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AN VERMEULEN. W F.G. ROEFFEN and J H.E.T. MEU WISSEN, Department of Medical Parasito-
logy, University of Nimegen

Plasmodium berghei: purification of immunologically acrive proieins of sporozoires 4
Immunization with purified sporozoite proteins has not been attempted yet by other investigators, One of
the reasons is the lack of a good purification method for the significant proteins. We deseribe here 2 method
to isolate and purify two immunologically active proteins of Plasmodium berghei sporozoites. These
proteins. Spil0 and Sp53, bind to antibodies from rabbits and rats. immunized by bites of infected
mosquitoes (Vermeulen er af. (1982) Exp Parasitol. 53, 199-20%.). as well as monoclonal antibodies of
hybridoma 3D11. kindly provided by Prof. R 8. Nussenzweig(Vermeulen era/ Mol Biochem Parasital in
press.) Antibodies of the 3D11 line have shawn to nectralize the infectivity of P. perghei sporozaites as
described by Potocmjak er o/ (1980, J. Exp Med.. 15/, 1504-1513)
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here the first ultrastructural observations on the natural transformation of intrahepatocytic sporozoites
into exoerythrocytic forms in Vivo- Sporozoite—derived trophozoites were detected in parasitophorous
vacuoles 4 and 10 hours after inoculation. The identity of early sporozoite—derived cells was readily
confirmed by the presence of sub-pellicular microtubules, but in comparison with sporozoites their form
and appearance had changed markedly. The area around the nucleus was enlarged and rounded and at
some places the triple pellicle membranes were reduced to a single one. The 10 hour form bore no
resemblance to the sporozoite anymore, it gained the same electron-lucent appearance as the mature
exoerythrocytic schizont. The inner pellicle membranes and microtubules of the sporczoite cytoskeleton
were lost during this early differentiation and except some endoplasmic reticulum no organelles were yetto
be seen. However, membrane-whorls in the parasitophorous vacuole were still present. Pili of parasite
cytoplasm projected into the vacuole and made contact with its membrane.

These observations further complete the description of the life cycle of mammalian malaria parasites.

C. JERUSALEM, TH. POLDER. W. ELING, K. KUBAT. M. WIJERS-ROUW and PHAN TRINH,
Department of Cyrology and Histology. University of Nijmeger. and School of Medicine. HoChiMinh
Ciry, Vietnam

Brain edema in clinical (P. falciparum) and e.rperimemai (P. berghel) malaria
Eighty-five autopsy specimens of South Vietnamese patients {aged 18 to 56 years) who died of cerebral
manifestations such as coma and convulsions of P. falciparum malaria were investigated histologically.

For comparison the hrain of mice suffering from experimental P. herghei malaria was studied ultrasyguc-
turally as well as histo- and cytochemically. The brain tissue of 71 patients exhibited typical disseminated
petechial hemorrhages. In none of these cases, however. was the phagocytosis by (glial) macrophages of the
grythrocytic extray asate observed. suggesting the rupture of vessels to be & late {probably agonal) complica-
tion. In 14 patients the hemorrhagic diathesis was notably absent although the patients had suffered from
convulsions and from comatous states up to two W eeks. In these cases the prominent hismpathologica]
finding was brain vedema and scattered hy poxaemic shrinkage and necrosis of nerve cells.

Fuperimental malaria ( P. berghei) reflects many features of pernicious malaria tropica in man. Asjudged
from the distribution of anintravenously injected tracer the imtial malfunction was found 1o be comparable
to the “no-reflow™ and the ~kimming” phenomenon
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wall of the lateral ventricle. Conclusions: Histopathologically the brain in cerebral malaria exhibits features
of 2 disseminated vasculomyelinopathy.

The present results point 10 an additional neurovascular component in the pathogenesis of cerebral
malaria. The relationship between the development of the histopathological lesions and the factors involved
in their pathogenesis, however, remains obscure.

C. JERUSALEM and PHAN TRINH, Depariment of Crrology and Histology, University of Nijmegen,
and Schoal of Medicine, HoChiMinh City, Vietnam

“ paludisme blanchi”, pathogenesis and cause of death

The Erench term “paludisme blanchi™ is used to characterize a particular complication ( 10 to 15 percent) of
cerebral (P. falciparunt) malaria in South Vietnam. Although the parasites have been cleared from the
circulation by specific therapy, the cerebral symptoms of coma and occasional convulsions persist and the
patients die of cardiac or respiratory failure, and or hyperthermia 3 to 18 days after the elimination of the
parasites {*‘bleached out™).

We studied 25 autopsy specimens of paiudisme blanchi. Six of these were excluded because of severe
complications (important for differential diagnosis!) such as persistent renal failure and anuria (n=3).
septicemia secondary t0 corticosteriod treatment (n=2) and one assumed hepatic coma because of an
underlving fulminant viral (B) hepatitis.

In the case of paludisme blanchi the main histopathological cerebral changes were 1) persisting.
pronounced brain oedema, occasionally resulting in compression of capillaries and metarterioles, and it
inflow congesting of the ophthalmic and vorticose veins, 2) incomplete resolution of occluding thrombi but
attempts of mononuclear macrophages to phagocytose a perivascular haemorrhage, 3) probably fixed
spasms of small arteries and arterioles and 4} focal accumulation of lymphocytes mainly in the perivascular
space. The lesions mentioned in 1 1o 3 result in progressive ischaemic necrosis of nerve cells, demyeliniza-
tion. and finally in the interruption of the vital functions of the brain. The picture of paludisme blanchican
therefore be explained with a primary P. fa!u’,rmrum—induced cerebral lesion which 15 10U severe and too
extended to regress spontaneously after the eradication of parasites For this reason. in additon to spectiic

therapy medicauon to stimuiate the cerebral blood flow. anticonvulsants, tranguillizers and perhaps
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parasite-ami-host reactions trying to prevent parasite elimination. (Early) mortality may depend on failure
of host-anti-parasite reactions, and/or effective parasitc—anti-host reactions. Thisin turn may explainstrain
specificities observed.

J. GUDDEN, TH.P.M. SCHEETERS and W.M.C. ELING, Department of Cytology and Histology,
Catholic University, Nijmegen

The role of complement of the phagocylosis and destruction ofPlasmodium berghei infected erythrocyies
in vitro

Microorganisms €an be lysed by complement either directly (alternative pathway) or with the help of
antibodies (classical pathway). Moreaver. the complement product C3b promotes contact of target cells
with cells carrying C3b receptors on their surface (like macrophages) and thus facilitates phagocytosis. We
investigated whether the complement system plays a role in the destruction of parasitized eryvthrocytes (PE)
and the uptake of these cells by adherent peritoneal exudate celis (APEC) in vitro. Therefore we incubated
APEC with radioactively labelled PE in the presence Of ahsence of complement. Addition of fresh mouse
serum to the culture system enhanced the association of radioactive material with the macrophages when
compared o inactivaied mouse serum. Essentially the same results were achieved when guinea pig serum
was used as asource of complement. The amount of radioactivity associated with the macrophages might be
the result of adherence of the PE to and or uptake of these cells by the phagocytes. Indeed we found
adherence of PE to the macrophages when fresh serum was used. Inactivation of the serum inhibited thisé
adherence. We investigated also whether PE were lysed in the presence of complement. Addition of fresh
serum 1o @ suspension of parasitized erythrocytes resulted in a release of free parasiles Nt the cuiture
medium, Furthermore. free parasites Were phagocytized more readily than intraerythrocytic parasites.
From these results we conclude that complement can lyse at least some PE resultinginthe generation of free
parasites and that the complement product C3b cancoat PE. Both activities result in facilitated uptake of
parasites b} macrophages. These mechanisms could be useful in the defense ol the host against the parasite.

PL LIEM.W E LING and A. VAN Z0ON. Depariment of Cviology and Histologr. Cartholic University,

\ rmegen
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K.A. DANG, W. ELING, J. HOOGENHOUT and C. JERUSALEM. Departments of Cyrology and
Histology and Radiotherapy, University of Nijmegen

The effect of splenectomy and irradiation on paihology and early mortality in Plasmodium berghei malaria
Splenectomy before, or during infection, and even shortly before expected death, prevented early mortality
in part of the P. berghei-mouse strain combinations (C57B1/ Rij,-/67,-/ 10, Balb/c, BIOLP), whereas it was
hardly effective or ineffective in others (Swiss, C3H/StZ). Moreover, splenectomy before infection restric-
ted or prevented liver pathology, thymus involution and even prevented an otherwise complete loss of
immune reactivity. Splenectomy restricted liver pathology during infection independent of its effect on
early mortality in all strains tested. Since comparable observations were made in T-cell deficient mice, it is
believed that T-cell and spleen dependent reactions contribute to the morbidity and early mortality of this
infection in some parasite-mouse combinations.

Next, it was investigated whether irradiation of the spleen instead of splenectomy could prevent early
mortality too, and whether changes in serum aspartate transaminase associated with liver pathology could
be used as a marker for changes in the morbidity of the infection. The results showed that irradiation of the
spleen like splenectomy could prevent early mortality. The spleen dependent reaction was very sensitive to
irradiation. because 300 rad sufficed to elimitate this process at least temporarily. Unlike spleneciomy the
beneficial effect of spleen irradiation was only observed until day 6 of infection, after which it gradually
decreased. Changes in serum aspartate transaminase could not be used as a marker for the life saving effect
of neither splenectomy nor spleen irradiation. Serum aspartate levels remained low when splenectomy or
spleen irradiation was performed before the second day after infection, but gradually roseto control values
or even became higher the later treatment was given. &

This may indicate thata radiation sensitive process contributing to liver pathology evolves in the spleen,
the evolution being stopped by splenectomy or irradiation. The radiation sensitivity and T-cell dependency
of the process may indicate thatan increasing number of T-cells becomes involved in a radiation insensitive
process e.g. macrophage activation, which contributes to liver pathology in the course of the infection. The
results also indicate that early mortality is not primarily caused by liver pathology.

A. VAN ZON. C. HERMSEN. TH. VAN DE WIEL. M. DUIVES and W. ELING. Department of

Criology and Histology, Universin of Niymegen
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VO VAN NHAN, J.P. VERHAVE and J.H.E.TH. MEUWISSEN, Department of Medical Parasitology.
Catholic University, Nijmegen

Transmission blocking immunity induced in mice by vaccination with gametes of Plasmodium berghei
In recent years the experimental vaccination with plasmodial microgametes emerged as an alternative and
unconventional way of interrupting the parasite’s life cycle. Anti-gamete antibodies could be raised in
healthy animals: the immunization does not affect the course of parasitaemia and the development of
gametocytes. Only when mosquitoes take a bloodmeal, the emerged gametes come intc contact with the
antibodies in the plasma. This interaction prevents the fertilization and zygote formation in the midgut. and
thereby brings about a transmission blockade.

We have used both micro- and macrogametes of P. berghei to immunize Balb/c mice. Blood of infected
mice was exposed to ambient temperature and air, and both types of gametes were harvested and separated
from other parasites and erythrocytes.

Results can be evaluated properly if the parasitaemia induced by the challenge infection has the same
course in vaccinated and control mice. Two parameters were used to evaluate the transmission 2ad its
blockade in 4nopheles stephensi mosquitoes: the mean probability of infecting 2 mosquito and the median
of oocyst numbers in positive mosquitoes. Results were such that in comparison with controls vaccinated
mice invariably infected a lower percentage of mosquitoes and those mosquitoes that still became induced
had lower numbers of oocysts. We found that high numbers of microgametes (2x107) did not give much
better results than lower numbers (2>10¢) and thai five inoculations induced not a better blockade than
three. However, the intravenous route and live microgametes caused a blocking factor that was highly
effective, as compared with the intramuscular route and formalin fixation. In the former cases transmission
blockade was nearly complete. Vaccination with fixed and live macrogametes along the intramuscular
route was also possible. In preliminary experiments significant reductions were achieved. both 1 the
percentage of infected mosguitoes and in the numbers of oocysts in positive mosquitoes. Further purifica-
tion of macrogametes and their morphological differentiation are presently carried out for future vaccina-
tions.

W.A ALLEBESandJ P. VERHAVE, Departmen: of Medical Parasitology. Catholic University. Nime-
gen
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J.P. VERHAVE and VO VAN NHAN. Depariment of Medical Parasitology. Carholic University.
Nijmegen

Circadian rhythm in the genesis and marturation of Plasmodium berghei gameiocyres

Hawking has repeatedly pointed to 2 phenomenon of synchronous maturation of gametocytes of various
plasmodial species. He found exflagellation occurring at different rates during the 24 hour daily cycle.
Others have found elevated numbers of gametocytes during the activity period of the host and a decrease
when at rest. The day-night fluctuation or, in more general terms, the host’s circadian rhythm seems to
influence the gametocytogenesis, irrespective of lack or absence of synchronicity of the asexual cycle.

As we needed large numbers of mature gametocytes for vaccination purposes, we have explored the
possibility of exploiting the circadian rhythm of host mice, infected with P. berghei. We hypothesized that
mosquitoes would become infected optimally, when fed at midnight, since Hawking had found peak
exflagellationsin P. yoelii at that period. By exposing Anopheles stephensievery four hours to Balb, c mice,
we found indeed high numbers of oocysts in the midnight group. For convenience mice were put on an
inverted light-darkness scheme for two weeks and they were subsequently infected with parasitized
ervthrocytes, together with normal controls. Blood was taken and mosquitoes were fed at noon ondays 3-5
after inoculation.

At that time the mice on the inverted scheme were in their “midnight ™-activity period and the normal mice
were in their daily rest period. No consistent differences were found in numbers of gametocytes and of
exflageliations, and in percentages of infected mosquitoes fed on day-mice and night-mice. But the mean
and median numbers of oocysts were always higher in mosquitoes that had fed on “inverted mice™.

There are three main problems in quantification: ) the morphological differentiation betweenyoung and
mature macrogametocytes is difficult and this may have veiled growth waves, b) counting of gametocytes n
smears is very unreliable, ¢) mosquitoes feeding on one animal at one time show broad ranges of oocyst

numbers. depending on the blood volume they ingest. For expression of oocyst numbers both mean and
median numbers are poor parameters.

AN VERMEULEN, T. PONNUDURAL P.J.A. BECKERS, W.F.G. ROEFFEN. A H.W. LENSEN.
A M.T. SIEBEN and JJH.ETH. MEUWISSEN. Department of Medical Parasitology, University of

Nijmegen

Gameres of Plasmodium falciparum: the use of aninera and monoclonal aniibodies to characierize
stage-specific anrgens

The application of a gamete derived y accine in order to control malaria transmission has gained more and
more attention. This s partially due to successiul experiments in animal models (Carter ez al. (1979} Exp
Parasnol. 47. 1 Mendis and Targett (1979), Nature, 277, 389-391, and Vo van Nhan, paper at this
meeting ). partially to the development of automated cultivation systems by w hich it 1 possible 10 obtain
sufficient quantities of mature Plasmodium falciparum gametocytes | Ponnudurai er al. (1982} Trans. R.

Soc. Trop. Med Hyg. 76, in press.)
inary results on the antigenic characterization of P falciparum
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developmental
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and Milstein (1975, Nature
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J.AM. VAN DRUTEN. A.G.M. REINTJES and J.H.E.TH. MEUWISSEN, Research group on Epide-
miology of Infectious Diseases, Catholic University of Nijmegen

Control of malaria by immunization, a mathematical assessment of expected shori-ierm effects of a gamete
vaccin

A large amount of research is directed towards the development of gamete vaccins. Therefore epidemiologi-
cal questions with respect to the impact of control measures based on such vaccins will become increasingly
important. It is clear that the effects will depend on a lot of factorse.g. the effectiveness of the vaccin (the
transmission blocking capability), the vaccination design, the local endemic characteristics such as the
gametocyte rate, the vectorial capacity and the mosquito resp. human susceptibility to infection.

In order to obtain a first impression of the short-term effects of a hypothetical application of a gamete
vaccin a sensitivity analysis has been performed by varying the above mentioned factors over a wide range.
Control by vaccination seems relatively most effective in malarious foci with a low or moderate vectorial
capacity (< 10) and a low effective gametocyte rate (< 0.01). The relative effect, i.e. theincidence of malaria
infections relative to the incidence in case of no vaccination. is under these conditions approximately
independent of the actual value of the vectorial capacity and the gametocyte rate.

A.M. FELDMAN. C. VAN HEEMERT, J.H.E TH. MEUWISSEN, T. PONNUDURAI A.S. ROBIN-
SON and J.P. VERHAVE. L.T.A. L. Wageningen and Deparimen: of Medical Parasitology. Catholic
University of Nijmegen

Preliminary data on the selection for refractoriness in the Anopheles stephensi| Plasmodium falciparum
svstem

The availability of infectious P. falciparum parasites enabled a start to be made for the selection of
refractoriness in A. stephensi mosquitoes. The first expeniments involved a study of the effect of age of the
female mosquito on its susceptibility to infection by P. falciparum. Mosquitoes of 4.7.8, 10, 11and 17 days
old were submitted to infection by allowing them to feed through membranes on infected blood from
cultures that contained both male and female gametocytes. The percentage of mosquitoes which were
infected dropped from 93¢ for 4 day old mosquitoes to 257 for 17 day old mosquitoes, indicating a strong
negatn e correlation. This same relationship was also found for the average number of vocysts per infected

mdgut The average dropped from 22.3 = 10.6.1n 4 day old mosquitoes to 1.6+ 3.9in!7day old ones. Itwas
concluded that for the future selection work all mosquitoes should be 4 days old

Using a specially composed 4. siephens: strain showing a large amount of heterogenetty (Nyj-strain)
selection experiments were begun Fne days after feeding on infected blood. females were placed In
indinidual cages and were allowed to Jay eggs. On the 6th day the mosquitoes were dissected and the
aumbers of oocysts recorded Eggs laid by females having low oocist numbers ané those having high
numbers were retained. These two populations are then reared and when available in sufficient quantities,
will be tested again for their susceptibility In the future. populations from different geographica! origin will

be examined and selected tor refractoriness to infection with P falciparum

R E SINDEN. Impenial College, London

prohlems

The functional cell brology of malerial parasites: a discussion of some curren
Deupite new and intensive studies on the molecular genetics of the malarial parasite Plasmodium. oer
.ndersianding of genome organisation throughout the complex cell cycle 1s poor and 1solated reports are

often dramaticaliy contradictory. Only two basic facts are proven: the asexual merozoite 1s haploid. and
is a sexual process during which two nucleated gametes fuse and produce a diploid zy gote. Attempis to

ate the chromosome number 1n Plasmodium have been s

gularly unsuccesstul. Initially complete
creanelles were misidenuified as chromosomes and later electron microscopy revealed that the schizont

tia) poly plosd structures within which

the mupute (1.5 gm. long) spindles. E-M also

vcle Toodate

show e chromosomes failed to condense individu
the only estimates of chromosome number (10) are based
hut even this study has had to assume a | | kinetochore. chromos

an immediate one step post 2y gotic division without the interse

he possibility of intrachromosomal recombina:
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Most estimates of the DNA content of the malarial genome have been obtained by biochemical
techniques, their results differ by a factor of 38 times! Realistic values must be obtained to allow a rational
foundation for current molecular biology studies. Dr. Overdulve stressed the inherent errors in biochemical
methods: determination of cell number, cell integrity and homogeneity of the cell population etc. He
indicated that microcytophotometric techniques are now sensitive enough to estimate the DNA content of a
single gamete of Toxoplasma (at 0.1 p.g./cell), and to indicate that as little as 4% of this could reliably be
calculated as being the mitochondrial genome. Preliminary cytophotometric estimates on Plasmodium
berghei suggest a genome size of 2.7 X 107 base pairs (0.025 p.g./cell) a result which concurs with the
biochemical estimates. In contrast biochemical estimates for different lines of P. falciparum maintained in
culture vary from | X 107 to 3.8 X 108 base pairs/cell. Although it was felt this error was too great to be
explained by the presence or absence of repetitive DNA sequences (see below) it was questioned whether
sustained asexual replication in virro (analogous to repeated laboratory blood passage) would result insuch
losses of parasite DNA. It was generally agreed that more, and recent isolates should be examined to
determine the genome size with greater certainty.

The role of the repetitive DNA (18 of total) recently detected in lines of P. berghei which have infective
gametocytes, but reduced (3% of total) in those lines with non-infectiveé gametocytes was questioned. It was
noted that the macrogametocyte is perhaps the only stage of growth to have a defined nucleolus. The
possible subcellular localization of the repetitive DN A (size 400-5000 base pairs. with a repeat frequency of
some 60 times) within the nucleolus was discussed. Interestingly the related parasite Toxoplasmais reported
as having 15% more DNA in the macrogametocyte compared to the microgametocyte. Toxoplasma
gametocytes may be distinguished by the presence of a nucleolus in the female cell only.

It was conciuded that more precise studies on the parasite genome are urgently needed. Such studies
should be capable of distinguishing the different stages of parasite development and examining the genome
in each separately. Further such studies ought to be applied to numerous different isolates of the human
parasite P. faleiparum. Such molecular approaches must be related to some understanding of the chromo-
somal organisation of the parasite throughout its cell cycle. and it is perhaps in this area that results will be
the most difficult to obtain. A balanced search for such basic knowledge would provide a sound basis for
future studies on the detailed molecular organisation of the parasite genome.

W. ELING. Depariment of Criology and Histology, University of Nijmegen

Immunoparholog: in malaria
The interaction between parasite and host is functional when both parasite and host survive. In naturaily
occurring combinations, evolution has selected the combinations which were able to mount this balance.
whereas in expenimental laboratory models thisis usually not the case. Asanexample P. berghe: gives alow
grade chronic infection in its natura! host Thamnomys but is rapidly fatal in laboratory mice. The parasite
and 1ts products being foreign to the host trigger defence reactions which try to eliminate the parasite. To
prevent this the parasite can mide. change its make-up, or try to stop the antiparasitic immune reactions.
Interference with antiparasitic immune reactions may be attained by poisoning the system (parasitotoxin)
or by triggenng mmmune reactions that, being part of the network, are able to suppress development of
sffector immune reactions. In balanced. naturally occurring systems this may lead to premumtion. In
laboratory models and even within a given model e.g P. bergher in mice the outcome depends on the
strength of the reactions being induced. In the uniformly lethal P. hergher infection in mice the parasite
dependent antihost reactions are stronger than the host-protective immune reactions Nevertheless, insome
P. berghei-mouse sirain combinations {e.g. C57B!. BIOLP, Balb c)a wide range of immunosuppressive
measures adminiterad beiore or during infection prevent early mertality and asseciated pathology Mice
normally dying eatly in the second weeh of infection (10° PE on day 0) with severe liver pathology.
involution of lvmphatic tissue {spleen. thymus) associated with anergy. severe anemia. and at least in some
logy. survive for pertods up to five weeks when appropriate IMMmMUROSUPPression is
¢ infection Early mortality and some associated pathology can be prevented a.o. by
treatment with imm..ne serum, and an antiserum against T-cells. by splenectomy. and is absent in T-cell
deficient mice These mice, despite the immunosuppressive treatment. and having comparable or only
slightly reduced parasitemuas, do not become anergic in the course of the imfection These results suggest.
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this might indicate that T-cell reactions in the spleen are involved. Since splenectomy is still effective when
other immunosuppressive measures become ineffective, the spleen dependent reaction actually contribu-
ting to morbidity and early mortality, though probably generated by interaction with T-cells, is not
mediated by T-cells. The spleen is an idea! place for a direct contact between parasites or their products and
T-cells. and thus for specific and unspecific stimulation of T-cells, producing lymphokines that a.o.
stimulate macrophages. Activated macrophages or their products may be more directly involved in
pathological processes. In the models described here the parasite induced immunological injury is dominant
in the parasite-host interaction during infection. Immunosuppression, though it probably also prevents
development of protective immune reactions, suppresses this dominant reaction, which is temporarily
beneficial to the host. If sufficient specific immunosuppression of the immunological injury reactions can be
achieved, it might be possible to turn a lethal infection into a transient infection.

JH.ETH. MEUWISSEN and M.A. SMITS, Deparrments of Medical Parasitology and Molecular
Biology, Catholic University, Nijmegen

Development of vaccines against malaria

Fundamental studies on parasitic biology and parasite-host interaction are essential for a better understan-
ding of immunity against malaria and the eventual induction of antimalaria immunity by vaccines.
Anti-merozoite, anti-sporozoite and. or anti-sexual stage vaccines might contribute to check parasite
multiplication in the vertebrate host or the vector. This was discussed in more detail along with the role of
monoclonal antibodies and the biological engeneering for vaccine development. 4

Monoclonal antibodies have been prepared against merozoites and asexual blood stages, sporozoites,
microgametes, macrogametes, zygotes and ookinetes. Some of these provide passive protection or block
transmission. They are especially used for the isolation, characterization and identification of antigenic
polypeptides and their epitopes. Moreover they are applied in molecular biological studies. In this respect
various approaches are available to achieve the production of defined antigens.

Translation of stage specific P. falciparum RNA and identification of the iz virro synthesized antigenic
polypeptides by screening with specific {(monoclonal) antibodies in order to identify and isolate antigen-en-
coding-mRNA. This RNA can be used for cloming (by the production of copy DNAjIn £ coliand as a
hybridization probe of a “shotgun™ clone bank. Once positive clones have been identified the genes of
interest can be characterized and manipulated into appropriate host-vector systems that will permit
xpression of the desired protein(s). In Nymegen this line of research has proceeded to the point of
expression of P falciparum gametocyte RNA in a rabbit reticulocyte cell-free protein synthesizing system

Gamete speaific {monoclonal) antibodies may also be useful as a direct primary screen to identify the
required bacterial clones from a “shotgun™ clone bank. At present. such a P faiciparum DNA library.
containing = 30.000 recombinants, has been prepared. Colonies that express gamete specific antigens or
their determinants have not yet been detected.

These are the first steps towards the development of antimalaria vaccines, In the future we will learn:
which of such vaccines. based on components of sporozoites. asexual. sexual parasitic stages or a mixture of
will be effective when applied to populauons continuousiy
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