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ABSTRACT

Over the past decade extraordinary advances have been made in the study of protozoan parasites.
Particular progress has occurred in areas such as cultivation of protozoan parasites, immunobiology of
protozoan parasitic diseases, the biochemistry of protozoa and molecular genetics of these organisms.
The application of sophisticated culture, monoclonal antibody and recombinant DNA technologies has
resulted in elucidation of many of the biochemical and molecular bases of such phenomena as antigenic
variation in African trypanosomas, the autoimmune basis of the pathogenesis of Chagas’ disease,
protective immunity in malaria and parasite evasion of host defense mechanisms. As a result a new
generation of diagnostic procedures have to provide more accurate detection of protozoan infections and
thus improved epidemiological information. Vigorous vaccine development efforts are underway which
will lead to molecularly defined vaccines taylored to specific applications and will provide new weapons
to combat protozoan diseases. Perhaps most importantly the molecular bases of host-parasite interactions
are being established and will allow identification of unique biochemical aspects of the biology of
protozoa thereby revealing appropriate targets for development of vaccines, accurate detection procedures
and more efficacious chemotherapeutic agents.

INTRODUCTION cially protein/peptide biochemistry), and 4.
hybridoma/monoclonal antibody (mAb)
methods. Collectively these could be argued
to represent the majority of technologies that
come to mind when we hear the term biotech-

The term "biotechnology” is frequently
used in today’s literature yet appears to have
no definition by consensus. Although a
variety of meanings are apparent, common

elements embodied in the term biotechnology nology.

seem to include several recently developed If we consider this collection of tech-
biochemical technologies which allow the nologies, then what important issues regard-
identification, characterization and produc- ing parasitic protozoa of animals are being, or
tion of biological macromolecules. this sug- can be addressed by biotechbology? In a
gests biotechnology could be broadly defined general sense, a comprehensive issue being
in the context of 4 groups of technologies: 1. addressed is the molecular basis of the host-
cell culture, 2. nucleic acid technologies, 3. parasite relationship. What are the molecules
biochemistry (other than nucleic acids, espe- of the host and parasite that participate in this
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interaction and what are the results of this
interaction ? Frequently we approach this
broad issue with the goal of intervention in
this interaction, often in a very restricted way,
in order to disrupt the host-parasite interac-
tions that lead to disease in the host. Clearly
the development of a vaccine is such an ex-
ample. In other cases the new fundamental
knowledge gained by studying a unique fea-
ture of a particular parasite-host combination
is a driving force behind some of the inves-
tigations. The molecular genetics of antigenis
variation in African trypanosomes has been
an example of both phenomena.

With this introduction in mind I would
like to offer some examples of the application
of how one or more of these technologies has
been applied effectively to general problems
of current interest in the parasitology of
parasitic protozoa of animals.

Antigenic Variation-Novel Gene Regula-
tion and Expression

African trypanosomes are important
parasites of domestic livestock in Africa and
prevent the raising of livestock on much of
the continent. Antigenic variation in African
trypanosomes has been known for a long time
and has recently been recognized in other
parasitic protozoan species sich as Giardia
lamblia as well.” The mechanisms of varia-
tion have been most extensively studied in
African trypanosomes where protein
biochemistry, hybridoma/mAb and recom-
binant DNA technologies have been applied
extensively to this problem. Since the initial
identification and partial analysis of the
variant-specific surface glycoprotein (VSG)
as the major variant antigen by Cross” a great
deal of structural and genetic information
about the VSG, the genes which code for VSG
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and their activation has been published3’4'5

Employing a recombinant DNA approach
Boothroyd et al = obtained the complete se-
quence of a complementary DNA (cDNA)
coding for VSG 117. These workers demon-
strated that the translation product had
hydrophobic extensions on both the NH2 and
COOH ends and an unusual glycosylated
aspartate on the COOH end.

One of the most striking features of
African trypanosomes is the presence of
genes for several VSG’s with only one being
expressed at a ume7 except for a very small
percentage at the time of antigen sw1tchmg
This is because although multiple VSG genes
are located on several chromosomes and in
intrachromosomal as well as telometric sites,
gene rearrangement mechanisms are neces-
sary for non-telomeric genes to be ex-
pressed Thus in order for a VSG is accom-
plished for genes outside this site by duplica-
tive transposition ~~ to what is termed an
expression-linked (extra) copy (ELC) gene. It
is the ELC gene in the telometric site
(transposed or already located here) which is
then transcribed to give rise to the VSG
molecule.!l. Other structural genes for
VSG’s not transcribed. Such duplication (or
lack of duplication) of basic copy genes to
ELC was demonstrated by Southern blot
(DNA-DNA hybridization) analysis of
genomic trypanosome DNA’s from clones
expressing one VSG. These experiments
showed that an extra copy a different size was
present when the DNA was probed with a
cDNA corresponding to the homologous, ex-
pressed VSG, but no extra copy was found
when DNA was probed with a heterologous
(non-expressed) VSG cDNA. Thus the ability
to derive cDNA corresponding to the ex-
pressed VSG (ie, its nRNA) bya recombinant
DNA methods, was essential to the estab-
lishment of this system to analyze the
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molecular basis of VSG gene expression.
The initiation of VSG gene transcription is
not understood although recent evidence in-
dicates that expressxon site-associated, non-
VSG genes1 and perhaps unusual RNA poly-
merases ~ may be involved, and this process
is under active investigation.

A second type of antigenic variation
has recently been observed in the lumen-
dwelling protozoan, Giardia lamblia. Earlier
work had shown that different isolates of
G. lamblia displayed differences in an-
tigenic profiles 4

Employing an interesting nuclease from
the mung bean which cleaves segments of
genomic DNA of protozoans before and after
genesls Adam and colleagues prepared a
genomic library of G.lamblia in gtll and
selected clones expressing a 170.000 (170k)
MW surface antigen using antisera specific
for the 170k antigen. The DNa from this
vector was subcloned into M13 phage and
sequenced. This DNA hybridized in Northern
blots to RNA from G .lamblia clones express-
ing the 170k antigen did not hybridize to
clones lacking the 170k. antigen. Using the
DNA sequence information these authors
deduced a partial amino acid sequence for the
170k antigen and determined it contained
12% cysteine, confirmed by labeling the na-
tive 170k antigen with 35S-cysteine. Employ-
ing different, additional G./lamblia clones and
two mAbs specific for a 200k MW antigen
and a 70k MW antigen, respectively, clones
were selected from two isolates which ex-
presed these antigens (or did not express
them) by growth in the presence of these
mADbs (ie, antigen deletion mutants) . These
results confirmed the variation in expression
of two additional surface antigens of
G.lamblia.

166

Pathogenesis of Parasitic Protozoa-
Mechanisms

The mechanisms of pathogenesis of
protozoan infections are not well understood
and until recently presented an almost intrac-
table problem. With the application of newly
developed technologies to this problem, how-
ever, considerable progress is being made in
understanding the molecular basis of how
protozoan parasites damage their hosts.

The pathogenesis of Chagas’ disease, a
prevalent zoonotic disease in Central and
South America caused by Trypanosoma
cruzi, has long been thought to be partially
due to autoimmune responses of the host trig-
gered somehow by the parasite. The evidence
has been that 1) mononuclear infiltration of
cardiac muscle in the abscence of parasites 2)
antibodies in the sera of patients which
reacted with normal nerve and muscle tissue
and 3) mononuclear infiltration and destruc-
tion of neuronal tissue in the absence of large
numbers of parasites.

Two examples of anti-host antibodies
induced by infection with T.cruzi are now
well recognized: anti-laminin antibodies and
antibodies which react with mammalian
neurones. Early work with serum from
patients with Chagas’ disease showed that
antibodies reacted with endocaria and vas-
cular tissues'”. Szarfman and colleagues later
showed that murine laminin was the major
antigen recognized by the antibodies'® and
recent data indicate a specificity for murine
(but not human) laminin in convalescent
human serum’ suggesting a heterophile an-
tibody response.

Autoimmune responses to neuronal tis-
sues in patients with Chagas disease have
been known for some time2’. Wood et al
(1982) showed that a murine mAb elicited
against rat dorsal root ganglia was toxic to

Bul. Penelit. Kesehat. 17 (2) 1989



mammalian neurones in the presence of com-
plement and reacted with viable amastigotes
of T.cruzi but not a protective 90k MW an-
tigen found in epimastigotes21. Recently an-
tibodies against acetylcholinesterase have
been detected in chagasic sera and a mAb
specific for T.cruzi was shown to react with
the neuromuscular junction of human skeletal
muscle as well as acetylcholinesterasen. An
anti-T.vespertilionis mAb, crossreactive with
T.cruzi, has also been shown to react with
sulfated lipids in mammalian brain and
T .cruzi. These data add support to the autoim-
mune hypothesis of pathologic changes in
cardiac and nervous tissue associated with
chronic Chagas’ disease.

Protozoan parasites which live primarily
on secretory surfaces are in a somewhat uni-
que niche and range from being highly
pathogenic and invasive (eg, Entamoeba his-
tolytica) to strictly surface-lumen dwelling
(eg, Giardia lamblia). The mechanisms by
which this important group of parasitic
protozoans cause disease are only now being
clearly established and continue to present
unique challenges to parasitologists.

The gut protozoan Entamoeba his-
tolytica has been long recognized to cause
tissue damage locally and to be highly in-
vasive in some instances. How E. histolytica
causes such tissue damage, however, has only
recently been addressed in a manner that the
molecular basis of the pathogenic mechanism

can begin to be understood.

The ability to culture E. histolytica 23

was crucial to obtaining sufficient quantities
of each of these molecular Sé)ecies to perform
. . . 24252627 .
biochemical analysis and function-
al studies 252%%% The use of biotechnology
has now allowed a clearer understanding of
the structural nature and function of these

molecules. Three entities have been sug-
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gested as integral in the cytopathic me-
chanism of E. histolytica: a lectin involved in
adhesion to mammalian cells, thiol proteases
and a pore-forming molecule termed
amoebapore ! The issue of adhesion
molecules was addressed by Petri et al*’ who
used mAbs raised against an N-acetyl-D-
galactosamine-specific lectin of E. histolytica
to affinity purify this lectin, raise additional
mAbs against it, and purify sufficient quan-
tities of the lectin to characterize the molecule
biochemically. They showed that lectin was
260k MW molecule on non-reducing gels and
was_heterodimer consisting of a 170k and
35k°2. Adherence of amebae to Chinese
hamster ovary cells could be completely in-
hibited by mAbs directed against the 170k
MW subunit thus establishing the functional
role of this part of the molecule in adherence
to host cells. Interestingly, mucin binds to this
lectin and this binding is inhibited by N-
acetyl-D-galactosamine an oligosaccharide
moiety of mucin. In the presence of exo-
genous mucin adherence and cytotoxicity of
E. histolytica against rat colonic epithelial
cells could be inhibited™>.

Adhesion requirements are important in
the parasite-host cell interaction between
many other species of protozoan parasites
including an 83kd MW molecule of
trypomastigotes of Tripanosoma cruzi which
binds to heart myoblasts (Lima and villalta
1980)34, laminin-binding proteins in the
membranes of Trypanosoma vaginalis and
Tritrichomonas foetus™, mucin-binding lec-
tin in Tritrichomonas mobilensis (Demes et
al, 1989. Parasitol Res in press; D.J. Wells
per comm), and a modified erythrocyte
membrane molecule, present in human
erythrocytes infected with Plasmodium fal-
ciparum, which may play a role in infected
erythrocyte adhesion to nucleated cells of
blood vessels.
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The molecular basis of cytotoxity of
parasitic protozoans is also being established
by the application of biotechnological
methods. With E. histolytica it was well-
recognized that this parasite can be cytotoxic
toward mammalian cells >7">%3% and that cell-
free extracts could mediate this effect®.
More recently some of the molecules respon-
sible far this cytotoxicity have been purified
and biochemically characterized. Bos et a!
demonstrated that a partially purified cyto-
toxin was enhanced by cysteine, inhibited by
iodoacetate and antibody againts E. his-
tolytica and secreted into the growth medium.
In other studies Lushbaugh and colleagues
purified a 16-20k Mw cytotoxic molecule
which displayed properties of a cysteine
proteinase by ion exchange and affinity
chromatography. The proteinase was revers-
ibly inhibitable by P-chloromercuribenzoate
if free sulfhydryl groups were present and
displayed cytotoxic activity in HeLa targets.
In other studies Young and colleagues and
Gitler and colleagues2 purified a lytic factor
from plasma membrane fractions or whole
lysates (respectively) of E. histolytica. This
toxin results in the formation of ion channels
in target cell membranes and purified toxin
molecules of 30k MW and 14k MW*? were
purified. Differences in function were
reported for these two lytic molecules in that
the 30k MW factr lysed rabbit erythrocytes
while the 14k MW factor did not.

Protective Antigens-Malaria Vaccine
Efforts

A critical development in this regard has
been the development of culture procedures
for Plasmodium falciparum and Eimeria
spp.43’44’45 which allowed growth of the
erythrocytic and exoerythrocytic of host cells

168

by sporozoites and subsequent development
in vitro.

Early efforts demonstrated that the
sporozoite antigens of P. berghei could
protect mice from challenge with sporo
zoites*%*7*8_ These results suggested an-
tigens of the sporozoite could be part or per-
haps the only component of a protective
vaccine for malaria and stimulated an enor-
mous amount of work to determine what the
esential sporozoite antigens were for success-
ful immunization. Later work in which mAbs
were prepared against a single molecule of
approximately 44,000 MW*®, the cir-
cumsporozoite (CS) antigen, showed that it
contained the dominant epitope involved in
blocking penetration of cells in vitro as well
as passively protecting mice against chal-
lenge with P. berghei sporozoites. Sub-
sequently the dominant epitope of the CS
antigen molecule was found to be composed
of 37 repeats of a tetragpe(})tide (ASN-ALA-
ASN-PRO = NANP)***C_ This work was
facilitated by the discovery by McCutchan et
al'® that mung bean nuclease cleaved
genomic Plasmodium DNA before and after
genes at sites of naked DNA allowing the
excision of a complete genomic CS gene and
its cloning from erythrocytic stages of P fal-
ciparum derived from culture. Thus culture
methods, hybridoma and recombinant DNA
technologies allowed the determination of the
primary structure of the CS antigen.

Since the key epitope was a short, repeti-
tive sequence NANP, synthetic peptides were
prepared and shown to elicit antibodies in
mice and rabbits if linked to a protein car-
rier’!. Subsequent work, however, showed
these responses were restricted to certain
major histocompatibility haplotypes in the
mouse™ """~ and that variation in the T cell
epitope of the natural CS protein led to a lack
of anamnestic response due to a lack of
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crossreactivity between CS grsoteins from dif -
ferent Plasmodium isolates™ . These results
raised serious questions as to the feasibility of
a vaccine composed solely of CS antigen
components since T cell memory is neces-
sary. This question together with the need to
alleviate the requirement of a heterologous
protein carrier (eg, PPD, vaccinia virus) are
currently the subject of vigorous research ef-
forts.

Parallel investigations have been done
on the erythrocytic stages of Plasmodium and
have identified additional antigens with vac-
cine potential. Experiments employing serum
from patients with P. falciparum infections
have shown that their antibodies recognized
an antigen of 150.000 MW on the surface of
infected erythrocytes (from culture)56 and in-
hibited merozoite reinvasion of erythrocytes.
Subsequently the antigen, termed Pf155/
RESA, was shown to also contain repetitive
sequences comprising immunodominant
human B cell epito];)es and non-variant T hel-
per cell epitopes5 8. reviewed in Troye-
Blomberg et al, 19885)4). A genomic library
was used to obtain DNA segmeants coding for
the C-terminal end of the Pf155/RESA an-
tigen and the combinant polypeptide of PF.
11.1 was expressed (in gt11) and used to elicit
antibodies. An additional antigen from a
second, distinct (gene termed 332) has been
similarly developed™”. These workers have
shown that when the recombinant polypep-
tides were used to affinity purify human an-
tibodies from the sera of P falciparum
patients, the anti-PF 11.1 antibodies reacted
with 7 antigens, while the anti-332 antibodies
reacted with 5 antigens, of cultured schizonts
of P. falciparum. By obtaining the predicted
amino acid sequence of this antigen from the
PF 11.1 DNA sequence synthetic peptides
were prepared representing these sequenced
and the peptide-specific antibodies reacted
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with native P. falciparum schizont antigens
as well. These results suggest the Pf155/
RESA auntigen is a second molecule worthy
of further development as a malaria vaccine
component. They further indicate a multi-
valent vaccine is likely to be needed for effec-
tive prophylaxis against malaria.

Evasion of Host Defenses-Survival

Protozoan parasites have evolved many
ways to evade the defenses of the host or-
ganism. They can evade natural defenses such
as barriers like the skin, enzymes such as
proteases of the mammalian digestive tract
and the otherwise lethal products of the im-
mune system.

One important way parasitic protozoa
can evade destruction is to in a sheltered
location such as inside a host cell. In order for
intracellular protozoan parasites to survive
and complete their life cycle they must spend
part of this life cycle inside the host cell(s).
Members of the Apicomplexa are good ex-
amples, notably Plasmodium and Eimeria
species. Both genera produce sporozoites
which invade nucleated host cells; Plas-
modium targeting hepatocytes while Eimeria
invades enterocytes. Thus the molecular basis
of penetration is a crucial aspect of the biol-
ogy of genera such as Eimeria and Plas-
modium.

Hollingdale and colleagues have shown
that mAbs directed against the CS antigen of
sporozoites of P. falciparum and P. vivax
prevented attachment of sporozoites to
human hepatoma cells in vitroGO). Further
work indicated that anti-CS mAbs could
hinder development of sporozoites that did
manage to penetrate target cells®! indicating
the mAbs damaged the sporozoites in some
manner. Similarly, when sporozoites of
Eimeria bovis are treated with a mADb specific
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for a 20,000 MW surface antigen, termed
P20, these sporozoites are prevented from
penetrating host cells in vitro or hindered in
their development in vitro. if they manage to
penetrale63. Employing mRNA-cDNA-ex-
pression vector strategies Jenkins and col-
leagues have produced merozoite- and
sporozoite-derived antigens of E. acervulina
which were reactive with sera from hyperim-
munized rabbits®® and a sporozoite antigen
reactive with an anti-sporozoite mAb which
identified a 22k MW surface antigen of
sporozoites65. The recombinant antigen from
sporozoites, MA1, was also able to stimulate
avin T cells from chickens immune to E.
acervulina in an in vitro proliferation assay66.
These results indicate the marked effect of
antibody on parasite stages which may not see
antibcdy in an initial infection of a ponim-
mune host and give insight into a potential
point at which the immune response could
interrupt the life cycle. If, however, the
sporozoites do avoid contact with the crucial
antibody they would likely escape destruction
in this intracellular location since neither
hepatocytes nor enterocytes are known to
have any effector function (cf. macrophages).
In any event these results show that the an-
tigenic and biological properties of Plas-
modium and FEimeria spp. are being
effectively studied at the molecular level and
these investigations are rapidly providing in-
sight into the immunology and cell biology of
these parasites.

Another method of host defense evasion
is attachment of host molecules to the surface
of the parasite, a "cloaking” maneuver.

This allows the parasite to mask its own
surface and to present to the host the host’s
own molecules thus being perceived by the
host as self. Several parasitic protozoa have
been shown to bind host molecules®®®” or
possess receptors for host molecules* %8
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(Demes et al 1989 Parasitology Research in
press). While some of these interactions such
as the attachment of fibronectin to a parasite
ARG-GLY-ASP-SER sequence’?, laminin-
binding receptors of trichomonads™, and
receptors in E. histolytica and trichomonads
for mucin™” (Demes et al Parasitology Re-
search in press) must function in adhesion of
the parasite to host surfaces and cells they
could also allow the parasite to bind free host
molucules (eg, plasma fibronectin dimers)
thereby partially masking their surfaces from
recognition by the host. Similarly suface
dwelling parasites such as Entamoeba,
Trichomonas and Tritrichomonas could bind
molecules such as mucin to avoid recognition
and attack by host products such as secreted
proteases.

SUMMARY

Considerable effort is being directed at
establishing the molecular basis of host-
parasite interactions of protozoan parasites
and their animal hosts. We have witnessed
epormous progress in the past 10-15 years in
our understanding of several of these parasitic
relationship yet much remains to be done. The
powerful collection of technologies we term
biotechnology is rapidly changing as many
procedures are being automated or replaced
by faster, more powerful ones. For example
the combination of the ability to perform
automated oligonucleotide synthesis coupled
with the recently developed thermocycling
polymerase chain reaction synthesis of DNA
(via Taq polymerase) employing olinu-
cleotide primers now allows the amplification
of nanogram quantities of DNA from native
sources into microgram quantities overnight.
This makes it possible to effectively study
genes in low copy numbers, facilitates clon-
ing of these genes and may allow develop-
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ment of sensitive and rapid detection methods
for parasitic infections.

Sequencing of polypeptides is now
automated and automated DNA sequencing
technology will soon be widely available.
With these technologies we will soon be able
to obtain the sequences of large areas of the
genomes of parasitic protozoa which will
allow us to establish the genetic basis of many
of their life processes at the molecular level.
Such knowledge will provide us with the
tools to develop more effective diagnostic
procedures and control measures such as
chemically-defined vaccines and targeted
chemotherapeutic agents.

REFERENCES

1. Adam,R. D. A. Aggarwal, A. A Lal, V. F. de la
Cruz, T. McCutchan and T.E. Nash (1988).
Antigenic variation of a cysteine-rich protein
Giardia lamblia. J. Exp. Med. 167: 109-118.

2. Cross, G. A. M.(1975). Identification, purification
and properties of clone specific glycoprotein
antigens constituting the surface coat of
Trypanosoma brucei. Parasitology 71:393-
417.

3. Donelson, J. E., and A.C.Rice-Ficht. (1985).
Molecular biology of trypanosome antigenic
variation. Microbiol. Rev. 49 : 105-125.

4. Borst, P.(1986). Discontinous transcription and an-
tigenic variation in trypanosomes. An. Rev.
Biochem. 55:701- 732.

5. Van der Ploeg,L.H.(1987). Control of variant sur-
face antigen switching in trypanosomes. Cel/
51: 159-161.

6. Boothroyd, J. C., C. A. Payner, S. L. Coleman and
G. A. M. Cross.(1982). Complete nucleotide
sequence of complementary DNA coding for
a variant specific glycoprotein from Trypa-
nosoma brucei. J. Molec. Biol 157: 547-556.

7. Capbem, A., C. Biroud, T. Baltz and P.Mal-
tern.(1977). Trypanosoma equiperdum.
etude des variations antigeniques au cours de
la trypanosome experimentale du lapin. Exp.
Parasitol. 42: 6-14.

8 Esser, K. M. and M. J. Schoenbechler. (1985).
Expression of two variant surface glyco-

Bul. Penelit. Kesehat. 17 (2) 1989

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

proteins on individual African trypa-nosome
during antigen switching. Science 229: 190-
193.

Williams, R.O, J.R. Young and P. A. O. Majiwa.
(1979). Genomic rearrangments correlated
with antigenic varation in Trypanosma
brucei. Nature 299: 417-421.

Hoeijmakers,J. H. J., A. C. C. Prasch, A. Bernards,
P. Borst and G.AM. Cross (1980). Novel
expression-linked copies of the genes for
variant surface antigens in trypanosomes. Na-
ture 284: 78-80.

Borst, P., and G. A. M.Cross (1982). Moleculer
basis for trypanosome antigenic variation.
Cell 29:291-303.

Son, H. J., G.A.Cook, T. Hall and J. E. Donelson
(1989). Expression site associated genes of
Trypanosoma brucei rhodesiense. Molec.
Biochem. Parasitol. 33: 59-66.,

Evers, R., A. Hammer, J. Kock, W. Jess, P. Borst,
S. Memet and A. W. Comelissen (1989).
Trypanosoma brucei contains two RNA
polymerase II largest subunit genes with an
altered C-terminal domain. Cell 56:585-597.

Smith, P. D, F. D. Gillin, N. A. Kaushal and T. E.
Nash (1982). Antigenic analysis of Giardia
lamblia from Afghanistan, Puerto Rico,
Ecuador and Oregon. Inf. Immun. 36:714-
719.

McCutchan, T. F., J. L. Hansen, J. B. Dame and J.
A. Mullins (1984). Mung bean nuclease
cleaves Plasmodium genomic DNA at sites
before and after genes. Science 225:625-628.

Aggarwal, A J.W. Merritt and T. E. Nash. (1989).
Cysteinerich variant surface proteins of Giar-
dia lamblia. Molec. Biochem. Parasitol.
32:39-48.

Cossio, P. M., c. Driz, A. Szarfman, E. Kreutzer, B.
Candiole and R. M. Arana (1974). Chagasic
cardiopathy: Demonstration of a serum
gamma globulin factor which reacts with en-
docardium and vascularstructures. Circula-
tion 496: 12-21.

Szarfman, A., V. P. Terranova, s. I. Rennard, J. M.
Foidart, M.F.Lima, J. 1. Scheinman and G. L.
Martins. (1982). Antibodies to laminin in
Chagas’ disease] Exp. Med. 1955: 1161-
1171.

Gazzinelli, R. T., L. M. C. Galvao, J. E. Cardoso,
J. R. Cancado, A. U. Krettli, Z. Brenerand G.
Gazzinelli. (1988). Anti Trypanosoma cruzi
and anti-laminin antibodies in Chagasic

17t



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

patients after specific treatment. J. Clin.
Micro. 26: 1795-1800.

Santos-Buch C. A.(1979). American trypano-
somiasis: Chagas’ disease. Internant. Rev.
Exp. Path. 19: 673-700.

Scott, M. T., .. Moyes and J. N. Wood (1982). Lack
of identity between the 90k protective glyco-
protein of Trypanosoma cruzi and hybridoma
(CES)-defined T cruzi antigen which cross
reacts with mammalian neurones. Trans.
roy, Soc. Trop. Med. Hyg. 76: 689-700.

Ouaissi, M. A.(1988). Role of the RGD sequence
in parasite adhesion to host cells. Par. Today
14:169-173.

Diamond, L.S., D. R. Harlow and C. C. Cunnick
(1978). A new medium for the axenic culture
of Entamoeba histolytica and other En-
tamoeba. Trans. Roy. Soc. Trop. Med. Hyg.
73:431-432.

Lushbaugh, W. B., A. B. Kairalla, J. R. Cantey, A.
F. Hofbauerand F.E. Pittman (1979). Isola-
tion of a cytotoxin-enterotoxin from En-
tamoeba histolytica. J. Infect. Dis. 139:9-17.

Lynch, E. C..I. M.Rosenberg and C. Gitler (1982).
An jon channel-forming protein produced by
Entamoeba histolytica Eur Molec. Biol Or-
ganiz. J. 1:801-804.

Avila, E., M. Sanchez-Garza, and J. Calderon
(1985). Entamoeba histolytica and E. in-
vadens: sulfhydryl dependent proteolytic ac-
tivity. J. Protozool. 32:163-166.

Petri, W. A., M. D. Chapman, T. Snodgrass, B. 1.
Mann, J. Broman and J. 1. Ravdin (1989).
Subunit structure of the galactose and N-
acetyl-D-galactosamine inhibitable ad-
herence lectin of Entamoeba histolytica. J.
Biolog. Chem. 264: 3007-3012.

Lushbaugh, W. B., A. B. Kairalla, A. F. Hofbauer,
P. Amaud, J. R. Cantey and F. E.Pittman
(1981). Inhibition of Entamoeba histolytica
cytotoxicity by alpha-1 antiprotease and
alpha-2 macroglobulin. Amer. J. Trop. Med.
Hyg. 30: 575-585.

Martinez-Palomo, A., A. Gonzalez-Robles, B.
Chavez, E. Orozco, S. Femandez-Castelo and
A. Cervantes (1985). Structural bases of the
cytolytic mechanisms of Entamoeba his-
tolytica. J. Protozool. 32 166-175.

Ravdin, J. 1., and R. L. Guerrant (1981). Role of
adherence in cytopathogenic mechanisms of
Entamoeba histolytica. J Clin. Invest. 68:
1305-1310.

3]1.

32.

33,

34,

35.

36.

37.

38.

39.

40.

41.

42.

Gitler, C., and D. Mirelman (1986). Factors con-
tributing to pathogenic behavior of En-
tamoeba histolytica. Ann. Rev. Microbiol. 40:
237-261.

Petri, W. A., R. D. Smith, P. H. Schessinger, C. F.
Murphy and J. E. Ravdin (1987). Isolation of
the galactose-binding lectin which mediates
the in vitro adherence of Entamoeba his-
tolytica. J. Clin. Invest. 80:1245-1254.

Chadee K., W. A. Petri, D, J. Innes and J. . Ravdin
(1987). Rat and human colonic mucins bind
to and inhibit adherence lectins of Entamoeba
histolytica. J. Clin. Invest. 80: 1245-1254.

Lima, M.F., and F. Villalta (1989). Trypanosoma
cruzi trypomastigoteclones differentially ex-
press a parasite cell adhesion molecule.
Molec. Biochem. Parasitol. 38;159-170.

Silva Filho, E.C., W. de Souza and J. D. Lopes
(1988). Presence of laminin-binding proteins
in trichomonads and their role in adhesion.
Proc. Nat. Acad. Sci. USA 85:8042-8046.

Winograd,E., and I. W. Sherman (1989). Charac-
terization of a modified red cell membrane
protein expressed on erythrocytes infected
with the human malaria parasite Plasmodium
falciparum: Possible role as a cytoadherent
mediating protein. J. Cell Biol. 108:23-30.

Jarumilinta,R., and F. Kradolfer (1964). The toxic
effect of Entamoeba histolytica on leuko-
cytes. Ann. Trop. Med. Parasitol. 58:375-
381.

Knight, R.(1977). An in vitro model for measuring
the cytopathic effect of Entamoeba his-
tolytica. J. Parasitol. 63: 388-389.

Bos,H.J.,and R.J. van de Griend (1977). Virulence
and toxicity of axenic Entamoeba histolytica
Nature 265:341-243.

Bos, H. J. (1979). Entamoeba histolytica: cyto-
pathogenicity of intact amebae and cell free
extracts; isolation and characterization of an
intracellular toxin. Exp. Parasitol. 47:369-
377.

Bos,H.J., W.J Lejjendeckker and A. A. van den Eijk
(1980). Entamoeba histolytica: cytopatho-
genicity, including serum effects on contact
dependent and toxin-induced lysis of hamster
kidney cell monolayers. Exp. Parasitol.
50:342-348.

Rosenberg, 1., D. Bach, L. M.Loew and C. Gitler
(1989). Isolation, characterization and partial
purification of atransferable membrane chan-
nel (amoebapore) produced by Entamoeba

Bul. Penelit. Kesehat. 17 (2) 1989



43,

45.

46.

47.

48.

49.

50.

51.

histolytica. Molec Biochem. Parasitol. 33:
237-248.

Trager, W.,and J. B. Jensen (1976). Human malaria
parasites in continuous culture. Science 193:
674-675.

. Jensen,J. B., and W. Trager (1977). Plasmodium

Sfalciparum in culture: use of outdated ery-
throcytes and description of the candle jar
method. J. Parasitol. 63:883-886.

Hollingdale, M. R., M. McCullough, J. L. Leef and
R. L. Beaudoin (1981). In vitro cultivation of
the exoerythrocytic stage of Plasmodium ber-
gher from sporozoites. Science 213:1021-
1022.

Nussenzweig, R. S. J. Vanderberg and H. Most
(1969). Protective immunity produced by the
injection of X- irradiated sporozoites of Plas-
modium berghei. 1V. Dose response,
specificity and humoral immunity. Mil. Med.
134:1176(suppl).

Orjih, A. U., A.H.Cochrane and R. S. Nussenzweig
(1981). Active and passive transfer of resis-
tance against sporozoite-inducedmalaria in
infant mice. Nature 291:331-332.

Potocnjak, P., N. Yoshida, R. S. Nussenzweig and
V. Nussenzweig (1980). Monovalent frag-
ments (Fab) of monoclonal antibodies to a
sporozoite surface antigen (Pb 44) protect
mice against malarial infection. J. Exp. Med.
151:1504-1513.

Dame, J. B., J. L. Williams, T. F. McCutchan, J. L.
Weber, R. A. Wirtz, W. T. Hockmeyer, W. L.
Maloy, J. D. Hanes, I. Schneider, D. Roberts,
G. S. Sanders, E. P. Reddy, C. L.Diggs and
L. H. Miller (1984). Structure of the gene
encoding the immunodominant surface an-
tigen on the sporozoite of the human malaria
parasite Plasmodium falciparum. Science
225: 593-599.

Enea, V., J. Ellis, F. Zavala, D. E. Amot, A.
Asanavich, A. Masuda, I. Quakyi and R. S.
Nussenzweig (1984). DNA cloning of Plas-
modium falciparum circumsporozoite gene:
amino acid sequence of repetitive epitope.
Sience 225: 628-630.

Ballou, W. R., J. Rothbud, R. A. Wirtz, D. M.
Gordon, J. L. Williams, R. W. Gore, I
Schneider, M. R. Hollingdale, R. L.
Beaudoin, W. L. Maloy, L. H. Miller and W.
T. Hockmeyer (1985). Immunogenicity of

synthetic peptides from circumsporozoite

Bul. Penelit. Kesehat. 17 (2) 1989

52.

53.

54.

55.

56.

57.

58.

protein of Plasmodium falciparum. Science
228:996-999.

Togna, A. R., G. Del Giudice, A. S. Verdini, F.
Bonnelli, A. Pesst, H. D.Engers and G. Cor-
radin (1985). Synthetic Plasmodium fal-
ciparum circumsporozoite peptides elicit
heterogeneous L3T4" T cell proliferative
responses in H-2° mice J Immunol. 137:
2956-2960.

del Giudice, G., J. A. Cooper, J. Merino, A.S.
Verdini, A. Pessi, A. R. Togna, H. D. Engers,
G. Corradin and P-H Lambert (1986). The
antibody response in mice to carrier-free syn-
thetic polymers of Plasmodium falciparum
cercumsporozoite repetitive epitope is L-A®-
restricted: Possible implications for malaria
vaccines. J. Immunol. 137: 2952-2955.

Good, M. 1. Bersofsky, W. Maloy, Y. Hayashi, N.
Fuji, W. T. Hockmeyer, and L.H. Miller
(1986). Genetic control of the immune
response in mice to a Plasmodium falciparum
sporozoite vaccine. J Exp. Med. 164:655-
660.

de la Cruz, V. F., W. L. Maloy, L. H. Miller, A. A.
Lai, M. F. Good and T. F. McCutchan (1988).
Lack of cross- reactivity between variant T
cell determinants from the malaria cir-
cumsporozoite protein. J. Immunol. 141:
2456-2460.

Perlmann, H., K. Berzins, M. Wahlgren, J.
Carlsson, A. Bjork, M. E.Patarroyo and P.
Perlmann (1984). Antibodies in malarial sera
to parasite antigen in the membrane of ery-
throcytes infected with early asexual stages
of Plasmodium falciparum. J. Exp. Med. 159:
1681-1704.

Rzepczyk, C. M., P. E-L. Ho, D. A. Mutch, K. L.
Anderson, R. G. Duggelby, T. J. Doran, B. J.
Murray, D. O. Irving, G. C. Woodrow, D.
Parkinson, D. J. Brabin and M. P. Alpers
(1988). Identification of T epitopes within a
potential Plasmodium falciparum vaccine an-
tigen. A study of human lymphocyte respon-
ses to repeat and non- repeat regions of
Pf155/RESA. J.Immunol. 141:3197-3202.

Troye-Blomberg, M., F. L. Kabilan, E. M. Riley, J.
Ortlund, G. Andersson, H. Perlmann, O.
Olerup, B. Hogh, E. Petersen, R. W. Snow, A
Bjorkman, B. M. Greenwood and P.
Perlmann (1988). T cell reactivity of defined
peptides from a major Plasmodium fal-

173



ciparum vaccine candidate: the Pf155/RESA
antigen. Immunol. Lett. 19:229-234.

59. Mattei, D., K. Berzins, M. Wahlgren, R. Udom-
sangpetch, P. Perlmann, H. W. Gariesser, A
Schert, B. Muller-Hill, S. Bonnefay, M. Guil-
lotte, G. Langsley, L. P. da Silva and O.
Mercereau-Puijalon (1989). Cross-reactive
antigenic determinants present on different
Plasmodium falciparum blood-stage an-
tigens. Par-Immunol. 11:15-30.

60. Hollingdale, M. R., E. H. Nardin, S. Tharavanijo,
A. L. Schwartz and R. S. Nussenzweig
(1984). Inhibition of entry of Plasmodium
falciparum and P vivax sporozoites into cul-
tured cells; an in vitro assay of protective
antibodies. J. Immunol. 132:909-913.

61. Mazier, D., S. Mellouk, R. L. Beaudoin, B. Texier,
P. Druithe, W. Hockmeyer, J. Trosper, C.
Paul, Y. Charoenvit, J. Young, F. Miltgen, L.
Chedid, J. P. Chigot, B. Galley, O. Bran-
dicourt and M. Gentilini. (1986). Effect of
antibodies to recombinant and synthetic pep-
tides on P. falciparum sporozoites in vitro.
Science 231:156-159.

62. Reduker,D. W_, and C. A. Speer (1986). Antigens
of in vitro produced first-generation mero-
zoites of Eimeria bovis (Apicomplexa) J
Parasitol. 72:782-785.

63. Whitmire, W. M., J. E. Kyle, C. A. Speerand D. E.
Burgess. (1988). Inhibitionof penetration of

174

cultured cells by Eimeria bovis sporozoites
by monoclonal immunoglobulin G anti-
bodies against the parasite surface protein
P20. Inf. Immun. 56:2538-2543.

64. Jenkins, M. C., H. S. Lillehoj, and J. B. Dame
(1988). Eimeria acervulina: DNA cloning
and characterization of recombinant sporo-
zoite and merozoite antigens. Exp. Parasitol.
66:96-107.

65. Jenkins, M. C., H. D. Danforth, H. S. Lillehoj and
R. H. Fetterer (1989). ¢cDNA encoding an
immunogenic region of a 22 kilodalton sur-
face protein of Eimeria acervulina sporo-
zoites. Molec  Biochem. Parasitol. 32:
153-162.

66. Peterson, K. M., and J. F. Alderete (1982). Host
plasma proteins on the surface of pathogenic
Trichomonas vaginalis. Inf Immun. 37:755-
762.

67. Ouaissi, M. A_J. Comette, P. Velge and A. Capron
(1988). Identification of anti-acetylcholi-
nesterase and anti-idiotype antibodies in
human and experimental Chagas’ disease:
pathological implications. Eur. J Immunol
18: 1889-1894.

68. Fitho, F.C. 5., W.de Souzaand J. D. Lopez (1988).
Presence of laminin-binding proteins in
trichomonads and their role in adhesion.
Proc Nat Acad. Sci. USA. 85: 8042- 8046.

Bul. Penelit. Kesehat. 17 (2) 1989



