened by hybridization to the
 

oligomer, and sequence analysis will be performed to
 

confirm isolation of those fragments coding the 83K
 

peptide. Isolated fragments will be expressed by
 

recombination to Agt 11. Application of our ELISA
 

detection system to colony screening has been tested,
 

and no cross reaction to.gt 11 host strains using
 

anti-exoantigen antibodies has been noted. Optimiza­

tion of antigen detection by antibodies is currently
 

being investigated in preparation for isolated gene
 



expression. Prospects for mRNA isolation are also
 

being considered, but are awaiting further results
 

from clone sequencing.
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Addendum.
 

Pathology of Fatal Plasmodium falciparum Infection in the
 

Squirrel Monkey (Simiri sciurcus)
 

Our laboratory has studied the pathological alterations
 

associated with experimentally induced fatal acute falciparum
 

malaria in mature Bolivian squirrel monkeys. Pathologic changes
 

in the pulmonary, hepatic, renal, and hematopoietic systems
 

suggest that the disease in this simian model closely resembles
 

the human infection.
 

Marked splenomegaly with lymphoreticular hyperplasia was
 

a constant feature of fatal infections in squirrel monkey:.
 

Lymphoreticular changes were prominent in the liver, bone
 

marrow, and lymph nodes and were identical to those described
 

in human infections and other simian falciparum models.
 

Prominent microvascular sequestration of parasitized
 

erythrocytes was present in adipose tissue and cardiac
 

musculature. Occasionally, parasitized red blood cells
 

were adhered to microvascular endothelial surfaces in the
 

lung, liver, and adrenal gland. The capillaries of the
 

brain were notably free of erythrocyte sequestration.
 

The animals which died had severe interstitial pneumonia
 

believed to be associated with a pulmonary microvascular
 

disturbance. This phenomena was not associated with
 

sequestration of parasitized erythrocytes. Similar
 



pulmonary pathologic changes have been reported in 
a
 

variety of hemotrophic parasitic diseases. The pulmonary
 

disease in the squirrel monkey appears analogous to human
 

"malaria lung" and may serve as 
a useful model in under-.
 

standing the pathophysiology of this unusual and fatal
 

complication of falciparum malaria.
 

Renal changes in the fatal squirrel monkey infections
 

included tubular nephrosis and mesangioproliferative
 

glomerulonephritis. Initial ultrastructural studies have
 

shown that the glomerular changes are similar to those
 

described in human and Aotus monkey falciparum malaria.
 

Retinal hemorrhages were present in a single animal.
 

This is an interesting finding which has been described in
 

human cerebral malaria and claimed to be of prognostic
 

significance. Additional ocular studies are warranted
 

in the simian model as the pathogenesis of the retinal
 

lesions is unknown.
 

The similarity noted in the pathology of P. falciparum
 

in the human patient and the squirrel monkey suggests that
 

this simian model will prove useful in characterizing and
 
9 

understanding the sequential changes in uncomplicated cases
 

of acute malaria.
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Based on the evidence that antibody response plays an important role inresistance to malavia (2), extensive work has been carried out in various
laboratories with polyspecific sera to identify and characterize 
lasoiu Lio.rum antigens ever since an j vitr culture method ofparasite became available (20). 
 Some workers use human sera obtained from
alaria patients and from people living in endemic areas (1, 5, 6, 7, 12,

15, 18). Others used either sera from Aotu monkeys (8,11,13,21) or from
j monkeys (3, 4, 10, 21). 

The A sera used in our laboratory were from experimentally
vaccinated monkeys (19). Serum samples from protected and unprotected
monkeys were analyzed by immunoassays and immunoprecipitations of
metabolically labeled parasite proteins. SDS-PAGE patterns of
immunoprecipitates 
 showed that sera from protected monkeys had a higher
reactivity to all the identified protein antigens than those fromunprotected monkeys (11). However when differences in antibody titerbetween protected and unprotected monkeys were negated by applying equal
numbers of immunoprecipitated DPM, there was no evidence of a unique
antibody response to an individual parsite protein in protected monkeys

(Fig. 1). Twenty-one SDS-PAGE bands of polypeptide antigens, Mr ranged


180K-30K (designated d through U) were identified.
 

Synchronized cultures obtained by treatment with colchicine (9) weremetabolically labeled with 3 H-isoleucine and labeled parsite proteins
from various blood stages were immunoprecipitated with Aotu sera from

protected monkeys. Fig. 2 shows 
 that bands a through g (Mr 180K-102K)
occur mainly at the schizont stage. Since the antigen we used invaccination experiments was schizont-stage enriched, we concentrated ourefforts mainly on such high Mr protein antigens, i.e. L (Mr = 180K),
b (Mr = 152K), c (Mr = 143K) and d (Mr = 132K).
 

311-isoleucine labeled P. f 
 _lc was released from red blood cells
by saponin lysis, sonicated and separated into particulate and soluble

fractions by ultracentrifugation. Fig. 3 shows SDS-PAGE patterns of the
two fractions solubilized and imrunoprecipitated by an A immune serum.High Mr bands g (180K), k (152K), Q (143K) and j (132K) are mainly found
in the particulate fraction (A), whereas bands g 
 (102K), 1 (75K) and 
p (53K) are relatively strong in the soluble fraction (B). 

The SDS-PAGE pattern of immunoprecipitates of 14C-glucosamine labeledand solubilized p. falcipaLml extract shows that band L (180K) is heavilyglycosylated (Fig. 4). In addition, bands d (132K), j (83K), k (77K),
(57K) and L (47K) are lightly glycosylated. Similar findings using


H-glucosamine were reported by other workers (8, 12, 14).
 

Since antigen bands f, b, r and j occur in schizont stage, and since 
post of them are presumably merbrane-bound and some are glycosylated, theyare most likely to be the candidate antigens for protection. Thu , we havedirected our efforts on the purification of these bands for further
 
studies.
 

One approach is to use preparative SDS-PAGE. IgG from pooled A
 
hyperimmune sera was isolated and immobilized onto CNBr-activated
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Sepharose 4B beads. NP-40 extract of 3 5 S-methionine trace-labeled
schizont-enriched 2. flcipgrj. cultures reacts with the affinity beads.
The antigens eluted from the beads are separated by slab SS-PAGE

(Fig. 5). Strips of visualized antigen bands in acrylamide gel 
areexcised, electrophoretically eluted and concentrated. Fig.6 shows the
individual bands prepared. Dubois gt Al (3) and Perrin at A (16) have
used the similar methods to isolate antigens for their vaccination 
experiments with Ljj monkeys. 

Another approach is to raise monoclonal antibodies (McAB) to these high
Mr bands which may then be isolated by affinity chromatography, with the use of appropriate McAB's imTobilized on Sepharose beads. The McAB's wehave raised give three different IFA patterns (Fig. 7). One set of McAB's,
with linear IFA pattern, represented by McAB 5.2, recognizes bands
(180K), b (152K) and minor bands g and j. Another set 

g 
of McAB's, with

dotted IFA pattern, represented by McAB 219.5, recognizes bands F (143K)
and d (132K). 

Fig. 8 shows that bands a and 1 are depleted after passage of labeled
 
I?. L lysate through McAB 5.2 affinity column; and g and d,
likewise, are depleted after passage through McAB 219.5 affinity column.

This experiment indicates the co-identity of bands a, b, g and d
recognized by Aotus immune serum and monoclonal antibodies. McAB 5.2
immunoprecipitates a heavily glycosylated 180K band, whereas McAB 219.5
fails to immunoprecipitate a glycosylated antigen (Fig. 9).
 

Since antigens in SDS-PAGE bands d through d are of such high Mr, wewould like to find out if they are coirposed of sub .nits linked by
disulphide bonds. Diagonal SDS-PAGE has been carried out with
immunoprecipitates from 3 5 S-methionine labeled lysate by both McAB's 5.2
and 219.5 and AQt immune serum. It can be seen from both McAB and Aotus 
serum autoradiograms (Fig. 10) that no distinct spots fall below bands L
through d. That such high Mr polypeptides are not formed by
disulphide-bond-linked subunits are rather surprising. 

Thus methods of isolating individual antigens recognized by protected
A serum have been worked out. By using McAB irrrunosorbants (McAB's 5.2
and 219.5), we have isolated these high molecular weight antigens forimunogenecity studies. That part of our work will be presented by Dr. 
W.A. Siddiqui this afternoon.
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Introduction
 

The development of acquired immunity to malaria in man depends on the
 

frequency and duration of exposure to the parasite but sterile immunity is
 

probably never achieved (1). To develop a malaria vaccine igainst asexual
 

blood stages therefore seems to be a difficult task and, in the past, few
 

people considered vaccination against malaria to be a reasonable objective.
 

Pioneer experiments by several groups in the late '70s demonstrated,
 

however, that immunisation of experimental monkeys with P. falciparum
 

schizonts and merozoites may lead to a better degree of protection than that
 

induced by natural infection (2-5). Despite the development of in vitro
 

culture of P. falciparum asexual blood stages (6), this approach is
 

inapplicable for large-scale vaccination in man.
 

Recent investigations have focused on the identification of P.
 

falciparum antigens exposed at the surface of red blood cells containing
 

schizonts and at the surface of merozoites, the invasive form of the asexual
 

cycle. Such antigens are obvious candidates for the development of malaria
 

vaccines based on asexual blood stages. One essential step in malaria
 

vaccine development is the purification of defined antigens of the asexual
 

blood stages followed by evaluation of the ability of these antigens to
 

raise a protective immune response. The evaluation of the potential value
 

of purified antigens can be carried out in vitro, either indirectly by
 

checking the biological activity of antisera directed against the malaria
 

antigens of interest, or directly using the antigens themselves in a variety
 

,of in vitro assays, e.g., the assay for inhibition of reinvasion and assays
 

for measurement of cell-mediated responses. In a more direct approach,
 

selected, defined antigens may also be tested for their capacity to elicit a
 

protective immune response in vivo by immunising and challenging with
 

asexual blood stages, monkeys susceptible to P. falciparum infection. In
 

this short review, we will concentrate on this latter approach.
 



2. 

Criteria for the selection of "protective" antigens
 

The selection of P. falciparum antigens for experimental immunisation
 

can be based on the following criteria:
 

a) synthesis of antigeis late 
inthe asexual cycle at the time of
 

schizogony;
 

b) exposure of the polypeptides at the surface of erythrocytes
 

containing schizonts and/or at the merozoite surface;
 

c) preferential recognition of these antigens by monkey sera which
 

transfer protective immunity in naive recipients, or by sera of human
 

individuals with a 
high degree of resistance to malaria;
 

d) monoclonal :itibodies directed against these antigens inhibit the
 
growth of P. falciparum asexual blood stages in vitro, inhibit binding
 

of merozoites to erythrocytes, inhibit the binding of erythrocytes
 

containing schizonts to endothelial cells;
 

e) involvement of these antigens in merozoite-erythrocyte 

interaction. 

Several antigens or polypeptides meet some of tiese criteria (as 
mentioned in previous presentations on antigens of the asexual blood stages)
 

but only four of them have been used for experimental immunisation:
 

1. 185-200 kd polypeptide which fulfills the following criteria: a, b
 

(for a processed product of 83 kd), (c+), (d+), 
e? (7,8,9,10).
 

2. 140 kd polypeptide: a, (b+), c, d, e (7,8,11).
 

3. 96-100 kd polypeptide: (a+), c (12).
 

4. 41 kd polypeptide: a, b, (c+), d, e? (8,1o). 

Purification of these poypeptides 

These four polypeptides have been purified by affinity chromatography
 

(13,14) and/or electroelution from SDS PAGE strips identified by
 

autoradiography. 
 In the experiments concerning the 41 kd polypeptide, two
 

preparation!; have been used, one purified by affinity chromatography (native
 
41 kd) and ,isecond one which was purified by affinity chromatography
 



followed by electroelution from SDS PAGE (SDS 41 kd).
 

Immunisation and experimental protocol
 

Groups of four Saimiri monkeys, intact for the 200 kd, 140 kd and 41 
kd
 

and splenectomised for the 96-100 kd, were immunised at 2-3 week intervals
 

with low amounts of pu,:fied polypeptides (less than 100 ug/injection)
 

emulsified in Freund's complete adjuvant for the first immunisation and
 

Freund's incomplete adjuvant for the others. 
 Intact or splenectomised
 

control animals were injected with NaCl 
or SDS mixed with adjuvants
 

according to the same schedule. All monkeys were 
challenged by an
 

intravenous injection of 5 x10 7 parasitised monkey erythrocytes (Palo
 

Alto, FUP strain of P. falciparum). 
 The course of parasitemia in
 

individual monkeys was 
scored on Giemsa-stained blood smears.
 

Immunofluorescence assay was carried out on acetone-fixed smears of
 

schizont-rich preparations of various isolates of P. falciparum (13).
 

Immunoprecipitation analysis of (35S)-methionine-labelled P. falciparum
 

culture by antisera of immunised monkeys was performed as indicated in
 

reference 14.
 

Course of parasitemia
 

Nine out of 10 splenectomised monkeys and 6 out of 8 intact control
 

ani-ials showed the typical acute course of parasitemia which required
 

antimalarial 
therapy to avoid death (treatment when parasitemia is higher
 

than 20%). In all 
the immunised monkeys a delay in the appearance of
 

patent parasitemia was observed; 
 all these monkeys had at least a low level of 
parasitemia, and they all recovered spu ,aneously without antimalarial
 

"therapy. Peak parasitemia observed in the imunised monkeys is reported in
 

Table 1.
 

Reactivity of the monkey sera
 

The humoral 
response of the control and immunised sera was tested by
 

indirect immunofluorescence and immunoprecipitation. The antibody titers
 

and specificity of the 
sera collected before the challenge infection
 



4.
 

are reported inTable 2. 
The same sera were analysed for their capacity to
 

precipitate (35S)-labelled P. falciparum polypeptides (Table 3).
 

Synthetic peptides as immunogens 

We have recently cloned a fragment of the gene coding for the 185-200
 
the corresponding
kd polypeptide and determined the DNA and/am no acid sequetces of the
 

inserted gene (Table 4) (15). Rabbits immunised with lysdte of E. coli
 

containing the plasmid coding forand expressing a portion of the 200 kd
 

polypeptide, imunoprecipitated (35S)-labelled P. falciparum polypeptides
 

of 200, 155 and 83 kd. The same sera reacted with an 83 kd band of
 

merozoites as shown by Western blot analysis (15) and with the surface of
 

merozoites using indirect immunoflucrescence. Three synthetic polypeptides
 

were derived from the sequence presented in Tablt: 4, coupled with tetanus
 

toxoid by the glutaraldehyde method (ratio 1/10) and rabbits were imr;iunised
 

with these various reagents. All rabbits had the 
same type of reactivity
 

as the rabbits immunised with the E. coli lysate (unpublished data),
 

suggesting that the three peptides are present in the 83 kd polypeptide
 

which is one of the main components exposed at the merozoite surface (16).
 

The 43 aa peptide coupled to tetanus toxoid was used to immunise four
 

Saimiri monkeys (3 x 1.5 mg/monkey in Freund's complete adjuvant the first
 

time and subsequently with Freund's incomplete adjuvant). 
 Four control
 

monkeys were immunised according to the same schedule with
 

glutaraldehyde-treated tetanus toxoid. 
 All the control monkeys and one
 

immunised monkey required antimalarial treatment when their parasitemia
 

exceeded 20%. All the immunised monkeys presented a delay in the
 

appearance of patent parasitemia and the peak parasitemia for the three
 

monkeys who recovered spontaneously was 19%, 9.2% and 3.4% respectively.
 

The prechallenge sera of the immunised monkeys had low antibody titres as
 

measured by indirect fluorescence (between 1/50 and 1/200) and relatively
 

good antibody titres against the purified peptide produced by the plasmid­



containing part of the gene for the 200 kd polypeptide, as measured by
 

solid-phase ELISA test (1/5000 - 1/10000).
 

Discussion
 

The results reported here present several interesting features. (a)
 

Immunisation with defined polypeptides of asexual blood stages induced a
 

degree of protection similar to that induced by immunisation with intact
 

merozoites and/or schizonts. (b)Protective irmunity in the experiments
 

reported here is not isolate-specific. It is possible, however, that
 

better results may have been achieved by using polypeptides purified from
 

the isolate uised for chdllenge. (c)The question of relationship between
 

antibody titres and protective immunity is still open. R61e of
 

cell-mediated mechanisms? (d) Experiments conducted with the 41 kd
 

polypeptide suggest that the conformation of the polypeptides used for
 

imnunisation is an important factor. This may be of special relevance to
 

the use as immunogens of peptides produced by DNA recombinant technology.
 

(e)Additional experiments mainly in vitro or in cheap laboratory animals
 

are necessary to check the potential of synthetic polypeptides. These
 

experiments pose more questions than they resolve: (a) Did we select
 

the right candidates? (b) Is it possible to obtain sterile immunity by
 

immunisation? In the experiments reported here, we use a low amount of
 

antigens diluted in a relatively large volume. In addition, antigenic
 

diversity among isolates of P. falciparum may seriously limit the efficiency
 

of immunisation. This may be of importance if the variant epitopes are
 

those exposed at the surface of the parasites. (c)Can we improve the
 

efficacy of immunisation by using a mixture of several putative
 

"protective"antigens as immunogen? 
 (d)Are Saimiri and Aotus monkeys good
 

animal models for the testing of malaria vaccines? (e)Freund's adjuvant
 

is not accceptable for human use. What is the best alternative? Other
 

adjuvants? Insertion and expression of malaria genes in virus vectors?
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Table 1
 

Peak parasitemia observed in various groups of
 

immunised 	monkeys*
 
** ********k****************** *** *************** 

Immunogens 	 Peak parasitemia(-) Day
 

1 13(intercurrent infection) 15 

***200kd 2 6 13 
3 2 16 
4 2 16 

1 4 

***140kd 2 2 15
 
3 	 2 
 16
 

4 1 
 11
 

1 19 	 10
 

2 	 8 9 
96-100kd 	 3 
 6 
 13
 

4 	 5 7 
5 	 5 
 14
 

1 	 1** 
 12
 

native 	 2 0.2 34
 
3 0.08 	 35 
4 0.05 28 

***41kd 

1 13 	 14
 

SDS	 2 11 16 
3 3 16
 
4 2 
 14
 

*9 o..er 10 splenectionised control monkeys had parasitemia higher
 
than 25 % by day 8
 
6 over 8 intact control monkeys had parasitemia higher than 20 %
 
by day 14, the two last monkeys had peak parasitemia of 11 and
 
12 % before recovery.
 

**Exclused following intercurrent infection unrelated to malaria
 
infection.
 

***Purified from SGE2 
isolate (Zaire), challenge with FUP Palo-Alto
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Table 2
 

Prechallenge antibody titres 	measured by
 

indirect immunofluorescence.
 

Ab Titres
 

Immunogens 	 Mear 
 Range 	 Specificity
 

200 kd 	 1/256 
 1/64 - 1/1024 	 Surface of schizonts
 

Schizont diffusely
 

Merozoite surface
 

140 kd 
 1/900 1/512 - 1/1024 	 Schizont diffusely 

Merozoite diffusely 

and spotts 

96 - 100 kd 1/160 1/20 - 1/320 	 Parasitophorous
 

vactole
 

native 1/320 1/160- 1/640 Schizont diffusely

*41 kd
 

Merozoite:
 

SDS 1/320 1/160 - 1/640 2 spotts/merozoite
 

*By using a solid phase ELISA assay with plastic wells coated with
 

either native or SDS 41 kd, it was found that both groups of mon­
keys have reciprocal Ab titres in the order of 1/5000 using wells
 
coated with native 41 kd. On wells coated with 41 kd SDS the Ab
 
titres increased up to 1/200'000 for monkeys immunised with the
 
41 kd SDS (Perrin et all 
in press 1985, J. 	Clin. Invest.)
 



Table 3
 

(35S)-Labeled Plasmodium falciparum polypf,ptides
 

immunoprecipitated by prechallenge sera
 

Immunogens 
 MW of polypeptides precipitated (KD)
 

200 
 200, 155*, 83*, 31
 

140 
 140
 

96-100 
 110, 96-100, 90, 92
 

41 
 41 (105)
 

* 	 Detected on western blott using a pool of sera of the four 

monkeys. 



Table 4
 

Amino acid sequence of the peptide expresed
 
by the cDNA clone coding for part of the 200 kd.
 

1 
 15
Ser-Tyr-Gln-Glu-Leu-Val-Lys-Lys-Leu-Glu-Ala-Leu-Glu-AspAla_
 

20 
 30
Val-Leu-Thr-Gly-Tyr-Ser-Leu-Phe-Gln.Lys-Glu-Lys-Met-Val-Leu­

43 45 
Asn-Glu-Gly-Thr-Ser-Gly-Thr-Ala-Val-Thr-Thr-Ser-Thr-Pro-Gly­

46 

60
Ser-Gly-Gly-Ser-Val-Thr-Ser-Gly-Gly-Ser-Gly-Gly-Ser-Val-Ala-


Ser-Val-Ala-Ser-Gly-Gly-Ser-Gly-Gly-Ser-Val-AlaSerGlyGly_
75

79Ser-Gly-Asn-Ser-Arg-Arg-Thr-Asn-Pro-Ser-Asp-AsnSerSerAsp_
90


Ser-Asp-Als-Lys-Ser-


The amino acid sequence of the 3 synthetic peptides 
is as follow
 

Peptide 1 
 43 aa no 1 - 43
 

Peptide 2 24 no ­aa 20 43
 

Peptide 3 34 no ­aa 46 79
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Int dion 
:1 je successful vaccination of Aotus trivirgatus m ra
 

(karyotype II and III) monkeys against a lethal chalenge of thehuman malaria parasite L (1,2) renewed hope that ahuman malaria vaccine might someday be a reality. Thecontinuous cultivation of this parasite in vitro (3)signified
to parasitologists that the means was at hand for the analysis
of parasite antigens, and the advent of the new biotechnology
promised a method for large scale vaccine production. But noneof these developments have altered what malariologists have
known for the last half century. In hyperendemic malarious
areas, the aquisition of acquired iinunity falcipartnto P.requires years of repeated infections before clinical infectionis reduced or minimized, and even then, the induced protectiveresponses are neither long-lasting nor absolute. From theoutset, it may safe to adopt a conservative approach, and expectthat while the neutralization of a single epitope may besufficient for vaccination against viruses, a great deal more
will be required for the complex, well-adapted malaria
 
parasites. 

On the Role of Adjuvants
While the early vaccination studies in AQtU monkeys arenow well known, the need for powerful immuncotentiating agentsmay be less well-appreciated. This is understandable sinceexperiments defining the role of adjuvants are precluded by thescarcity of these animals. However, the need for anything lessthan a powerful adjuvant to ensure successful vaccination has never been dismissed, and as malafiologists advance into newarenas with defined and synthetic antigens, this requirement

should not be overlooked. The use of synthetic peptides (wherecarrier epitopes are scarce), and the growing evidence of repeatsequences (probably poorly immuriogenic), cautions against useanything less than powerful adjuvants. The not so obvious 
of 

message from our past experience in vaccination of A monkeysis that induction of protective immune responses requires st ongadjuvants (Table I). In Aotus trivirgatusgriseimenbra
(karyotype II and III), our best monkey model, the percentparasitemia often rises above 80 percent culminating in death;
whereas, monkeys twice injected with 
 intact, freshly passed K+
parasites develop parasitemias of less than 
a few percent 
recover thereafter.
 

Table I further reveals that successful experiments may
correlate with the use of short-term, in vivo monkey-derived
parasites. 
This may be because of antigenic (4) diversity andour use of uncloned isolates and the selection of parasites that may occur during long-term in vitro cultivation (5). In the
studies of the ability of two sets of monoclonal antibody (McAb)
defined of P. falciparum antigens to be described for the firsttime in this paper, we have used a conservative protocol inwhich the antigen was given not twice, but three times, each in
Freund's ccplete adjuvant. Moreover, the antigen was from
parasites never kept over eight weeks in continuous culture.
 



TABLE I 
VAOCINATION OF ADM MONKEYS WIrT PLAH2L1Ju 

FALIEAJ AND THE ROLE OF ADJUVANIS 

FCA, FCA 3/3 Siddiqui, W. (1977) 
FCA, FCA 4/4 Mitchell, G. et al (1977) 
FCAr FCA 2/2 Siddici et al (1981) 
s-MDP (liposnoes, 2x) 6/6 Siddiqui, W. et al (1978) 

Siddiqui, W. et al (3.981) 
CP-20,961 (intralip,2x) 4/4 Siddiqui et Li (1981) 
B-30-MDP (liposomes) 5/6 Siddiqui et al (1981)
 
MDP (FIA, 2x) 4/6 Trager et al (1983)*
 
MDP (2x) 1/3 Siddiqui, W. et al (1978) 
MDP (FIA) 1/3 Reese, R. et al (1978)*
 
FCA, FIA 0/3 Reese, R. et al (1978)* 

*All or some of the Aot were immunized with antigens 

from long-term culture parasites.
 

Indirect Evideice of Protection
 

A criterion used to identify protective antigens is 
preferential reaction with sera from monkeys immune to parasite 
chalienge. This approach, used with immune S and Aot 
monkeys (through parasite-infection and drug-cure), has 
identified antigens associated with the parasitophorous vacuole 
(6) and a strain-specific antigen on the surface of infected 
erythrocytes (7), among others. In our laboratory, sera from 
vaccinated and protected Aotu monkeys immunoprecipitated 
minimally 21 metabolically labeled P. falciarum antigens (8), 
but because these animials were immunized multiply with Freund's 
conplete adjuvant (FCA) it could not be decided which of these 
were candidate antigens. Shnilar to other groups, we have 
screened these Aot s-defined antigens for schizont-synthesized, 
merbrane-associated, glycosylated surface polypeptides on the 
rationale that the candidatc protective antigens should be 
anchored to the merozoite merbrane and are exposed on the 
outside surface to protective immune mechanisms. 

The most prominent antigen meeting these requirements was 
the high molecular weight schizont antigen (H1WSA). In the 
past, in vitro growth inhibition by McAb has weighed heavily in 
identification of candidate antigens. Is it paradoxical that 
McAb's which demonstrate in vitro inhibition have precisely the 
opposite characteristics? In our laboratory, McAb 219.5 gives a
 
spot immunofluorescence pattern and appears to identify antigens 
associated with intracellular organelles. Thu 143Y and 132K 
polypeptides are weakly mebrane-associated and 



non-glycosylated (9), while the HMWSA, so well meeting the
 
surface membrane criteria, gives only weak inhibition in the
 
presence of McAb (Table II), . r does this indirect test 
inappropriately weigh against protective cell-,ediated imune 
responses (10), which are so efficiently potentiated by FCA? 
Are the Lalaria surface coats, whether sporo7oite or merozoite,
attacked by cell-nidiated immune responses rather than humoral 
antibodies?
 

TMIE II
 
IN VITRD GWWT SELE=
IMIBITION BY YTECIC LaAL AWTIBODIES 

5.2 185K,152K,87K surface 
 23a (11)
 

219,5b 143K,132K spot 75 a (11) 

Lb3lcJ.2 41K 
 spot >95c (13,14) 

apercent inhibition at 1.5 ng ml- l. 
bApparently similar to mcAb 61.3 (15).
 
CPercent inhibition at less than 16 ug ml- l.
 

Direct Evdence of Protection 

Despile the growing number of candidate antigens, only four 
have been directly tested in monkey, None of these have been 
in t monkeys. In each case, zxhighly adapted Uganda-Palo
Alto (FUP) isolate was test-d in splenectomized .aiinj monikeys
(Table III). Except for the evidence to be presented in this
review, no defined P. falciparum antigen or coibination of 
antigens have been shown to induce protective immwie responses
in the 1 tus morkey. 

TABLE III
 
DIRECT EVIDENCE OF PCYTECTION IN AIONKEYS 

3r Descriptign P ctve R-._ Reaf . 
$a-fimir Aot 

185K-200K HMWSA + +a (16,17,11) 
140K mr-r/rhoptry + nd (17)
143K, 132K rhoptry-I nd +a (11)
411 rhoptry-2 + nd (18)
 
50K PV + nd (19)
 

a t-o txyiro tu- azure (katyotype VI); this paper. 



Protective Inune Rc-smnses to Polypept i des dent if edy
McAb's 5.2 and 21.5- in haus Monkeys 

In our laboratory, mcAb 5.2 identifies the glycosylated 
major high molecular weight schizont antigen aund 
immunoprecipitates polypeptides having Mr 185K, 152K, 121K and 
87K, while MzAb 219.5 identifies antigens givilig a punctate IFA 
pattern and immunoprecipitates non-glycosylated polypeptides 
having Mr 143K, 132K and 102K (variable). Together, the two 
mcAb co-identify and imunoprecipitate 33 and 13 per cent, 
respectively, of the total polypeptides imuiunoprecipita.ted by 
immune sera frcom protected A monkeys (9). 

To test the immunogenicity of these McAb-isolated 
polypeptides, three Atus trivirgatus azurg (karyotype VI) 
monkeys were imunized and the immune responses compared. Aotuz 
381 received 80 ug Ag5.2 comrbined with 30 ug Ag219.5 emulsified 
in FCA on days 0, 21 and 42. AoQQ 391 and B390 received 240 ug
iimune Aotu IgG affinity-purified polypeptides and 1400 ug
unpurified FUP antigen each time, respectively. By solid phase
RIA, the 34d tertiary antibody titers were >31250, >31250, and 
<156250, respectively, for A381, b391 and 6390. By SDS-PAGE, 
the tertiary sera of 6381 immunoprecipitated polypeptides having 
Er 185K, 152K (doublet), 141K, 132K, 121K and 87K. By IFA the 
punctate IFA pattern expected foi two of the polypeptides was
obscured by heavy schizont and merozoite staining of the HMWSA. 

Since high titered antibody responses to the respective 
polypeptides had been evoked, the monkeys, along with an 
untreated control, A385, were given I x 106 freshly passed FUP 
K+ and the course of infection monitored. As expected from 
previous studies, the unimmunized control L385 developed the 2-4 
per cent parasitenia characteristic of FUP in karyotype VI A2tu 
monkeys. However, all imunized monkeys failed to reveal even a 
single parasite, scanning over 10,000 erythrocytes ii thick 
blood filns (Table IV) daily for 28 days. 

These encouraging results are the first indication that 
McAb defined polypeptides aze capable of inducing protective 
inmune responses in Aot monkeys. They appear to warrant a 
fLll vaccination experiment testing the efficacy of these 
polypeptides in Aotus trivi rgatus _gxjEt!jnj (karyotype II and 
III). This conservative aproach, in which protective immune 
response., were first evaluated in karyotype VI monkeys, was 
mandated by the scarcity of karyotype II and III monkeys. 

Di Q 

It is the view from the past which has quided much of these 
findings. Was it necessary to ravage the monkeys three times 
with the polypeptides in FCA, even though the amount of 
Mycobziu was successively halved? Would secondary and 
tertiary injections in FIA have been just as effective? Would 
the high molecular weight schizont antigei (Ag5.2) or the 



TABLE IV 
OURSE OF PARASITEMIA IN ADUS TRMIVI %JS AZJR a MNKEYS 

IMMUNIZED WITH DEFINED POLYPEPTIDES 

Percent Parasitemia 

1 Ae nE ane ane neM neg neg
2 neg neg neg neg neg neg neg
2 0.4 neg neg neg neg neg neg3 1.7 neg neg neg neg neg neg
 
4 3.3 neg neg 0.1 neg neg neg

5 2.6 0.1 0.1 0.1 neg neg neg
6 3M0 0.1 0.1 0.8 neg neg neg
7 3.9 0.7 0.1 0.9 neg neg neg
8 2.2 1.3 0.3 1.3 neg neg neg
9 1.8 3.8 1.0 1.9 neg neg neg

10 1.6 1.8 1.6 1.4 neg neg neg 
11 1.7 0.8 1.7 1.5 neg neg neg 
12 3.2 0.9 3.3 0.9 neg neg neg 
13 1.6 0.7 2.4 2.2 neg neg neg
14 1.1 1.3 1.5 0.4 neg neg neg 
15 0 0.4 2.7 0.4 neg neg neg
16 0.1 0.1 1.5 0.1 neg neg neg 
17 neg neg 0.9 neg neg neg neg 
18 neg neg 0.5 neg neg neg neg 
19 neg neg 0.3 neg neg neg neg 
20 neg neg neg neg neg neg neg 

aKaryotype VI. Data for L360, L386, L371 were from 
experiments in previous years defining the course of 
infection of FUP K+ in A of this karyotype. 

high molecular weight rhoptry antigen (Ag219.5) been just as 
effective given alone, rather than in cobination?
 
A conservative philosophy has merit until demonstrated otherwise: 
a) -xcwerful adjuvants may be required; b) when clones are not 
used, antigens must be derived fron short-term,, in vivo-monkey 
derived cultures; c) protective immune responses, possibly 
cell-mediated as well as huoral, may be directed at multiple 
antigens, rather than a single key antigen or epitope. 
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With the adaptation of the human malarias to development in monkeys almost
 
20 years ago, it was recognized that a new system was available for the
 
testing of anti-malarial drugs and possibly, for the development and testing

of anti-malarial vaccines. However, although there has been considerable use
 
of monkeys in the development and testing of drugs, there has been only
 
limited testing of vaccines. With the rapid identification of the proteins

which may be responsible for protection, thesn 
animal model systems may well
 
play an im rtant role in the development of vaccines for the control of
 
malaria.
 

There are two basic approaches to the use of monkey models for the
 
development of vaccines. The first is the use 
of parasites which are naturally

infective to monkeys. These are biologically similar to human malarias and
 
provide a natural host-parasite relationship. The second appruach is 
to use
 
human malaria paizsites growing in certain species of susceptible monkeys.

Here, immunogens specific to 
the human malarias can be examined. rhe
 
investigator must realize, however, that monkeys are not natural hosts of
 
human malaria and biologically, infections with human plasmodia in these
 
animals are very dissimilar from that which occurs 
in humans. However, the use
 
of such an animal model can provide important information regarding the
 
protective effect of a vaccine and the immunogenicity/toxicity of the antigen
 
involved.
 

We will present 
our proposals for the testing of both sporozoite and
 
blood-stage vaccines in the different model systems 
as they are presently
 
available.
 

SPOROZOITE VACCINES
 

Immunization against the sporozoite stages has 
the potential for
 
prevention of penetration of 
the liver by normally infective sporozoites.
 
Therefore, wiLh an effective anti-sporozoite vaccine, complete protection of
 
the host from any malarial infection either in the form of exoerythrocytic

development in the liver or 
from subsequent infection of the 
red blood cells
 
would be expected. Once the barrier had been breeched, however, protection

against blood stage development would not be expected. Thus, trials which test
 
the efficacy of these vaccines, should be straight-forward. An animal which
 
has been immunized with an effective anti-sporozoite vaccine will fail to
 
develop any infection. Those animals not protcted will.
 

M03K<EY riAIARIAS:
 

Two species of monkey malaria, Plasmodium knowlesi and P. cynomolgi 
are
 
the most likely candidates for the testing of sporozoite vaccines. Rhesus
 
monkeys, Macaca mulatta, inoculated with adequate numbers of sporozoites can
 
be expected to develop detectable parasitemias within a predictable time
 
frame. With P. knowlesi, the prepatent period is between 5 and 9 days; 
with P.
 
cynomolgi, it is between 7 and 15 days. Standardization in these studies has
 
been based on 
the number of bites from a fixed number of heayily infected
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mosquitoes. In our studies, we have used the bites of 4 or 5 
mosquitoes; for
 
the testing of antimalarial drugs in humans, the standard has been the bites
 
of 10 heavily infected mosquitoes. An alternative method is the intravenous
 
injection of known numbers of sporozoites from dissected salivary glands. From
 
10,000 to 20,000 sporozoites are usually inoculated.
 

The experimental animals (M. mulatta) needed for such trials with the
 
monkey malarias are 
readily available. However, the housing requirements for

these relatively large animals coupled with the current initial cost 
of from
 
$600 to $1,000 per animal make these studies very expensive.
 

One major requirement in sporozoite vaccine trials is a ready supply of
 
sporozoites to challenge the animals. Fortunately, both P. knowlesi and P.

cynomolgi readily infect 
certain species of laboratory reared mosquitoes. In
 
addition, the salivary glands normally contain massive numbers of sporozoites;

it is therefore not difficult to obtain millions of sporozoites for challenge

of large numbers of animals.
 

Since the peptide sequence of the P. knowlesi CSP has been identified,

this parasite would appear to be a prime candidate for vaccine studies.
 
Plasmodium cynomolgi would also appear to be of major importance since it is 
a
 
relapsing malaria (as 
are the human malaria parasites P. vivax and P. ovale),

and could be used in studies on the effect of immunization on the resting
 
stages and the effect on relapse potential.
 

The proposed testing procedure for the sporozoite vaccines of the monkey

malarias would be 1) to immunize intact M. mulatta monkeys twice using an
 
effective adjuvant, 2) to challenge the animals either by mosquito bite or
 
intravenous inoculation of sporozoites from dissected salivary glands at

various time periods after immunization, and 3) to determine the antibody
 
responses by various techniques to relate vaccine efficacy with one or more

serologic results. It is considered to be very important to examine and select
 
from one or more of 
the various serologic techniques available, the one(s)

which can correlate best with protection.
 

HUMAN MALARIAS
 

The testing of sporozoite vaccines against the human malarias using

monkeys is 
more difficult. A relatively few animals have been successfully

infected via sporozoite inoculation. In fact, only the Colombian Aotus
 
(karyotypes II, III, 
and IV) have been tested in sufficient numbers to
 
establish a statistically valid base for the conduct of these studies. In
 
addition, only the Santa Lucia strain of P. falciparum has been transmitted
 
with enough frequency to establish transmTssion rates. In this model system,

25% of intact and 85% of splenectomized monkeys inoculated with relatively

large numbers of sporozoites have subsequently developed patent parasitemias.

Transmission rates in other parasite 
- monkey model systems have either been 
considerably lower or the attempts for drawing a sound conclusion are 
too few
 
in number.
 

With the Cclombian Aotus, the results of transmission studies with P.
 
vivax are similar to those of P. falciparum. Preliminary studies with a
 
limited number of Bolivian Saimiri monkeys indicates that sporozoite

transmissions to splenectomized animals may be relatively high, and this host
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may have a considerable potential for the testing of sporozoite vaccines
 
against P. vivax. Studies are presently being made with other types of South

American monkeys to determine their potential for sporozoite vaccine trials.
 
To date, the results of these studies have been discouraging.
 

Although animal model systems will play an 
important role in the testing

of vaccines, there are additional differences between these model systems and

human infections. In addition to 
a relatively low transmission rate, the
 
prepatent periods are greatly extended over those seen in humans or with
 
studies of the monkey malarias. Thus, vaccine trials may be lengthy, extending
 
over several months. In addition, the infection of mosquitoes with the Santa
Lucia strain of P. falciparum from culture has been very low; 
it has also been
 
very low from Aotus monkeys other than those from Colombia. Thus, the already

scarce Colombian animals are 
also required for the infection of mosquitoes for

challenge. Another compounding difficulty is that the number of sporozoites in

the salivary glands of mosquitoes infected with P. falciparum and P. vivax are
usually much lower than seen is with the monkey malarias; thus, many more

mosquitoes must be fed 
to obtain adequate numbers of sporozoites for the
 
challenge studies.
 

The proposed testing procedure for sporozoite vaccines to the human
 
malarias calls for the immunization of animals twice using adjuvants. For the

challenge, it is anticipated that a minimum of 20,000 sporozoites obtained at

dissection will be injected into each animal. Since intact animals have such a

low rate of susceptibility 
to infection, animals will be splenectomized, but
 
only after the sporozoites have been injected and the antibodies have been

allowed to exert their effect. Splenectomy will be performed 6 or 7 days

after inoculation. Thus, in 
a vaccine f-ilure, merozoites released from the
schizonts maturing in the 
liver are in a splnectomized host and more likely
 
to produce a detectable blood-stage infection.
 

In our view, the development or absence of detectable parasitemia is the
 
only significant criterion for protection afforded by a sporozoite vaccine.
 
Again, antibody tests would be required to correlate, if at all possible,

protection with a measurable immune response.
 

Since not all animals injected with sporozoites, even after splenectomy,

would be expected to develop a patent parasitemia, the number of animals in
 
each test group must 
be large enough to detect differences between a

vaccinated and control group at 
an acceptable of statistical significance.
Using the best model system available -- the Santa Lucia strain of P. 
falciparum and Colombian Aotus monkeys -- a minimum of 10 animals would be 
required per test group. 

BLOOD STAGE VACCINES
 

MONKEY MALARIAS
 

Immunization against the blood stages of the monkey malarias has been

attempted 
on numerous occasions over a number of years. These parasites have
 
an advantage in that 
their infections are biologically similar to human
 
malarial infections. Although there 
are 10 species of monkey malaria which
 
could be used as 
models for vaccine studies, most of the effort has been with
 
P. knowlesi, P. fragile, and P. cynomolgi in rhesus monkeys. Plasmodium
 
knowlesi is a quotidian parasite which almost always produces 
a fulminating
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infection; death occurs in approximately 97% of the infections. With this
 
parasite ­ monkey model system, it is very easy to establish a criterion for
 
vaccine effectiveness - the survival of the host. Plasmodium fragile is a
 
malignant tertian parasite with many biologic similarities to P. falciparum.

The infections are fulminating and death is the result with about 30% of the
 
animals. If an animal survives, the infection is characterized by long term
 
persistence with frequent recrudescences. Plasmodium cynomolgi is a benign

tertian parasite with maximum parasitemias of between 5 and 10%. Death is not
 
a common occurrence.
 

Susceptible animals (rhesus monkeys) 
are readily available and the course
 
of the parasitemia is predictable within certain limits of time and parasite
 
count. Each of these parasites has been used in previous vaccine trials with
 
crude antigens using a number of different adjuvants. Characteristically, all
 
animals develop a parasitemia which is modified to a varying degree by the
 
type of immunization and the challenge. Adjuvants have been required for
 
successful immunization with these crude antigen preparations.
 

The proposed testing procedure for blood stage vaccines to the monkey

malarias is to immunize at least twice with a vaccine containing Freund's
 
complete adjuvant followed by Freund's incomplete adjuvant. Since challenge

with large numbers of parasites often results in an abnormally rapid rise in
 
parasitemia (especially with P. knowlesi), challenge is usually done with less
 
than 10,000 parasites. The criteria for vaccine effectiveness are 1) extended
 
prepatent period, 2) reduced maximum parasitemia, 3) shortened length of
 
patent parasitemia, 4) presence or absence of recrudescences, 5) reduced
 
infectivity to mosquitoes, and 6) protection against rechallenge with
 
homologous or heterologous strains of the parasite. Serologic and in vitro
 
tests are correlated with protection if at all possible. A minimum of 6 test
 
animals per group is considered adequate for such trials.
 

HUMAN MALARIAS
 

The testing of blood stage vaccines against the human malarias in monkeys

is considered to be a major part of the selection process for promising human
 
malaria vaccines. Of the thousands of infections with the human malarias which
 
have been studied in South American monkeys, most have been done with the
 
Colombian Aotus. These animals, however, are 
now very difficult to obtain.
 
Since they are the only monkeys which are suitable for the testing of
 
sporozoite vaccines and the only ones which can used for mosquito infection
 
with some strains of P. falciparum, the demand fat exceeds the supply. Recent
 
studies have indicated, however, that certain strains of P. falciparum can be
 
adapted to development in other monkeys, many of which are available, at least
 
in limited quantities. Among these are Aotus monkeys from Peru and Bolivia of
 
karyotypes I, V, and VI, 
and Saimiri monkeys from Guyana, Peru and Bolivia.
 
Several Immunization trials have been reported using Saimiri monkeys and the
 
Uganda Palo Alto and Indochina I strains of P. falciparum. We have taken the
 
approach of adapting at 
least one strain of P. falciparum for development in
 
all types of animals in order to obtain some uniformity of parasite challenge.

In our studies to date, only the Indochina I strain has been adapted for
 
growth in all of 
the monkeys examined. Other strains of P. falciparum will no
 
doubt be added to the list once adequate numbers of linear passages in other
 
monkey types have been made. Some strains of P. falciparum have failed to
 
adapt to some of the animal systems. All of the parasites appear to lose
 
certain characteristics upon passage; however, they appear to 
retain their
 
high level of virulence once adapted to a particular type of monkey.
 



At present, based on studies in rhesus monkeys and limited 
studies in
 
Aotus monkeys, adjuvants are required in order to produce a protective immune
 
response in monkeys against the blood stages. It must 
be recognized, however,

that these previously used vaccines were very crude mixtures and only limited
 
studies have been made with purified, detined preparations. It is expected

that all animals that are immunized with an effective vaccine will develop a
 
detectable parasitemia with a mean maximum parasitemia somewhat less than that

of the control animals and with parasitemias of a much shorter duration than
 
do the control animals.
 

The proposed testing procedure for the blood stage vaccines 
to the human
 
malarias would use only those strains of P. falciparum which have been adapted

to produce parasitemias of 10% or higher within a period of 
14 days following

inoculation of apnroximately 500,000 parasites in homologous Aotus 
or Saimiri
 
cells. This requirement should be met for 
any strain adapted for development

in a particular model system. In our case, we 
anticipate that the Indochina I
 
strain will be adapted to meet these criteria in all the animal systems in
 
which the vaccines will be 
tested. Other strains from other geographic areas
 
are being studied and can be used for heterologous challenge studies in
 
certain animal systems. Since these animals 
are too valuable to purposefully

allow to die, an infection which meets or exceeds 
the 10% level is treated.
 

Since P. 'ivax rarely produces high level parasitemias, a maximum
 
parasitemia of 1% or higher within the same 
time frame would be considered
 
sufficient. Since animals infected with P. vivax would not be expected to 
die,

all of the control and immunized animals would remain in the study.
 

In the initial trials, animals will be immunized twice, using an
 
appropriate adjuvant. Challenge is 
with adapted blood stage parasites growing

in homologous RBCs. In order to correlate protection with serologic results, a

number of different parameters are used as indicated in the testing procedure

for the monkey malarias. To determine if protection is strain specific,

secondary studies and rechallenges can be made with heterologous strains of
 
the parasites. At present, it appears that 
for statistical significance, 6
 
animals would be required per test group. This number might be 
reduced as the
 
results of additional immunization trials using standard inocula with adapted
 
parasites are accumulated.
 

In summary, presented here are various model systems for the testing of
 
sporozoite and blood stage vaccines against monkey malarias and human
 
malarias. It is believed 
that such trials will help to determine the efficacy

of different vaccine formulations and regimens which may also be effective in
 
humans. The accumulation of these results using standard protocols and
 
selected adapted strains of parasites should help to provide a logical basis
 
for the selection of formulations and regimens for an effective vaccine
 
against malaria.
 

\
 



EVIDENCE OF PROTECTION
 

Discussant: L. Pe,-eira da Silva 

To introduce a discussion on 
evidence of protection the first
 
logical 
thing to do is to define protection. In fact, this term has

been employed with different 
meanings. At an epidemiological level, it
 
has been used to define an 
immune status of some human groups: in
 
endemic areas, f.i. 
adults who develop immune resistance mechanisms
 
upoi, repeated clinical and parasitological episodes of Malaria in the 
past. 

:owever, these protected individuals often present parasites in the 
blood, especially gametocytes and represent the 
source of infection for
 
maintenance of Malaria transmission in the area. 

Would this be the aim of a vaccine against falciparum malaria? It
would be certainly useful to induce in 
the risk population, children,

migrants from non-infected areas, 
visitors, soldiers, etc. the same
 
"irimlLine status" of protected adults from endemic areas. Such an aim
 
can be foreseen by the results of "partial 
 protection" already obtained 
by some research groups working in asex:ual blood forms vaccines and
which have been reported and reviewed by the different speakers in our
section. However, any student of a Public Health School would be aware 
cf the limitation of inconsistencies of such a solution: it would
probably have no impact on the transmission, it would maintain the

disease in an incubated "dormant" situation and it would expose the
 
vaccinated populatior in the area (after the selection of variant

strains) to epidemic outbreaks of vaccine-resistant malaria. 

Consequently, we are obliged 
to be better than Mother Nature. We
 
need to develop vaccines that will 
induce not only reduction (or

elimination) of morbidity and mortality but 
also induce reduction of
 
trarismissior.. Let us call it "the ideal vaccine". 

The corollary of this assessment is that we must introduce vigorous
criteria oF evaluation of protection. This raises a series of 
questions and I have selected five which have been discussed by the
 
different 
spealers in the morning and afternoon sections:
 

1. 
 Could we pretend to develop an ideal vaccine against only 
one
 
stage of the parasite or would we be obliged to 
use polyvalent
 
vaccines?;-

Have we already finished dressing the list of
7'. good candidates
 
for protective antigens?
 

Do we dispose of the methodological 
tools to evaluate
 
rigorously the protection? Which are they?
4. Do we already have a sufficient understanding of basic 
mechanisms of immune protection, parasite escape mechanisms,
genetic polymorphism and variability which allow to predict

eventual complications in the practical 
 use of vaccines? 
5. Have we already accumulated enough information to forsee into 
the near future, clinical trials in the field with one or 
other
 
anti gen?
 

Certainly, someone in the audience will argue that all 
the very

efficient viral 
and bacterial vaccines 
(starting with the anti-rabies 
vaccine by Pasteur exactly 100 years ago) have been developed

empirically without 
answering these questions.
 



I will 
respond to this argument that 
we must remember that malarial
vaccines will 
be obligatory "2nd generation vaccines" produced by
genetic engineering 
or chemical synthesis and that 
for developing 2nd
generation vacL-ines, virologists and bacteriologists are 
faced nowadays

with the 
same kind of problems.


The outstanding scientists selected by Dr.Sidiqqui 
and the
Organizing Committee have brought 
to you previous information from
their own 
labs and others concerning the current 
status of
developmertal vaccines and it 
is not in my purpose to repeat 
or to
summariZe their speeches. I will only try to discuss some points which
 
have been raised.
 

It was very Lnear from what we 
have heard, that for 
the different
vaccines - sporozoite, gametocytes and asexual 
blood forms - the amount
of information accumulated is 
to variable to permit 
us to respond to
 
these 5 questions.
 

Let us start with the more 
complex, or the 
more confused, if you

will.
 

Asexual-bloodforTvaccines. 
 If we had 
to answer the questions ­as it is a tradition in 
this country, by checking the box 
 yes or no
 
- we would have 5 
 no's.
 

Being more optimistic, we moved from a 
phase in the past, in which
 every laboratory had its 
own 
candidate to protective antigens to a
period in 
which data starts to converge. 
 A series of polypeptide
antigens, as 
reviewed by the speakers have been identified by more than
one laboratory and in 
several cases 
significant immunoprotection was
obtained by injecting purified polypeptides in four different

laboratories. The extremely positive aspect of 
these results is the
persistence of the immunogenic properties of 
polypLptides purified
under 
denaturing conditions, detergents and reducing agents. This is 
a
promising situation if we remember that vaccinating molecules producedby DNA recombinant technoligy or chemical synthesis will probably nothave the native configuration. 
However, two observations reported by
one of the spealkers today must 
be recalled: a 
native polypeptide

(purified by immunoabsorption) showed to be 
more effective to induce
protection than the denatured molecule. 
 Synthetic polypeptides

corresponding 
to fragments of a polypeptide molecule were much less
efficient in 
induceing protection than 
was 
the entire molecule.

Research directed to 
identify the relevant epitopes of 
different
immunogenic molecules 
are in course in many laboratories. (And we had

three examples in the reports we 
heard.)


This laborious approach is 
a prerequisite for the development of 
an
"ideal" 
fusion polypeptides harboring antigenic determinants from
different proteins and prepared by DNA recombitant technology.

Considering the complex mechanismsm of 
immune protection against
the asexLual 
blood forms of the parasite, evidence of 
protection cannot
be deduced only from the development of neutralizing antibodies in
rabbits following the injection of 

mice
or 
 the purified antigen, or even in
primate models. 
 The evidence of protection which 
is being utilized is
the challenge with blood form parasites of 
homologous and heterologous
strains or isolates. The existence of non-human primate models which
had been expertly reviewed in 
our section is 
one of the privileges of
the asexal 
blood fo m vaccine research groups. However, we must
remember that this model 
has some limitations: 
 I am not going to
discuss the choice of 
the monkey's species, the viability on the use of
splenectomised or 
intact animals, which have been very well 
reviewed
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and that, for this point, I think that is secondary. The
 
"artificialty" is given by the fact that 
malaria is transmitted by a

mosquito bite 
( and only rarely by blood transfusion) and the

innoculated sporozoites arise after a sexual stage which provides thecellular and molecular basis for the genomic rearrangements we know to 
occur in the parasite. Therefore, the challenge by injection of

infected blood and the evaluation of protection has only 
a limited
 
significance. Furthermore, in the absence of 
a primate model 

reproducing the entire cycle, we persist 

for
 
in the ignorance o4 the
 

possible conseqiences of immunoselection in 
the survival fraction of

the parasites, ouserved 
in the partial protection obtained to date by

different laboratories.
 

In conclusion, ase,ual 
blood stage vaccines in spite of important

progress reported recently, remains in a situation in which large

amounts of research are still necessary in order to permit 
us to

respond yes 
to most of the question. Faradoxically, two points would
 
facilitate the progress in 
this area and they concern also the
 
sporozoite and gametocyte vaccines:
 

1) The development of primate model 
allowing the reproduction 
of the entire cycle of the parasite;

2) The development of effective sporozoite and/or gametocyte
vaccines which would potentiate the utility of a partially active 
aseXUal blood stage vaccine, eliminating the inconveniences which have
 
been discussed.
 

A 
few words concerning the garnetqoyte vaccine. Considerable the
 
progress that has been obtained recently by two laboratories and the

excellent review of this progress by one 
speaker today. The situation
is much more clear than the precedent. First, a gametocyte vaccine
will be obligatorily utilized in association with others in the form of
 
polyvalent vaccines. It 
would be, however, of great utility to
potentiate a control of transmission of the other forms of vaccines and
could eventually be by itself a guarantee in this 
sense. Since the
 
antigamete, antizygote and/or antiookymete activity is certainly
totally dependent on neutralizing antibodies, the description of

monoclonal 
antibodies with transmission-blocking activity, is very

significant. Immunochemical analysis seems to point 
out a limited

number of target membrane polypeptides which are extremely

stage-specific. The 
 same target proteins have been identified for a 
series of monoclonal antibodies in different isolates of 
P.
 
falciparum. This indicates a 
genetic stability of the target

polypeptide antigens. 
 The absence of a primate model 
has also been

blocking the research on 
this point, since DNA recombitant methodology

will cettainly allow us 
in the future to provide a sufficient amount of

antigen for immunization experiments. 
We would finally remark that

inhibitory monoclonal antibodies seems to recognize 
a particular

conformation in the structure of the target antigen.


I will finish my 
comments by a brief discussion on the sporozoite

vaccine. 
 It is by far the most advanced project in the area, thanks to
the extraordinary work developed by the Nussenzweig's for 
many years.

It is entirely unnecessary to summarize the excellent research work

developed until 
now which was described today in our section by Ruth.
 
I will only remark concerning the checking of 
the box, that the target
antigen in this 
case is unique and perfectly well identified, cloned,

sequenced and characterized. No variants of the CSP protein have been
 
observed until 
now in natural isolates of P.falciparum all over the
world. I'll still 
add that the Nussenzweig's accumulated a 
large
 



amount of evidence to show that thp basic mechanism of protective
immunity is dependent on neutralizing antibodies: 
Fab fragments of

monoclonal antibodies 
are able to inactivate sporozoites in vitro aridlow amounts of monoclonal *ntibodies injected in mice are able tn
protect the animals against infective bites,. These arguments are
important for tha interpretation 
 of the results obtained in the invitro neutralizing tests. 
 Such neutralizing antibodies have been

raised in 
primate model for F.knowlesi by injection of synthetic

peptides reproducing the epitopes representing the repeats 
of amino
acids present 
in the CSF. However, the crucial experience is missing:
the induction of protective immunity by injection of the 
antigen. Inthe absence of a convenient primate model, the proposed solution is the use of human volunteers to be immunized with a synthetic peptides
DNA recomitant molecules. 

or 
Confirming the 
rumors we have been hearing


abroad, we had in 
this meeting the anouncement that the experiment is
projected for the 
near 
future by two different groups: the Nussenzweig

group and the USA Department of Defense in 
collaboration with NIH. 
It

is not necessary to comment 
on the suspense which 
is nol-v created and to
the enormous expectations arising in 
the scientific, medical 
and

sanitary world about 
the results of such experiments. All of us deeply

wish that the experiments succeed.
 

However, not to 
finish my comments with,all 5 out 
of 5 for the
Nussenzweig's, 
I will raise a last point. I am personally convinced

that a positive result in the experiment with volunteers will 
be notenough to justify the immediate development of clinicai trials in thefield and I think that additional experiments must then be developed

using animal models. In the absence of 
a 
good model for P. falciparum,
priroate malaria lile F. knowlesi or P. cynomolgi could be employed.
The reason for such precautions arises from our ignorance on the effect
 
of the immuno selection pressure in the evolution of 
the CSP protein.
If one assumes 
that genomic rearrangements or mutations can give rise
to variants of 
the CSF protein the introduction of selective pressure

upon the introduction of 
mass vaccination, in 
the absence of of control
 measures for the development of 
the blood cycle, could rapidly

originate and spread vaccine resistent strains. 
 This possibility can
not 
be analysed in experimenLs with humen volunteers since the blood 
infection, if occuring, must be immediately treated.
 



WORKSHOP SESSION II CANDIDATE ANTIGENS
 

Rapporteurs: Graham Mitchell and Leslie Tam
 

The candidacy of blood stage antigens stands in sharp contrast to
 
that of gamete and sporozoite antigens. Whereas, in the
 
sporozoits/sexual stages, a restricted number of 
surface protein
 
antigens have been identified and are obvious candidates to be tested
 
as 
vaccines preventing sporozoite invasion of hepatocytes or blocking
 
transmission, the nature or priority rating of 
numerous blood-stage
 
antigens is less clear. 
 A major task confronting participants in the 
workshop session was to clarify the relatiunships between antigens 
identified through conventional, monoclonal antibody or gene cloning 
approaches in numerous laboratories. This was felt necessary in order 
to facilitate discussion on the vaccination efficacy of different 
antigen preparations. The following table represents a concensus
 
opinion on the major 
blood 	stage antigens reported to date:
 

Asexual Dlood Stage Antigens of P. falciparum 

Designation Identi fyi rig_Characteristic Cloned Reference 

I Merozoite/schizcnt membrane-associated antigens:
 

Pf 185/200 .... 83 Merozoite surface + 1 - 8 
Pf 185/200 .... 40/46 

(42) 	Glycosylated, product
 
carried into rings + 9
 

N-acetyl q'. ucosami ne 
binding protein 140/70/35 	 + 10
 

Glycophorin binding 
protein low methionine, 130K + 11,12,13 

Pf 96/100 doublet 
 14,15
 

Pf 75 major surface protein
 
of merozoite 
 + 	 16
 

Pf 76 
 17
 

II High Or Ehprty_proteins:
 

RESA 	 rhoptry + ring stage + 18,19,20
 

Ff 155/140 punctate fluorescence
 
of merozoite 
 5,21,22
 



------------------------------- ---------------------------------------------

III Low Mr Ebhptr~y_ proteins: 

Pf 82 (76,75) 4i punctate fluorescence 

of merozoite 21,23,24
 

IV Membrane-associated antiqens of 
infected erythrocytes: 

A [nob asociated protein 80-95K 25,26,27
 

SICA-like protein sequestration protein?
 

variable (+ knob associated) 28
 

V Antigens in the paras itophorous vacuole: 

S-antigens variable, heat stable + 
 29-31
 

901: protein 32 

CRA 23K + 33,34
 

FIRA 300K, highly immunogenic + 35
 

*As yet it is unclear whether the 83/100K purified exoantigen of
 
Ristic et al (this conference) is identical to the 83K major
 
merozoite protein, or in fact, 
is the PF 83 (76,65) 41K antigen
(low Mr rhoptry proteins. N-terminal sequence data will resolve 
this shortly. 

Brief References: 

I Holder and Freeman 1983 JEM 160, 624.
2 Odink et al 1984 FEBS 173, 108. 

3a Hall et al 1983 MBF 7, 247. 
3b Hall et al 1984 MBP 11, 6!. 
3c Hall et al 1984 Nature 311, 379. 
3d McBride et al 1985 JEM 161, 160. 

Perrin et al 1982 IR 61,245.
 
Lan al 

6 Howard RJ 1984 MBF 11, 349. 
7 Pirson/Ferkins 1985 JI 134, 1946. 
8 Ristic et al 1985 this conference. 
9 Howard RF/Reese 1984 MBP 11, 349.
 
10 Jungery et al 1983 PNAS USA 80,1018.
 

' .' et 1985 this conference. 

11 Perkins 1984 MBP 10,67. 
12 Ravetch et al 1985 Science 227, 1593.
 
13 Coppel et al 1983 EMBO.
 
14 Dubois et al 1985 in press. 
15 Brown GV et al 1982 Nature 297,591.
 
16 Andershir et al 1985 in press.
 
17 Gysin et al 1982 PI
 
18 Perlmann et al 1.984 JEM 159, 1686.
 
19 Wahlin et al 19R4 PNIcQ Iica Pi 7Q19
 



20 Coppel et al 1964 Nature 310, 789.
 
21 Campbell et al 1964 AJTMH 33, Z!9.
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MEF' = Molecular Biochemical Parasitology
 
PI = Parasite Immunology
 
NAR = Nucleic Acid Research
 
AJTMH = American Journal Tropical Medicine Hygeine 
FNAS = Proceedings National Academy Science 
FEBS Federation of European Biochemical Societies 
JEB = Journal Cell Biology
 
IR = Immunological Reviews
 



CURRENT STATUS OF 
THE DEVELOPMENT 
OF MALARIA VACCINES
 

EVIDENCE OF PROTECTION
 

Theodore Green and 
:enton Kramer, Rappo-teurs
 

Antigen candidates for the development of vaccines against

sporozoite, schizont/merozoite and gametocyte stages 
were
 
discussed. These antigens were 
characterized by their
 
fluorescent staining characteristics, reactivity with monoclonal
 
antibodies 
(McAb) and/or relative molecular weights. For a

working classification of 
the asexual blood 
stage refer to the
 
preceding section 
on "Asexual Blood Stage Antigens of F.
 

fa parum".
 

Dr. MeLtUwissen reported that 
gametocytes were produced 
in

synchronized cultures 
in the presence of N-acetylglucosamine and
 
matured for 7 days. Monoclonal antibodies specific for
 
gametocyte antigens were described.
 

Monoclonal antibodies against 
a 48/45 kd gametocyte surface
 
antigen and monoclonals against a 25 
kd gametocyte surface

protein were discussed. These antigens 
are expressed on the
 
gametocytes and on 
the surface of gametes/zygotes and
 
ookinetes. The monoclonals specific 
for the 48/45 ko antigens
 
were found to be of 2 types: "transmission blocking" and

"non-blocking". 
 It 
was shown that transmission blocking and
non-blocking monoclonals recognized 
two different epitopes 
on
 
each protein. Combination of blocking and 
non-blocking McAb
 
resulted in potentiation of the blocking effect. 
 The 48/45 kd

antigens were shown to consist of no 
more than one polypepetide
 
chai n.
 

The 25 kd antigens is present in small 
quantities in early

stage gametocytes and becomes expressed on 
the surface of
 
gamete/zygotes. Attachment of 
McAb against the 25 kd antigen

did not significantly influence the number of 
ookinetes formed,

yet almost no 
oocysts resulted. Prehaps penetration of the gut

wall was hampered. In 
the strains tested, there was no evidence
 
of antigen diversity, as 
the McAb bound equally well to all
 
isol ates.
 

Sporozoite surface antigens, designated CSF' antigens, 
were
 
described by Dr. 
Ruth Nussenzweig for" Flasmodium berh!ei, F.
.nowlesi, F'. cynmolgi and F. falciparum. The P. fUa.CiarUm CSF 
antigen was designated 58(CS). Its Mr was 58 kd and it 
was

derived from precursors of Mr Its
65-67 kd. isoelectric point
 
was 5.3 (5.0-6.0). All of the described CSF antigens 
were found
 
to be immunodominant and protective. 
 The McAb to CSF's are
species spevific (except that recognition of F. malari ae and P.
brasilianum were identical). The McAb were found to block the
binding of specific immune sera to 
sporozoites. Six different
 
geographic strains of 
sporozoites were found 
to react with the
 
same McAb, 
showing only slight difference in molecular weights.
 



This maybe indicative of different numbers of amino acid
 
repeats.
 

lo summarize, the CSF' antigens were found to cover the
 
surface of the sporozoite, to be shed, to Mr
be of of 40-60 kd
 
depending on the species, and 
to be derived from 2 precursors.
 
The antigens had a single immunodomoinant epitope and 
were
 
synthesized by mature sporoz otes . The 
immunodominant area of
 
F. knowl esi is composed of 12 tandem repeats of 12 amino acids. 
Relevant findings included: 1) Fab McAb fragments inhibited
 
sporozoites as well as complete antibody inTvi vo 
and in.-vitro,
 
2) CSF covers the entire surface of mature spcro.oito, 3) CSP is
 
stage specific, and 4) CS- remains in association with parasite
 
membrane after penetration of hepatocytes. A repetitive DNA
 
hybridization probe has been developed which 
is exquisitety
 
sensitive in detecting blood stage parasites.
 

Dr. Perrin described the induction of 
protection against

asexual blood stage polypeptides. These were 1) Ff185-200
 
(merozoite/schizont membrane associated protiens), 
2) Pf41 (low

molecular weight rhoptry proteins) and 3) Ff140 (high molecular
 
weight rhoptry proteins). These polypeptides were selected by

their preierential recognition by Saimiri 
monkey immune sera or
 
the basis Q4 McAb inhibition of asexual blood stage growth. ihe
 
polypeptides were purified by effintiy chromatography and/or

electroelution from SDS PAGE gels. Challenge of 
all monkeys was
 
by a heterologous parasite strain. 
 Native P41 polypeptide was
 
used as an immunogen in Sai miri 
monkeys and gave evidence of 
good protection upon challenge. The conformation of the P441 
polypeptide is important in conferring protective immunity since 
the level of protection was diminished in the animals receiving
 
SDS denatured Ff41. In another experiment, a 43 amino acid
 
synthetic polypeptide corresponding to a portion of the Ff200
 
protein was coupled to tetanus 
toxoid and used in a Saimiri
 
monkey vaccination trial, which resulted 
in evdience of
 
protect ion.
 

Several conclusions were reached concerning this work.
 
They are: 1) polypeptides can equal merozoites as protective
 
anti gens, 
2) partial protection was found to be independent o
 
isolate specificity and 3) structural configuration of blood
 
stage immunogens may play a role in conferring protection.
 

Siddiqui et al., reported on 'he 
use of Aotus polyclonal
 
defined antigens and a combination o two McAb defined antigens
 
as immunogens in Aotus trivIrgatus azure (karyotype V). The
 
McAb defined antigens were from 1) merozoite/schizont membrane
 
associated protens and 2) high molecular weight rhoptry
 
proteins. There was one animal in 
each group. Each animal
 
received 3 injections with FCA. 
 By solid phase RIA, the 14 day

tertiary antibody titeru were identical, that is >1/31,250, in
 
the animals receiving either 
McAb defined antigens or polyclonal

defined antigens. By SDS PAGE, three immunizations were
 
necessary to induce antibodies to all sets of antigens

recognized by the monoclonal or Qot- g polyclonal antibodies.
 
When challenged with FUP K+ parasites, neither animal developed
 



a patent parasitemia. 

Dr. Ristic reported the immunization of Saiir_i monkeys
-
with partially purified SFP antigen containing an 83. kd protein 
from F. falciparum culture supernatants. SF antigen was 
prepared by cation-exchange chromatography. The 4 monkeys 
immunized with 2 mg of alum precipitated SF protein and 
challenged with the homologous Indochina I isolate gave evidence 
of protection. The 8 animals inmunized with 2 mg of alum 
precipitated SP protein and challenged with the heterologous 
Geneve isolate showed less protection. No mortality was observed 
in the immunized groups, while 2 of the control animals died. 

An 83 kd protein has been purified from the SP fraction by
 
the use of conventional column chromatography, high performance
 
size exclusion liquid chromatography and high performance anion
 
exchange liquid chromatography. The 83 kd protein exists as a
 
dimer in the native state and has been identified as a parasite
 
protein by western immunoblotting and ELISA. The N-terminal
 
sequence of the first 35 amino acids residues has been
 
determined. A similar 100 kd antigen was also reported. As yet
 
it is unclear whether the 83/100 kd purified exoantigens of
 
Ristic et al., is identical to any of the previously described
 
antigens. N-terminus sequence data will resolve this issue.
 

Dr. Collins reported on the use of monkey malarias and
 
human malarias in primate models for the testing of malaria
 
vaccines. Iwo species of monkey malaria, Plasmodium knowlesi
 
and F. cynomolgi are likely candidates for testing sporozoite
 
vaccines in Macaca mulatta monkeys. The advantages of this model
 
is the predictable time frame for detecting patent parasitemias
 
and the readily availability of sporozoites for challenge. For
 
testing erythrocytic stage vaccines, P. fragile appears to be an
 
appropriate choice in Rhesus monkeys. Infection results in
 
fulmirting infections and if the animals survive, the infection
 
is characterized by its long-term persistence.
 

Sporozoite vaccines against human malarias using monkeys is 
more difficult. Only Aotus monkeys of karotypes II, III, and IV 
are sufficiently suscepttble to sporozoite inoculation to be 
used in vac:cine trials. In addition, only the Santa Lucia 
strain of P. alcipyarum has been transmitted with enough 
frequency to establish transmission rates. In this model system 
25% of intact and 85% of splenectomized monkeys inoculated with 
relatively large numbers of sporozoites have subsequently 
developed patent parasitemias. 

Lrythrocytic stag? vaccines have been tested in Aotus and 
Saimiri monkeys. The limited availability of Columbian Aotuts 
monkeys has slowed the development of vaccines against '. 
fal icparum. However limited numbers of Aotus monkeys from F'eru 
and Bolivia are available. In addition, Saimiri monkeys from 
Guyana, F'eru and Bolivia have been used in immunization trials 
with the FUF and Indochina I strains of P. f aIciparum. Only 
Indochina I has been adapted for growth in all monkeys examined. 



However, additional strains are 
soon expected.
 

Dr. 	Pereira da Silva discussed the human condition with
 
regard to protection against malaria. He recalled that immune 
adults frequently have blood stage asexual parasites and
 
gametocytes circulatirg 
 in their blood, but are considered 
protected. However, these individuals represent a source of
 
infection for unprotected children and migrants. 
 A reductiorn of 
transmission is also required. Partial immunity miay not be a 
rigorous enough criterion for a vaccine. Five questions were
 
posed for application to the candidate vaccines:
 

1. 	 Can the "ideal" vaccine be developed without being 
pol yval ent? 

2. 	 Do we have a list of good candidate proteins? 

3. 	 Do we currently possess the method 
to rigorously
 
evaluate immune status? 

4. 	 Do we already understand the parameters needed for the 
practical use of successful vaccines? 

5. 	 Have we presented enough information to set up clinical
 
trials? 

It was argued that malaria vaccines will be "second
 
generation" vaccines, that is genetically engineered vaccines.
 
It was felt that in 
regard to blood stage vaccines the above
 
criteria could not 
be answered in the affirmative at this time,

although great strides are being made and relevant antigens and
 
epitzipes are being studied in 
many laboratories. However, the
 
lmatat on of the existing animal models must 
be considered and 
more research is thought to be necessary. A primate model which
 
could reproduce the entire life cycle of 
the parasite would be
 
ideal.
 

A gametocyte vaccine is needed for the 	production of a
 
polyvalent vaccine. Gamete stability of the target antigens has 
been demonstrated, and genetic engineering should be able to 
provide enough antigens for testing. 

7harks to t.e Nussenzweigs, the sporozoite vaccine is by
far the most advanced. All of the 5 questions posed earlier can 
be answered in the affirmative. Only production of CSF for 
immunization is still needed. With regard 
to early testing in
 
human volunteers, Dr. Pereira da Silva felt that 
not all the
 
needed answers could be obtained. He felt that the question of
 
parasite mutation under 
vaccine pressure needs to be seriously
 
addressed.
 

in the discussion that followed it was stated that history

has shown that in vaccines such as polio, measles, tetanus,
 
etc., that vaccine pressure induced mutations have been very
 
rare. Dr. Pereira da Silva insisted that the malaria vaccine
 



can not be compared to viral vaccines in this regard.
4 easibility of allowing breakthrough 

The 
and subsequent gametocyte

production to occur in human subjects was discussed and 
discarded as not +easible. Dr. Victor Nussenzweig stated that 
preliminary studies in rats with F. berghei had been performed 
to address this question of vaccine pressure induced mutations 
without evidence of its occurence being noted. 


