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Nonimmune Mechanisms of Parasite Killing4 
0 001 

Research and Unit of Parasitology, Weizmann Institute, Rehovot,76lOO,Israel. 
HM-1 :IMSS trophozoites maintained for long periods in axenic growth, are highly 
susceptible to lysis by the human alternative pathway of complement (APC). These are 
pathogenic amoebae that have lost their complement resistance and their high virulence. 
When sufficient numbers are used to induce liver abscesses in hamsters, the liver 
passaged amoebae (P'HM-1:IMSS ) shortly after isolation and growth in axenic medium, 
are resistant to complement lysis. Axenic growth of HM-1:IMSS trophozoites in the 
presence of active beef complement results in the gradual acquisition of complement 
resistance in the surviving amoebae (CHM-1 :IMSS). Both PI-HM-1 :IMSS and C'-HM-1 :IMSS 
trophozoites are highly virulent. Treatment of APC-labile HM-1 :IMSS trophozoites with 
leupeptin, cysteine or DTT reduces APC-lysis to nearly zero. The amount of leupeptin 
required is higher than that which inhibits amoeba1 proteases. Treatment of trophozoites 
with DTNB or cystine activates an autolytic mechanism in HM-1:IMSS but not in C'-HM- 
1:IMSS. Complement resistance in all cases is associated with loss of lysis but with 
high consumption of complement.The thiol-containing proteins in the trophozoites 
surface have been identified by means of a new thiol-specific reagent Na-lodoacetyl- 
[IZslj-iodotyrosine (IAT). 

SURFACE THIOLS AND RESISTANCE OF Entamoeba histolytica TO COMPLEMENT 
AND AUTOLYSIS. Myriam Mogyoros and Carlos Gitler,Department of Membrane 

0 OM CELL AlTACHMENT AND INVASION BY TACHYZOITES OF- 
Keith A. Joiner, Glaucia Furtado. Ira Mellman, Hynda Kleinman. Heini Mieninen. Lloyd H. 

Kasper. Lee Hall, and Steven A. Fuhrman. LPD, NIAID, and LDBA. NIDR. NIH. Bethesda,MD 20692, Dept 
of Cell Biology, Yale University, New Haven,CT, 06510 and Dartmouth Medical School, Hanover. NH 
03756 

Tachyzoites of T. gondii (T) attach to and actively invade nearly all eukaryotic cells, and reside 
within a parasitophorous vacuole which does not acidify or fusa with lysosomes. We are investigating 
the mechanisms for lhese events. T attachment to confluent monolayers of nonpolarized J774 and CHO 
cells exceeded attachment to polarized MDCK cells by 5-6 fold, suggesting the possible involvement of 
basolateral extracellular matrix proteins . Laminin, but not fibroneclin, enhanced T attachment to 5774 
cells, and the effect was blocked by the peptide YIGSR, which is directed to a cell attachment site in 
laminin. Surface iodinated T bands of 60167kD and 14/16kD, the major components of the detergent 
insoluble residue from T, bound to laminin. The bands of 60167kD were derived from a host cell 
receptor for laminin binding. These experiments suggest an important role for laminin and for parasite 
acquisition of host laminin binding molecules in cell attachment and entry by T. 

We characterized the parasitophorous vacuoles (PV) of Chinese Hamster Ovary (CHO) cells 
infected with T. PV containing live T did not slain by immunofluorescence with the endocytic marker, 
lucifer yellow(LY), the acidification marker. acridine orange(AO), nor with antibodies to lysosomal 
glycoproteins (LGP). In contrast, phagocytosis of heat killed T by CHO resulted in LY+, AO+, and LOP+ 
vacuoles. These results suggest that PV manifest a generalized fusion block with all intracellular 
compartments. Although presensitizalion of T with antibody overcomes the fusion block in 
macrophages, the mechanism is unclear since ligation of Fc receptors (FcR) elicits a respiratory burst 
which may kill the parasite. To investigate the mechanism for this block, we presensitized T with 
antibodies to the parasite surface molecules p30 or p22, and allowed the parasites to infect CHO cells 
stably transfected with three isoforms of the murine FcRll receptor. Antibody presensitization 
increased the number of cell-associated T in dose related fashion, although anti-p30 was more 
effective than anti-p22 in mediating T internalization. PV were LY+. AO+. LGP+ and FcR+ in cells 
transfected with two phagocytosis-competent isoforms of FcRII. but not in cells bearing FcRll lacklng a 
cytoplasmic tail or in wild type CHO cells lacking FcR. These experiments suggest that T form a fusion- 
incompetent PV. and that provision of a signal for phagocytosis or for phagosome-lysosome fusion 
Overcomes this generalized fusion block and leads to parasite destruction. 
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0 003 IMMUNOMODULATION OF TH2 CELLS IN MURINE LEISHMANIASIS, 
Richard M. Locksley, Michael D. Sadick, Frederick P. Heinzel, Bettie J. 

Holaday, and Robert L. Coffman, Department of Medicine, University of California San 
Francisco, San Francisco, CA 94143, and DNAX Research Institute, Palo Alto, CA 
94304. 

Fatal Leishmania major infection in BALB/c mice is characterized by expansion of 
CD4+ T cells and the appearance of IL-4 mRNA in lymphoid tissues to ether with 
marked elevation of serum IgE levels. These observations suggest that proyiferation of 
Th2 cells accom anies progressive infection. In an attempt to interfere with Th2 
expansion, BAL& were infected with Leishmania major and treated with either 
recombinant IFNy, neutralizing monoclonal anti-IL-4, or both. As compared to 
untreated controls, all 3 treatment groups had diminished IgE levels, althou h mice that 
received anti-lL-4 had the lowest levels. Mice that received recombinant #Ny, despite 
lower IgE, developed progressive leishmaniasis indistinguishable from controls. Mice 
that received anti-IL-4 had significantly attenuated disease; some were completely 
cured and resistant to re-challenge. Mice that received a combination of IFNy and anti- 
IL-4 were uniformly cured. These data support the hypothesis that Th2 cells are 
deleterious in murine leishmaniasis. 

1. Heinzel, FP, MD Sadick, BJ Holaday, RL Coffman and RM Locksley. Reciprocal 
expression of interferon y or interleukin 4 during the resolution or progression of murine 
leishmaniasis. Evidence for expansion of distinct helper T cell subsets. J. Exp. Med., in 
press. 
2. Cherwinski, HM, JH Schumacher, KD Brown and TR Mosmann. 1987. Two types 
of mouse helper T cell clone. I l l .  Further differences in lymphokine synthesis between 
Thl and Th2 clones revealed by RNA hybridization, functionally monospecific 
bioassays, and monoclonal antibodies. J. Exp. Med. 166:1229. 

Transcription and Processing 
0 

and Janet Ampt. Netherlands Cancer Institute, Plesmanlaan 121, 1066 CX Amsterdam, The 
Netherlands. 
African trypanosomes. such as Trypanosoma brucei, evade the immune response of their 
mammalian host by repeatedly switching the composition of their surface coat, which mainly 
consists of a sin le protein species, the Variant-specific Surface Glycoprotein (VSG). 
There are some lo'different VSG genes per trypanosome. The actively transcribed VSG gene 
invariably resides near a chromosome telomere. Switching of the VSG gene transcribed can 
occur in two ways (reviewed in 1 and 2): 
1. A new VSG gene is slotted into an active expression site (ES).  displacing the old one. 
2. An active VSG gene expression site is shut off and a silent one is activated. To 
determine how this is done, we have studied the structure of two expression sites (FS): 
the 221 site and the dominant ES (used for expression of chromosome-@ternal genes). We 
have cloned overlapping DNA segments corresponding to 65 kb of the 5 flanking region of 
the VSG gene in the ES (3). By run-on experiments and UV-inactivation of transcription we 
have shown that the VSG 221 gene in the 221 ES is part of a single 60 kb transcription 
unit, containing several putative expression-site associated genes (ESAGs)(3,4). The 
dominant ES yields analogous results. In collaboration with Van der Ploeg (Columbia 
University. New York) we have recently shown that the putative promoter close to the VSG 
gene in the dominant ES (5) is fully dependent on the upstream promoter for its activity. 
We have now sequenced the promoter area of the 221 FS and are comparing the sequence of 
active and inactive variants of the promoter to determine whether sequence alterations are 
involved in the control of ES activity. We are also sequencing the ESAGs (6) and 
determining the cellular location of ESAG products. These experiments in progress should 
allow the delineation of the main factors involved in antigenic variation. 

1. P. Borst, Ann. Rev. Biochem. 55 (1986) 701-732. 
2. P. Borst and D. Greaves, Science 235 (1987) 658-668. 
3 .  J.M. Kooter, H.J. van der Spek. R. Wagter, C.E. d'oliveira. F. van der Hoeven, P.J. 

4. P. J .  Johnson. J.M. Kooter and P. Borst. Cell 51 (1987) 273-281. 
5. C. Shea. M.G.S. Lee and L.H.T. van der Ploeg, Cell, 50 (1987) 603-612. 
6. J.M. Kooter, A.J. Winter. C. d'oliveira, R. Wagter and P. Borst. Gene 69 (1988) 1-11. 

CONTROL OF VARIANT SURFACE GLYCOPROTEIN mRNA SYNTHESIS IN AFRICAN TRYPANOSOMES, 
Piet Borst, Joost Zomerdijk. Marc Ouellette, Michble Crozatier. Anneloor ten Asbroek 

Johnson and P. Borst. Cell 51 (1987) 261-272. 
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0 005 RNA EDITING, Kenneth Stuart, Seattle Biomedical Research Institute, 
4 Nickerson Street, Seattle, WA 98109 

RNA editing is an RNA processing that occurs in the mitochondrion of kinetoplastid flagellates. It occurs 
by the addition and less frequently the removal of uridines from mRNA changing the sequence from that 
encoded in the gene. The 5’ untranslated, coding sequence, 3’ untranslated and poly(A) regions of 
mRNAs are edited but selectivly so since the sequence of these regions is not altered in all edited 
&As. Editing creates initiation and termination codons and creates and extends translatable sequence 
thus modifying the functional capabilities of the mRNAs. The addition of the uridines within the poly(A) 
tails may alter the stability of the mRNA and thus its abundance. RNA editing appears to occur 
posttranscriptionally and to proceed in the 3’ to 5’ direction. The mechanism of RNA editing is uncertain 
but it appears to involve multiple steps involving polynucleotide regions. It probably involves the 
participation of a macromolecular complex provisionally termed the editosome. The editing activity is 
present in multiple life cycle stages but some transcripts are edited in a stage-specific fashion. This implies 
the existence of a regulatory system that controls the editing activity. 

0006 TRANSCRIPTION UNITS IN TRYPANOSOMES, Christian Tschudi* 
and *Elisabetta Ullu*+, MacArthur Center for Molecular 

Parasitology, Department of Internal Medicine and +Department of Cell 
Biology, Yale University School of Medicine, New Haven, CT 06510. 
In African trypanosomes, protein coding genes are expressed as parts of 
polygenic and polycystronic transcripts. This mode of transcription is 
unique to these organisms and raises several questions concerning the 
location and structure of promoter sequences as well as how gene 
expression is regulated both quantitatively and qualitatively. Using the 
calmodulin genes as a model system, we have established a detailed 
transcription map covering the calmodulin gene cluster (containing 4 
tandemly repeated coding regions) and approximately ten kilobases of 
upstream sequences. Two stable RNAs of 2 kb and 4 kb originate from the 
upstream region and are approximately 100-fold less abundant than mature 
calmodulin W A S .  These RNAs are transcribed in the same direction as 
the calmodulin genes and the 3 ’  end of the 4 kb RNA is located 120 
nucleotides upstream from the spliced leader addition site of the first 
calmodulin gene. In addition, even lower abundance transcripts connect 
the 4 kb RNA and the calmodulin genes. The rate of transcription along 
the chromosome as well as the stability of the various transcripts has 
been evaluated and the results suggest the possibility that RNA 
processing events determine the output of stable RNAs from the 
calmodulin locus. The possibility that trans-splicing might take place 
co-transcriptionally is under investigation. 
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Molecular Evolution 
0 007 RNA EDITING OF MlTOCHONDRIAL TRANSCRIPTS IN LEISHMANIA TARENTOLAE - STUDIES ON THE 

MECHANISM, Larry Simpson, Janct Shaw, Norbat Bakalara, David Campbell and Agda M. Simpson, Department of 
Biology and Molecular Biology Institute, University of California, Los Angeleq CA 90024, and Deparbnent of Microbiology and 
Immunology, School of Mcdieinc, University of California, Lm Angelcs, CA wo24 
Editing of RNA transcripts in kinetoplastid protozoa involves the addition and also in some cases the deletion of uridine residues, 
and occurs for at least five mitoehondrial genes (CYb, COIII, COII, MURF2, MURF3). The transcripts of several other 
structural genes are not cditcd (COI, ND1, ND4, ND5). The hct ion of editing appears to be translational regulation. There are 
four basic typcs of editing: 1. The correction of internal frameshifts by addition of four or five uridhes; 2 The modikation of 5’ 
ends of RNAs by addition and deletion of D 3 9  uridines, creating more than 20 new N-terminal amino aads and methionbe 
initiation dons;  3. The modifieeton of the entire. RNA m o l d e  by multiple addition and delction of uridines creating gene 
sequences in which more than 5056 of the n u W d e s  are not e n d *  4. The apparent non-s@fc addition of uridines to poly A 
tails and 3’ untranslated regions. Both edited and unedited RNAs exist. A primer extension assay was used to show that the ratio 
of edited to unedited RNA varies from 0.89 for t h e m  COII gene to 0.36 for the MU= gene (internal frameshift). 
Partially edited RNAs are not abundant enough to be detected by this method, thereby setting an upper limit of approximately 
5% on partially edited transcripts for thcse genes. Edited RNA appears to bc translated antibodies generated against a peptide 
with the predicted COII carboxy terminal amino aad sequence reacted against a polypeptide of the expected size in Western blot 
analysis. Two mitochondrial-speci6c enzymatic activities have been detwted which are possible candidates for editing enzymes: a 
terminal uridylyl transferasc and an RNA ligase. The role of these enzymes in a posttranscriptional RNA editing scenario 
involving multiple endonudeolytic cleavage of a sp&c region, addition of multiple uridine residues, exonudease cleavage and 
ligation, is being analyzed, as is the question of the nature of the information input required for the observed precise 
modifications of RNA transcripts. 

Gene Expression in Development 
0009 GENE EXPRESSION IN TRYPANOSOMA CRUZI DEVELOPMENT, Samuel Goldenberg, 

Myrna C. Bonaldo, Marco A. Krieger & Monica A. C. Carreira. Dept. 
Bioquimica e Biologia Molecular, FundaCso Oswaldo Cruz, Avenida Brasil 4 3 6 5 ,  

21040, Rio de Janeiro, RJ, Brasil. 
The life cycle of T. cruzi involves three morphological and functional 
distinct forms and two intermediary hosts. The metacyclogenesis process 
occurs inside the invertebrate triatomine host and results in the transfor- 
mation of the non-infective and proliferative epimastigotes into the infec- 
tive metacyclic trypomastigotes. This transformation process has been studied 
in vitro under chemically defined conditions and the results indicate that 
epimastigotes have to adhere to a substrate prior to their differentiation. 
The analysis of the proteins expressed by adhered cells showed that polypep- 
tides in the range from 48-52KDa are specifically synthesized by this popu- 
lation. In addition, the transformation of epimastigotes is triggered by 
CAMP, and important changes in the lipid composition of the parasites 
precede their morphological differentiation. The study of stage specific 
gene expression showed that adhered epimastigotes can express some trypomas- 
tigote antigens, indicating that the synthesis of these antigens precedes the 
morphological changes occuring during the metacyclogenesis process. 

Financial support from THE UNDP/WORLD BANK/WHO Special Programme for 
Research and Training in Tropical Diseases and CNPq. 
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0 010 SUETELOMERIC RECOMBINATION AND REPETITIVE ANTIGEN GENES OF PLASMODIW FALCIPARW 
D. Kemp, L. Corcoran, J. Thompson, R. Cappai, M. van Schravendijk, 6. Eiggs, 

G. Brown and R. Anders, The Walter and Eliza Hall Institute of Medical Research, Melbourne, 
Victoria 3050, Australia. 

Macro-restriction mapping of P.falciparun chromosomes with enzymes that cut the AT-rich 
genome rarely has enabled us to generate physical maps of chromosomes 1, 2 and 5 from 
several clones. All chromosomes have a telomeric complex consisting of telomeric repeats, an 
ApaI site(s) and the repetitive element rep20. Deletions o f  rep20 can occur both in vitro 
and in field isolates, and these explain a major component of the observed size variation. 
Genes for internally repetitive antigens are clustered in the subtelomeric regions and 
subtelomeric deletions can abolish expression o f  a number of these, including all of the 
histidine rich protein genes and the RESA gene. The sequence of DNA across such a deleted 
RESA gene revealed that at least two deletion events, one involving non-homologous 
recombination, were required. A two-dimensional Pulsed Field Gradient gel system that can 
locate subtelorneric deletions on any of the 14 chromosomes has been developed and analysis 
of P.falciparm clones that differ in cytoadherence phenotype will be described. 

Genes encoding internally repetitive antigens can show considerable sequence diversity in 
different isolates. Hence it appears that active recombination in the subtelomeric regions 
is responsible both for antigenic diversity and f o r  chromosome size polymorphisrns. 

0 011 GLYCOSOMAL BIOGENESIS AND GLUCOSE TRANSPORT IN TRYPANUSOMA 
BRUCEI, Marilyn Parsons, Keith Alexander, Teresa Hill, Barbara Nielsen, Harry F. 

Dovey*, and Ching C. Wang'. Seattle Biomedical Research Institute, 4 Nickerson St., Seattle, WA 
98109 and 'Dept. of Pharmaceutical Chemistry S926, University of California at San Francisco, San 
Francisco, CA 94143. 

organelles which contain glycolytic enzymes plus several enzymes involved in other metabolic 
pathways. The constellation of enzymes contained in the glycosome varies during the life cycle. We 
have been concerned with bow glycosomal proteins are targeted to the glycosome and how expression 
of genes encoding glycosomal proteins is regulated through the life cycle. Phosphoglycerate kinase 
(PGK) exists as both cytoplasmic and glycosomal isozymes that are stage regulated in a complementary 
fashion. Glycosomal PGK mRNA abundance is not the sole determinant of glycosomal PGK levels. 
Although blood forms from monomorphic and pleiomorphic strains of T. bmcei possess similar 
glycosomal PGK activity, glycosomal PGK mRNA abundance is elevated in monomorphic strains. This 
suggests that, at least in part, translational control regulates the level of glycosomal PGK and that, at 
least in this case, monomorphic strains do not represent an accurate model for analysis of stage- 
regulated differentiation. In an effort to characterize glycosomal targetting signals, proteins 
synthesized in vitro from cloned mutant PGK genes were tested for their ability to specifically interact 
with glycosomes. Certain regions of the molecule could be deleted without eliminating targeting; 
however indications are that the targeting signals are complex. Analysis of chimeric 
cytoplasmic/glycosomal PGK proteins suggests that molecular topography may be important for the 
functional presentation of glycosomal targeting signals. A preliminary characterization of glucose 
transport across the cell membrane was performed. The trypanosome glucose transporter was not 
inhibited by several drugs which inhibit the human erythrocyte glucose transporter. Thus the 
trypanosome glucose transporter may make a suitable target for chemotherapeutic or prophylactic 
intervention. 

African trypanosomes, as well as other kinetoplastid organisms, possess glycosomal microbody 
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Molecules in the Parasite Membrane 
0 012 

Hospital, San Francisco, CA 941 10. --infected erythrocytes (IRBCs) bind specifically to 
endothelial cells and some melanoma cells. Cytoadherence between IRBCs and venular 
endothelium permits the parasites to avoid the spleen and may cause cerebral malaria. 
Cytoadherence is prevented by isolate-specific antibody in immune serum and by incubating IRBCs 
with trypsin. In previous studies, a family of potential cytoadherence proteins was identified. The 
members of this protein family were large (M*200,000), radioiodinatable. isolate-specific, and 
trypsin-sensitive. We are characterizing this protein family and investigating its role in cytoadherence. 
We developed in vitro techniques for modulating the cytoadherence phenotype of cloned, knobbed 
parasites and observed that changes in cytoadherence were correlated with changes in the 
expression and molecular size of the radioiodinatable protein (RP). There were no changes in the 
expression of MESA-PfEMP 2 and KAHRP and one line of cytoadherent parasites lacked MESA 
entirely. Repeated selections of cloned parasites for the cytoadherent phenotype led to the 
expression of a multiplicity of RPs. IRBCs incubated with cyclohexamide remained cytoadherent and 
expressed the RP, but reexpression of both cytoadherence and the RP by trypsin-treated IRBCs was 
inhibited by cyclohexamide. Thus, both the cytoadherence ligand and the RP are turned over slowly, 
but parasite protein synthesis is required for their reexpression after trypsinization. The RP and its 
soluble proteolytic cleavage fragments comigrated on SDS gels with metabolically-labeled proteins, 
indicating that the RP is of parasite origin, and the RP was specifically immunoprecipitated by 
antibody in human immune sera, but not by polyclonal antibodies to human erythrocytes, band 3, 
glycophorin A, spectrin, or band 4.1. We conclude that the expression of the family of RPs is strongly 
correlated with the expression of the cytoadherence ligand and that these proteins are of parasite 
origin and are not altered host cell proteins. 

CYTOADHERENCE PROTEINS OF-, J. Leech, C. Magowan, 
W. Wollish, C. Petersen, and R. Nelson. The Medical Service, San Francisco General 

0 013 MOLECULAR GENETICS OF THE MAJOR GLYCOPROTEIN AND REPETITIVE 
ANTIGENS OF LEISHMANIA, W. Robert McMaste;. Linda L. BFtton'. Anne E. Wallis', 
Tom Frommel', Yoshi Fujikura John Webb' and Neil E. Reiner'. Department of Medical 
Genetics and 'Medicine, University of British Columbia, Vancouver, Canada V6T 1 W5. 

The major surface antigen of Leishmania promastigotes is a 63,000 MW glycoprotein referred to as 
Gp63 and is encoded by a family of direct tandemly linked gene copies which map to a single 
chromosome of approximately 700 KB. The tandem array of Gp63 genes is found in all Leishmania 
species examined although the total number of Gp63 genes varies amongst different species. For 
example in L. major there are five tandemly repeated Gp63 genes and a single gene copy linked as a 
direct repeat but separated from the tandem array of Gp63 genes. L.  donowani contains at least eight 
Gp63 genes with at least six direct tandemly linked gene copies. DNA sequence analysis demonstrates 
that L. major and L. donowani Gp63 genes are highly conserved including a region encoding an Arg- 
Gly-Asp peptide shown to interact directly with the macrophage receptor for the complement 
component C3bi. Expression of the Gp63 gene locus is constitutive as Gp63 RNA and glycoprotein 
are present in both the promastigote and amastigote life stages of Leishmania. High levels of 
recombinant Gp63 from various Leishmania species have been synthesized in an E. coli expression 
system. Recombinant Gp63 conjugated to liposomes is currently being assessed as a possible vaccine to 
protect against cutaneous leishmaniasis. 

Leishmania have a family of genes that encode proteins containing regions of tandemly repeated 
peptide sequence. Two L.  major genes have been characterized that encode a highly conserved 14 
amino acid repeat sequence and differ from each other in the 5' non-repeat sequence and the number 
of repeat units in that one gene encodes over 100 repeat units while the other encodes only 8. A 
homologous gene is present in L.  donovoni and the repeat sequence is identical to that encoded y the 
L. major genes. Antibodies against this 14 amino acid repetitive sequence detect a L.  major protein of 
240,000 MW. A third gene has also been characterized which contains over 100 repeat units encoding a 
10 amino acid repeat sequence completely unrelated to the 14 amino acid sequence. Antibodies against 
synthetic peptides based on this 10 amino acid repetitive sequence react with a Leishmania promastigote 
cell surface protein of 205,000 MW. The role of these two different repetitive peptide sequences in 
immunity to Leishmania is currently being determined. The presence of regions of repetitive peptides 
is characteristic of many protozoan protein antigens, however, the Leishmania antigens are different 
from the characterized Plasmodium antigens in that the repeat sequences are highly conserved both 
within and between Leishmania species. 
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0 014 PROCYCUFI, A STAGESPECIFIC SURFACE ANllGEN OF T.BRUC@ 
Isabel Roditi, Elke KOnig, Dirk Dobbelaere and Richard Williams, 

Kemforschungszentrum Karlsruhe, lnstitut for Genetik und Toxikologie, Karlsruhe, FRG. 
Procyclin, an unusual glycoprotein consisting of a glutamic acid-proline dipeptide repeat 
for almost half its length, is expressed on the surface of procyclic trypanosomes. The 
genes encoding procyclin comprise a multigene family, some members of which are 
prone to rearrangement. We have previously shown that procyclin genes in cloned 
trypanosome strains from Kenya and Uganda show restriction fragment length 
polymorphisms. A detailed analysis of their genomic organisation has revealed that 
procyclin genes are arranged in tandem at 3 distinct loci (Pro A, B and C) in the Kenyan 
strain and that the polymorphism is due to a gene duplication in the Pro A locus. 
A procyclin associated gene (PAG) has been identified upstream of the procyclin genes 
in the Pro A locus. PA0 cDNA clones encode tandem repeats of 38 amino acids which 
show 50% homology to the repeat motif of the large microtubule-associated protein of T. 
brucei (Schneider et al., Sdence 1988.2pL, 459). The highly repetitive nature of both 
procyclin and its flanking genes may explain the instability of certain loci. 

0 015 THE LIPOPHOSPHOGLYCAN OF LEISHMANIA DONOVANI: S T R U W R E  
AND FUNCTION, S. J. Turco and T. B. McNeely, Department of Biochemistry, 

University of Kentucky Medical Center, Lexington, KY 40536. 
The major cell surface glycoconjugate of Leirhmm'a donovani promastigotes is lipophosphoglycan 
(LPG). Structurally, LPG is a polymer of repeating [P04+6Gal(fll,4)Manal] units attached via a 
phosphosaccharide core to a novel lyso-alkylphosphatidylinositol anchor. A striking characteristic of 
the parasites is their ability to avoid destruction within phagolysosomes of host macrophages. We 
hypothesize that LF'G plays an important protective role for the parasite by acting to modulate the 
production of the microbicidal oxidative burst. Consistent with this hypothesis are the results of three 
sets of experiments: (i) incubation of monocytes with a variant of L. domvuni which lacks LPG 
resulted in the entry of the variant into the monocytes and its subsequent destruction, which was in 
contrast to wildtype L. donovani. (ii) addition of purified LPG to human peripheral monocytes 
attenuated the oxidative burst upon stimulation of the monocytes with either phorbal mystric acid or 
with opsinized zymosan. (iii) purified LPG from L. donovm' was found to inhibit protein kinase C in 
v im.  Since protein kinase C is believed to be responsible for activation of the microbicidal oxidative 
burst of phagocytic cells, the potential in vivo consequence of this inhibition is that induction of 
oxidative burst by protein kinase C is precluded following infection. LPG was found to be a 
competitive inhibitor with respect to diolein, a noncompetitive inhibitor with respect to 
phosphatidylserine, and had no appreciable effect on protein kinase M and protein kinase A. 
Furthermore, the 1-0-alkylglycerol portion of LPG exhibited the most inhibitory activity toward the 
enzyme whereas the carbohydrate portion was not quite as effective. Taken together, these results 
indicate that LPG is critical in protecting the parasite within phagolysosomes of host. phagocytic cells 
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Molecular Modeling and Drug Design 
0016 MOLECULAR MECHANISMS OF DRUG RESISTANCE IN MALARIA, Alan F. Covnnan, The Walter and 

The antifolate drug pyrimethamine is used as an effective antimalarial agent. However, 
naturally occuring drug resistance has been described for P l a s m d i m  f a l c i p a r u  and 
P l e s l o d i m  chabaudi. A. key residue has been identified that is involved in resistance to 
pyrimethamine o f  P . f a l c i p a r u  isolates from many different parts of the world. The 
possibility that this amino acid residue may be the major mechanism o f  pyrimethamine 
resistance throughout the world has important ramifications for the design of drugs 
effective against resistant parasites. Therefore it is of interest to know what effect other 
antifolate drugs, such as proguanil, have on these resistant parasites. Field data would 
suggest that pyrimethamine and proguanil resistance are not necessarily linked. 

Pyrimethamine resistant lines o f  P.chabaudi can be easily selected on increasing doses of 
the drug. The mechanids) o f  resistance to this drug have been analysed in these lines and 
clearly show chromosomal rearrangements are involved. 

Eliza Hall Institute of Medical Research, Melbourne, Australia. 

0017 UNIQUE PROPERTIES OF GLYCOSOHAL GLYCOLYTIC ENZYMES, Fred R. Opperdoes, Rik K. 

o f  C e l l u l a r  and Molecular Pathology, Brussels, Belgium; European Molecular Biology Labora- 
tory, Heidelberg, Federal Republic o f  Germany; State Un ive rs i t y  o f  Groningen, Groningen, The 
Netherlands; Univers i te  Paul Sabatier, Toulouse, France 
I n  the Trypanosomatidae, cont rary  t o  a l l  o ther  organisms, the g l y c o l y t i c  enzymes are located 
i ns ide  a microbody-l ike enzyme c a l l e d  "glycosome". Nine glycosomal enzymes and two o f  t h e i r  
cy toso l i c  homologues have been p u r i f i e d  t o  hcinogeneity from Trypanosoma brucei  and compared 
w i t h  t h e i r  homologues from other  organisms. Three o f  the glycosomal enzymes have been crys- 
t a l l i z e d  and the three-dimensional s t ruc tu re  o f  two o f  them has now been solved. The genes 
coding f o r  f i v e  glycosomal genes and two cy toso l i c  ones have been cloned and sequenced. 
Together w i t h  the extensive data ava i l ab le  on g l y c o l y t i c  enzymes from other  organisms these 
r e s u l t s  have allowed the i d e n t i f i c a t i o n  o f  important molecular proper t ies t h a t  uniquely 
d i f f e r e n t i a t e  glycosomal enzymes from t h e i r  cy toso l i c  homologues. For example, the existence 
o f  ext ra  peptides, which are present as unique inse r t s  o r  N-terminal o r  C-terminal exten- 
sions. These unique peptides are characterised a lso by the presence o f  t he  p o s i t i v e l y  
charged residues a rg in ine  and/or lys ine.  Where three-dimensional model-bui lding has been 
poss ib le  (glyceraldehyde-phosphate dehydrogenase. phosphoglycerate klnase and triosephosphate 
isomerase) a cha rac te r i s t i c  p a i r  o f  such c lus te rs  ("Hot spots") a t  40 A apart. has been 
recognized. Other s t ruc tu ra l  d i f ferences have been i d e n t i f i e d ,  such as the subunit contact 
areas i n  glycosomal triosephosphate isonrerase and near the  NAD-binding reg ion i n  glyceralde- 
hyde-phosphate dehydrogenase. 
Thei r  phys io log ica l  importance, unique loca t i on  and t h e i r  unique molecular cha rac te r i s t i cs  
makes these glycosomal enzymes the  targets  o f  choice f o r  new chemotherapeutic approaches. A 
f i r s t  attempt t o  synthesize i nh ib i t o rs ,  s p e c i f i c  for  glycosomal enzymes has l e d  t o  a ser ies 
o f  compounds t h a t  s p e c i f i c a l l y  i n h i b i t  t he  g lycosoml  enzymes and leave t h e i r  homologues frcin 
other  organisms unharmed. 

Wierenga, Wim G.J. Hol, Michele Wil lson and Jacques Perig, I n te rna t i ona l  I n s t i t u t e  
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0 018 THYMIDYLATES~SEANDDIHYDROFOLATE~U~ASEIN 
PARASITES, Daniel V. Santi, DeparmLents of Biochemistry and Biophysics and 

Pharmaceutical Chemistry, University of California, San Francisco, CA 94143. Studies of the 
bifunctiod thymidylate synthase (TS) - dihydrofolate rcductase (DHFR) from protoms and 
monofunctional countnparts in other organisms will be described. In particular, we will describe 
investigations of the bifunctional enzyme from LcislrmMia. These will be dated to parallel 
studies on the structure, function and inhibition of related monofunctional counterp& from other 
sources which an well understood. Finally, we will describe studies which have led to the cloning 
and expression of TS and DHFR from the organism Pnewnocysris curinii. 

Vaccines and Vaccine Strategies 
0 019 

For many helminth infections for which safe, cheap and effective vaccines are desired, basic 
research has not yet resolved the issue of what imune effector mechanisms are responsible 
for host resistance and what immune evasion mechanisms are responsible for chronic parasi- 
tism. The development of "natural antigen" vaccines based on acquired resistance relies on 
the unequivocal identification of immunological correlates of resistance to infection or 
disease in exposed individuals or in relevant model systems. An alternative approach is to 
identify an "Achilles heel" in the parasite involving a functional molecule of poor natural 
immunogenicity. Hopefully, this "novel antigen" is relatively invariant in the interests of 
preserving function and from a lack of immune pressure to vary and is not a complete 
molecular mimic of a host molecule. The greatest encouragement to vaccine development comes 
from a clear demonstration of concomitant immunity. In its simplest form, this state of 
immunity involves elimination of establishing infective stages of a parasite in a challenged 
infected host. Encouragement also derives from bell-shaped age-prevalence curves and/or a 
sharp decline in intensity of infection with age despite continuing exposure. Examples will 
be given of prototype helminth vaccines based on antigens identified by five approaches - 
analysis of concomitant immunity, use of a functional monoclonal antibody (and perhaps T 
cell lines and clones), analysis of genetically-based resistance in model systems, isola- 
tion of a subset of molecules by fractionation of crude extracts that protects, and finally, 
analysis of acquired resistance to reinfection in human populations. The principal helminth- 
diseases covered in outline are schistosomiasis, trichinosis and cysticercosis. 

VACCINES AND VACCINATION STRATEGIES: HELMINTHS, Graham F. Mitchell, The Walter and 
Eliza Hall Institute of Medical Research, Melbourne, Australia 
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0 020 CELL-MEDIATED VACCINES AGAINST SCHISTOSOMES AND J.WI-IMANItl, Alan Sher, Edward Peam. 
Stephanie James and Phillip at!, lmnobgy and Cell Biobgy Section, Laboratory of Parasitic Diseases, 

cell-mediated enedw rlmhanm ' mdependent on C% T m e s h a v e b e e n s h o w n t o p l a y  amaprmbin imrmnity 
against schistosomesand Lelshmanla ' . We have devebped murine vaccine models against these organisms which 
employ non-hlng parasite extracts with the aim of i d e n t i i i  the relevent immunogens as well as investigating at the T 
celVan!iien level the manner in which protective cell-mediated responses are induced and regulated. The first model 
enpkys the intradetmal lnjectbri of soluble schistom (S. roaosa@ extracts with an adjuvant, BCG. and the second the 
intraperitoneal injedbn d promastigote (I. maiprl extract (SLA) with In both modeb. protective immunity 
fails to develop in athymiC mice and can be transferred to normal recipients with immune T cells but not with i m n e  sera. 
In the Leishmania model T cell lines and cbnes bebnging to the Thl subset mediate the transfer of proteuion whereas 
transferred Th2 calk actually exacehate infection. Ow cunent hypothesis is that a similar dichotomy in Th subset tunction 
may occur in the schistosome model. Thus, strong 1FN-y responses are obsetved when T cells from vaccinated mice are 
stimulated wkh parasite anligen and& yivp treatment with antk1FN-y antibodies results in partial depletion of imnunity. In 
contrast, cytokines pmduced by Th2 cells (e.g., IL-5) predominate in the response to schistosome infectbn in non- 
vaccinated hosts and treatment with anti1L-5 a n t i s  fails to reduce vaccine immunity. 

Two different approaches have been employed to identify protective vaccine molecules. In the schistowme model, 
the uniquely monospecific ant- response of vaccinated mice led to the identifiitbn of paramyosin, an internal 
myofibrillar protein as one protective molecule in the original vaccine preparation. The major epitopes in the molecule 
responsible for eliicithg Thl (i.e., IFN-yj responses have now been mapped using synthetic peptides spanning the known 
sequence of the protein. In contrast, in the leishmania model, a candidate vaccine antigen of approximately 1O.OOO kD has 
been identifled directly on the basis of its recognition by a protective Thl clone in T cell immunobbt?ing experiments. We 
are currently attemptlng to determine whether the selective induction of protective, Thl responses by these 
schistmme and !&&u&J& antigens is a function of their chemical structure or mode of presentation during vaccination 
or challenge. 

NIAID, NIH, Bethesda, MD 20892 and Biomedical Research Institute, W d l e ,  MD 20552. 

Epidemiology and Field Study - Molecular Approaches, Model Systems 
0 021 MOLECULAR DIAGNOSTICS AND EPIDEMIOLOGY, D.F. Mi r th .  Harvard School o f  Public 

DNA probes have been developed f o r  the diagnosis o f  several t r o p i c a l  diseases inc lud ing 
malaria, leishmaniasis, f i l  a r i a s i  s ,  onchocerciasis, amoebiasis and tubercu los is .  These 
probes were o r i g i n a l l y  i s o l a t e d  as h i g h l y  repeated DNA sequences present e i t h e r  i n  genomic 
o r  organel le  DNA. D i r e c t  analys is  o f  c l i n i c a l  samples using DNA probes has been successful 
f o r  a l l  o f  these diseases and the  probes compare favorably  w i t h  standard d iagnost ic  methods. 
The DNA probe spec i f i c  f o r  P. falciDarum has been developed i n t o  a f i e l d  t e s t  and has now 
been used on 15,000 p a t i e n t  samples, most extens ive ly  i n  Thailand where i t  i s  c u r r e n t l y  being 
used i n  epidemiological s tud ies.  The DNA probes s p e c i f i c  f o r  Leishmania mexicane and 
Leishmania b r a z i l i e n s i s  have been used extens ive ly  f o r  d i r e c t  diagnosis o f  p a t i e n t  samples 
i n  Manaus, B r a z i l .  Recent work using the  Polymerase Chain Reaction (PCR) method has g rea t l y  
increased the s e n s i t i v i t y  o f  a l l  the DNA probes which we have developed. Amp l i f i ca t i on  o f  
t a r g e t  DNA from d i r e c t  c l i n i c a l  samples, frozen b iops ies and embedded t i ssue  has been 
poss ib le  f o r  Leishmania mexicana and leishmania b r a z i l i e n s i s  s p e c i f i c  probes. S im i la r l y ,  
a m i l l i o n - f o l d  a m p l i f i c a t i o n  o f  P. falciDarum s p e c i f i c  sequences has been achieved i n  the 
laboratory .  

The PCR method must now be f ie ld-adapted bu t  opens the  p o s s i b i l i t y  o f  using DNA probes 
o f  greater  s p e c i f i c i t y  which are present i n  low copy number. Our e f f o r t s  are focused on a 
DNA probe s p e c i f i c  f o r  d rug - res i s tan t  P. falcioarum. We have i d e n t i f i e d  two P. falcioarum 
genes, Pfmdrl and Pfmdr2, r e l a t e d  t o  mammalian P-g lycoprote in  genes and are cu r ren t l y  
i n v e s t i g a t i n g  the I n  mul t idrug 
res i s tan t -mama l ian  tumor c e l l s ,  res is tance i s  associated w i t h  increased expression o f  the 
P-g lycoprote in  which i s  o f t e n  the r e s u l t  o f  an a m p l i f i c a t i o n  o f  the gene. We have 
p re l im ina ry  evidence t h a t  Pfmdr2 i s  amp l i f i ed  i n  mef loquine-res is tant  P. falcioarum. 

Health, 665 Huntington Avenue, Boston, MA 02115. 

r o l e  o f  t h i s  gene i n  drug res is tance i n  P. falciDarum. 
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Parasite Killing Mechanisms; 
Transcription, Processing and Transformation 
0 100 Ro-15-5458 SELECTIVELY INHIBITS THE TRANSLATION OF mRNA ISOLATED FROM ADULT 

Michigan State Univers i ty ,  E. Lansing. M I  48823. Ro 15-5458 i s  a potent, experimental 
antischistosomal drug developed by Hoffmann LaRoche. It i s  a c t i v e  against  a l l  geographic 
s t r a i n s  o f  Schistosoma, i n  various experimental animals, a t  15.0 mg/kg. The drug has 
a slow onset o f  ac t i on  i.e., paras i tes s h i f t  from the mesenteric veins t o  the l i v e r  5 
days a f t e r  dosing. The drug has no i n  v i t r o  antischistosomal a c t i v i t y .  Paras i tes removed 
3 days a f t e r  dosing from in fec ted  mice have normal metabolic and phys io log ica l  signs 
except f o r  a s i g n i f i c a n t  reduct ion i n  pa ras i te  p r o t e i n  content which i s  associated w i t h  
a s i g n i f i c a n t  reduct ion o f  the i nco rpo ra t i on  o f  labeled leuc ine and thymidine i n t o  TCA 
inso lub le  f rac t i ons .  The t r a n s l a t i o n  o f  p ro te ins  from mRNA iso lated,  as e a r l y  as 12 
hours a f t e r  dosing i n fec ted  mice, was reduced by 50% r e l a t i v e  t o  contro ls .  This a c t i o n  
appeared se lec t i ve  s ince t r a n s l a t i o n  o f  l i v e r  mRNA i s o l a t e d  from mice given m u l t i p l e  
doses o f  the drug was n o t  reduced. K ine t i c  s tud ies suggest i n h i b i t i o n  o f  t r a n s l a t i o n  
i s  due t o  improper i n i t i a t i o n  o f  p r o t e i n  synthesis. Removal o f  t he  th ia ro l yazo  group 
from the parent compound e l iminates antischistosomal a c t i v i t y  and the drug-induced l e s i o n  
o f  pa ras i te  mRNA. 

SCHISTOSOME, Feleke Eshete and James L. Bennett, Department o f  Pharmacology, 

0 101 

University of South Carolina, Charleston, SC 29425. 

infectiorw, mf usualb remain apparently undamaged. Phagocytic cells enriched for eosinophils have been 
shown toxic for mf in vim. However, it is not known whether this toxicity was mediated through the 
release of granule proteins M oxidants. Using Onchocerca cewicak as a nmdel for 0. v&fdu.s, WB 

investigated the effect of the reactive oxygen species hydrogen peroxide, singlet oxygen, hydroxyl radical. 
and superoxide radical on rnf in vim. 

peroxide, protects in all systems where hydrogen peroxide is present. Inactivated catalase, superoxide 
dsmutase (SOD), singlet oxygen scavengers and most hydroxyl radical scavengers. do not protect mf in any 
syslem. One hydroxyl radical scavenger, thiourea, does protect mf. However. protection appears to be the 
result of non-specific scavenging of hydrogen peroxide. Sensitivity to hydrogen peroxide toxicity 
correlates with the low levels of catalase and absent glutathione peroxidase found in mf. 

vim, it is unclear why mf are not killed in vivo. Our preliminary results indicate that one explanation may 
be that exposure of mf to non-toxic levels of hydrogen peroxide induces resistance to previously toxic 
levels of hydrogen peroxide. We have also found that mf have relatively hbh levels of SOD and are 
currently determining if this enzyme has a role in the protection of rnf using immuno-histochemical 
techniques. [Supported by NIH grants EY05757, EY06462 and EY07.5421. 

SINCE HYDROGEN PEROXIDE IS TOXIC TO MICROFLARIAE, HOW DO THEY SURVIVE MI VIW? 
Heather L. Callahan, Rosalie K. Crouch, and Eric R. James, Depanment of Ophthalmology. Medical 

Despite tissue eosinophilia and elevated immunoglobulin levels associated with omhffiercal 

Hydrogen peroxide and singlet oxygen are toxic for mf. Catalase, which scavenges hydrogen 

Since levels of hydrogen peroxide comparable to those generated by eosinophils are toxic for mf in 

0 102 

Zoology and Experimental Pathology, Australian National University, Canberra, ACT 2601, 
Australia. 
Evidence is accumulating that overproduction of innnunomodulators of host origin, 
particularly tumor necrosis factor (TNF), may have central roles in the pathogenesis of 
illness and pathology of malaria and similar acute infections. 
infection primes for TNF release; ourselves and others have detected TNF in the serum of 
acutely ill patients and experimental animals; 
from macrophages: 
prevents development of pathology. 
have reproduced the terminal pathology seen in this disease, including dyserythropoiesis and 
fetal death, by injecting r TNF (Asahi). 
some malarial patients, and since TNF and IL-1 are synergistic in certain othercircumstances, 
we have investigated whether these two monokines are synergistic in producing the pathology 
seen in malaria. This proved to be the case, nanogram quantities of IL-10 (Merck) reducing 
TNF requirement about 10 fold. Furthermore, IFN-y (which has also been detected in acute 
malarial serum) synerqized in this context with both TNF and IL-1, alone or separately. 
Thus the pathology of this disease appears to be the result of a complex interaction 
involving at least these three cytokines, not TNF alone. 

ROLES OF TUMOR NECROSIS FACMR AND OTHER CYMKINES IN MALARIAL IMMUNOPATHOLOGY, Ian 
A.  Clark, Geeta Chaudhri, Susan Ilschner and William B. Cowden, Department of 

For example, malaria 

malarial antigens can trigger release of TNF 
and, at least in the mouse model of cerebral malaria, antibody to lWF 

In our mouse model of malaria ( P h o d i m  oinckei) we 

Since we have also detected IL-1 in the Serum of 
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O 103 ANALYSIS OF B- AND T-CELL RESPONSES TO THE REPETITIVE PF 11-1 ANTIGEN 
OF PLASMODIUM FALCIPARUM. Philippe Dubois, Artur Scherf, Marika Pla+ 
and Luiz Pereira da Silva, Institut Pasteur, 25-28, rue du Dr. Roux,75015, Paris. +U93 

INSERM, Hopital St Louis, 2, PI. du Dr Fournier, 75010 Paris, France 
We isolated from a genomic expression library of the malaria parasite P. fulcipanun a clone coding for a 
highly repetitive antigen associated with the membrane of infected erythroves, Pf 11-1. The major part of 
this molecule consists of at least 200 degenerated repeats of nine amno-acids, whose co~lsensus se uence, 
E-E-V-V-E-E-V-V-P, is hi hly homologous to repeats of other malaria antigens, Pf RESA and Pf 312, and 
to part of Thymosind. h e x  repeats show a high degree of cross-reactivity, and secondary structure 
analysis redicts that they share a high tendency to form amphipathic alpha-helices. 
The antigody and T-cell responses to the two most frequent types of 
different H-2 congenic mice strains using two synthetic peptides 
F'9B Y-P-(E-E-LV-E-E-V-I-P) K). The antibody response to both 
ha lotypes. Specific antibodies 26, not discriminate between the two peptides as assessed by ELISA. The 
MRC restriction was confirmed by P y s i n g  the T-cell response to both peptides. T-cell lines specific for 
each peptide were derived from H-2 responding mice. Although the peptides differ in four positions of the 
hydrophobic parts of the helices, no significant differences were observed in the antigen presentation 
between P9A and P9B peptides. In contrast, no proliferative response was observed when the two T-cell 
lines were tested against the heterologous peptide, sueesting that the variable hydrophobic amino acids are 
involved in T-cell recognition. We are currently investigating: i, if cross reacting sequences from Pf RESA 
and Pf 332 anti ens or self products such as Thymosind lead to cross-activation of the Pf 11-1 specific T- 
cell clones; ii, ifother variant repeats of Pf 11-1 antigen are restricted to different H-2 haplotypes and that 
the totality of the repeats may be subjected to no restriction. 

0104 SPOROZOITE VACCINE INDUCES GENETICALLY RESTRICTED T CELL ELIMINATION OF 
MALARIA FROM HEPATOCYTES. S t e p h e n  L .  Hoffman, D a n i e l  I s e n b a r g e r ,  Ana 
Szarfman,  Gary W.Long, Martha Sedegah,  David S. Finbloom a n d  W. R i p l e y  

B a l l o u .  Naval Medical R e s e a r c h  I n s t i t u t e ,  Bethesda ,  Maryland,  20814, a n d  
Walter Reed Army I n s t i t u t e  o f  Research ,  Washington, D.C .  20307 

Mice immunized w i t h  i r r a d i a t i o n  a t t e n u a t e d  malaria s p o r o z o i t e s  are s o l i d l y  
p r o t e c t e d  a g a i n s t  c h a l l e n g e  b y  a n  immune r e s p o n s e  t h a t  h a s  b e e n  shown t o  
r e q u i r e  CD0+ T cells  . The target of t h i s  immunity h a s  n o t  b e e n  e s t a b l i s h e d .  
W e  report  t ha t  immune BALB/c mice d e v e l o p  malaria s p e c i f i c ,  a n d  CD8+ T 
c e l l - d e p e n d e n t  i n f l a m m a t o r y  i n f i l t r a t e s  i n  t h e i r  l ivers  af ter  c h a l l e n g e  w i t h  
Plasmodium h&d s p o r o z o i t e s ,  a n d  t ha t  s p l e e n  cells f r o m  immune BALB/c and  
C57BL/6 mice e l i m i n a t e  h e p a t o c y t e s  i n f e c t e d  w i t h  t h e  l i ve r  s t a g e  of E. berohei 
f rom in v i t r o  c u l t u r e .  The a c t i v i t y  a g a i n s t  infected h e p a t o c y t e s  i s  n o t  
i n h i b i t e d  b y  a n t i - i n t e r f e r o n  y a n d  is  n o t  p r e s e n t  i n  c u l t u r e  s u p e r n a t a n t s .  It 
is  g e n e t i c a l l y  restricted, i n d i c a t i n g  t h a t  malaria a n t i g e n s  on  t h e  h e p a t o c y t e  
s u r f a c e  are r e c o g n i z e d  b y  immune T effector cel ls .  F u r t h e r  s u b u n i t  v a c c i n e  
development  w i l l  r e q u i r e  i d e n t i f i c a t i o n  of t h e  a n t i g e n s  r e c o g n i z e d  b y  these T 
cells, a n d  a method of immuniza t ion  t h a t  i n d u c e s  s u c h  immunity. 

0 105 

and Louis H. Miller, Laboratory of F'arasitic Diseases. National Institutes of Health, Bethesda, MD 20892 
Infection of mice with P. vinckei is invariably fatal. However, mice develop solid immunity after two 

cycles of infection and drug cure. Here we present evidence that such immunity is mediated by CD4+ T cells 
through effectorhnducer function, not antibody help. Passive transfer of antibody from immune mice into 
athymic nu/nu mice does not rendex the recipients immune. B celldeficient C3WHcN mice can develop 
immunity to P .  vincki reinfection without making parasite-specific antibdies. In vivo depletion of CD4+ T 
cells in immune BALB/c mice completely abrogates their immunity. This loss of immunity can be reversed by 
aansfer ofCD4+ T cells from spleens of immune mice into (3D4aepleted immune mice. Interestingly, immune 
CD4+ T cells fail to transfer immunity into normal BALB/c or histocompatible BALB/c nude mice. Splenectomy 
of immune BALB/c mice ~everses their immunity. Repletion of splenectomized mice with syngeneic immune 
spleen cells does not reconstitute immunity. These observations demonstrate the requirement of an architecturally 
intact malarial spleen as well as specific CD4+ T cells for expression of immunity to P. vinckei. 

such vaccine preparations may induce protective T cells, they may fail to produce the splenic architecture q u i d  
for blwd stage immunity. A vaccine based on cellular immunity against blood stage infections may require a 
combination of malarial antigens and adjuvants or live organisms such as salmonella or BCG to induce both 
protective T cells and p r o p  splenic architecture. 

ROLE OFCD4+TCELU AND SPLEEN IN IMMUNITY TOTHE MURINE MALARIA, 
PLASMODIUM VINCKEI, Sanjai Kumar, Michael F. Good, Franklin Dontfmid, Joseph M. Vinetz, 

We further found that mice could not be immunized with P. vinckei antigens in various adjuvants. While 
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0 10BANTIGEN RECOGNITION BY ANIMALS IMMUNE TO ONCHOCERCA 
MICROFILARIAE, Yien M. KUO 8 Akrtl EBIANCO. Imperial College, Prince Consotl 
Road,London SW7 2BB,UK. 

In a bovine model of onchocerciasis we have demonstrated that it is possible lo induce hih levels of 
protectin against Onchocerca lienalis microfilariae by immunistiin, whereas animals harbouring patent 
infections remain non-immune. Because serum from immunised cattle was able to confer protection by 
passive transfer, we set out to analyse antibody specificities in immune animals to identii putative targets of 
the host protective response. ImmunoMot analysis revealed that sera from immune animals recognized a 
set of stage-specific polypeptides in the range of 10-15kD in microfilarial extracts. One of these molecules, 
that alw arises as a major component of adult female worms. is conserved m r ! g  OnchOcerCa spp., but Is 
absent from BNgla makyi. A cDNA clone derived from an Onchocerca vohrulus expression libraty was 
selected on the basis of its specific reactivity with antibodies from immune, but not infected animals. By 
immunoblot analysis of antiiens from 0.lienaliS and B.malayimicrofilariae, anti-E30 serum was shown to 
read with a 15kD antigen which was absent from adul worm extracts. By immunoelectron microscopy the 
15kD molecule appears to be bcalized on the surface of B.m/ayimicrofilariae but not on the surface of the 
adults. In adult female worms the antigen is on the surfam of in utero micmfilariae and in the uterus itself. 

0 1 0 7  NON-ANTIBODY MEDIATED IlMuNITY AGAINST GMETOCTYES IN A SIMIAN MALARIA SYSTEM 
P.CYN0MObGX IN THE TOQUE MONKEY, Mendis K N. Naotunne T de S, Del Giudice G, & 

Carter R, Department of Parasitology, Faculty of Medicine, University of Colombo, Sri 
Lanka, As in P.vivax infections in man, P.cvnomolpi infections induce anti-ganete 
iuunity in its natural host the toque monkey, Macaca sinicq. During the first 4 days of 
patent infections in spleen intact animals when anti-gamete antibodies were rising, but 
had not reached blocking levels the infectivity of gametocytes was enhanced by antibodies. 
Transmission blocking effects were detectable in the sera about a week after patency, and 
were completely lost after 2-3 months following self-cure. in 
addition to these antibody mediated effects, an antibody independant mechanism of immunity 
against gametocytes was evident. In splenectomised animals at the peak of parasitaemia 5-7 
days after patency, 'crisis' occured. At 'crisis' all intra-erythrocytic parasites 
including ganetbcytes appeared morphologically abnormal and the infectivity of the 
infection to mosquitoes .dropped to zero. Gametocytes obtained from the 'crisis' period 
were non-infectious to mosquitoes even when washed and resuspended in normal (non-immune) 
monkey serum. Further, healthy gametocytes from a heterologous infection were rendered 
non-infectious serum, 
suggesting that soluble non-antibody mediators of innunity present in crisis serun 
'inactivates' intraerythrocytic gametocytes. It is possible that these effects are 
mediated by cytokines since culture supernatants from monkey peripheral blood lymphocytes 
stimulated in-vitro with lipopolysaccharide also had a similar neutralising effect on 
intra-erythrocytic gametocytes in-vitro, rendering them non-infectious to mosquitoes. 

In splenectomised animals, 

when cultured in-vitro for 3 hours in medium containing 202 crisis 

0 1 0 8  TUFTSIN : EFFECTS ON THE PHAGOCYTIC AND MICROBICIDAL FUNCTION OF 
MACROPHAGES IN LEPROSY 

RAO, D.N., DEPARTMENT OF BIOCHEMISTRY, ALL INDIA INSTITUTE OF MEDICAL 
SCIENCES, NEW DELHI-110 029, INDIA. 

Human peripheral blood monocytes/macrophages from normal donors, tuberculoid 
leprosy (BT/TT) and lepromatous leprosy (BL/LL) patients were assayed for 
stimulated phagocytic and microbicidal responses, to the potent macrophage 
stimulating tetra peptide,"tuftsin", after varying periods (6 hr - 14 days) 
of in vitro cultures. 
progressive stimulat3on of phagocytosis of S.aureus, H3,& and M.leprae as 
well as microbicidal activity against S.aureus and M.leprae. with increasing 
age of in vitro culture, while the BL/LL cultures failed to respond to 
tuftsin. These findings led us to postulate that BL/LL macrophages may have 
altered tuftsin receptor expression or have altered signal transduction 
mechanism. 

References: (1) Ravi R. Iyer and Rao, D.N., Revised Manuscript submitted to 

While normal andlBT/TT macrophage cultures showed 

Infection and Immunity, 1988. 
(2) Ravi R. Iyer and Rao, D.N., Revised Manuscript submitted to 

Infection and Immunity. 1988. 
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0109 CONSERVATION OF A HUMAN GROWTH HORHONE-LIKE FACTOR IN THE TAPEWORM GENUS SPIRO- 
METRA. C .  K. Phares and J. Shaffer, Dept. of Biochem., Univ. of NE Med. Ctr., 

Omaha, NE 68105. K. Hirai, Dept. of Parasitol., Ehime Univ. School of Med., Ehime, Japan. 
Infections of mice with plerocercoids of either Suirometra mansonoides or S .  erinacei 
result in enhanced growth of the host. The growth factor from S. erinacei does not 
stimulate growth of hypophysectomized rats, whereas pleroceroid growth factor from S, 
mansonoides (PGF-M) is a potent stimulant in this model. Mueller (J. Parasit. 58: 872- 
875, 1972) reported that infections of rats with plerocercoids of S .  erinacei 5 wks prior 
to infection with S .  mansonoides failed to immunize rats against the growth-promoting 
effects of PGF-M. Therefore, PGF-M and PGF-E may have different biological and 
immunological characteristics. We directly compared PGF-M and PGF-E. Isoenzyme patterns 
showed marked differences in all nine of the enzymes studied. Both growth factors displaced 
human growth hormone (hGH) from its receptors but PGF-E had only one-half the activity of 
PGF-M. Western -blot analysis using three distinct anti-hGH monoclonal antibodies (MAb) 
showed that PGF-M and PGF-E share all three of the epitopes of hGH recognized by these MAb. 
Western blot analysis using a polyclonal antiserum to partially-purified PGF-M showed that 
the antiserum identified multiple bands in the crude PGF-M preparation but only one band in 
crude PGF-E crossreacted. The fact that all the anti-hGH MAb and the anti-PGF antiserum 
identified a 27.51: glycoprotein in both preparations suggests that both species share an 
analog of hGH. Therefore, while there can be little doubt that S .  mansonoides and S, 
erinacei are distinct, the hGH-like factor is conserved in both species. 

0 110 IDENTIFICATION OF PUTATIVELY PROTECTIVE ANTIGENS OF BRUG/A MALAY/ 
BY THEIR ABILITY TO STIMULATE SPLEEN CELLS OF IMMUNE MICE TO PRODUCE 

11-3 IN VITRO, Mario Philipp and Neil Storey, Molecular Parasitology Group, New 
England Biolabs Inc. Beverly MA 01915 

We have shown that 3H-thymidine incorporation by an IL-3 dependent cell line 
(32D) could be used to identify filarial antigens that stimulate splenic T-cells in 
immune mice. The procedure is simple and has the advantage that it will, in all 
likelihood, detect stimulation by antigen of T-cells of both the Thl and Th2 helper 
subsets. We have identified a highly antigenic fraction (70-100 kD) which is not 
mitogenic, i.e. does not stimulate IL-3 secretion by spleen cells of naive mice. 
The antigens contained in this fraction were isolated from PBS extracts of B .  
rnalayi adult worms by one-dimensional SDS-PAGE and blotted onto 
nitrocellulose. Strips containing material of different molecular weights were 
used in the IL-3 bioassay 

0 111 NONIMHUNX KILLING 08 TRYPWOSOlU BRUCE1 BY A MINOR SUBSPECIES OF 

J.D. Esko and S.L. Hajduk, Department of Biochemistry, University of Alabama at 
Birmingham, School of Medicine, Birmingham, AL 35294 
Trypanosmna brucei brucei is an important human pathogen of domestic cattle in sub- 
Saharan Africa and is closely related to the human sleeping sickness parasites, T. 
b. gambiense and T. b. rhodesiense. However, T.b. brucei is non-infectious to 
humans. The restriction of the host range of T.b. brucei results from the 
sensitivity of the parasite to lysis by toxic human high-density lipoproteins (HDL). 
Trypanosome lytic activity is not a universal feature of all human HDL particles but 
is associated with a minor subclass of HDL. The trypanosome lytic factor (TLF) has 
been purified 8,000 fold and consists of a heterogeneous subclass of HDL which has a 
relative molecular weight of 490,000 a buoyant density of 1.21-1.24 g/ml and a 
particle diameter of 15-21 nm. TLF contains apolipoproteins AI, AII, CI, CII, CIII 
and at least three unique proteins of 92, 12 and 45 KDa. Incubation of purified I25I 
labelled TLF with T. brucei at 4 OC suggests that TLF binding is saturable and is 
receptor mediated. Reconstituion studies are underway to identify the protein 
components of TLF involved in binding and trypanosome lysis. 

HDlulp BIGB-DENSITY LIPOPROT8iIN, E.M. Tytler, D.R. Moore, M.Pierce, 
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0112 A POSSIBLE ROLE OF INTERFERON AND OTHER CYTOKINES IN THE 
RESISTANCE OF CATTLE AGAINST THE RICKETTSIAE COWDRIA 

RUnlNANTlUn DURING VACCINATION, ,John J. WBrenne’, A.L.W. de GeeZand P. TottB’ 
( 1 .  Faculty of Sciences, UniversitB Libre de Bruxelles, Belgium. 2.Department of 
Infectious Diseases, University of Florida, Gainesville, USA and Veterinary Research 
aboratory, Causeway, Zlmbabwe; Present adress: Gezondheids dienst voor Dieren Noord 
Nederland, Drachten, The Netherlands/ in vivo study made In Zimbabwe under a contract 
between the “USAID” N’ AFR OOOO-C-6003-00 and the Government of Zimbabwe). 
Heartwater, a deadly disease of cattle due to Cowdria rumlnantium, is prevalent in the 
African continent, south of the Sahara, where the Amblyoma ticks are vectors. A 
primitive procedure of vaccination (intravenous administration of  contaminated blood) , 
confers a relative protection against the disease.We have studied a dozen of cows 
experimentally infected in such a way. Without antibiotic treatment only part of the 
animals survive. In the plasma of those animals contrary to others, an antiviral activity 
cFn be detected by the classical test of  reduction of the cytopathic effect of VSV early 
after Infection. Part of the antiviral activity could be ascribed to interferon, but other 
cytoklnes are also involved. 

0113 IMMWNOGENICITY OF A RECOMBINANT 2.  falciDan\m CS PROTEIN: 

VARIANT T-CELL EPITOPE. Fidel Zavala, Philip Barr, Ruth 
Nussenzweig and Victor Nussenzweig, Department of Medical and 
Molecular Parasitology and Pathology, New York University Medical 
Center and Chiron Corporation, . A recombinant CS 
protein encoding the sequence cz;x%etween amino acid 40 and 
340 of the native p. CS protein was used to immunize 
mice of different genetic background and H-2 haplotypes. All 11 
strains tested produced a strong antibody response which recog- 
nized the repeated epitope (NANP) and the parasites. More 
important1 , this recombinant prozein was able to induce a sec- 
ondary antlbody response in sporozoite immunized mice. 

binant protein. 
epitopes were recognized by the immune T cells. 
previously described polymorphic epitope (Thlr), the other is 
located between the repeat domain and Th2r. Thou h this newly 
described epitope displays one aminoacid substitutyon in dif - 
ferent parasite isolates, this polymo hism does not impair the 
capacity of T cells to recognize the Zfferent variants. 

LACK OF GENETIC RESTRICTION AND IDENTIFICATION OF NON- 

We also identified the T cell epitopes present in the recom- 
It was found that at least two different 

One of them is a 

0 200 EXPRESSION OF RIBOSOMAL RNA GENES IN PLASMODIUM FALCIPARUM, Talat 
Afroze, Dorothy Shippen-Lentz and Anne C. Vezza. Department of Medicine, 

University of Alabama at Birmingham, AL 35294. The ribosomal RNA genes of p- fal- 
ciparum are unusual as compared to  those of other eukaryotes. Previous work has shown 
that the parasite has only 4 to  8 copies which are dispersed throughout the genome. 
Based on restriction endonuclease digestion analyses, other labs have categorized these 
genes into 2 to  3 distinct classes which di f fer  in their coding regions. Unlike previous 
reports, we have found that there are at  least 5 to  6 unique rRNA gene classes in the 
parasite’s genome which di f fer  not only in their coding sequences but copy number as well. 
Sequence analyses of the 5.8s region of various classes suggests that most represent low 
copy pseudogenes. In addition, restriction endonuclease analysis indicates that some of 
these genes are linked. Only Class II genes are expressed during the erythrocytic stage 
of development. Time course experiments have shown that the transcription of Class II 
genes does not occur continuously throughout the asexual l i fe cycle; instead. there is  a 
lag time of 12 to  20 hours postinvasion. 

We have also shown that the parasite contains only three 5s rRNA genes which have 
identical coding regions; however, their transcripts di f fer  at  the 3’ end by 1 t o  2 addi- 
tional nucleotides. In order to  determine if the heterogeneity was the result of aberrant 
transcription termination or  gene specific termination, circular plasmids, containing dif- 
ferent cloned plasmodia1 5s genes, are being transcribed in vi t ro using an S-100 extract 
from human kidney cells. Preliminary studies indicate that similar size products are 
transcribed from each gene. 
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0 201 MOLECULAR CLONING OF M E  6-PHOSPHOGLUCONATE DEHYDROGENASE 
GENE FROM TRPAMXC4M4 BRUCEI BY COMF'LEMENTATlON IN E m .  
Michael P. Barrett 8 Richard W.F. Le Page, Department of Pathology, University of 
Cambridge, Tennis Court Road. CAMBRiDGE CB2 IQP. 

In order to study the structure and regulation of genes encoding house-keeping enzymes in 
Trypanosoma &mi we have developed a system of doning by complementation In €.d and used I 
to identify the structural gene for 6-phosphcgluconate dehydqenase (pnd). A T.fwuce/ genomic 
library was constructed in a family of Em/i expression vectors and used to transform an €.cd/ gnd 
mutant . After prolonged incubation at 28% on minimal selective medium several colonies grew. 
The colonies were found to harbour recombinant plasmids carrying trypanosome DNA of varbus 
lengths. Southern analysis against EcoR1 digested total trypanosome DNA indicated that the inserts 
hybridized to a small number of fragments. The plasmid carrying the smallest insert was chosen for 
further analysis; transformation of Ecoli gnd point and deletion mutants restored growth on 
selective medium at 28OC and 6-phosphogluconate dehydrcgenase activity was present In these 
transformants. Complementation of the deletion mutant provides strong evidence that we have 
identified the trypanosome gnd structural gene rather than a suppressor function. 

0 202 

K Sohal and Mark Carrington, Department of Biochemistry, University of Cambridge, 
Tennis court Road, Cambridge CB2 lQW, UK. 
Previous work resulted in the isolation of a 620 bp. fragment of repetitive DNA from 
Theileria parva and its application to stock discrimination (Allsopp BA and Allsopp 
MTEP 1988, Molecular and Biochemical Parasitology 28, 77-84). A plasmid clone of 
this fragment was used to isolate further clones from a % library of T. parva Muguga 
genomic DNA. Analysis of five clones by restriction mapping and Southern analysis 
revealed that the 620 bp. sequence was part of a larger, approximately 2 Kbp., repeat 
present as tandem arrays in the genome. The DNA sequence of a region containing 
copies of the 2 Kbp. repeat and sequences flanking the tandem array has been 
determined. The repeat contains a large open reading frame which, with other 
features of the sequence, will be discussed. The function (if any) of this element is 
unknown; no rearrangements, as detected by RFLP patterns, have as yet been 
observed during in vitro culture of T. parva lymphocytes. Transcriptional studies are 
underway. 

GENOMIC ORGANISATION AND SEQUENCE ANALYSIS OF A REPEATED DNA 
SEQUENCE FROM THEllERlA PARVA, Howard A Baylis, Basil A AllSOpp, Sarjit 

0 203 DNA-MEDIATED TRANSFORMATION OF 
Vivian Bellofam, David Sherman, George A.M. C h s s ,  Ihe Rockcfeller University, New 

Yolk, NY 10021 

Using a plasmid containing the bacterial chloramphcnicol acetyl transfcrasc gem we have assayed 
for transient expression of DNA introduced into 
Recent work will be presented. 

SCVm0Uri by a v&ty of methods. 
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0204 MA-EDITING IN TRYPANOSOME MITOCHONDRIA, Rob Benne, Hans van der Spek, Janny van 
den Burg and Paul Sloof, Laboratory of Biochemistry, University of Amsterdam, 
Meibergdreef 15, 1105 AZ Amsterdam, The Netherlands. 

The nucleotide sequence of trypanosome mitochondria1 transcripts differs at certain sites 
from that of the corresponding genomic sequence as a result of a novel U-insertionldelerion 
process (RNA-editing). In general, RNA-editing repairs translational defects present in the 
genomic sequence, such as frameshifts or absence of an AUG-translation initiation codon. We 
have determined the nucleotide sequence of cDNAs derived from MURF3, EIITRFZ, ~0x111, cox11 
and NDI transcripts of Crithidia fasciculata. RNA-editing creates an in-frame ALlG-initia- 
tion codon in cox111 and MURF2 RNAs and repairs a frameshift in MURF3 and cox11 RNAs. In 
MURF3 RNAs a genomically encoded, putative initiation codon is disconnected from the read- 
ing frame by RNA-editing. Most cDNAs have an edited poly[A] tail, which varies in sequence 
even for cDNAs derived from the same gene. Outside the areas mentioned, the RNA sequences 
match those of the genome. Surprisingly, no evidence of editing was found in NDI cDNAs, 
which lack a genomic initiation codon. The MURFJ, MURF2 and cox111 cDNA collection also 
contains unedited and partially edited cDNAs in which a 3’ edited segment is combined to an 
unedited 5’ region. Other cDNAs are truncated and have their 5’ end a t  an editing site. 
The latter two categories of cDNA may be derived from RNAs that are intermediates of an 
editing process that moves from 3’ to 5’ during which breaks are introduced at the sites to 
be edited, followed by U-insertion/deletion and religation. No evidence for a template 
encoding edited MURF3 sequences could be found In total C. fasciculata DNA or RNA. 

0 205 EXTENSIVE RNA EDITING OF A G-RICH MITOCHONDRIAL TRANSCRIPT IN 
TRYPANOSOMA BRUCEI, G. Jayarama Bhat and Kenneth Stuart, Seattle Biomedical Research 

Institute, Seattle, W k  98109 
A post-transcriptional RNA editing process occurs in Trypanosoma brucei which can substantially alter the 
genomically encoded message. During this process uridines are either inserted or deleted at multiple 
positions along the length of the transcript. Previous studies have shown that a G + C  rich area of 
mitochondrial DNA 5’ to the cytochrome b gene encodes cytochrome oxidase subunit III transcripts which 
are extensively (>SO%) edited. We have now examined transcripts from a similar G + C  rich region 3’ to the 
cytochrome b gene. This region spans approximately 400 nucleotides and transcripts from this region are 
also extensively edited. Four discrete size classes of polymerase chain reaction (PCR) products have been 
detected. One of these occurs in a stage specific fashion. These products have been cloned and sequenced. 

0 206 IN VITRO 3’ END PROCESSING OF RNA IN TRYPANOSOME NUCLEAR 
EXTRACTS, Gregory A. Buck, Suzanna L Short and Tadeosz A. Zwierzynski. 
Department of Microbiology and Immunology, Virginia Commonwealth University, 
Richmond, VA 23298. We have established nuclear extracts from T. & that are 

competent for RNA polyadenylation and several other 3’ RNA modification reactions. Our 
extracts efficiently tail synthetic RNAs by the addition of 10-20 AMP residues. This activity 
is sensitive to protease treatment, Micrococcal Nuclease treatment and to short incubations 
at elevated temperatures suggesting that the activity is mediated by a temperature sensitive 
protein-RNA complex. The polyadenylation activity is limited to the nucleus; cytoplasmic 
SlOO fractions inhibit the reactions and may contain specific inhibitory factors. We believe 
that this activity may be responsible for v& mRNA polyadenylation because of its 
nuclear location and because many of its properties resemble the polyadenylation systems 
of higher eukaryotes. We have also identified and partially characterized several other 
RNA 3’ end modification activities in these extracts, i.e. a terminal uridyl transferase, a 
terminal cytidyl transferase and a 3’ specific exonuclease. Finally, we identified a vely 
active cytidine deaminase activity that converts CTP to UTP in solution. 
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o m  D I V E R G T  TRANSCRIPT 0 On THE UBIQUITIN GENE CLUSTER OF a, Chung,S.H. , Swindle,J.'.~,EPDepar~nt of qicrobiology and 
Immunology, Universi ty  of Tennessee, Memphis, TN. Division of Basic Sciences, 
Fred Hutchinson Cancer Research Center, Seattle, WA.. The polyubiqui t in  (a) genes 
of 
i l l u s t r a t e d  below the py8 genes a r e  a l l  t ranscr ibed i n  the  same 5' t o  3' o r ien ta t ion  
( the  s o l i d  arrows indica te  the  d i r e c t i o n  of t ranscr ip t ion) .  Recently we  have 
i d e n t i f i e d  two addi t iona l  genes ( i d e n t i f i e d  as A and 1 i n  t h e  diagram below) which 
are t ranscr ibed  from the ubiqui t in  gene c l u s t e r  but  i n  the  opposite 5' t o  3' 
di rec t ion .  The t ranscr ip t ion  map f o r  the A and py812.5 genes ind ica tes  t h a t  the  two 
genes a r e  divergent ly  t ranscr ibed from promoters within the  2.OKbp separat ing the 
two genes. Similar ly  t ranscr ip t ion  of the B and py82.65 genes appears t o  be 
divergent i n i t i a t i n g  from promoters within the  1.5Kbp t o  2.OKbp separat ing the  two 
genes. 

& s t r a i n  CL are organized a s  a s ing le  gene c l u s t e r .  As 

I 

Qenomk 

0 208 REGULATELI EXPRESSION OFTHE FRUCTOSE BISPHOSPHATE ALDOLASE 
GENES OF TRYF'ANOSOMA BRUCEI 

Christine E. Clayton and *S. Vijayasarathy 
The Rockefeller University, 1230 York Ave, New Yo&, NY 10021 and *Stanford University Medical 

Center, Stanford, CA94305, USA 

phosphorylation during glycolysis. Adaptation to the tsetse fly envimnment involves extensive mitochondrial 
elaboration including the building of a network of aistae and the appearance of citric acid cycle e m s  and 
cytochromes; at the same h e .  the rate of g lp lys i s  is thirty-fold reduced. 

the "procyclic" insect forms. 'IlIe cornxponding mRNA lcwls reflect this regulation. Ihe regions BIound the 
aldolase genes have k n  sequmced. Each aldolase locus contains two aldolase genes arranged as tandem 
repeats, and produces at least three other polyadenylated transcripts, in the s ~ m c  haascriptional orientation as 
aldolase but, unlike aldolase, expnssed at a low kvel throughout the life cycle. me additional transcripts 
have open reading frames that could encodc small pratch. ?h: sequenced regions am all being thoroughly 
analysed by mcasunmcnt of transcription in isolated trypanosome nuclei. Ihe data so far am consistent viith 
transaiption of the aldolase and assoctated genes as a poly-cistronic prccllrsar. This mans that somc 
regulation must be effected post-transcriptionally at the lcvel 0f-A processing. 

WhilCinthCIMmdWl . host, trypanosomes dcnvc all their energy from sllbsmtc-lcvel 

Fructose bisphosphate aldolasc is thirty tims mnt abundant in bloodsmam trypanosoms than in 

0209 ISOLATION AND CHARACTERIZATION OF THE RNA POLYMERASE 
LARGEST SUBUNIT GENES FROM TRYPANOSOMA BRUCEI: THE IDENTIFICATION OF 

AN ADDITIONAL POL I1 LOCUS. R. Evers, A. Hammer, W. Jess, J. Kbck and A.W.C.A. 
Cornelissen, Max-Planck-Institut for Biologie, 7400 TBbingen, F.R.G. 

The variant surface glycoprotein (VSG) genes in T.brucei are transcribed in an alpha-amanitin 
insensitive way. This led to the speculation that VSG is transcribed by RNA pol I or by an additional 
alpha-amanitin resistant RNA pol I1 (1,2). In order to decide between these two possibilities, we have 
cloned and sequenced the genes encoding the RNA polymerase largest subunit genes in T.brucei (3,4). 

Besides the genes coding for RNA pol I and In, two loci were identified encoding a RNA pol I1 
sequence. Both genes were almost identical at the amino acid level. Interestingly this situation was 
only found in species performing antigenic variation. Only a single copy could be detected in all 
species analysed and not exhibiting antigenic variation. These data indicate that an additional RNA 
pol I1 might play a role in the transcription of VSG genes. 
Another remarkable feature of the RNA pol I1 genes is the presence of a modified C-terminal 
extension. In all eukaryotes analysed thusfar, the C-terminal domain of RNA pol ll consists of a 
tandemly repeated heptapeptide sequence. This repeat structure is absent in the trypanosomal domain, 
which moreover is rich in acidic aminoacids. This situation is not unique for T.brucei, since it is also 
found in the distantly related species C.farciculato. Data supporting the results described above will 
be presented. References: I .  Laird et al. (1985): Nucl Acids Res 13, 4253; 2. Kooter and Borst (1984) 
Nucl Acids Res 12, 9457; 3. K k k  et al. (1988): Nucl Acids Res 16, 8753; 4. Evers et al. (1988) Cell, 
in press. 

81 



Parasites: Molecular Biology, 
Drug and Vaccine Derlgn 

0 210 

RNA editing is a recently discovered process which alters transcripts, probably osttranscriptionally, by 
the addition of uridines which are not encoded in the gene and, less frequently,& the deletion of 
encoded uridines. Transcripts from many of the mitochondrially-encoded genes of several kineto@istid 
protozoans are edited and some editing in T ~ p m o m a  b m e i  IS developmentally regulated. Ed~ting 
corrects enomic frameshifts, extending o n reading frames, and creates initiation and termination 
dons, &us having profound effects on redicted protein sequences. The cytochrome oxidase III 
transcript of T. bmei  is so extensively editel with over 55% of its sequence due to edit& that the 
gene itself is unrecognizable. Analysis of edited RNA and cDNA sequences suggests that tr&pts 
are edited in the 3' to 5' direction and that multiple editing events may be necessary at some sites to 
reach the final sequence. It further suggests that steps involved in editin$ include cleavage of substrate 
RNA, addition of uridines, ossibly) tnmming of excess uridines, reli aaon, and translocation of the 

intermediates, and comparison of editing among stocks and species. 

RNA EDITING IN KINETOPLASTID IvlITOCHONDRIA, Jean E. Feagin and Kenneth 
Stuart, Seattle Biomedical Research Institute, Seattle, WA 98109-1651 

f p o t h e t i d )  editing comp P ex to the next site to be edited. Studies ofthe T. bmei cytochrome oxidase 
transcripts are now focused on determining the 5' end sequence, analyzing putative editing 

0211 TEE CPITEIDIA PASCICULATA MINI-BXON QBNB LOCUS: TAPQBT POP A 
RAPIDLY RURMNQINQ PBTEDTPANSWSON, %bru Qabriel, I T ~ B  J. Yon, 2David C. 

Sohwartz, and lDon W. Cleveland. lDepartment of Biological Chemistry, Johns Eopkins 
University School of Nodioine, Baltimore Y) 21205; 2Department of bbryology, Carneaia 
Institution of Washington, Baltimore IB) 21210 

Multiple copier of the tandemly arrayed Crithidia fasoioulata mini-exon genes are 
interrupted at a rpeoifio site (the 5 '  eplioe funation) by an 4 . 6  kb genetic elermt 
with properties of a non-long terminal repeat retrotranspoaon. Structural and 
sequence featurea of the Crithidia ht+Otransposable Element (CPB1) inolnde: a) an 
1141 u i n o  acid open reading frue with greatest similarity to retroviral reverse 
trmsoriptases; b) 29 bp terminal target rite duplications; 01 variable length 3' 
poly A stretohea; d) a precise insertion site within the mini-exon Bane repeat. CPBl 
is present at a copy number of -10 per genome while the mini-exon genea are present at 
-500 per genome. 

Cloned lines of C. faaoioulata from the same population show unique organizations 
of CPBl within the mini-axon locus, as well as the presenoe of CUE1 and mini-exon 
aenes on variable size chromosomes. Subolones of oloned lines demonstrate a 
rearrangement frequency for CRE of -1% per generation. Current work oenters on 
determining the mechanisms of CPBl rearranaements. 

0212 POST TRANSCRIPTIONAL CONTRCL OF GENE FXPRESSION I N  TRYPANOSOMA BRUCEI, Graham, 
S.V., McCulloch, R. and Barry, J.D. I n s t i t u t e  of  Genetics and Wellcane Unit of 

Molecular Parasitology, University of Glasgcu, Church St . ,  Glasgcw G11 5JS, U.K. L i t t l e  
is kncun about t h e  process of gene expression and its control  i n  t h e  p a r a s i t i c  p r o t a o a n  
1CDlganosoma brucei. Haever ,  several  unusual fea tures  of t ranscr ip t ion  i n  t h i s  organim 
have been i d e n t i f i e d .  F i r s t l y ,  many genes  tandernly a r r a y e d  i n  t h e  genane a r e  co- 
t ranscr ibed t o  y ie ld  a polycis t ronic  primary t ranscr ip t .  Thus, several  genes may occupy 
one t ranscr ip t ion  u n i t  and be under control  by t h e  sane pranoter, making t ranscr ip t iona l  
control  of individual genes d i f f i c u l t .  Secondly, polycis t ronic  primary t r a n s c r i p t s  
appear  t o  be processed t o  y i e l d  i n d i v i d u a l ,  mature  m R N A s  by L E u S - s p l i c i n g  o f  a 
discontinuously t ranscr ibed spliced-leader sequence and by polyadenylation. These 
p e c u l i a r i t i e s  i n  gene expression argue f o r  a major r o l e  f o r  post t ranscr ip t iona l  control  
of gene expression i n  trypanosanes. Spec i f ica l ly  it has  been suggested t h a t  regulat ion 
of r a t e s  of decay of mature t r a n s c r i p t s  may c o n s t i t u t e  an important control  mechanism. 
We have invest igated expression of several  trypanosane mRNAs, including both "house- 
keeping" and more spec ia l i sed  t r a n s c r i p t s  using run-on ana lys i s  of nascent t ranscr ip ts ,  
s teady-state  Northern b l o t  ana lys i s  and d i r e c t  ana lys i s  of r a t e s  of decay of individual  
mRNAs. We will present data  canparing t ranscr ip t ion  r a t e s  and r a t e s  of decay between 
"housekeeping" mRNAs and l i f e  c y c l e / s t a g e - s p e c i f i c  t r a n s c r i p t s .  The role of p o s t  
t ranscr ip t iona l  control  of gene expression i n  maintaining appropriate  l e v e l s  of gene 
products during t h e  p a r a s i t e  l i f e  cycle  will be discussed. 
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0213 A T  LEAST THREE CLASSES OF R N A  POLYMERASES DIRECT 
TRANSCRIF'I'ION IN TRYPANOSOMES. E.J.M. Grondal, K. Koaubeck nod 

A.W.C.A. Cornelissen, Max-Planck-Institut far Biologie, 7400 TObingen, FRG. 
African trypanosomes show a number of remarkable features in their transcription process. Among them 
the transcription of VSG genes is still puzzling. Nuclear run on experiment have shown that transcription 
of VSG genes is completely resistant to alpha-amanitin, a potent inhibitor of R N A  pol Il. whcrw 
transcription of other protein coding genes is inhibited by the drug (1). 

Speculations about the contribution of R N A  pol I or a modified R N A  pol II ariced (2.3) but are 
thusfar not supported by protein data. We therefore started to purify R N A  polymerasts from T.bmei. 
R N A  polymerase activities could be. separated into three forms (I-III) with typical eukaryotic 
characteristics. Differences were observed in the amanitin sensitivity of R N A  pol I1 which is much lower 
than that of other eukaryotic R N A  pol 11's and is close to that of R N A  pol 111. Both forms can. however, 
be discriminated by other properties, eg. template specificity and ion requirement. Antibodies against a 
fusion protein containing the C-terminal extension of the largest subunit of T.6rucei R N A  pol Il, reacted 
with protein fractions of the R N A  pol I1 peak, supporting the initial classification. 

We were able to allocate two activities to the R N A  pol I1 class: one for VSG genes and one for 
other protein-coding genes. The evidence will be summarized. References: I. Laird et al. (198s) Nu/ 
Acids Res 13, 4253; 2. Kooter and Borst (1984) Nucl Acids Res 12. 9457; 3. Shea et al. (1987) Cell 50, 
603. 

0 214 NITOCBONDRIAL RIBOSOW RNA ACCDY[ILATION IS DEVELOPMEITALLY 
REGULATED IN AT THE LEWL OI RNA STABILITY, 

S.L. Hajduk, E.M. Michelotti, M.E. Harris and K.I. Bertrand, Department of 
Biochemistry, University of Alabama at Birmingham, School of Medicine, Birmingham, 
AL 35294 
Mitochondria1 activities are developmentally regulated during the life-cycle of 
Trypanosoma brucei. Both the long slender and short stumpy developmental stages in 
the mammalian bloodstream repress mitochondrial activities and derive ATP entirely 
by glycolysis. Procyclic, insect developmental stages in the insect vector or in 
culture at 26OC have fully functional mitochondria. 
the bloodstream long slender stage to the insect procyclic stage the steady state 
levels of 9s and 12s rRNA increase 60 fold. Ribosomal RNA transcription initiates 
at least 1.2kb upstream of the 5' end of the 125 rRNA in both long slender and 
procyclic trypanosomes. Measurements of the rate of rRNA transcription initiation 
in pulse labelled cells indicates that the mitochondrial transcription rate remains 
constant during the trypanosome developmental cycle. 
mitochondrial rRNA levels are controlled during the developnental cycle by a 
mechanism which modulates the stability of the mature rRNAs. 
sequence of the 9s rRNA gene and the RNA revealed that the 9s rRNA sequence differs 
from the 9s gene by the addition of 6 uridine residues near the 3 '  end of the 
transcript. The presence of added uridines allows the formation of a stable stem- 
loop structure at the 3' end of the 9s rRNA. We propose that the formation of this 
structure is developmentally regulated and contributes to the stability of the 
mitochondrial rRNAs. 

During the differentiation from 

This suggests that 

A comparison of the 

0 215 TRANSCRIPTION AND RNA EDITING IN ISOLATED IIITOCEONDRIA PRON 

Biochemistry, University of Alabama at Birmingham, School of Medicine, Birmingham, 
AL 35294 
Some trypanosome mitochondrial transcripts differ from the genes encoding them by 
the addition or deletion of uridine residues. This process, termed RNA editing, can 
be both extensive and functionally significant. RNA editing has been inplicated in 
the correction of frame-shifts in protein coding sequences, in the formation of 
translation initiation codons and in the developmental control of mitochondrial RNA 
stability. In order to study the biochemical mechanisms underlying RNA editing we 
have developed a system using isolated mitochondria which allows accurate 
transcription initiation and processing. Hybridization of mitochondrial RNA, pulse 
labelled in vitro with 32P-GTP, to Southern blots of kinetoplast DNA suggests that 
transcription and processing of the mitochondrial rRNA transcripts is similar to 
that seen in intact trypanosomes. Incubation of mitochondria in the absence of CTP 
inhibits RNA synthesis by >90% as measured by 32P-GTP incorporation. RNA editing 
appears uneffected by CTP deprivation and 3H-UTP incorporation into mitochondrial 
RNA proceeds at a rate of 32 pnwles/min/mg mitochondrial protein. The incorporation 
of 3H-UTP was linear for 60 minutes in the absence of mitochondrial transcription 
and was ATP independent. These results demonstrated that RNA editing was a post- 
transcriptional event. 

TRYPANOS- BRUCEI, M.E. Harris and S.L. Hajduk, Department of 
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0 216 DEVELOPMENTAL REGULATION OF RNA EDITING IN THE TRYPANOSOMA 
BRUCEI MURF3 GENE, Donna J. Koslowsky and Kenneth D. Stuart, Seattle Biomedical 

Research Institute, Seattle, WA. 98109 
In trypanosome mitochondria an RNA editing process post-transcriptionally alters the nucleotide sequence 
of transcripts by insertion and/or deletion of uridine residues at specific sites. This editing process can 
extend open reading frames, correct hame shifts and create in frame initiation and termination codons. In 
T. bmcei, RNA editmg is develo mentally regulated for some genes and for these RNAs is restricted to the 
procyclic life-cycle sta e (insect form) when a fully functional mitochondrion is present. However, this 
pattern is not seen in h e  T. b w e i  MuRF3 gene. Analysis of cDNAs derived from both bloodstream and 
kocyctic transcripts indicates that the editing process is extensive in both life stages with editing occurrin at 

th the 5’ and 3 ends. Northern blot analysis of total RNA using edited oli o probes indicate that MUiF3 
mRNA transcri ts are approximately 200 nucleotides lar er in bloodstream brm RNA than in procyclic 
form RNA. R8A se uence analysis indicates that an in kame AUG codon is created by uridine addition in 
Bloodstream RNA. x i s  contrasts with the RNA editing patterns seen by van der Spek et al. in Crirhidia 
farcicu~a and b Shaw et al. in Leishmanis rcurmoloe. In C. fkmkuhta an in frame AUG is moved out of 
frame by the adJtion of 22 uridines at the 5’ terminus. In L rmnrolae no in frame AUG was detected after 
RNA analysis of the 5’ terminus. The implications of these results will be presented. 

0217 PURINE METABLISM OF TOXOPLASMA GONDII, Edward C .  Krug, Randolph L .  
Berens, J .  Joseph Marr. Depts.  of Med. and Biochem. ,  Univ. of CO. 

Heal th  Sciences Center,  Denver, CO 80262.  W e  have s t u d i e d  t h e  inco rpora t ion  
and in t e rconve r s ion  of p u r i n e s  i n t o  t h e  n u c l e o t i d e  poo l s  and i n t o  RNA and 
DNA. T h e  p u r i n e  bases hypoxanthine,  xan th ine ,  guanine,  and aden ine  are 
inco rpora t ed  a t  9 . 2 ,  6 . 2 ,  5.1,  and 4 . 3  pmoles/107 c e l l s / h o u r  r e s p e c t i v e l y .  
The p u r i n e  n u c l e o s i d e s  adenosine,  i n o s i n e ,  guanosine,  and xan thos ine  were 
inco rpora t ed  a t  110, 9 . 0 ,  2 . 7 ,  and 0 . 3  pmoles/107 c e l l s / h o u r  r e s p e c t i v e l y .  
Guanine, xanthine,  guanosine,  and xanthosine labeled on ly  guanine nuc leo t ides .  
Inos ine ,  hypoxanthine,  and adenine labeled b o t h  n u c l e o t i d e  p o o l s  a t  n e a r l y  
equa l  r a t i o s .  Adenosine labeled t h e  adenine n u c l e o t i d e  p o o l s  a t  a 10 f o l d  
h ighe r  rate than  t h e  guanine nuc leo t ide  pools. Inco rpora t ion  of t h e  p u r i n e s  
i n t o  b o t h  RNA and DNA rough ly  p a r a l l e l e d  t h e  i n c o r p o r a t i o n  i n t o  t h e  
n u c l e o t i d e s .  Ana lys i s  of  c y t o s o l i c  enzymes r e v e a l e d  a n u c l e o s i d e  k i n a s e  
a c t i v i t y  f o r  only adenosine,  and no nucleoside phosphotransferase o r  hydrolase 
a c t i v i t i e s .  Phosphorylase a c t i v i t i e s  were detected f o r  i n o s i n e  and guanosine.  
Cy toso l i c  deaminase a c t i v i t i e s  were found f o r  adenine and guanine bu t  no t  f o r  
adenosine.  Phosphoribosyltransferase a c t i v i t i e s  were detected for a l l  f o u r  
p u r i n e  b a s e s .  C o l l e c t i v e l l y  these  d a t a  i n d i c a t e  t h a t  adenos ine  i s  a 
s u f f i c i e n t  pu r ine  source and t h e  p r e f e r e d  one. 

0 218 INTRODUCTION AND EXPRESSION OF TRANSFECTION VECTOR PALTI-I IN 
B H M A N I A  ENRElIU. Avraham Laban and Dyann F. Wirth, Department of Tropical Public Health, 

Harvard School of Public Health, Boston MA 021 15 
Transfection of nucleic acids into cells is one of the most powerful tools in the field of molecular biology. We 

developed a system that allows us to i n d u c e  and to express genes in protozoan parasite Leishmania enrierrii. In 
this system the immediate upstream region of the a-tubulin gene was inserted in front of reporter gene. The thought 
was to provide the reporter gene with regulatory elements for transcription and for translation from Leishmania 
enriertii . To monitor the level of expression in this transfection system we used CAT gene as the reporter and 
subsequently assayed CAT enzyme activity. This is a reliable, accurate and sensitive assay. The fusion of the CAT 
gene and the upstream region of a-tubulin was cloned into the E.coli-K12 vector pBLUESCRIPT. The delivery of 
the construct, now called pALTI-I, into parasites was mediated by electroporation. Optimal transfection was 
achieved in high ionic electroporation buffer with 25pF capacitor and voltage of 3OOOV/cm. Under these conditions 
-10% of the chloramphenicol was acetylated by CAT activity in lysates of lo8 parasites. The same level of activity 
was detected for at least five days. The plasmid pALTI-I carries 800 bp of the upstream region of a-tubulin. To 
define which part of this region is necessary for CAT gene expression, nested deletions were made. Reduction of 
the region to 130 bp did not decrease the CAT activity in parasite lysates. Complete removal of the region reduced 
CAT activity to veq low levels. 

The trmsfection system described above is of major importance. Using this system we will define important 
DNA sequences for transcription, RNA processing and translation. 
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0219 A TRANSCRIPTIONAL ANALYSIS1O$ THE IeXe&eQsQjjq $jjycEI HSP83  GENE 
TANDEM A R R A Y ,  J . C .  M o t t r a m  ' a n d  R. A g a b i a n  , Wellcome U n i t  o f  

o l e c u l a r  P a r a s i t o l o g y ,  I n s t i t u t e  cf G e n e t i c s ,  G lasgow U n i v e r s i t y ,  UK a n d  
' D e p t  of P h a r m a c e u t i c a l  C h e m i s t r y ,  UCSF, S a n  F r a n c i s c o ,  C A  9 4 1 4 3 .  Many 
t r y p a n o s o m e  g e n e s ,  i n c l u d i n g  c a l m o d u l i n  a n d  t u b u l i n ,  a r e  a r r a n g e d  i n  t a n d e m  
a r r a y s  a n d  a r e  t r a n s c r i b e d  i n t o  p o l y c i s t r o n i c  p r e - m R N A s  w h i c h  a r e  
s u b s e q u e n t l y  t r a n s - s p l i c e d  a n d  p o l y a d e n y l a t e d  t o  g i v e  t h e  m a t u r e  m R N A .  T h e  
elements c o n t r o l l i n g  t h e  t r a n s c r i p t i o n  of t h e s e  g e n e s ,  h w e v e r ,  a r e  n o t  well 
u n d e r s t o o d  a n d  i n d e e d  n o  p o l y m e r a s e  I1 p r o m o t e r s  h a v e  y e t  b e e n  i d e n t i f i e d .  I n  
h i g h e r  e u k a r y o t e s  t h e  h e a t  s h o c k  g e n e s  a r e  among t h e  b e s t  s t u d i e d ,  a n d  we 
h a v e  t h e r e f o r e  c l o n e d  t h e  t r y p a n o s o m e  Hsp83  g e n e  a n d  i n i t i a t e d  a n  a n a l y s i s  of 
i t s  t r a n s c r i p t i o n .  10 -12  c o p i e s  of t h e  g e n e  a r e  f o u n d  I n  t a n d e m ,  t h e  2 . 8 k b  
r e p e a t  u n i t s  o f  w h i c h  a r e  t r a n s c r i b e d  t o  g i v e  2 . 2 k b  m R N A s  w h i c h  h a v e  t h e  
s p l i c e d  l e a d e r  a t  t h e i r  5' e n d .  We h a v e  c l o n e d  a n d  s e q u e n c e d  o n e  of  t h e  
r e p e a t  u n i t s  a n d  f i n d  t h a t  t h e r e  i s  2 1 8 n t  of i n t e r g e n i c  s e q u e n c e  b e t w e e n  t h e  
po lyA a d d i t i o n  s i t e  a n d  t h e  3 '  s p l i c e  s i t e  of t h e  a d j a c e n t  d o w n s t r e a m  Hsp83  
g e n e .  We h a v e  a l s o  c l o n e d  t h e  r e g i o n  i m m e d i a t e l y  5 '  t o  t h e  f i r s t  r e p e a t  u n i t  
o f  t h e  a r r a y  a n d  h a v e  i n v e s t i g a t e d  t h e  s i t e  of t r a n s c r i p t i o n  i n i t i a t i o n  by 
n u c l e a r  r u n  o n  e x p e r i m e n t s .  U n l i k e  t h e  s i t u a t i o n  i n  o t h e r  t r y p a n o s o m e  g e n e s  
u h i c h  a r e  o r g a n i s e d  i n  t a n d e m  a r r a y s  i t  a p p e a r s  t h a t  t h e  u n i q u e  5 '  f l a n k i n g  
r e g i o n  of t h e  Hsp83  g e n e  c l u s t e r  i s  n o t  t r a n s c r i b e d  a n d  t h a t  t r a n s c r i p t i o n  
i n i t i a t i o n  may o c c u r  from w i t h i n  t h e  i n t e r g e n i c  r e g i o n s .  

0220 SYNTEESIS OF TRYPANOSOME hsp70 mRNA IS RESISTANT TO DISRUPTION 
OF TRANS-SPLICING BY AEAT SHOCK, Michael L. Muhich* and John C. 

Boothroyd, Department of Microbiology and Immunology, Stanford University 
School of Medicine, Stanford, CA 94305. 
Synthesis of mRNA in trypanosomes involves an apparent trans-splicing reaction 
whereby a common 39 nucleotide mini-exon sequence is joined to the protein- 
coding exon of a mRNA precursor. W e  have previously shown (Muhich, M.L. and 
Boothroyd, J.C. (1988) Mol. Cell Biol., 8 ,  3837-38461 that the trans-splicing 
pathway of Trwanosoma brucei is sensitive to disruption by severe heat shock. 
Here we demonstrate that most, if not all, of the synthesis of heat shock 
protein 70 (hsp70) mRNA in T. brucei is resistant to the heat-induced dis- 
ruption of splicing. The 5' ends of hsp7O mRNAs are shown to be identical 
for molecules synthesized at either normal or heat shock temperatures and in 
both cases, the 5 '  terminal mini-exon sequence is present. These results 
suggest that x. brucei has evolved a mechanism which directly compensates 
for the deleterious effects of heat shock on trans-splicing. one which allows 
for the continued, mini-exon dependent, trans-splicing of selected pre-mRNAs. 

*present address: Division of Chemistry 147-75, California Institute of 
Technology, Pasadena, CA 91125. 

0 222 ORGANIZATION AND TRANSCRIPTION OF THE BIFUNCTIONAL DIHYDROFOLATE REDUCTASE- 
THYMIDYLATE SYNTHETASE GENE FROM CRITHIDIA PASCICULATA, Dallas E. Hughes, Opcolu A. 

Shonekan and Lany Simpson, Department of Biology and Molecular Biology Institute, UtlirzrSity of California, Los Angcles, CA 
90024 
One of the two dihydrofolate rcductasc-thymidylate synthetasc (DHFR-TS) genes from- was isolated and 
characterized There is a single low abundance polyadenylated trsnscript 3100 nt in size. One major miniexon splice site was 
identified by primer extension andysk. The 5' flanlring region is divergently t ransui i  and has strong sequene similarities to a 
GC-rich consensus DHFR promotor as well as to other eukaryotic 'housekeeping' gene promotor regions. A sequence 
downstream of the DHFR promotor consensus region is complementary to the 3' end of the medRNA from the same species, 
thereby suggcsbhg a model by which the two separately t ransui i  RNAs may be juxtaposed f a  trans-splicing. Immediately 3' of 
the DHFR-TS gene there is a sequence that is common to all chromosomes of this and at least one other Species of kinetoplastid . .  
-). 
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0 THE MlTOCHONDRION OF LEISHMANIA CONTAINS FUNCTIONAL tRNAs WHICH APPEAR TO BE 
ENCODED BY NUCLEAR GENES, Yoshitaka Suyama, Agda M. Sipson, Homcro Dewes, David Campbell and 

Larry Simpaon, Department of Biology and Molccular Biology Institute, University of California, Los Angelcs, CA 90024, and 
Department of Biology, UnivcrSity of Pennsylvania, Philadelphia, PA 19104 
Cytoplasmic and mitoebondrial-kmetophst tRNAs isolated from were shown by 2D acrylamide gel 

are functional as they could 
by cytoplasmic and/or 

mitochondrii synthetase eatracts, and the charged tRNAs identified by 2D gel electrophoresis. Both the mitoebondrial and 
cytoplasmic fractions show two tRNAmet spccics, one of which comigratcs and one of which ia unique to each fraction. This 
indicates that the mitofhondrial tRNA fraction iS free of cytoplasmif tRNA contamination. Mitoebondrial tRNAs for glycine and 
leucinc are identical with cytoplasmic tRNh as evidenced by positive hybridization with a sequenced nuclear DNA clone f rom2 
M. Hybridization of aaylamidc p d e d  ktRNA was negative with maxicircle or minicircle DNA and positive with nuclear 
DNA. However a ktRNA fraction isolated by DEAE chromatography contained additional RNA spcats which hybridized with 
maxicircle and minicircle DNA. These transcripts migrate ahead of tRNAs in acrylamide and are of unknown function. W e  
conclude the mitochondrion o f L  tarento 1s contains a set of organelle-specific functional tRNAs as well as a subset of 
cytoplasmic tRNAs, which arc. encoded in the nucleus and transported into the mitochondrion, unlike the situation in human and 
tungal mitochondria in which the organelle gnome encodes the complete set of tRNAs. 

0 224 SEVERAL STRAINS OF LEISHMANU TARENTOIAE CONTAIN S M W  'CHROMOSOMES AS S E N  IN 
ORTHOGONAL FIELD GELS WHICH VARY IN COPY NUMBER AND CONSIST OF LINEAR DNA 

MOLECULES, Lconor R d  and Larry Smpron, Department of Biology and Molecular Biology Institute, University of 
clliIbmL,LaAqgeler,cA9omA 
We have + the c h r o m d  pattuns in OFAGE, CHEF and FIGE of eight rtninS oflr.irhmnni. tarentolac (1) and have 
found that meml strains cootah amd Unique ehmmosomc bands of multiple copy numbers, which we ham termed SNAs* for 
'amall nudcic &. Strain LEM 87 contains four SNAbands of d i l h m t  intcnaitics, Strain LEM 1s wt &do not contain any 
SNA bands, but after aubjcctingthe culture to a nutrient rtanntiOn selcftioa proccdurc, the k.ryotypc ofthe rurviving eels (LEM 
11SA) rcproduc&ly dmgd in a de6ncd mannm chromosome four vanisbcd and one. or two SNA bands appeared (SNAl and 
S W ) ,  apprmimatcly330 kb and66 kb in sizc, rcspcetivcly. SNA2 wan not derived kom chromosome four. The copy number of 
SNA2 varied greatly &pen@ on culture condibioms; bowmr, ha LEM 115 is not a clonal linc, this variation may rcpprcscnt 
sclcction of pnwristiDg ah rather than induction of copy number change. SNA 2 DNA hyhridizcd with one of the low copy 

Stuart, Seattle Biomedical Resureh Institute), did wt h y b r i  with any SNA from LEM 1lSA or LEM 81. SNA 2 from 115A 
m n t a i n s l i n u r D N A a n d t e ~ ~ s # l n c n a k W e . r s a n r l y r i n e t h c l c p n u n u l ~ ~ ~ D N A s p c d c r .  

1. Gomcz-Eiehclrmnq C., Hob, G, Beach, D.. Simpos A. and Smpos L (lses). Md. Bioehcm. P d d  27.14Sl58. 

number amdSNAbands from LEM 87. CD1 DNA, daivcdfrom aeteulu DNAhom from- . (Obtainedfrom Dr. K. 

0 225 
Biochemistry and Molecular Biology, Harvard University, Cambridge, MA 02138 and #Department of Biology, 
Northeastern University, Boston, MA 021 15 
Topoisomerases are involved in replication, transcription and recombination through their ability to alter the 
topology of DNA. Eukaryotic DNA topoisomerase II is an essential enzyme and catalyzes double-stranded DNA 
breakage, strand passage and rejoining. The gene TOP2 encoding eukaryotic DNA topoisomerase Ii from budding 
yeast, fission yeast, fruit flies and man has been cloned and sequenced. We report here the cloning and 
sequencing of the TOP2 gene from --. The gene was identified from a lambda EMBW library 
by hybridization with the same oligonucleotide used to Identify the gene for human topoisomerase 11, which 
codes for the amino acid sequence MIMTDOD. It was subdoned into a phapplasmid vector and sequenced by 
means of dideoxy chain termination. The gene Is preceded by two potentlal trypanosome splice 
sites,(C/U),NNAG. at positions -1 9 and -65 and terminated by a polyadenylation signal. The start codon ATG 
follows the sequence TATACACA, which may provide a ribosome binding site. The deduced amino acid sequence 
indicates a 150 kD protein with homology in the first 75% of the protein for other type II topoisomerases. 
The oligonudeotMe originally used to identify the gene is homologous to base pairs 1537-1550, which in the 
trypanosome gene codes for the amino acid sequence LIMTDOD. The amino acid sequence corresponding to the 
yeast active site RYI is located at base pairs 2308-2315. Blot-hybridization of restriction digests of genomic 
DNA indicates that there is one copy of TOP2 per genome. We conclude that contains one single-copy 
gene for DNA topoisomerase II homologous to other type II topoisomerases. Supported by NIH GM24544. 

TOPOISOMERASE II FROM T., Phyllis R. StrauSsY and James C. Wang', 'Department of 

86 



Parasltes: Molecular Biology, 
Drug and Vacclne Design 

0 226 CHARACTERIZATION OF A MULTICOPY DNA IN- Qnthia A. Tripp and 
Ken Stuart, Seattle Biomedical Research Institute, 4 Nickerson Street, Seattle, WA 98109 

A 29 kb double stranded, circular DNA (CDl) has been isolated from- '. CircularCDl-like 
molecules were also detected in other stocks within t h e m  ' complex. In addition, sequences 
homologous to CDl were found integrated in one of several chromosomes of other strains including a 
multicopy linear DNA (LD1) ofl. b-. CD1 has no homology to DHFR\TS and H region 
amplified DNA sequences of methotrexate resistant The restriction map of CDl has been 
determined and CD1 has been cloned as a series of restriction fragments. The clones are being used to 
assess the diversity of sequences essential for the function and maintenance of CD1. Selected nucleotide 
analysis is in progress as are studies of CDl transcription. These studies are designed to assess the 
significance of CD1 and its potential as a molecular cloning vehicle. 

' 

0 227 OROANEATION AND EXPRBSSION OF NOVEL ORGANELLE DNA OF MALARUL PARASlTES. Akhii B. 
Vaidya. Kathleen Suplick. and Rama Akella Hahnempnn University. Philadelphia, PA 

All malarial parasite species tested contain clusters of tandemly arrayed DNA sequences of 6 kb unit length (1). 
We have molecularly cloned the 6 kb units from two species. Plaamodivm yoclii and P. falciparum (1.2). The P. 
yoclii squence and its expression in erythrocytic stages have heen examined in some detail, and ruults can be 
summarized as fnllows: 
represented in stable non-polyadcnylated RNA. 
slightly overlapping region. and a relatively minor RNA of 2.3 kb is recognized by most of the subfragments of the 6 
kb sequence. 
encoded by different regions of the 6 kb sequence. 2. The DNA aqucncing of the entire 6 kb (3) revealed aquence 
similarity with two mitochondrial proteins, cytochrome c oxidue subunit I and cytochmme b. potentially encoded 
by the 1.6 and 1.1 kb RNAs. respectively. 
uumcrous stop cudoni and rudimg fruneshifta to genente mRNA8 encoding these proteins. 3. No standard 
ribosomal RNA genes could be detected in the 6 kb wqumce. 
have remarkable similarity to the highly consaved peptidyl trankrase domain of the large rRNA. These 
molecules will have to usociate in trans to form a portion of the pptidyl nanrfense domain. This sequence had no 
homology with the published p d a l  lequence of a 30 kb org.nelle-like circular DNA of P. falciparum (4). Our 
results strongly suggest that malarial parasitca have a bimoleculu organelle genome, one of which represented by a 
novel and non-wnvcntid 6 kb tnudedy arrayed DNA molecule. 1. Vaidya and Arasu. Mol. Biochem. 
Pansitol. 2. Suplick et al. MBP 30. 289, (1988). 
Gardner et al. MBP 32, 11 (1988). 

19102. 

1. The 6 kb sequence is tnnslibed in a complex manner with only a 0.5 kb region not 
Two large transcripts, 1.6 and 1.1 kb long, originate from a 

A luge number of d l  RNA molecules with di8crete sizes ranging from 400 to 80 nucleotider me 

Some unusual processing or editing will be required to overcome 

However, two regions present on lepuate strands 

References: 
3. Vaidya et al. MBP. in pesa, (1989). 4. 22. 249, (1987). 

0 228 CHARACXERIZATION OF AN RNA VIRUS INaLpHh4ANIA, Reitha S. Weeks., Giovanni 
Widmer', Jean L Patterson+,and Kenneth Stuart , Seattle Biomedical Research Institute, 4 

Nickerson St, Seattle, WA 98109; 'Department of Microbiology and Molecular Genetics, b a r d  Medical 
School, Division of Infectious Diseases, Children's Hospital, 300 Longwood Ave., Boston, MA 02115 
RNA viruses were detected in promastigotes of two isolates of kirhmania brazilien& BuyMenris as 
ethidium bromide staining 6kb bands in agarose gels or as an RNA-dependent RNA polymerase activity 
synthesizing large transcripts. The putative 6 kb viral genome, also present in four other L. b m * k i s  
isolates, is single stranded RNA based on its sensitivity to RNase and alkali but not DNase. This RNA is 
linear, terminating in 5' phosphate and 3' hydroxyl groups based on end labelling experiments. Particles that 
are 32nm in diameter were isolated from cytoplasm in the 130s fraction of sucrose density gradients which 
contains the 6kb RNA. The physical characteristics and RNA content of the particles were examined under 
various conditions. The stability of the particle under various salt concentrations, ionic conditions, and pH 
were examined. Portions of two 6kb viral RNAs have been cloned as cDNAs and sequenced. No homology 
to other viral RNAs has been detected. The 6kb RNA from two isolates are not identical. RNA from 
various isolates is being examined with cloned probes to determine the extent of homology among the 6kb 
nucleic acids. Also see Tam, P.I., R.F. Mine Jr., B.L. Smiley, J. Scholler, J. Keithly & K. Stuart. 1988. PNAS 
(in press). 
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0 229 CHARACTERIZATION OF AN RNA VIRUS IN*LFISHMANIA, Reitha S. Weeks', Giovanni 
Widmer', Jean L Patterson',and Kenneth Stuart , Seattle Biomedical Research Institute, 4 

Nickerson St, Seattle, WA 98109; 'Department of Microbiology and Molecular Genetics, Harvard Medical 
School, Division of Infectious Diseases, Children's Hospital, 300 Langwood Ave., Boston, MA 02115 
RNA viruses were detected in promastigotes of two isolates of Leis/tmmia braziliensis guymensir as 
ethidium bromide staining 6kb bands in agarose gels or as an RNA-dependent RNA polymerase activity 
synthesizing large transcripts. The putative 6 kb viral genome, also present in four other L bruziliensis 
isolates, is single stranded RNA based on its sensitivity to RNase and alkali but not DNase. This RNA is 
linear, terminating in 5' phosphate and 3' hydroxyl groups based on end labelling experiments. Particles that 
are 32nm in diameter were isolated from cytoplasm in the 130s fraction of sucrose density gradients which 
contains the 6kb RNA. The physical characteristics and RNA content of the particles were examined under 
various conditions. The stability of the particle under various salt concentrations, ionic conditions, and pH 
were examined. Portions of two 6kb viral RNAs have been cloned as cDNAs and sequenced. No homology 
to other viral RNAs has been detected. The 6kb RNA from two isolates are not identical. RNA from 
various isolates is being examined with cloned probes to determine the extent of homology among the 6kb 
nucleic acids. Also see Tarr, P.I., R.F. Aline Jr., B.L. Smiley, J. Scholler, J. Keithly & K. Stuart. 1988. PNAS 
(in press). 

0230 

Biochemistry,University of Iowa, Iowa City, IA 52242 

Genomic DNAs of the parasitic nematodes Onchocerca volvulus and Dirofilariae immitis and a 
cDNA library of 0. volvulus were examined for the presence of the 22 nucleotide spliced 
leader sequence found in some, but not all, mRNAs of the free living nematode 
Caenorhabditis elegans. 
the repetitive 5s rRNA genes in 0. volvulus and D .  immitis, as in C. elegans. Sequence 
comparison of the 5s rRNA genes and the leader RNA genes in 0. volvulus and D. immitis 
revealed a high degree of heterogeneity in the 5s rRNA genes, whereas the leader RNA genes 
are more conserved. 
nucleotide leader sequence is also encoded as a conserved 25-mer at over 50 genomic sites 
and occurs within many polyA+ transcripts in 0. volvulus. Southern blots show a similar 
scattered distribution of this sequence in two other parasitic nematodes, Brugia malayi and 
D. inunitis, but not in the free living nematode, C. elegans, where it occurs mainly on a 
repetitive DNA element. Sequence determination of four different cDNAs of 0. volvulus 
containing this 22-mer and one of their corresponding genomic clones indicated this 
sequence is not trans-spliced onto the RNAs, but is encoded within the genes. 
conservation of this 22 nucleotide sequence in both parasitic and free living nematodes 
argues that it serves a specific biological function for these organisms. 

THE SPLICED LEADER SEQUENCE OF CAENOMABDITIS EMGANS OCCURS WITHIN MANY GENES OF 
ONCHOCERCA VOLWLUS, Wenlin Zeng and John E. Donelson, Department of 

Similar copies of this leader RNA gene were found to be linked to 

In addition to the genes linked to the 5s rRNA genes, the 22 

The 

Evolution; Epidemiology 

GENE. P. Brindley', F. Lewis2, T. McCutchanl, E. Bueding'~ 6 A. Sherl, 
lLPD, NIAID, NIH, Bethesda, 2Biomedical Research Institute, Rockville & 
3Johns Hopkins University, Baltimore MD. Ribosomal gene probes were used 
to investigate the genetic basis of resistance to hycanthone (HC) i n  
Schistosoma mansoni in a model in which resistance is induced by exposing 
immature w o r m m i c e  to the drug. Probe pSM389 (which contains part of 
the small rRNA gene plus non-transcribed spacer) detected RFLPs in 
Southern blotted DNA of HC-resistant parasites restricted with several 
different enzymes. The most reliable marker of drug resistance was a 3.6 
kb Bam H1 RFLP which appeared consistently in individuals and populations 
of resistant worms from different stocks and generations but was absent 
from the drug sensitive parent schistosomes as well as other HC sensitive 
strains. Since the RFLP was not observed in over 100 different drug 
sensitive parents, it clearly derives from an induced genetic change 
rather than from selection of preexisting drug resistant worms. Structural 
analysis of the cloned 3.6 kb fragment hybridizing with pSM389 indicates 
that the RFLP arises from the integration of a mobile element of 0 . 5  kb 
length into the 5' terminus of one or several small rRNA genes. These 
results suggest that drug resistance in schistosomes is associated with 
and may result from genomic rearrangement. 

0- AN RFLP THAT RELIABLY PREDICTS DRUG RESISTANCE IN SCHISTOSOMA 
MANSONI RESULTS FROM THE INTEGRATION OF A MOBILE ELEMENT INTO A KRNA 
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Partono and Mario Philipp*. *New England Biolabs, Beverly, MA 01915, University of 
Indonesia, Jakarta, Indonesia, + Ministry of Health, Jakarta, Indonesia. 

Epidemiological surveys and assessement of control programmes for Brugian filariasis require the 
identification of natural vectors and determination of their transmission potential. This 
necessitates both the distinction of human Brugian parasites from the various animal filariae 
transmitted by the same mosquito and the evaluation of infective stages present. Neither task can 
be performed using morphological criteria. We have previously described the species- and stage- 
specific properties of a monoclonal antibody reactive with the surface of Brugia malayi and 
B.rimori 
developed (1) and we have currently investigated its applicability to field sNdies in an endemic 
area. Large numbers of wild mosquitoes consisting of 28 species helonging to 6 genera were 
collected in South Kalimantan, Borneo, Indonesia and examined in the field for the presence of 
human Brugian filariae. We evaluated the specificity and sensitivity of the assay using natural 
vectors and wild type B.malay i ,  E . t imri  and Egahangi 
sensitivity was consistently higher than 90%. 
(1) Carlow. C.K.S. et al. (1987) Roc. Natl. Acad. Sci. 84, 6914. 

FIELD TESTING OF A MONOCZONAL PROBE SPECIFIC FOR INFU-TIVE LARVAE OF HUMAN 
BRUGIAN PARASITES. Clotilde K.S. Carlow*. A. Suwita #, Z. Bahang +, Pumomo #, F. 

infective stage larvae (1). A simple monoclonal antibody-based immunoenzyme assay was 

infective larvae. Specificity was 100% and 

0 302 EVOLUTION OF THE AMOEBOEAGELLATE GENUS NAEGURIA AS REVEALED 
BY ANALYSIS OF ITS CIRCULAR RIBOSOMAL RNA GENES, C. Graham Clark, 

George A.M. Cross, Johan F. De Jonckheere+, Laboratory of Molecular Parasitology, The Rockefeller 
University, New York NY 10021, USA and +Departement Microbiologie, Instituut voor Hygiene en 
Epidemiologie, B-I050 Brussels, Belgium. Species in the protozoan genus Nuegferiu are ubiquitous, 
free-living, bacteriovorous, soil amoebae that have the unusual ability to transform under stress 
conditions into flagellates. In addition, several species are known to be facultatively pathogenic for 
mammals, with N.fowferi being the etiological agent of primary amoebic meningo-encephalitis in 
humans. We have discovered that the ribosomal RNA genes (rDNA) of Nuegleriu and related genera 
are extrachromosomal and circular with one rRNA transcription unit per plasmid. They are present in 
multiple copies per cell, making up 17% of the total DNA in the strain most closely studied (N. gruben 
NEG-M), but no chromosomally integrated copy can be detected. Classification of isolates within the 
genus Naegleriu is not trivial since all “pecies are morphologically indistinguishable. rDNA plasmid 
restriction patterns were therefore evaluated as a classification tool. Complete rDNA units have been 
cloned from two species and rDNA resaiction maps of one strain from each Nuegleriu species have 
been constructed and the interspecific relationships determined. Characteristic species patterns were 
indeed obtained and the three pathogenic species are not closely related one to the other. Intraspecific 
variation has also been evaluated and, while the integrity of most species is indeed supported, IV. 
grubm’ appears to be a polyphyletic assemblage of strains. 

0303 RESTRICTION LENGTH WLWKWHISMS CAN BE USED To IDWIFY EIMERIA 
SPECIES. J Ellis, J Bumstead, L Clarke, F Tomley. AFRC Institu-r 

Animal Health, Houghton Laboratory, Houghton, multingdon, Cambs. Cloned CNA 
sequences, coding for the large and small subunit r m  and 55 r m ,  have been 
isolated from the genome of Eimeria tenella and partially characterised. CNA 
hybridisation studies have demni’i‘ t h a t e r e  are very few genes coding for the 
rRNR6, although the 5s r m  gene is represented by a separate, tandemly repeated 
sequence of very high copy number. It has been demonstrated that individual Eimeria 
species can be identified by virtue of their DNA fingerprints using these DNA-. 
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University of Iowa, Iowa City, IA 

A gene isolated from the protozoan parasite 
relative molecular mass 71,000 (71K) that is homologous with the 70K heat shock and 
glucose-regulated proteins (hsp70s). A comparison of p71 with these proteins revealed 
that it is most similar to the DnaK protein of E. a. p71 is, however, unique among 
eukaryotic hsp7Os in that it is located in the mitochondrion. 
mitochondrion, the protein associates with the kinetoplast, a sub-organellar structure 
that lies within the mitochondrial matrix and houses the kinetoplast DNA (kDNA), the 
unusual mitochondria1 DNA that distinguishes this order of protozoan. 
terminal leader of about 24 amino acids that has the features of a mitochondrial signal 
sequence and presumably accounts for its intracellular location. In contrast to the mRNA 
level of the trypanosome hsp70, which increases in response to heat shock, the mRNA level 
of p71 decreases upon heat shock. The similarity of p71 to E. DnaK. combined with 
its association with kDNA, suggests that p71 participates in DNA replication in 
mitochondria in a manner analogous to that of DnaK in E. d. 
implications for the molecular evolution of the eukaryotic hsp70 multigene family. 

The results of a molecular genetic and immunological analysis of 1. 
will also be presented. 

A MITOS/HONDRIAL. MEMBER OF THE HSP70 FAMILY, David M. Engman, Elizabeth A. 
Dragon h John E. Donelson. Department of Biochemistry and Program in Genetics, 

52242 and *Codon, S. San Francisco, CA 94080 

a & encodes a protein of 

Within the trypanosome 

p71 possesses an N- 

These findings have 

p71 and hsp70 

0 305 APPLICATION OF MOLECULAR KARYOTYPE ANALYSIS TO THE EPIDEMIOLOGY OF RECURRENT CUTAN- 
EOUS LEISHMANIASIS FROM THE PACIFIC COAST REGION OF COLOMBIA, S.H. Gianninil and 

N.G. Saraviaz, Department of Medicine and Center for Vaccine Development, University of 
Maryland School of Medicine, Baltimore MD 21201 and 2Centro Internacional de 
Investigaciones Medicas. CIDEIM. Colciencias. Cali. COLOMBIA 
Twenty-five Leishmania braziliensis panamensis stocks isolated from primary (10) or recur- 
rent (20) lesions of 12 patients with recurrent cutaneous leishmaniasis were karyotyped by 
transverse alternating field electrophoresis and by pulsed field gel electrophoresis-with a 
hexagonal electrode. Several size conserved chromosome bands were identified for this col- 
lection. Probes for pR4, heat shock protein 70. glyceraldehyde phosphate dehydrogenase, and 
U,@-tubulin preferentially hybridized to size-conserved bands in all stocks tested. Thus 
size-homologous chromosomes may also share sequence homology, and a mechanism may operate 
to conserve some linkage groups. The presence of hypervariable chromosomes, found in some 
stocks and not others, resulted in a unique molecular karyotype for isolates from almost 
every patient. In 4/12 of the patients the 10 and 20 isolates differed. probably indicating 
reinfection. In the remaining patients, the l o  and 2O isolates were indistinguishable, 
likely indicating a reactivation of the original infection. although reinfection with the 
same stock cannot be ruled out. DNA was purified from a chromosome of -388 kb found in 
some stocks but not in Others. When nick translated, the hypervariable DNA hybridized to 
the size-homologous bands (where they were present), and also to bands of different size in 
the other stocks as well as in the homologous stock. Thus the molecular karyotype may 
allow identification of "hot spots" in the genome. (Supported by USPHS Grant AI23956) 

0306 ItENTIFICATION AND SlUDY (F A NEW SPECIES (F LEISHMANIA USING MONOCLONAL ANTIBODIES, 
Catherine A. Hdham, Jeffery J. Shaw, Ralph Lainson and Diane McMahon-Pratt, The 
London School of Hygiene and Tropical Medicine, Keppel Street, London, England. 

Species-specific monoclonal antibodies provide useful tools for the rapid identification of 
Leishmania by radioimmunoassay and indirect immunofluorescent tests. Investigations into 
the epidemiology of leishmaniasis in South America are, however, often hampered, since many 
Leishmania isolhtes cannot be positively identified using currently available monoclonal 
antikdies. 
one such parasite, Leishmania (Viannia) lainsoni, which has recently been isolated from 
patients with cutaneous leishmaniasis in the Amazon region oi Brazil. Three monoclonal 
antibodies were produced which all reacted with the same high molecular weight molecule 
present in membrane preparations of &..&) lainsoni strains, as evidenced by Western blot 
andlysis. Differences in specificity between these monoclonal antibodies were seen, however, 
using radioimmunoassay, and to a lesser extent, indirect immunofluorescence. One possible 
explanation for these results could be that the monoclonal antibodies recognise epitopes 
on a single molecule which shows conformational differences between various strains of the 
parasite. 
not previously been detected by isoenzyme electrophoresis. 

Here we describe the development of new monoclonal antibodies which recognise 

Our results show antigenic heterogeneity within species of Leishmania which have 
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Microbiology and Immunology, Stanford University, Stanford, CA 94305. A family of Trypanosoma 
bruce i  genes (BSI) have been identified that are transcribed in the bloodstream form but not the 
insect procyclic form of the parasite's life cycle. These genes (-15-2O/cell) are distributed 
throughout the genome on all chromosome size classes except the smallest "mini-chromosomes". 
They are present and transcribed in several different T. brucei  variant types as well as in T .  
gambiensc. Although they share no sequence similarity to expression site associated gene 1 
(ESAG1) (Cully et. al., 1985, Cell 42, p.173-182) or ESAGs 2 and 3 (Alexandre et. aL.1988, Mol. Cell. Biol. 
8, p.2367-2378). they are A546 identical with the genes identified at the 5' end of the putative 221 
expression site (Kooter et. aL.1987, Cell 51, p.261-272; and personal communication). Together these 
results suggest that the gene under study is another ESAG. 

known VSG gene (Lenardo et. al., 1984, P.N.A.S. 81. p.6642-6646). suggesting evolutionary 
relatedness. There are three interesting hypotheses that could explain these results. The first is 
that the degree of homology between BSls and VSGs is an indication of the frequency of 
recombinational events in the expression site and/or the result of convergent evolution. The 
second is that ESAGs are present in the expression site because they are remnants of earlier VSGs. 
The third and perhaps most interesting is that ESAGs may represent the evolutionary origins of 
VSGs from non-variant specific protein genes. 

SOME EXPRESSION SITE ASSOCIATED GENES MAY BE EVOLUTIONARILY 
RELATED TO VSG GENES, Maurine R. Hobbs and John C. Boothroyd, Department of 

The translated protein sequence shows significant homology between the BSl genes and a 

0308 RIBOSOMAL RNA SEQUENCING SHOWS THE SUBPHYLUM SARCODINA TO BE POLYPHYLETIC, 
Alan M. Johnson, Susi Illana and *Peter R. Baverstock, Department of Clinical 
Microbiology, Flinders Medical Centre, Bedford Park, 5042 *Evolutionary Biology Unit, 
South Australian Museum, Adelaide, 5000, South Australia. A rapid RNA sequencing 
technique was used to partially sequence the small subunit ribosomal RNA of four 
species (N. fowleri, N. lovaniensis, N. australiensis, N. gruberi) of the amoeboid 
genus Naegleria. The extent of nucleotide sequence divergence between the two most 
divergent species (N. gruberi, N. australiensis) was roughly similar to that found 
between mammals and frogs. However, the pattern of variation among the Naegleria 
species was quite different from that found for those species of tetrapods 
characterised to date. A phylogenetic analysis of the consensus Naegleria sequence 
showed that Naegleria was not monophyletic with either Acanthamoeba castellanii or 
Dictyostelium discoideum, two other amoebae for which sequences were available. It 
was shown that the semi-conserved regions of the srRNA molecule evolve in a clock-like 
fashion, and that the clock is time-dependent rather than generation-dependent. 

0 309 A CONSERVED EXTRACHROMOSOMAL DNA ELEMENT FROM PLASMODIUM 
GALLINACEUM CONTAINING THE GENE FOR CYTOCHROME B, 

Jeffrey T. Joseph*, Susan M. Aldrittt and Dyann F. Wirth*t, *Division of Medical Sciences, 
Ibrvard Medical School, and ?Department of Tropical Public Health, Hmard School of Public 
Health, Boston, MA 021 15. 

We have isolated and characterized a six kilobase moderately repeated circularly permuted 
DNA element from Plasmodium gallinaceurn. The element encodes at least five RNAs which are 
transcribed off both DNA strands. Identical, highly conserved elements are found in all 
Plusmodiutn species tested and similar elements are found in other members of the Apicomplexa 
phylum. This piece of DNA is extrachromosomal, as demonstrated by its migration patterns both in 
sucrose gradients and on chromosome gels. It can be purified from chromosomal DNA on Hoechst 
dye - CsCl gradients. The element is linear and tandemly repeated, as determined by its partial 
restxiction pattern, its sensitivity to exonuclease JII, and its appearance in the electron microscope. 
The element also contains a gene homologous to cytochme b. based on sequence similarity and 
hydropathy plots. 

From these results, we postulate the element is a mitochondrial episome conserved in the 
Apicomplexa phylum . 
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0 310 MMUNODIACNOSB OF NEUROCYSTICERCOSlS 
RV.Ravi Kumar, VSuryanarayana, Achyut M.Sinha, Charu Rama- 

krishnan, 5. BRoopashri, ASTRA RESEARCH CENTRE N DIA, BANGALORE 
56 0 003, N DIA. 

Neurocysticercosis caused by the infestation of human brain by t h e  larvae 
of tapeworm Taenia solium mimics many infections and neoplastic conditions 
of CNS and needs a specific and sensitive diagnosis. fn order to characterise 
the  antigens the  larvae were maintained in vitro. Secretory/excretory 
antigens tha t  appeared in the  medium conferred 90% sensitivity and 
90% specificity to a n  EL 6A,  detecting antibodies in cereberospinal fluids 
(CSF) of patients. Polypeptides of mol wt  66000 and 38000 and Con 
A and wheal germ agglutinin binding glycoprotelns of 97000 and 50000 
were most frequently recognised by the  antibodies in QFs. Screening 
a c W A  library with an  oligonucleotide probe derived from a c W A  clone 
of 38 KCa antigen. Monoclonal antibodies for some of these polypeptides 
were obtained to screen for expression of the  antigens in mammalian 
cells. 

0 311 CHAFtACIEIUZATION OF A r400 NT INTRON IN THE 18s rRNA GENE@) OF m. Hua Ldn and Gregory A Buck. Department of 
Microbiology and Immunology, Virginia Commonwealth University, Richmond, VA 

23298. The 18s rRNA of the AIDS pathogen p. a was directly sequenced using 
reverse transcriptase and Sanger chain termination methodology. The sequence obtained 
was similar to a recently published sequence derived from a DNA clone (1) except for the 
absence of a putative 400 nt intron near the 3’ terminus of the gene. Comparison of the 
p. a sequence with the 18s rRNA sequences of other organisms suggests that I?. rpriPii 
is more closely related to fungi than to protozoa To veri6y the presence of the intron in 
the p. a DNA, synthetic oligonucleotides homologous to the sequences flanking the 
putative intron were used in Polymerase Chain Reactions to directly amplify the corres- 
ponding genomic fragment. The resultant amplified DNA reflected the predicted siZ+ of 
the intron. No other amplified bands were observed, suggesting that all copies of the E a 18s gene bear the intron. The amplified DNA was purified and directly sequenced 
and the sequence verified the presence of a 4400 nt putative Group I intron. 

1. Edman et al. Ribosomal RNA sequence shows ’ a to be a member 

2. S a k i  et al. F’rimer-Directed enzymatic amplification of DNA with a thermostable DNA 
of the Fungi. Nature 334: 519-522 (1988). 

polymerase. Science 239 487491 (1988). 

0 312 VARlATiON IN THE ClRCUMSPOROZOlTE PROTEIN 
GENE: IMPLlCATiONS FOR VACCINE DEVELOPMENT. Michael J.LocLya. 

oaprtment of Mukadar Biology, Weli- Biotech, L.ngky Cart .  Badranhm. K e n t ,  BR3 
36s. 
The circmupomzoite protein (CSP) is the major candidate for a rpaoroite malaria vaccine. 
While the -11 s t r u c t w  d ag.nizatkm of the P.f.ldD.run CSP gem is similr in diffrirant 
lines, it is hecoming c k r  that tha potential for vuiation is m a r  than was first appuent. 
The DNA requence of the CSP gmas fmm two cloned Thai lines, T H O  and TS-101 h a  been 
determined - the seqnnce of the 19-98 gene -1s a 57bp deletion in the 5’ coding region 
at a site where a 3Obp innartion is fand in some strains, and two previody mdescribed mlno 
r i d  shtitutiaa a m  in each of two of the 3’ coding region shown to be hmnm inmumo- 
dominnt T-cell sites. The central inmudominant repeat region of the TS-101 CSP gem 
shows a norel interspedon pattan of major d minor repeats. Amino add aitutiarr ham 
now been mapped to 13 d i M  pitiaa in the CSP gem requana with no two CSP gmas 
showing the same shtitution at every p i t h  The coincidence of t b  sabtitutiom with 
putative fincthl regions nd immcmdanlnat T-cell *topes is distubing in its impliutiaa 
for development of an effectlve rpaozoite vaccine. 
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0313 WPETITIW SEQUENCES IN THE SMALL WA-CHROMOSOEE OF L.BRAZILIENSIS (M2g3). 
Alexis Mendoza, Salih Eresh and Douglas Barker. Molteno Labs., Department of 
Pathology, University of Cambridge, Cambridge CB2 lQP,  UK. 

The presence of multiple copy families of genes and non-coding sequences have been demonstrated 
in most eukaryotic genomes. In some parasitic diseases such sequences can be used for identifi 
cation and distinguishing between closely related organisms. We have resolved by PFE chromosome 
sized WA molecules in stocks of the New World Leishmania. The smallest chromosome, identified 
only in one braziliensis stock,stains intensely with ethidium bromide which possibly indicates 
the presence of multicopy sequences with specificity at species level. When this chromosome was 
used as a probe to hybridise a blot of a PFE: gel, homology was observed to distinct chromosomal 
MA bands in braziliensis stocks only, suggesting the presence of some sequences which show 
variation in chromosomal location between subspecies and specificity at species level. Low 
stringency hybridisation of this probe to genomic CNA, from different Leishmania isolates of 
mexicana and braziliensis complexes, digested with various restriction enzymes, detected 
multiple MA fragments in the homologous MA and in MA of other braziliensis stocks. A weak 
cross-hybridisation to WA from L. mexicana occurs, which was eliminated after high stringency 
washing. Thus, the results suggest the presence in the small CNA.chromosome of different 
repetitive WA, some of them species-specific, with polymorphism in length and copy number. 
Cloning and characterization of these sequences are in progress. 

0314 IDENTIFICATION AND SEQUENCE DATA OF TRANSCRIPTS OF THE C D 1  RELATED ELEMENTS OF 
LEISHMANIA. N. Gajendran, J.-C1. Dujardin, S. Muyldermans. D. Le Ray, R. Hamers. 

V r i j e  U n i v e r s i t e i t  Brussel. I n s t i t u u t  voor Molecula i re  Bio log ie.  Paardenstraat 65. 1640 
Sint-Genesi us-Rode, Be lg i  um 
We have r e c e n t l y  i d e n t i f i e d  small c i r c u l a r  and l i n e a r  DNA elements i n  Leishmania 
(N.Gajendran, e t  al., R. Hamers. e t  al.) .  These elements could possess transposon l i k e  
p roper t i es  and can be p a r t i a l l y  i n teg ra ted  i n t o  other  chromosomes. Transcr ip ts  from these 
elements have been observed by  probing Northern b l o t s  w i t h  cDNA clones. These clones were 
p icked up from a cDNA l i b r a r y  using CD1 ( c i r c u l a r  DNA11 as a probe. The observed 
t r a n s c r i p t s  appear t o  be i n  the  s i z e  range from about 3.9Kb and larger .  Some o f  the 
c i r c u l a r  and l i n e a r  elements seem t o  have some t r a n s c r i p t s  i n  comnon. Patterns from 
r e s t r i c t i o n  enzyme d iges ts  and suhsequent hyb r id i za t i on  t o  Southern b l o t s  a l so  i n d i c a t e  
d i f f e rences  w i t h i n  the  c i r c u l a r  and between the  c i r c u l a r  and l i n e a r  elements. The 
qlements have been found i n  both New and Old World Leishmania. 

Abnormally m ig ra t i ng  chromosome i d e n t i f i e s  Leishmania donovani poeulat ions. i n :  
"Leishmaniasis: t he  cu r ren t  s ta tus  and new s t ra teg ies  t o r  con t ro l  , ser ies A. volume 163, 

'Hamers. R., Gajendran, N., Oujardin. Jy-C1. and Stuart,  K. C i r cu la r  and l i n e a r  forms o f  
small nuc le i c  ac ids in,Leishmania, i n :  
s t ra teg ies  f o r  con t ro l  ', ser ies  A, volume 163, Plenum Press. 

Gajenran, N.. Dujardin. J.-CL.. Le Ray! D., Matthyssens, G. and Hamers, R.. 1987. 

lenum Press. 

Leishmaniasis: the cu r ren t  s ta tus  and new 

0315 COWSMD AND POLY~WHIC T CELL WITOPES IN THE P.PALCIPARW cs PROTEIN. J.R.L. 
Pink, P. caspers. n. Guttinger. J. Kilgus. H. Hatile, P. Romagnoli. D. Stiiber and 
P. Sinigaglia. Central Research Unit, P. Hoffmann-La Roche 6 Co. Ltd.. 4002 Basle. 

Switzerland. 
We synthesised peptides corresponding to regions of the CS protein which were predicted to 
contain T cell epitopes and tested whether they stimulated proliferation of blood cells 
from malaria-exposed or non-exposed donors. One peptide. CS.T3 (CS protein residues 
378-398 with Cys replaced by Ala) corresponds to a conserved region of the CS protein and 
can be recognised by human CD4' T cell clones in association with many different KHC 
class 11 aolecules (Sinigaglia et al.. Nature. in press). cs.T3-specific clones could 
recognise parasite-derived CS protein. nice prei.nmunised with CS.T3 had increased 
anti-parasite responses following innmisation with sporozoites. suggesting that inclusion 
oE CS.T3 sequences in a vaccine would allow boosting of antibody responses following 
natural infection. A second peptide, CS.T2 (CS protein 325-341) includes residues which 
vary in different P. fakiD4rrrP isolates, e.g., position 339 (LYS or Gln). Human T cell 
clones recognised the Lys339 peptide in association with HLA-DR5. but did not respond to 
the Gln339 peptide or the NF54 isolate CS protein, which has been completely sequenced and 
contains Gln at position 339. Both peptides were shown by an in vitro competition assay 
(Kilgus et al.. PNAS, in press) to bind to DR5, suggesting that differential binding of 
the parasite-derived polymorphic peptides to DR5 does not contribute to maintenance of the 
polymorphism by inmune selection. 
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0 317 A HISTOLYTIC SERINE PROTEASE FROM A PARASITIC NEMATODE LARVA IS 
SIMILAR TO MAMMALIAN TRYFSIN. Judy A. Sakanari and James H. McKerrow. 

Department of Pathology. University of California. San Francisco, CA 94143 
Ingestion of larval nematodes belonging to the family Anisakidae can cause the human 
disease known as anisakiasis. After ingestion, worms such as Antsakts, can be invasive. 
penetrating host stomach and intestinal tissues. Because these worms are capable of 
penetrating human tissues. we hypothesized that secreted proteases may be involved 
in degradation of host tissues. Using an in u r n  model of extracellular matrix (ECM). 
we found that live Anisakts larvae could degrade approximately 25Oh of the ECM in 24 
hours. Further characterization of the secreted proteases revealed that there are two 
classes of proteases: a metalloprotease and a serine protease. The metalloprotease is 
an aminopeptidase. and the serine protease has trypsin-like activity with synthetic 
peptide substrates. Anlssakb extract contains a 25-kD protease that is recognized by 
rabbit anti-rat trypsin antibody on Western blots. A serine protease gene fragment has 
been cloned and is 67% identical to rat trypsin I1 at the nucleic acid level. Sequence 
analysis also showed that the catalytic Wad of the active site of serine proteases was 
conserved in this parasitic nematode. 

0 318 SENSITIVE DETECTION AND SCHIZODEME CLASSIFICATION OF TRYPANOSOMA CRUZI BY 
AMPLIFICATION OF KINETOPLAST MINICIRCLE DNA SEQUENCES, Nancy R. Sturm, Herbert Avila, 

Antonio Gonfalvw, Wm Degravc, Carlos Morel and Larry Simpson, Department of Biology and Molecular Biology Institute, 
University of California, Los Angelcs, CA 90024, and Department of Molceular Biology, Oswaldo Cmz Institute, Rio de Janeiro, 
Brad 
Two overlapping fragments (83 and lZ2 bp) from the conserved 120 bp minirepcat regions of the minicircle DNA and one 
fragment (330 bp) covering all the adjacent variable regions were amplified by the polymerase chain reaction. The minimal 
amount of minicircle DNA required to detect a product by hybridization was 0.0s fg, or approximately 10 molecules or 0.1% of 
the minicircle DNA component of a single cell. The amplfication was- strain-independent and did not ofcur with kDNA 
from several other kinetoplastids. The prescnee of a several billion fold excess of human DNA has no effect on the amplification 
process. A simple ly& and deproteinization method was employed to recover LDNA from total blood, using human DNA as a 
carrier for othanol precipitation of parasite DNA. Sfhizodeme analysis was performed on 49 stocks, strains and clones of- 
by acrylsmide gradient gel electrophoresis of both total D N A  and the amplified 330 bp variable region minidrdc DNA aRer 
digestion with several restriction enzymes. These 49 samples represented stocks of- isolated from humans, animals and 
insects from several gcogmphical areas, including Brazil, Venezuela, Colombia and Costa Ria .  There was a good correspondence 
between the schizodcme groupings determined by analysis of total LDNA and amplified variable region DNA. These results 
suggest that detection of- and rehirodcme analysis can be taken to the single cell I&, thus avoidmg the inherent problem 
of sclcdion inwM in growth of parasites to sufficient numbers for analysis by standard methods. 

94 



Parasites: Molecular Biology, 
Drug and Vaccine Design 

0 319 CONSERVATION OF MINICIRCLE SEQUENCES AND STRUCTURAL FEATURES AMONG 
KINETOPLASTID PROTOZOA FROM DIFFERENT GENERA. 

Otavio Thiemann, Ulisses Lopes, Carlos  Morel, Larry Simpson* and W i m  Degrave 
Department of Biochemistry and Molecular Biology, Fiocruz,  R i o  de Jane i ro ,  
21045, B r a s i l ,  and *Department of Biology, Universi ty  of  C a l i f o r n i a ,  Los 
Angeles, CA. 

By computer alignment, consensus sequences were constructed f o r  t h e  
conserved regions of t h e  k i n e t o p l a s t  min ic i rc le  DNA molecules from T.cruzi ,  
T - l e w i s i ,  T.brucei, T.equiperdum, T.congolense, C . fasc icu la ta ,  L . ta ren to lae ,  
;.aet;iopica, L.mexicana and L.cha asi .  The length  of t h e  alignment i s  

r e p l i c a t i o n  epen e n t  upon t h e  spec ies  and d i n  a l l  cases t h e  l2mer 
o r i g i n  sequence. 1% w a s  poss ib le  t o  generate  o v e r a l l  alignments of each of 
t h e  consensus sequences aga ins t  each o ther  and t o  cons t ruc t  dendograms 
using evolut ionary and s tandard parsimony. Conservation of  o ther  s t r u c t u r a l  
f e a t u r e s ,  such as l o c a l  sequence composition, bend p o s i t i o n  and s t r u c t u r e  
was analysed. 

This  research  w a s  supported by t h e  UNDP/World Bank/WHO Specia l  Programme f o r  
Research and Training i n  Tropical  Diseases (TDR) , CNPq and by N I H  research  
grant  to  L.S. 

0320 TYPING OF TRYPANOSOMA BY NUCLEAR DNA PROBES, Yam M. Traub-CsekC) 
and A l i c e  M. Takeuchr, Departamento de B i o q u h i c a  e Biologia Molecular 
Fundaggo Oswaldo Cruz, Av. B r a s i l  4365, R i o  de Janeiro, R J ,  Braz i l .  

T r  anosoma c r u z i ,  the causa t ive  agent  of Chagas' d i sease ,  shows heterogenei ty  
- b m i c a 1  and biochemical p r o p e r t i e s  and causes d i f f e r e n t  c l i n i c a l  
manifestat ions.  There is a s t r o n g  interest  t o  e s t a b l i s h  r e l i a b l e  ways of 
c l a s s i f y i n g  t h e s e  organisms. Monoclonal an t ibodies ,  zymodeme and schizodeme 
analyses  have been used w i t h  this purpose. Recently cloned nuc lear  DNA frag-  
ments have been used with success  t o  d i f f e r e n t i a t e  i s o l a t e s ,  s t r a i n s  and spe- 
cies of var ious  p a r a s i t e s .  Our a i m  is t o  develop probes to  be used as genet ic  
markers t o  type T. s t r a i n s  and isolates. W e  have constructed a l i b r a r y  
of 2. c r u z i  (Y) DNA i n  pBR322 and t e s t e d  var ious clones i n i t i a l l y  on w e l l  cha- 
racter-laboratory s t r a i n s ,  namely CL, Colombiana, DM28, F and Y. Some of 
t h e  t e s t e d  probes gave rise t o  a very simple and conserved band p a t t e r n ,  
o t h e r s  gave d i f f e r e n t  degrees of band heterogenei ty  among t h e  s t r a i n s .  W e  
constructed a dendogram based on our r e s u l t s  and it f i t s  some publ ished zymo- 
deme r e s u l t s .  W e  are present ly  t e s t i n g  other clones and using them t o  probe 
f i e l d  isolates from d i f f e r e n t  geographical regions.  
CNPq, INSERM 

0321 ISOLATION OF A HIGHLY REPEATED W-CHROMOSOME SCHISTOSOm MANSONI DNA 
PROBE AND ITS USE I N  AN ASSAY OF CERCARIAL SEX. Phi l ippa  Webster, Tag 

E. Mansour and David B i e b e r .  Department of Pharmacology, Stanford Universi ty  
Medical Center,  Stanford,  CA 94305. 

I n  mstosQlgg m, t h e  female is t h e  heterogametic sex;  t h e  sex 
chromosomes i n  the female and male are designated ZW and Z Z ,  r espec t ive ly .  The 
sexes are v i s u a l l y  ind is t inguishable  i n  t h e  cercarial s tage .  A s i n g l e  
miracidium can asexual ly  genera te  thousands of  i d e n t i c a l  cercariae: it is usefu l  
t o  be a b l e  t o  determine t h e  sex  of  such a c l o n a l  populat ion of  c e r c a r i a e  both 
f o r  s tudying unisexual  i n f e c t i o n s  i n  m i c e  and f o r  e s t a b l i s h i n g  g e n e t i c  crosses .  
W e  have cloned and sequenced a 402 bp fragment of female-specif ic  s. mansoni 
genomic DNA, W 1 ,  which is spec ies -spec i f ic  and present  i n  more than  5 , 0 0 0  copies  
p e r  female genome. W 1  is not  t ranscr ibed  and is l i k e l y  t o  be p a r t  of t h e  
c o n s t i t u t i v e  heterochromatin o f t h e  W chromosome. W e  have developed a rap id  and 
r e l i a b l e  dot -b lo t  assay  f o r  determining t h e  sex  of S. ransoni, cercariae using 
W 1  as a probe. The approach used f o r  c loning  W 1  may be  u s e f u l  f o r  i s o l a t i n g  
repeated DNA fragments of  t h e  W o r  Y chromosomes i n  t h e  heterogametic sex  of 
o t h e r  spec ies .  (Supported by g r a n t s  from t h e  MacArthur Foundation and N I H . )  
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0 322 HIGHLY WEATED DNA SEQUENCES AS SENSITIVE PROBES FOR THE SPECIES 
SPECIFIC DETECTION OF BRUGU AND -RERIA IN HUMAN BLOOD SAMPLES 

FROM INDONESIA Steven A. Wi l l i ad9 ,  Daniel J. Frecdmanl.2, Janet Gloverl. Shalina Mahajanl, 
Paskasari Pennana1,'Anita Myer2, Larry A. McReynolds3, Catherine B. Poole3, Taniawati Supalilv4, 
Pumomd and Felix P d ;  b p t .  of Biological Sciences, Smith College, Northampton, MA 01063, 
2Program in Molecular and Cellular Biology, University of Massachusetts, Amherst, MA 01003, 3New 
England Biolabs, Beverly. MA 01915,4University of Indonesia, Jakarta, Indonesia. We have cloned and 
characterized highly repcatod DNA sequences from several species and many geographic isolates of filarial 
parasites from Indonesia. These repeats have been used to design DNA probes for sensitive and species- 
specific detection of f ~ a  in human and animal blood and in mosquito squashes. These DNA probes can 
be labeled radioactively or wn-radioactively for use in field studies. Members of the I repeat family 
have been cloned and sequenced from B . m  (six isolates), B . m  and B . U .  B . m  and 
- B . m  repeats show 11% sequence divergence, and DNA probes that can distinguish these two species 
have been devised. These probes were tested in a WHO sponsored field study in S.Kalimantan, Indonesia. 
The results of this study demonstrated that the DNA probes were as sensitive and species-specific as the 
traditional method of counting microtXariae in stained blood smears. The B.mala~ probe detects all six 
isolates of B.malavi including one originally from Malaysia and five from Indonesia. The five from 
Indonesia are all from different islands and include periodic, sub-periodic, zoophilic and anthropophilic 
isolates. The B.g&yi probe also deteca B.timori efficiently. The genetic variation seen between the 
different geographic isolates of B . a  and B . w  is small enough that the malayi probe detects all of 
them efficiently. Repeated DNA sequences have also been cloned and characterized from W.banmfti from 
Indonesia. When used as DNA probes, these repeats have also proven to be sensitive and species-specific. 

0 323 MITOCHONDRIAL DNA OF Plasmodium falciparum: 
RIBOSOMAL RNAs. Robert J .  M. Wilson, Malcolm J .  Gardner and Donald H. Williamson. 
National Institute for Medical Research, Mill Hill, London, "7 lAA, U.K. 

ORGANIZATION AND SEQUENCE OF THE 

The mitochondrial (mt) DNA of P. falciparum consists of a covalently closed circular 
molecule with an average contour length of about 11 um. Because the contribution of the 
mitochondrion to the parasite's metabolism is not understood, knowledge of mitochondrial 
genes and their expression should provide insight into mitochondrial function and delineate 
targets for drug design. Sequence analysis of cloned mt DNA fragments has identified small 
and large subunit rRNA genes on different strands. There may be more than one copy of each 
gene. 
sally conserved structural elements common to many mt small subunit rRNAs. Preliminary 
evidence suggests that this gene is expressed in erythrocytic parasites. Our goal is to 
clone the remaining mitochondrial genes of P. falciparum and to study their expression 
during various stages of the life cycle. 

A secondary structure model, derived from the small subunit sequence, shows univer- 

0 324 AN ELECTROPHORETIC KARYOTYPE FOR CARINII AND 
IDENTIFICATION OF THE CHROMOSOMES BEARING THE rDNA AND S E  
VERAL CONSERVED GENES. Thillanathan Yoganathan and Gregory A Buck. 

Department of Microbiology and Immunology, Virginia Commonwealth University, Rich- 
mond, VA 23298. Orthogonal field agarose gel electrophoresis of DNA from the AIDS 
pathogen g. a defined ~ 1 2  discrete chromosomes ranging in size from 50-1500 kb. 
Summation of the estimated sizes of these chromosomes demonstrated that the total 
complexity of the E. genome is approximately 5-10 megabase pairs. Southern 
hybridization analyses of these chromosome gels using specific rDNA probes and synthetic 
oligonucleotides showed that the major ribosomal gene cluster is located on chromosome 
#7. Siar analyses using heterologous probes for yeast histone H2A showed that the 
homologous g. histone gene is located on chromosome #5. Other specific gene 
probes were generated by Polymerase Chain Reaction (1) amplification from purified E. a DNA and similarly used to assign the homologous t. genes to the appropriate 
chromosomes. 

1. S a k i  et al. Primer-directed enzymatic amplification of DNA with a thermostable DNA 
polymerase. Science 239 487-491 (1988). 
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Gene Expression; Membrane Molecules-I 
0400 A HEAT SHOCK PROTEIN GENE IN GIATDIA LAMBLIA UNRELATED TO HSP7O; 

Aggamal, Anita, Vidal de la Crur and Theodore E.  Nash, Laboratory of Parasitic 
Diseases.Nationa1 Institute of Allerqy and Infectious Diseases, NIH, Bethesda,MD. 
Heat shock proteins (HSPs) have been reffered as ubiquitous in t h a t  they have been found 
in every orqanisms investiqated, from bacteria t o  human. They are transiently exoressed 
when the cells are subjected t o  hiqh temperature or  other stressful conditions and their 
increase in expression may be due to a n  increase in transcription and orefential trans- 
lation. A heat shock protein qene was cloned from Giardia lamblia, isolate WB.This qene 
fragment showed no significant similarity t o  HSPs f r o m o t h e r n i s m s  a t  nucleotide or 
amino acid level b u t  was shown t o  be heat inducible in vivo as determined by an increase in 
in RNA transcription . DNA sequence analysis r e v e a l e m a t i v e  heat shock promoter which 
has consensus conserved sequence similar to the regulatory sequence of the other orqanisms. 
The bioloqical function of the heat shock promoter was shown by an increase inbeta-qalacto- 
sidase enzyme activity in Giardia and yeast transformed with plasmid havina synthetic 
promoter oligonucleotides b a s e d n  Giardia sequence. This gene fratpent was not present 
in some of the isolates indicatinq t h a t e  qene i s  n o t  required for the survival of the 
parasite in unfavourable conditions. 

0 401 A DIFFERENTIAL SCREENING SYSTEM TO ANALYZE NEW GENES CODING 
FOR ANTIGENS OF PLASMODIUM -. Antonio Alcina and G. 

Nigel Godson, Department of Biochemistry, New York University Medical Center, 550 
First Ave, New York, New York 10016. 

We are sequencing and characterizing Lambda-gtll cloned genes coding for E 
falcioarum antigens recognized by malaria patient sera from different geographical 
locales. 

Sera from individual African and Indian patients were characterized for inhibition of 
growth of E falcioarum blood stages in culture. These pool sera were used to isolate 110 
Lambda-gtll clones from cDNA and genomic DNA expression libraries. The clone bank 
was then screened with sera grouped according to (a) their geographical origin and (b) 
their growth inhibition. 

Clones specific for and common to both Indian and African sera were isolated; clones 
that specifically reacted with growth inhibiting sera were isolated and clones that cross 
reacted with a rabbit antihuman RBC membrane protein antibody were isolated. These 
clones are now being characterized. 

0 402 

4 Nickerson St., Seattle, WA 98109 
The A variant surface glycoprotein (VSG) gene of the IsTaR 1 serodeme of T~yjmnosoma bmei  is 
expressed at high frequency relapse populations. First relapse populations produced from non-A expressing 
variant antigenic types (VATS) are essentially 100% A-expressors. In all but one VAT of the IsTaR 1 
serodeme, the A VSG gene family consists of two A genes: a telomeric gene that can be expressed in situ or 
used as a basic copy for gene conversion, and an intrachromosomal gene (the A-B gene) whose 3’ end differ 
from that of the telomeric gene. In VAT SAJ the telomeric A gene is lost, leaving only the 
intrachromosomal A-B gene. Interestingly, the first relapse populations derived from VAT SAJ contained 
A-expresson, in some cases up to 5% of the population. The A-B gene, tlierefore, can be classified as an 
“early” gene in this serodeme even though it is intrachromosomal and can only be expressed through the 
gene conversion mechanism. Sequence analysis of the 3’ end of the A-B gene, however, revealed that the 
A-B gene is incomplete, lacking the normal sequences found at the 3’ end of expressed VSG genes. This 
suggests that incomplete intrachromosomal VSG genes can also be “early” genes in a serodeme and that 
something other than a telomeric location may be involved in the preferential expression of certain VSG 
genes. 

AN EARLY VARIANT SURFACE GLYCOPROTEIN GENE WITH AN INCOMPLETE 
BASIC COPY, Robert F. Aline Jr. and Kenneth Stuart, Seattle Biomedical Research Institute, 
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0- ANAPLASHA MARGINALE: STRICT CONSERVATION OF A NEUTRALIZATION-SENSITIVE 
EPpOPE IN TEE TYm REPEAT REGION OF THE POLyMoJF%IC SURFACE ANTIGY, y 1 0 5 .  

D.R. Allred , G.B. Palmer , S.M. Oberle , T.C. McGuir and A.F. Barbet ; Dept. 
Infectious Diseases, Univ. Florida, Gainesville, FL and %ept . Veterinary Microbiology 
and Pathology, Washington State Univ., Pullman, WA. The inmunoprotective surface 
antigen, AmF105, of Anaolasma marginale is highly polymorphic in different isolates, 
varying from 70 to 105 kDa in apparent size. We cloned and expressed the Ad105 gene 
from four isolates using the neutralizing monoclonal antibody. mAb 22B1 (which recognizes 
Amp105). as a probe. All four alleles were found to be highly homologous over the entire 
gene, except for the 5 '  end. A region beginning 28 or 31 bases from the start of the 
coding sequence contains tandemly-repeated 84mer or 87mer base-pair segments. These 
repeats are present in 5 basic forms in the four isolates, with no more than two forms 
present in any one isolate. The size variation is explained entirely by variations from 
2 to 8 in the number of repeats present in each isolate. mAb 22B1 was used in 
inmunoassays of synthetic oligopeptides to map the neutralization-sensitive epitope to a 
6 amino acid region within the repeats. This epitope is present in two forms. I and 11, 
each of which binds mAb 22B1 equally. Form I or form I1 epitope is present once in each 
repeat unit. Expression of recombinant Amp105 and definition of a conserved 
neutralization-sensitive epitope will enable vaccination trials with recombinant or 
synthetic analogues of native Amp105. 

0- COMPONENTS OF A BOST CELL HOHOGENATE BIND TO SPECIFIC ANTI- 
GENS OF EIMERIA SPOROZOITES, P.C. Augustine, U.S. Department 

of Agriculture. Agricultural Research Service, Protozoan Diseases 
Laboratory, Beltsville, KD 20705. Sporozoites of Eimeria adenoeides, 
E .  m. S. meleasrimitis, and g. acervulina were solubilized in 
buffer containing sodium dodecylsulfate, electrophoretically separated 
under reducing conditions. and electroeluted onto nitrocellulose 
sheets. When the sheets. containing the separated sporozoite bands, 
were incubated in a homogenate of cultured kidney cells. components of 
the host cell homogenate bound to several of the sporozoite bands 
having molecular weights of approximately 23, 4 0 .  and 50-60 Id. 
Biotinylation of intact sporozoites and incubation in trypsin and 
chymotrypsin before exposure to the host cell homogenate indicated 
that the 40 and 50-60 Kd antigens were located within the sporozoite 
and that the 23 Kd antigen might be located on the sporozoite surface. 
It is hypothesized that these molecular affinities may reflect 
sporozoite-host cell interactions that are involved in cellular 
inva s ion. 

0- CLONING AND CHARACTERIZATION OF A CDNA CODING FOR G,, FROM -ToS OW4 
w. Max Iltzsch, Mario Zurita, Tag E. Mansour and David Bieber. 

Department of Pharmacology, Stanford University Medical Center, Stanford, CA 

Biochemical studies in our lab have shown the a G-protein (GTP binding protein) 
is involved in the serotonin signalling system present in parasitic trematodes. 
This system is coupled to an effector enzyme, adenylate cyclase, and may be 
central to the alteration in cyclase activity during development (1). To 
further characterize this phenomenon, we have isolated a 1400bp cDNA from S. 
mansoni using the bovine G,, cDNA as a heterologous probe (2). The cDNA which 
represents the 3I-end of the gene has been sequenced and represents about 960bp 
of coding region (85% of the size of the mammalian protein) and 450bp of 
untranslated sequence. The putative s. mansoni protein and the bovine Gs,are 
68% homologous using exact amino acid homologies and 80% homologous when 
allowing conservative amino acid substitutions. The genomic organization and 
the developmental expression profile are presented to correlate the message 
levels with the change in enzymatic activity seen in somule development. 
(Supported by grants from the MacArthur Foundation and the NIH). 
1. Kasschou, M.R., and Tag E. Mansour. 1982. Nature m: 66. 
2. Harris, B.A., et al. 1985. Science a: 1274. 
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0406 ~ T C N O F T H E S E G R E T O R Y b L X M C % W N E S T E R A S E S O F ~ K U S  
BRASILIENSIS, C. Clare Blackburn. R. M. Maizels and M. E. Selkirk, Department of Biochemistry. 
Imperial College, London SW7 2Az. U.K.) 

Many Gastro-Intestinal nematodes actively secrete large quantities of Acetylcholinesterase during the 
intestinal phase of their lifecycles, although the physiological basis for this phenomenon is unclear. N. 
braslllensis secretes two Acetylcholinesterase isoforms, the expression pattern and levels of which change 
over the course of an experimental infection. Specifc staining of plyacrylamide gels for Acetylcholinesterase 
and actiie site labelling using 3H-DFP have been used to reexamine isoenzyme expression during infection. 
Switching from predominantly Form A to Form B expression has been found to occur concomitantly with the 
final moult (4-adult), and also to occur during in-vitro culture of immature adult worms. SDS-PAGE 
analysis has shown isofonns A and B to be monomers of Mr 74KD and 40KD repectively and 2D electrophoresis 
shows the 40KD isoform to have a p.1. of 4.5 - 5.0. Enzyme purified from preparative PAGE has been  used a) 
to generate partial peptide maps of the two isoforms, b) to deduce their structural relationship via amino acid 
sequencing, and c) to raise plycional anti-AChE for use in 1 gt 7 7 cloning. 

0 407 MOLECULAR CHARACTERISATION OF ANTIGEN GENES Of ONCHOCERCA 

E. Bradley, Rudolf Helm, Marc Karam. and Richard M. Maizels. Department of Pure and Applied 
Biology, Imperial College, Prince Consort Road, London SW7 2BB. 
An 0. vofvulus cDNA library ( provided by Dr  J. Donelson, Univ. Iowa) was screened with pooled 
onchocerciasis sera. Differential screening with a pool of W. bmcrofti sera from Papua New Guinea 
(provided by Dr K. F m y t h  PNG Inst. Med. Res.) resulted in a panel of clones only recognised by tl 
anti- 0. vofvulus sera. These clones were screened with individual sera and 22 were not recognised 
by any individual with bancroftian filariasis. Several clones were specifically recognised by ,aster 
h i  90% of die individual 0.vobuius sera tested. A set of these clones have ken subcloned into the 
plasmid expression vector PNGS 8+ and the fusion proteins purified and used in ELISA. Anti fusion 
protein sera has been produced and used to characterise the native antigens encoded by these clones. 
They were all found to be of low molecular weight, one clone encoding a 20K surface molecule of 
adult worms, and another encoding a 16K microfilarial specific protein. 

VOLWLUS ISOLATED BY DIFFERENTIAL SCREENING OF A cDNA LIBRARY. Janeth 

0408 EXPRESSION IN Escherichia coli OF GENES ENCODING THE MAJOR SURFACE 
GLYCOPROTEIN FROM Leishmania. Linda L. Button and W. Robert McMaster. Department 

of Medical Genetics, University of British Columbia, Vancouver, B.C.. Canada, V6T 1 WS. 

The major surface glycoprotein of Leishmania, gp63, is being developed as a recombinant vaccine against 
Leishmaniasis. Characterization of a cloned gp63 gene from Leishmania major indicates that gp63 is 
synthesized as a precursor protein, containing both a 39-aa signal peptide and a 61-aa regulatory peptide 
at the N-terminus. Prior to expression of the mature gp63 protein on the cell surface, the precursor gp63 
protein is processed in Leishmania to remove the pre-pro regions from the N-terminus and 8 hydrophobic 
peptide from the C-terminus is replaced by a glycosyl-inositol phospholipid tail . To produce the mature 
form of recombinant gp63 in E. coli, the cloned L.  major gp63 gene was modified using the Polymerase 
Chain Reaction (PCR) technique to eliminate the coding regions for the peptides that are removed during 
processing of the gp63 precursor protein in Leishmania. The PCR modified gp63 gene from L.  major 
was expressed at high-levels as a nonfusion protein in an E. coli expression system (>3096 total protein) in 
which the cloned gene is regulated by a promoter from phage T7 and is selectively expressed by T7 RNA 
Polymerase in the E.coli host. Gp63 genes from diverse species of Leishmania are highly conserved as 
shown by hybridization studies with the L.  major gene. Using PCR, total genomic DNA, and the 
oligodeoxyribonucleotide primers that were designed for the L.  major gp63 gene, the gp63 genes from 
both L.  donovani and L.b. brariliensis were amplified and modified to delete the coding regions for the 
precursor peptides. High levels of recombinant gp63 were produced in E. coli for both the L.  donovani 
and L.6. braziliensis genes using the TI RNA Polymerase expression system. 
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0409 THE UBIQUITIN GENES OF TRYPANOSOMA BRUCEI. 
David A. Campbell and Sandy Wong, Microbiology and 

Immunology, University of California at Los Angeles, CA90024. 

The genome of m a n o  soma brucei contains at least four discrete 
regions which'hybridise with a cloned ubiquitin repeat. Two of the 
regions encode polyubiquitin proteins, containing approximately 31 
and 12 head-to-tail, spacerless ubiquitin repeats (228bp) 
respectively. Polyubiquitin transcripts are detectable at a higher 
level in bloodstream forms than procyclics. The level of the 
largest transcript may be increased by heat-shock. A third region 
of hybridisation contains two identical, tandem genes, which encode 
a protein predicted to contain a single ubiquitin repeat fused to 
a carboxy extension with a zinc-finger motif. 

0 410 

Roche & Co. Ltd., CH-4002 Bask and *GLAXO I.M.B., 1227 Geneva, Switzerland. 
Initiation of translation in pro- and eukaryotes conventionally requires a AUG codon. In procaryotes a 

tRNA molecule loaded with formyl-methionine recognizes the signal and the transcript is translated. 
The gene encoding fructose-1.6-diphosphate aldolase of plasmodium falc i m  has been cloned by us 
and expression of the protein in bacteria or yeast consistently resulted in the synthesis of a slightly 

smaller protein compared to the parasite's enzyme. No additional AUG in frame is found upstream of 

this startcodon and we show that translation initiates at a UAG amber codon. The evidence includes 

sequences from 4 independent cDNA and genomic clones containing the relevant region. Direct mRNA 

sequencing rules out the existence of an intron containing the putative AUG. 

experiments using poly-T selected mRNA show that a rabbit reticulocyte lysate faithfully recognizes 
the UAG-initiation signal. Other experiments rule out the existence of a VAG-f-MET-suppressor 

tRNA and the secondary structure at the 5'-end of the aldolase transcript may be involved in this 

novel initiation of translation. 

TRANSLATIONAL INITIATION AT VAG IN A FUNCTIONAL GENE OF PLASMODIUM 

-, Ulrich Certa and Paola Ghersa., Central Research Units, F. Hoffmann-La 

translation 

0411 IMMUNOSELECTION OF CDNA CLONES ENCODING DIAGNOSTIC ANTIGENS: 

REPEAT, J. Louise Clarke and Michael A. Miles, Department of Medical 
Parasitology, London School of Hygiene and Tropical Medicine, Keppel 
Street, London WClE 7HT. 
A dual ELISA procedure was developed for the differential primary 
immunoselection of species-specific clones from cDNA expression libraries 
in hgtll. 
leishmaniasis or Chagas' disease to isolate a series of clones encoding 
putatively diagnostic antigens. One of the clones [5A-lB] contained a 374 
bp insert and encoded a fusion protein recognised by sera from TrvDanosoma 
cruzi infected patients but not by sera from Leishmania infected patients. 
DNA sequence analysis revealed a 7-amino acid tandem repeat adjacent to the 
-COOH terminus of the protein. Synthetic peptides and epitope mapping are 
being used to define the antigenic determinants. 

A Trypanosoma cruzi SPECIFIC ANTIGEN CONTAINS A 7 AMINO ACID TANDEM 

This method was used with sera from patients with visceral 
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0 412 CLONING AND EXPRESSION OF SURFACE-ASSOCIATED ANTIGENS OF ONCHOCERCA volvulus 
MICROFILARIAE, Franz J. Conraths, William Harnett and R. Michael E. Parkhouse*, 

Divisions of Parasitology and Immunology*, National Institute for Medical Research, The 
Ridgeway, Mill Hill. London, NU7 lAA, United Kingdom. 
Surface antigens of Onchocerca microfilariae are potential targets for both protective and 
immunopathological immune responses. 
microfilarial epicuticle. four monoclonal antibodies to 0. gibsoni and 0. lienalis micro- 
filariae have been prepared and characterized by immunochemical procedures (immunofluores- 
cence, immunoprecipitations, Western blotting). 
microfilariae. but fail to recognize skin microfilariae in immunofluorescent assays. 
However, radio-iodinated antigen derived from surface-labelled skin microfilariae can be 
immunoprecipitated. These findings may indicate that the epitopes recognized become masked 
after release of the microfilariae from the uterus. In Western blot experiments, the anti- 
bodies react with antigens of 14 kD (two antibodies), 29/31 kD, and 44/60 kD. They were 
successfully employed to screen a lambda-gtll cDNA expression library of adult female 
volvulus (provided by Dr. J. Donelson, Iowa, U.S.A.) and the resulting beta-galactosidase 
fusion proteins were used to determine human antibody responses to these antigens. 
ments in progress are directed towards DNA sequencing, and testing the expressed proteins 
for immunisation and protection of infected mice. 

To investigate the properties of antigens of q e  

They react with the surface of uterine 

Experi- 

0413 GENE EXPRESSION I N  TEE INFECTIVE PROMASTIGOTES OF LEISHMANIA MAJOR. 
Richard M.R. Codaon, Susan Searle, Helen Flinn and Deborah F. Smith, Department 

of Biochemistry, I m p e r i a l  College of Science and Technology, London SW7 2A2, U.K. 
W e  are studying t h e  molecular events which accompany t h e  differentiation of Leistmania 
major promastigotee, i n  order to fac i l i t a te  the development of prophylactics against 
infective-stage organisms, which are the causative agents of human cutaneous 
leishmaniasia 
of nuclear genes w h o s e  expreseion is upregulated in  infective-stage promastigotes, 
including a putative ATPase, a specific &tubdin  and a emall family of genes with 
homology to  heat shock protein 70. These hsp l ike  genes, which encode proteins of 7&75 
Kd, are dispersed on different chromosomes i n  Leishmania and show ei ther  developmental 
or constituitive expression. Two other genes show differential expression patterns 
during t h e  parasite life cycle: cDNA 2 and cDNA 14 are upregulated in  infective 
promastigotes but, w h i l e  cDNA 2 shows greatly elevated expression i n  amastigotes, the  
cDNA 14 mRNA is barely detectable. W e  are currently using fusion proteins and the i r  
antibodies to identify the native proteins encoded by these genes and the i r  location 
within t h e  cell, prior to biochemical s tudiea In addition, w e  a re  analysing t h e  
genomic organisation of these sequences (some of which are repeated), as a preliminary 
t o  the  study of t h e  relative i m p o r t a n c e  of transcriptional signals and post- 
transcriptional processing i n  t h e  regulation of gene expression i n  t h e e  organisms, 

By differentially acreening cDUA libraries, w e  have identified a number 

0 414 CHARACTERIZATION AND PARTIAL PURIFICATION OF THE AVERMECTIN 
BINDING-SITE FROM CAENORHABDITIS ELEGANS, Doris F. Cully, Philip S. Paress, 

James M. Schaeffer and Mervyn J. Turner, Merck & Co., Rahway, NJ 07065. 
Avermectins (AVM) are a class of macrocyclic lactones isolated from Streutomvces 
avermitilis, which have strong anthelmintic activity. We have used the free living 
nematode Caenorhabd itiagleeana, which is sensitive to the avermectins, as a model of 
parasitic nematodes. Specific binding sites for IVM have been identified in C.eleeanS 
membrane fractions. We have extracted a high affinity IVM binding-site with n-octyl 
p glucoside (NOG). Scatchard analysis indicates that the NOG-solubilized material has 
a KD for IVM of 0.48 nM and a Bmax of 0.14 pmole/mg protein, while the starting 
membrane fraction has a KD of 0.55 nM and a Bmax of 0.24 pmole/mg protein. 
Kinetic analysis of IVM binding shows that both the solubilized and membrane bound 
binding-sites form a slowly reversible complex with IVM. 
binding-site has been attempted by anion exchange, size exclusion. chromatofocusing 
and affinity chromatography. 
binding activity will enable the synthesis of a probe to be used for the cloning of the 
binding-site gene. 

Purification of the IVM 

The identification of a peptide associated with IVM 
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Biology dnd Microbiology and the Department of Medicine, C a s e  Western Reserve University, Cleveland, Ohio 
41106. Scbfatorou w d  worn conmum large n&a of host E.d blood ce l l s .  The henuglobin contained 
thuuin ia thought to b. M e s m t i a l  !mxm nutrient. 
c y ~ i n o ,  31 kd S. YMOnl pmtuse ,  lmorn a* hmmglobinau. Infornation on the structure and pharmawlogy 

achistoamms. -- &rived frrm 
of tba cclpp1.t. haPplobhse nm?A sqmnco predicted proteins lazger in sire,  50 kd, 
kd h m q l o b h r .  
ar-ted, h Vftm 
prcduct of h.aoplobinau mRlR was 50 kd. 
W&OXIl blot. Ua- M t i - m k b h U  W E .  

chanctuistic of a signal f o l l a d  by uaino acids identical t o  the amino-terminus of the purified, 
31 kd enzyme. Sinple -61 of the signal wuld not account for tba size differences between the p ~ o ~ z y l n  
and the mtuE. en-. 
u-idar Y -led that 138 t*minal mdno acids am IQIw.d from the carbxy-tenainus of the 
pranzynr to pmdu- tba mtum 31 kd P-U. 
h a o p l o b h s e  w i t h  knoun p r o t u r a  did not -1 MY humlopias. 
indicated that the w i n a n t  mzyln *.a act iw at la lnnls. 
m t u N  31 kd arynr m y  a l l a  the scruning and dmvelqmmnt of novel dmmatherapeutic anti-schistosanal 
agents. 

SCHISTOSCUA NANSON1 HEMXLOBINASE IS PROCESSED FROM A 50 KD FORM TO THE MATURE 31 KD ENZYME. 
Richard E. DdVil, Nelson B. Phillips, M.A. EL-EleandWy and Alan  R. Davis, Department Of MOhCU111r 

HrnxJlobin dagxadation is catalyzed by M acidic, 

Of thb p r O r u V  could lud to the dnnloPan+ Of XmU ch.moth.rap.utiC aganta e f f M i V 0  against 
Wa &tumined tba amim acid -u of tho protease fmrn the caplet. hmglobinaao - 

saquonces Md p r h r  axtension saqumcinq of the hapglobinase dlBk. 

Rus. data n w ~ . s t d  that haoplobinase could b. synthesized aa a proenzynn. 

Translation 
thdn the purified 31 

Hybrid 
tanalation Md -pitation .Xp.rimMts confirnrd that the primary trMslat im 

Th. hmqlobiMS* pSOOnw WntdinS 8UhO-teInlhal mSidU09 
Ehthmnro, proteins of 50 kd were observed in worm lymtes in 

s.pu.ncinq of tba urboxy-tenntnus of the purified 31 kd pmtedse with 

Ccnplterassistad ccnparisons of the sequence of the 31 kd 
Exproasion of the pmunzyne in bacteria 

Thus, construction of clones ccdinp for the 

0 4 1 6  

and R. Hamers. Vri j Universiteit Brussel, Instituut voor Moleculaire Biologie. 
Paardenstraat 65, 1640 Si nt-Genesi us-Rode, Be1 gi um 
The gene for the major inerozoite surface antigen (MSA) of the rodent malaria parasite 
Plasmodium chabaud chabaudi has been cloned and sequenced. A single open reading frame 
was found coding for 1 6 f i i n O  acid (AA). The translated sequence starts with a 19 AA 
long signal peptide and ends with a hydrophobic anchor sequence. Tandem oligopeptide 
repeats were found at 4 different positions in the protein. The largest repeat was found 
near the aminoterninal end. It conprises an array of 11*8 AA. Further downstream. repeats 
of P9M. 4*4M and P 4 A A  are found. The amino acid sequence of the P.c.c. MSA shows 15% 
homology with the known 700 M at the carboxyterminal end of the P. yoelii MSA and 32% 
homology with the MSA of P falci arum (~195). The predicted molecu ar we ght of the 
translated sequence i s  l m o n t r a s t s  with an anticipated ir of :30.000 as 
estimated by SDS-PAGE. By scoring the reactivity of a set of 15 anti6MSA monoclonal 
antibodies against a nulnber o f  overlapping cONA expression clones. a provisional epitope 
map of the protein was established. The binding sites of all monoclonals were clustered 
in the middle third o f  the protein. 

PRIMARY STRUCTURE OF THE MAJOR MEROZOITE SURFACE ANTIGEN OF P. CHABAUO CHABAUDI, 
W. Deleersni jder. D. kndrix. N. Bendahman. J. Hanegreefs. C. Hamers-Casterman 

0 4 1 7  GLYCOSYL PHOSPHATIDYL INOSITOL ANCHOR OF TOXOPLASMA GONDII MAJOR SURFACE PROTEINS, 
Jean F. Dubremetz, Stanislas Tomavo, Ralph T. Schwarz, U42 INSERM, 369 Rue Jules 

Guesde , 59650 Vi 1 leneuve d' Ascq , France. 
The four major surface antigens (MSAs: P43, P35, PJO, P22) of Toxoplasma gondii tachyzoites 
can be removed from living organisms and converted into soluble form by phosphatidyl inosi- 
to1 specific phospholipase C (PIPLC) treatment. Quantitative removal of lactoperoxidase ra- 
dioiodinated MSAs can be obtained and solubilized antigens can be individually immunopreci- 
pitated by specific monoclonal antibodies. A sligh electrophoretic shift can be observed 
between native and PIPLC treated MSAs when analyzed by SOS-PAGE. T. ondii MSAs can be bio- 
synthetically labeled with radioactive amino acids, glucosamine, maniose, palmitic acid and 
myristic acid. Ethanolamine labeling has been obtained so far for P30 and P22. Fatty acid 
labeling of MSAs can be removed by PIPLC treatment. PIPLC solubilized T. gondii MSAs are 
recognized on western blots by anti CRO antibodies (raised against Trypanosoma brucei solu- 
ble VSG) whereas native MSAs are not. Polyclonal antibodies raised against affinity puri- 
fied P43 cross react with the soluble forms of P35, P30 and P22 but not with native anti- 
gens. These results strongly suggest that P43, P35. P30 and P22 are anchored in T. gondii 
tachyzoite membrane by a glycosyl phosphatidyl inositol structure. 
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0418 APPROACHES TO AN IN VITRO ASSAY FOR PROTEIN TRANSPORT IN 
ERYTHROCYTIC STAGES OF PLASMODIUM FALCIPARUM. Heidi G. Elmendorf and 

Kasturi Haldar. Depanment of Microbiology and Immunology, Stanford University School of Medicine, 
Stanford CA 94305. 

The inmeqthmcytic malaria parasite @ansports proteins to the erythrocyte membrane which 
appear to modify properties of the host cell membrane. To study the regulation of molecular Wicking 
between host and parasite mmbranes we are reconstituting transport of plasmcdial proteins from "free 
parasites" to exogenously added Qythrocyte vesicles, in vino. Using a stainless steel-ball homogeniser 
intraerythrocytic trophozoites of P. fdcipanun FcR-3/A2 can be selectively freed from their host cell 
membranes. Ring infected and uninfected erythrocyte membranes are not ruptured. Over 90% of the 
original mphozoites are released as intact free parasites and are sepcrated from other components by 
density centrifugation over percoll. Over 99% free parasites, (with the remaining contamination from 
ghosts) are obtained. The purified free parasites are stable for several hours in their homogenisation 
buffer and additional working buffers designed to mimic the intracellular environment, but not in RPMI 
1640. The extra-erythrocytic mphozoites are capable of active synthesis of plasmcdial proteins. Studies 
are in progress to follow transport of these radiolabelled proteins to exogenously added erythrocyte 
membranes and the effect of cytosolic components on protein transport. 

0 41sINTRASPECIFIC DIFFERENCES IN THE OXIDATIVE METABOLISM OF 

NIH, Bethesda, MD. 20892. 
and partially reduced catabolites (i.e. succinate. acetate). A branched electron transport chain 
involving cytochrome (cyto.) + and cyto.0 as terminal oxidases has been described. The 
organism displays high intraspecific heterogeneity. Thii study was performed to determine if 
heterogeneity extends to the level of oxidative metabolim in the epimastigote stage of two cloned 
stocks, CA-1/72 and H0-3/15. A comparative study of cyto. contents, respiratory rates and 
sensitivity to salicylhydroxamic acid (SHAM) showed that clone CA-1/72 contains 4 times more 
cyt0.b than H0-3/15. Cyt0.0 was not detected in HO-3/15 cells but was present at a 
concentration similar to cyt0.b in CA-1/72. The stimulation of oxygen uptake by gluccse 
following glucose starvation was higher in HO-3/15 than CA-1/72. The addition of glucose in 
the presence of Antimycin A (Anti-A) to glucose-starved cells resulted in an incrsw in oxygen 
utilization in CA-1/72 glucose-starved H0-3/15 cells were not influenced by the presence of 
Anti-A. SHAM produced an additional 50% reduction in oxygen uptake in cells partially 
inhibited with Anti-A independent of the growth phase of the cells. These data indicate that 
marked inhaspecific metabolic differences also exist within 1. &and that an a- 
glycerophosphate oxidase or similar SHAM-inhibitable compound is present in the organism. 

&. J.C. Engel, P.S. Doyle and J.A. Dvorak. Laboratory of WIUitic Diseases, MAID. 
1. ELyLi, a parasitic protozoan. metabolizes carbohydrates to CO, 

0 420 SECONDARY STRUCTURE OF THE PROMASTIWTE SURFACE PROTEASE OF LE%CHMAMA, 
Robert Etges and Fritz Jahnig, Max-Planck- lnstitut fur Biologie. Corrensstr. 38, D-7400 

Tubingen 1. Federal Republic of Germany. By Raman spectroscopic analysis we have 
determined the secondary str uclure of the Promastigote Surface Protease. or PSP. of Lehhmanis 
maior LEM-513. I t  consist of nearly 50% antiparallel O-strand. and less than 20% a -helix. 
These results are contrasted with the predominantly a -helical VSGs of the African 
tnpanosomes and the 0 -helical metalloprotease thermolysin. The PSP of Leishmania thus 
represents a novel class of membrane-anchored metalloprotease. 
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0 421 POLYMORPHISM OF PROTEINS AND 

Walker, Jana McBride, Richard Carter and David Walliker. Departments of 
Genetics and Zoology, The University of Edinburgh, West Mains Road, 
Edinburgh, EH9 3JN, Scotland. 

Proteins of asexual and gametocyte stages have been 
examined by (i) metabolic labelling of cultured parasites followed by two- 
dimensional (2D) electrophoresis, and (ii) immunofluorescence and 
immunoblotting with monoclonal antibodies. Glycoproteins have been 
identified by the uee of radio-labelled glucosamine. A glycoprotein 
associated with the merozoite surface, denoted MSA2, is polymorphic in 
different parasite isolates. Seven allelic forms of this glycoprotein has 
been detected, varying in size from 35kDa to 48kDa, in ieoelectric point 
from 4.6 to 5.2, and in immunological specificity. One form of MSA2, 
exhibited micro-heterogeneity on 2D gels, more than spot being seen in a 
given parasite clone. Such micro-heterogeneity is also seen in a 
gametocyte specific antigen denoted Pfsi 25-27.  The causes of this 
variation are not known, but could include glycosylation, phosphorylation 
or myriatilation of the protein. 

GLYCOPROTEINS, Brian Fenton, Alison Creasey, John Clark, Alison 

0 422 SURFACE-EXPOSED MEMBRANE PROTEINS OF TOXOPLASMA GONDII  AND THEIR INTERACTION 

A. Joiner, Laboratory o f  P a r a s i t i c  Diseases, NIAID and Laboratory o f  Developmental 
B io logy and Anomalies, NIDR, NIH, Bethesda. MD 20892 
We have examined the  surface exposed menbrane p ro te ins  o f  Toxoplasma gondii ,  an o b l i g a t e  
i n t r a c e l l u l a r  protozoan which has gained i n  medical importance s ince t h e  advent of AIDS. 
The membrane o f  t he  tachyzoi te  stage has been considered r e l a t i v e l y  simple, cons i s t i ng  o f  
f ou r  major surface i od ina tab le  const i tuents  (p41-43. p35. p30, and p22) which are 
s o l u b i l i z e d  by non-denaturing detergents. We developed a r a p i d  separation scheme f o r  
these f o u r  cons t i t uen ts  us ing two-step chromato-focusing on a f a s t  p r o t e i n  l i q u i d  
chromatography system. Three o f  these const i tuents  (p41-43. p30. and p22) are i n t e g r a l  
membrane prote ins,  as determined by T r i t o n  X-114 phase separation. Several heretofore 
unrecognized surface-iodinated o r  -b io t i ny la ted  p ro te ins  o f  t h e  tachyzoi te  membrane. 
however, a re  n o t  s o l u b i l  i z e d  by non-denaturing detergents. O f  these, the most prominent 
cons t i t uen ts  o f  67, 60, 16. and 14 kDa b ind  the e x t r a c e l l u l a r  ma t r i x  p r o t e i n  laminin, 
which we have r e c e n t l y  found enhances T o n d i i  attachment and e n t r y  i n t o  c e l l s .  The 
enhancement o f  i n f e c t i v i t y  i s  blocked h p t i d e  YIGSR. which i s  d i rec ted  t o  a c e l l  
attachment s i t e  o f  laminin. Imnunoblot ana lys i s  shows the  67/60 kDa doublet t o  be l-J immunological ly r e l a t e d  t o  the mammalian non- ln tegr in  67 kDa lam in in  b ind ing  p r o t e i n  
and may be der ived from t h i s  source. These data show t h a t  several prev ious ly  unrecognized 
membrane cons t i t uen ts  o f  tachyzoi tes a re  surface exposed, b i n d  laminin. and may be host  
c e l l  de r i ved  and important i n  c e l l  attachment and invasion. 

WITH LAMININ, Stephen A. Fuhrman, Glaucia C. Furtado, hynda Kleinman and Ke i th  

, 

0423 CHARACTERIZATION OF A PLASMODIUM PROTEIN WHICH IS LOCALIZED 

Barnwell, Department of Medical and Molecular Parasitology, New York 
University Medical Center, New York, N.Y. 10010 
Invasion of erythrocytes by plasmodia begins after merozoites orient 
themselves such that their apical ends are juxtaposed with the red blood 
cell membrane. We have identified a protein of 250 kd from p .  blood 
stage parasites that may be involved in this interaction. A portion of the 
gene encoding this protein (clone p.1 .  A) was identified via screening a 
lambda gtll/P.vivax genomic DNA expression library with serum from a 
Saimiri monkey hyperimmune to E .  blood stags parasites. Antibodies 
from this serum, which reacted specifically with clone p . 1 .  A were purified 
and used for immunofluorescence analysis (IFA) and to precipitate parasite 
proteins from 35s Methionine labeled parasite extracts. A protein of 250 
kd was immunoprecipitated and IFA generated a unique fluorescing pattern at 
the apical end of the merozoite. Sequence data obtained to date (4kb) 
suggests that this is a very highly charged protein. Studies are now in 
progress to complete the sequence of the entire gene that encodes this 
protein, to assess the functional role of this protein in invasion, and to 
obtain its precise localization by immunoelectron microscopy. 

AT THE APICAL END OF THE MEROZOITE, Mary R. Galinski and John W. 
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0 424 LIPID TRANSPORT FROM THE ERYTHROCYTE MEMBRANE TO THE 
PARASP IN PLASMODIUM FALCIPARUM INFECTED CELLS. Kasturi Haldar*, 

Angela F. de Amorim' and George A. M. Cross+. *Depamnent of Microbiology and Immunology, 
Stanford University School of Medicine, Stanford CA 94305 and +Depamnent of Molecular 
Parasitology, The Rockefeller University, 1230 York Avenue, New York, N. Y. 10021. 

The asexual development of the human malaria parasite Plusmodurn fdcipanun is largely 
inuaerythrccytic. When l-acyl-2-(-4-nitrobenzo-2-oxa- 1 , 3 d i m l e ) - ~ ~ y l  phosphatidylcholine 
(NBD-PC) was incorporated into infected and uninfected erybxyte membranes at OW, it remained at 
the cell surface. At lOW, the lipid was rapidly internalised in infected erythrocytes at a l l  stages of 
parasite growth. Om results indicate that the internalisation of NBD-PC was not due to endocytosis, but 
to rapid transbilayer lipid flip flop at the infected erythrocyte membrane, followed by monomer diffusion 
to the parasite. Intemalisation of the lipid was inhibited by i) depleting cellular ATP levels, ii) pretreating 
the cells with N-ethyl maleimide or diethylpyrocarbonate, and iii) 10 mM L3glycerophosphorylcholine. 
suggesting protein and energy dependent transmembrane movement of the analogue. The conditions for 
the internalisation of another phospholipid analogue N-Cni~benzo-2-oxa-l,3-dimIedipalmitoyl 
phosphatidylethanolamine (N-NBD-PE) were distinct from that of NBD-PC, and suggest the presence of 
additional mechanisds of parasite mediated lipid aanspoa in the infected host membrane. Inspite of the 
lack of bulk, constitutive endwytosis at the red cell membrane, the uptake of lucifer yellow by mature 
infected cells suggests that micmdomains of pinocytotic activity are induced by the inmcellular parasite. 
The results indicate the presence of parasite induced mechanisms of lipid transport in infected erythrocyte 
membranes, which mcdify host membrane properties and may have important implications on 
phospholipid asymmetry in these membranes. 

0425 CLONING AND CHARACTERISATION OF SURFACE ANTIGENS OF SCHISTOSOMA 
MANSONI, Jane C. Havercroft, Maureen C. Huggins, Angela L. Smith and 

David W. Taylor, Department of Pathology, University of Cambridge, Cambridge 
CB2 lQP, United Kingdom. 
Surface antigens of the Schistosomula of S. mansoni appear to be a 
target for the immune attack. Consequently, we are attempting to clone 
such potentially protective antigens with a view to testing their use in an 
experimental vaccine. A cDNA library in XgtII was screened with a pool of 
sera known to recognise schistosomulum surface epitopes. Among the 
positive clones obtained, two are of particular interest: one represents a 
2OKd polypeptide which has homology to the calmodulin family of calcium 
binding proteins. The second encodes a 50Kd antigen. An antiserum raised 
against the fusion protein of this clone gives positive indirect 
immunofluorescence of the surface of schistosomula in indirect 
immunofluorescence assays on intact organisms. In addition, it is able to 
mediate killing of schistosomula by eosinophils in vitro. This 
suggests that this clone encodes a surface antigen and t G p x i l i t y  that 
it can protect against infection in vivo will be investigated. 

0 426 A CAMP INDUCIBLE GENE MPRESSED DUWNG THE DEVELOPMENT OF INFECTIVE 
STAGES OF TRYPANOSO M A W .  Stephen Heath. Kennail vemick. Sara Hieny and 

AlanSher,LaboratorydParasitic ' ,NationallmtiMedAlergyandMecliwsDisesses, 
National hstiMesof Health. Bethesda. MD- Trvoanosoma undergoes an 
important developmental change (metacydogenesis) immediately before leaving the insect vector. 
This transformation pre-adapts the parasite for survival in the vertebrate host. The differentiation of 
infective metacyclic trypomastigotes from non-infective epimastigotes can be duplicated by 
allowing epimastigotes to grow to stationary phase. This process has been previously been shown 
to be influenced by CAMP. We have employed subtractive hybfMiion techniques to identii 
several cDNA dons which are expressed preferentially in metacydic stages. One of these, TC43.1 
(derived from T. 4 strain Sylvio X10/4) has been characterized in detail. Transcription of TC43.1 
can be induced in epimastigotes by cydic AMP (CAMP) and the CAMP analogues dibutvryl CAMP 
and Bbromo-CAMP. but is inhibited by imidazole. an activator of CAMP dependent 
phosphodiesterase. The deduced amino acid sequence of the cDNA done demonstrates a 42% 
homology in a 35 amino acid overlap with the proto-oncogene c-fos which is itsell a CAMP inducible 
gene. While present in the genome as a single copy, Northern analysis indicates that TC43.1 
produces multiple transcripts of 3.2,2.2 and 1.8 kb suggesting the occurrence of alternate splicing. 
The data taken together suggest that TC43.1 encodes a CAMP dependent regulatory protein 
involved in the differentiation of T. cruzi infective forms. 
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0427 IDENTIFICATION OF AN EGF RECEPIDR HOXILOZUE IN TRYPAWSOMES, &off Hide, Alex Gray 
and Andrew Tait, Wellcme Unit of Molecular Parasitology, Department of Veterinary 
Parasitology, Bearsden Road, Glasgow, G61 lQH, Scotland, United Kingdm. 

Our understanding of growth regulation in trypanosmes has yet to be elucidated at the 
molecular level. One possible mechanism involves the interaction of these parasites with 
host or vector growth factors. 
receptor hanologue in trypanosmes, thus implying that such a mechanism may be involved in 
trypanosme growth regulation. Antibodies, which recognise the manmalian EGF receptor, 
cross-reacted, by Imnunofluorescence and i m e  precipitation, with Trypanosoma brucei. A 
surface polypeptide of 135kd was identified by the antibody and was -€ound to be present in 
both the procyclic and bl&strear,i stages. 
associated with the i m e  precipitate. 
binds specifically to trypanosomes and that the 135M polypeptide as the surface molecule 
that birds the EGF. 
to modify protein kinase activity in rwmbrane fractions and several proteins, including 
the 135M polypeptide, were phcsphorylated to a greater extent in the presence of EGF. 
Addition of EGF also increased growth rate of trypanosmes in vitro. lhus, it can be 
concluded that a surface polypeptide with considerable hano-the manmaliam EGF 
receptor exists in trypanosmes. 
host parasite interaction. 

In this work, we report evidence for a growth factor 

Protein kinase activity was found to be 
Crosslinking experiments have demonstrated that E F  

Another polypeptide of 50M was also found to bind EGF. EGF was found 

This finding has implications for a novel mechanism of 

0428 PARTIAL PURIFICATION OF THE a GLYCEROPHOSPHATE OXIDASE FROM 
TRYPANOSOHA BRUCEI, George C. Hill and Harry Bass, Division of 

Biomedxcal Sciences, Meharry Medical College, Nashville, TN 37208. 
Bloodstream African trypanosomes are completely dependent on glycolysis 
for their energy supply and utilize a terminal oxidase, a glycerophosphate 
oxidase, to reoxidize the glycolytically produced NADH. This terminal 
oxidase is cytochrome independent, not inhibited by classical inhibitors 
of the respiratory chain, inhibited by salicylhydroxamic acid and consists 
of two components: a flavin-linked glycerol-3-phosphate dehydrogenase and 
a glycerol-3-phosphate oxidase (GPO) which are probably linked by 
ubiquinol. Partial purification of T anosoma brucei GPO has been 
accomplished. Mitochondria from bloodstrez trypomas-s were treated 
with 7.5nH lauryl maltoside to release the GPO from the mitochondria1 
membrane. Solubilized protein was applied to a Pharmacia Mono Q HR 5/5 
anion exchange column and chromatography was performed at 4OC with a FPLC 
system. All fractions were measured for enzyme activity with lOln 
glycerol-3-phosphate or 0.6 BM of an ubiquinol analog as substrate. 
Ubiquinol oxidase was eluted from the column with and a 30 
fold enrichment for this oxidase was obtained. Enzyme activity was 
inhibited 100% by 0.5w SHAM, thus confirming the oxidase activity. 30% 
enzyme activity and 85% of the protein were recovered from the column. 
Supported by Army Contract DAUD 17-86-C-6077 and NIH Grant A1 21159. 

300-4OOmU KC1 

0429 CHARACTERIZATION OF HYDROGENOSOMES AND GENES WHICH 
ENCODE HYDROGENOSOMAL PROTEIN? OF TRICHOMONAS VAGINALIS, 

Patricia J. Johnson' and Miklbs Miiller Department of Microbioloqy 
& Immunology, UCLA School of Medicine, Los Angeles, CA 90024, 
Department of Biochemical Parasitology, Rockefeller University, New 
York, NY 10021' 

The hydrcqenosome, an unusual organelle found in Uichomonas 
vaainali s, plays a central role in the metabolism and drug 
susceptibility of this human-infective parasite. To gain a better 
understanding of the origin and biogenesis of this organelle, 
stable hydrogenosomes have been highly purified and used to 
immunize rabbits. The resulting antisera were used to screen a cDNA 
expression library in lambda gtll. Additionally, the library was 
screened with antibodies against purified hydrogenosomal proteins. 
We present these data and a molecular analysis of these genes - the 
first to be cloned and characterized from a trichomonad. 
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Wesley Van Voorh is ,  and Harvey A.Eisen, D i v i s i o n  o f  Basic  Sciences, Fred 
Hutch inson Cancer Research Center,  S e a t t l e ,  WA 98104 .  Trypanosoma C r u z i  ran-  
domly sheared DNA, was c loned i n t o  a lambda GT-11 exp ress ion  1 i b r a r y . a n d  
screened w i t h  se ra  f rom T.,-,CCLZA c h r o n i c a l l y - i n f e c t e d  mice. A s e l e c t e d  c l o n e  
by Southern a n a l y s i s  revea led  homology w i t h  g r e a t e r  than 25 f ragments o f  1- 
..I__.". C r u z i  genornic DNA c leaved w i t h  1 0  d i f f e r e n t  r e s t r i c t i o n  enzymes. Nor the rn  
a n a l y s i s  revea led  a s i n g l e  band a t  4 . 5  k i l obases .  The band was de tec ted  i n  
t h e  Trypomast igote po l y (A )+  RNA, bu t  n o t  t h e  Ep imas t igo te .  Severa l  cDNA 
c lones were s e l e c t e d  by h y b r i d i z a t i o n  t o  a f ragment o f  t h i s  gene. Ana lys i s  o f  
t hese  cDNA c lones  revea led  a f a m i l y  o f  mRNA. a l l  w i t h  i d e n t i c a l  s i z e  o f  4 . 5  
k i l obases ,  and s i g n i f i c a n t  areas o f  sequence homology and d ivergence w i t h i n  
t h e  open read ing  frame. 

~ R ~ ~ A ~ O ~ O . ~ A . . . C R U Z ! ,  MAMMALIAN STAGE SPECIFIC TRANSCRIPTS 
REVEAL AREAS OF SEQUENCE HOMOLOGY AND D I V E R S I T Y ,  S t u a r t  J .  Kahn. 

0 431 RMRRANGEMNT SITE FOR A REGION AXPLIPICATIOW CONFERRING HULTIPLE DRUG 
RESISTANCE IN bEISEWIl( IS A DISPERSED REPETITIVE ELElIERT Paul F. 

Kanitsuka, David Iovannisci, Thomas E. Ellenberger, and Stephen M. Beverley, Dept. of 
Biological Chemistry and Molecular Pharmacology, Earvard Medical School, Boston, MA 02115. 
L. maior may become resistant to chemotherapeutic agents through gene aaplification. A 
region amplification is of particular interest as it confers nultiple drug resistance (not 
by decreased drug accumulation) . We have been studying the structural characteristics of 
this region in an effort to shed light on the mechanisms of its amplification. The E 
region is flanked on both sides by pairs of inverted homologous DNA segments, which 
themselves flank a central transcribed region (Fig. A ) .  We have shown by hybridization 
analysis that the inverted segments at the left end of the E region represent dispersed 
repetitive elements, found on most chromosomes resolvable by PFGE. 
suggest a transposable element, although the central transcribed region is not dispersed. 
Amplification involves homologous recombination between the inverted repeat regions of 
two wild-type chromosomes arranged in opposite orientation, yielding a circular amplified 
species containing two copies of the E region (Fig. B). 

These properties 

cw4 - R L 
A *  0 b '  

F i g .  A. Fig. B. 

0432 lIyGHOlKnOGUES IN TRYPAWSOW BRUQI. Cboong tL Kim.  I4.E.M. Colmerauer. Donald 
G G u i n e y  and Charles B Davis. Departments of PAthOlOgy. Medicine. and Canter 

for Molecular Genetics. University of Celifornia at S.n Diego. CA 92103 
lie hrve ahown previously that: 1) dibutyryl CAMP and other agcnta that elevate T. brucei 
CAMP induce differentiation from the slender to the stumpy bloodstream f o r r T a n  
difluoromethylornithine. an inhibitor of polyamine synthesis. induces differentiation 
without elevating CAMP. Since these agcnta induce differentiation of higher eukaryotes by 
decreasing c-E expreasion. we assayed T. brucei for E family honologues. Immunoblots 
of slender, sturpy. and procyclic (insect) f o r m  revealed two proteina that react with 
family antibodies. Southarns of EcoRI-digested procyclic DNA probed with v-E contained 
3 homologous bend.. including an 8 kb sequence that also hybridized to a 25-mar 
oligonucleotide aptheshed according to a consensua sequence in the second exon of the 
DJ= family. Further restriction analysis revealed that the homologous region was 
contained within a 1.0 kb BamH1 fragment which ue cloned to use as a probe. The 
homologous 8 kb EcoRI fragment u u  present in all 3 life cycle atagea. suggesting that the 
gene ia not rearranged during differentiation. Northern. of procyclica cultured in the 
presence of fetal calf serum shored that the horologue is expresaed as a 3.2 kb 
transcript. lie are currently sequencing the DNA haologue and comparing expression of the 
mRNA tranacript in a11 3 life cycle stages to confirm the presence, and assess the 
posaible significance. of a =family consensus sequence in T. brucei 
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0 433 MOLECULAR STUDIES OF TWO PROTEASES CATHEPSIN B 
AND "HAEMOGLOBINASE", Mo-Quen Klinkert, Richard Felleisen, Kurt Bommert, & EwaM Beck, 
ZMBH, University of Heidelberg, FRG. 

Two highly immunogenic &- adult worm proteins Sm31 and Sm32 have been identified as 
Cathepsin B and a haemoglobinase, respectively. One of our interests in these molecules is to investigate 
their possible use in diagnosis of schistosomiasis. Both antigens have been cloned and expressed in a 
plasmid expression vector pEx34 in as hybrid proteins fused to MS2 RNA polymerase. The fusion 
proteins have been tested in TSP-ELSA on a large number of human infection sera and found to be very 
promising diagnostic reagents. in addition antigenic determinants on the proteins were localised by a 
deletion mutation procedure and the corresponding antigenic regions were synthesised as oligo peptides. 
Preliminary results suggest that some of these peptides may represent important immunodlagnostic 
probes. Well-defined peptides can be easily synthesised, and their use may greatly eliminate background 
problems often encountered in serological assays. To ensure the expression of all putative antigenic sites, 
the complete sequences were cloned in an eucaryotic viral vector. Screening of recombinant viruses 
expressing the 'authentic" forms of the two proteases is in progress. The full-length sequences of both 
antigens were cloned in pSP65. Data from in vitro translation studies of the cathepsin B construct suggest 
that the precursor preprocathepsin B is processed in vim. From the "haemoglobinase' RNA a precursor 
form which was not further processed was observed. In contrast to cathepsin B, in vim glycosylation of 
"haemoglobinase" could be demonstrated in the presence of canine pancreatic membranes. 

0434 

M i l l e r ,  Department o f  Immunology, Walter Reed Army I n s t i t u t e  o f  Research, Washington DC, 
20307-5100 and Laboratory o f  Pa ras i t i c  Diseases, National I n s t i t u t e  o f  A l l e rgy  and 
In fec t i ons  Diseases, National I n s t i t u t e  o f  Health Bethesda. Md. 20892. 

Invasion o f  erythrocytes by malar ia  merozoites requi res the formation o f  a j unc t i on  o f  
attachment between ery throcyte and merozoite membranes. The attachment j unc t i on  i n i t i a l l y  
forms a t  the apica l  reg ion o f  the merozoite. I t  then moves around t o  the pos te r io r  o f  t he  
merozoite as invasion proceeds. A monoclonal antibody against a 60 kDa merozoite p ro te in  
(termed MCP-1 f o r  Merozoite Capping Prote in  1) o f  Plasmodium falciparum reacts  i n  an 
immunofluorescence pa t te rn  resembling the moving junction. 
immunofluorescence, MCP-1 was located a t  the attachment s i t e  formed between the merozoite 
ap ica l  reg ion  and erythrocyte. During invasion, MCP-1 separated and migrated around 
merozoites a t  the o r i f i c e  o f  the parasitophorous vacuole. I n  newly-invaded erythrocytes, 
MCP-1 pers is ted a t  the pole o f  the young pa ras i te  nearest the ery throcyte membrane, 
suggesting i t s  anter ior - to-poster ior  movement. MCP-1 exhib i ted no v a r i a b i l i t y  i n  m l e c u l a r  
mass among the FCR-3, Camp, and 768 s t r a i n s  o f  P. f a l c i  arum, and the epitope was inva r ian t  
i n  the P. f a l c i  arum s t r a i n s  studied. We conclude thatPMCP-1 may p a r t i c i p a t e  i n  merozoite 
invas ioz o f  ery!hrocytes by f a c i l i t a t i n g  attachment o r  movement o f  the j unc t i on  along the 
pa ras i te  cytoskeleta l  network. 

A 60 kDA PLASMODIUM FALCIPARUM PROTEIN AT THE MOVING JUNCTION FORMED 
BETWEEN MEROZOITE AND ERYTHROCYTE DURING INVASION, Francis W. K lo t z  and Louis H. 

By two-color 
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0 436 JMMUNOCHEMICAL STUDIES ON A PLASMODIUM FALCIPARUM 102 KD 
PROTEIN: THE PUTATIVE TRANSFERRIN RECEPTOR OF INFECTED 

ERYTHROCYTE MEMBRANE. Wen-lu Li and Kasturi Haldar, Department of Microbiology and 
Immunology, Stanfod University School of Medicine, Stanford, CA 94305 

Previous studies showed that parasitized erythrocytes contain internalized transfenin 
(Rodrigues-L.opez,M.H. et al, 1986, Nature m388-391) and a parasite protein of 102 kd binds 
human transfenin in the soluble complex (Haldar, K. et al, 1986, Proc. Natl. Acad. Sci. USA 81, 
8565-8569). Parasite lysis prepared in 0.1% aifluoroacetic acid containing 102 kd transferrin 
binding protein was used to immunize BALBk mice. On fusion of the spleen cells from 
immunized mice with Ag8-653 myeloma cells, a hybridoma SeQeting monoclonal antibody to 102 
kd protein has been obtained. A pattern of small  dots observed on immunofluorescence assay 
suggests the vesicular localization of this protein. Studies about the function of the immunopurifkd 
102 kd protein an in progress. 

PIasmodium fakiparum infected erythrocytes require noneheme iron for growth. 

0 437 

Medicine, Keppel Street ,  London WClE  7HT. U.K. 
A range of trypanosomatids were examined for a cysteine peptidase 
activity previously detected in T.cruzi. Detergent extracts Of all 
trypanosomatids that were examined contained a cysteine peptidase 
with properties identical to those of the T.cruzi enzyme. The 
peptidase cleaves preferentially on the carboxyl side of arginine 
residues and, to a lesser extent, lysine residues. Its molecular 
mass, as determined electrophoretically, is essentially the same 
in all trypanosomatids. Organisms that express the peptidase 
include T.cruzi (all stages of the life cycle), every species 
of Leishmania tested, T.brucei, C.fasciculata, Endotrypanum, 
T.percae, T.rangeli, T.dionisii. We have not been able to 
detect an equivalent peptidase activity in any of the non- 
trypanosomatids that we have examined. 

A CYSTEINE PEPTIDASE CONSERVED AMONGST TRYPANOSOMATIOS. Catherine M. 
Lowndes and Frank Ashall ,  London School o f  Hygeine and Tropical  

0438 A TANDIXLY REPEATED GENE FAMILY IN LEISHMANIA WNOVANI WHICH ENCODES AN ANTIGEN 
HOMOLOGOUS TO HEAT SHOCK PROTEIN 70 (hsp70). J.MacFarlane,M.L.Blaxter,R.P.Bishop, 
M.A.Miles,J.M.Kelly, Dept. of Medical Parasitology, London School of Hygiene and 

Tropical Medicine, Keppel Street, London WClE 7HT, U.K. 

L. donovani (HU3) antigen cDNA clones were isolated from a Xgtll expression library after 
screening with serum from an infected patient. 
mastigote-specific antigen. Sequence anal sis revealed homology to the &70 gene family 
of other species. Antibodies against the &tll fusion protein were present in c.60% of 
visceral leishmaniasis patients tested. Genes coding for this antigen were present on a 
single chromosome as a series of 3.7 Kb tandem repeats. Sequencing of L. donovani m 7 0  
genomic clones has identified the GGMP amino acid repeats found in the C-terminal coding 
region of other parasite Hsp70s and a long (c.1.0 Kb) 3'-untranslated region. 
shock elements (HSEs) have been located. 
was temperature-independent in the range 23-42OC. 
immunology, expression and cellular localisation of this antigen. 

One clone corresponded to a 68 kD pro- 

No heat- 

Current work is concentrating on the 
The level of the promastigote-specific mRNA 
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Medicine, Pembroke Place, Liverpool L3 59A, United Kingdom. 
GP63 is the major surface glycoprotein in Leishmania. 
include immunodominance, proteolysis and macrophage binding have been associated with this 
molecule. 
in tandem repeats in the genome of L ma'or and L.donovani (Button ett, (1989). 
Biochem. Parasitol. 32: 271) .  The &nes within the cluster were reported to be 
identical in their coding regions. 
We have been studying the structure and expression of the L.donovani GP63. 
were isolated from a genomic library (strain LV9) constructed in gtwes 8. Several clone 
classes were defined using a 5' probe derived from the GP63 DNA sequence from L.major and 
a 3' probe derived from a L.donovani GP63 cDNA clone. 
L.donovani specific, both each map to two similar sized chromosomes and both contain a 3' 
telomer motif which is expressed. However both genes differ strikingly in their physical 
maps and interestingly in their expression. Partial DNA sequence of one of these genes 
around the common macrophage binding site shows little homology with the corresponding 
region in the GP63 gene in L.major. 
gene family in L.donovani will be discussed with respect to the use of this molecule in 
the development of serodiagnosis and vaccines against Leishmaniasis. 

MULTIPLE DISTINCT GP63 GENES IN LEISHMANIA DONOVANI, Rhaiza Maingon, Lynne Elson, 
Julian Crampton, Marcel Hommel and Michael Chance, Liverpool School of Tropical 

A number of different activities which 

Recently it was reported that there are multiple genes coding for CP63 clustered 
Mol. 

GP63 clones 

The two most abundant clones are 

Current results regarding the complexity of the GP63 

0440 THE ACTIVE SITE OF THE LEISHMANIA DONOVANI SECRETED ACID PHOSPHATASE 
IS RESISTANT TO PROTEASE TREATMENTS, David J. Mallinson and Dennis M. 

Dwyer, Cell Biology and Immunology Section, Laboratory of Parasitic 
Diseases, NIAID, NIH, Bethesda, MD 20892 Promastigotes of Leishmania 
donovani constitutively secrete a soluble acid phosphatase activity (S- 
AC~). This enzyme is also released by amastigotes within infected 
macrophages in vitro. It has been suggested that S-AcP may play a role in 
protecting bzhzlopmental forms within their respective hydrolytic 
environments. Therefore, it was of interest to determine whether various 
protease treatments had any effect on S-AcP. 

Culture supernatants from mid-log phase promastigotes grown in 
chemically defined medium were used as a source of S-AcP activity. These 
were treated with a variety of endo- and exoproteases. The activities of 
these proteases were confirmed using azocasein. Trypsin, chymotrypsin, 
subtilisin, pronase, dispase and papain, even at concentrations up to 500 
ug ml-l, had no apparent effect on the enzymatic activity of S-AcP. In 
contrast, results of SDS-PAGE autoradiography showed that all of these 
proteases degraded metabolically labeled S-AcP. The cumulative results 
demonstrate that although the S-AcP molecule is hydrolyzed by these 
proteases, its active-site remains fully functional. This property could be 
of importance in parasite survival. 
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0442 METACYCLIC VSC GENE EXPRESSION IN AFRICAN TRYPANOSOHES. Matthews,K., 
Shiels,P., Craham,S. and Barry, J.D. I n s t i t u t e  o f  Genetics and 

Wellcome Un i t  of Molecular Paras i to logy,  U n i v e r s i t y  o f  Clasgow, Church 
Street ,  Clasgou G 1 1  5JS, U.K. The metacyc l i c  stage o f  A f r i c a n  trypanosomes, 
i n  the t se tse  f l y , i s  t he  f i r s t  stage a t  which a v a r i a n t  sur face g l y c o p r o t e i n  
(VSC) coat  i s  synthesised. The number o f  metacyc l ic  v a r i a b l e  an t i gen  types 
(H-VATS) is  r e s t r i c t e d ,  forming no more than 27 o f  t he  severa l  hundred coats  
which may be d isp layed by bloodstream paras i tes.  Most bloodstream VSG genes 
are l oca ted  as s i l e n t  copies a t  chromosome i n t e r n a l  p o s i t i o n s  and r e q u i r e  
d u p l i c a t i o n  i n t o  a t e lomer i c  expression s i t e  f o r  a c t i v a t i o n .  Th is  is  o f t e n  
mediated by "70bp repeat" m o t i f s  found 5 '  t o  te lomer i c  VSG gene copies. Once 
i n  an expression s i t e  t h e  VSG gene seems t o  be co t ransc r ibed  w i t h  more than 
one expression s i t e  associated gene (ESAC) i n  a l ong  p o l y c i s t r o n l c  
t r a n s c r i p t i o n  u n i t .  The M-VAT gene expression mechanism and genomic 
environment are d i s t i n c t  from those used f o r  bloodstream VSG genes and a l l  M- 
VAT genes examined a re  on the  telomeres o f  t he  very l a r g e s t  chromosomes. We 
have begun c h a r a c t e r i s a t i o n  o f  two M-VAT expression l o c i .  We have compared 
t h e m  w i t h  each o the r  and w i t h  bloodstream expression s i t e  fea tu res  a t  t h e  DNA 
and R N A  l e v e l .  One M-VSG gene environment is  unusual wi th  respect  t o  b o t h  5 '  
"70bp repeat" m o t i f s  and ESAGs; the o the r  l ocus  is being i nves t i ga ted .  
A d d i t i o n a l l y ,  us ing a model l i n e  o f  trypanosomes, we have observed the  
s p e c i f i c  mode used f o r  VSC gene a c t i v a t i o n  i n  metacyc l ic  trypanosomes. 

0 443 

Ron Limberger', Claude Maina', Tom Nutman+, and Larry McReynolds'. New England Biolabs, 32 
Tozer Rd., Beverly, MA 01915' and the Laboratory of Parasitic Diseases, National lnstltues of 
Health, Bethesda, MD 20215+. 
The paramyosin gene of has been cloned in the I g t l l  expression vector. Sequence of the 
cDNA insert (2,550 base pairs) showed one open reading frame with no prolines. The paramyosin 
sequence has a 32% protein homology with paramyosin and a 40% protein homology 
with myosin. A gene fusion was made between the MBP of and paramyosin. This 
allowed paramyosin to be purified in one step on an amyiose affinity resin. The cloned antigen was 
recognized by sera from Guatamelan patients infected with the filarial parasite Onchocerca 
w. Mapping of the antigenic sites in paramyosin was done by the construction of six 
subcbnes of paramyosin fused to MBP. The sera from Infected humans recognized discreet regions 
of the protein and these regions varied between patients. However, the epitopes did not change after 
the patients were treated with ivermectin. Paramyosin also stimulated significant T cell 
proliferation in 7 out of 16 of the infected patients. This approach should allow the identification of 
defined epitopes that induce the immune response in filarial infections. 

THE USE OF FUSION OF THE MALTOSE BINDING PROTEIN (MBP) TO FILARIAL 
PARAMYOSIN TO MAP EPlTOPES RECOGNIZED BY INFECTED HUMANS. 

0444 

Roger E. Karess (3). Departments of (1) Medical and Molecular Parasi tology,  (2) Pathology and 
(3) Biochemistry. NYU Medical Center 550 F i r s t  Avenue, New York, N.Y. ,  10016. 
To study the  regulat ion of t h e  expression of gp63, t h e  major surface glycoprotein of a l l  patho- 
genic species  of Leishmania, w e  have i so la ted  and p a r t i a l l y  character ized gp63-related cDNAs. 
A lambda g t l l  expression l i b r a r y  was constructed using poly(A+)RNA from the  promastigote form 
of Leishmania mexicana mexicana (Lmm). The l i b r a r y  was screened by plaque hybridizat ion v i t h  
a Leishmania major ( L t m ) x c  clone containing a complete gp63 O W  (1.8Kb) and both 5' and 
3' untransls ted regions ( Button and McMaster J.Exp. Med. 167:724. 1988 ). Four cDNA clones, 
ranging i n  s i z e  from 5 t o  2Kb. were character ized.  While the  physical  maps resemble each 
o ther  ( and the  L tm genomic clone ), there  a r e  r e s t r i c t i o n  sites which a r e  clone-specific 
( Diagnostic s i t e s  ). A s  judged by Southern b l o t  ana lys i s  of genomic DNA digested with diagnos- 
t i c  c u t t e r s ,  these cDNAs do not represent overlapping t ranscr ip ts  of a s i n g l e  t ranscr ip t iona l  
un i t  but ra ther  correspond t o  bona f i d e  t r a n s c r i p t s  of a t  l e a s t  three d i s t i n c t  c l u s t e r s  of tan- 
demly repeated gp63 genes. A s  i n  the  case of L tm,  a l l  of the  gp63 genes of Lmm a r e  linked on 
a chromosomal band of about 700Kb. An abundant 3Kb RNA species ,  hybridizing t o  the  clones,  is 
present i n  both promastigotes and amastigotes. The de ta i led  genomic organizat ion of the  gp63 
gene c l u s t e r s  a s  w e l l  a s  implications f o r  protein expression are cur ren t ly  under invest igat ion.  

ORGANIZATION OF THE GENE FAMILY ENCODING THE MAJOR SURFACE GLYCOPROTEIN (gp63) 
OF Leishmania mexicana mexicana. Enrique Medina-Acosta (1) .  David G. Russell (2) , 
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0445 DEVELOPMENTAL EXPRESSION OF THE GLYCOSYGPHOSPHATIDYLJNOSI~L 
SPECIFIC PHOSPHOLIPASE C OF TRYPANOSOMA BRUCEZ. 
Kojo Mensa-Wilmot, Dale Hereld, Gerald W. Hart, and Paul T. Englund, Department of 

Biological Chemistry, The Johns Hopkins University School of Medicine, Baltimore, MD 21205. The 
surface of the bloodstream form of the African Trypanosome is covered with about lo7 copies of variant 
surface glycoprotein (VSG). VSG is tethered to the plasma membrane by a glycosyl-phosphatidylinositol 
(GPI) membrane anchor which is cleavable by an endogenous GPI-specific phospholipase C (GPI-PLC). 
Usmg a pleomorphic strain of T. brucei, we have examined the developmental expression of GPI-PLC. 
In agreement with Bulow and Overath [FEBS Lett. 187,105 (1985)], procyclic trypanosomes express about 
0.1% enzyme activity as compared to bloodstream forms. Enymological studies give no indication a 
diffusible inhibitor of GPI-PLC activity in procyclic forms. Northern blot analysis with a GPI-PLC-specific 
cDNA probe [(Hereld et al., Roc. Natl. Acad. Sci. 85, 8914 (1988)l reveals barely detectable levels of 
mRNA in procyclic forms. Hence, the lower amount of enyme activity in procyclics correlates with the 
mRNA level. Southern blot analysis is consistent with the presence of a single gene per haploid genome, 
and there is no evidence for rearrangement of the GPI-PLC gene after differentiation to procyclic forms 
which could potentially silence GPI-PLC expression. Western blot analysis reveals no detectable GPI- 
PLC polypeptide in procyclics (supported by NIH grant AI 21334 and by grants from the Rockefeller and 
MacArthur Foundations). 

0446 ERYTHROCYTE MEMBRANE PROTEINS IN THE PARASITOPHOROUS 

Arun Singhal and Rupert Schmidt-Ullrich, Department of Radiation Oncology, 
Medical College of Virginia, Richmond, VA 23298. 
The invasion of erythrocytes by merozoites represents a series of complex 
events culminating in the formation of the PVM. Previous studies from 
this lab demonstrated that the merozoite injects phospholipid into the 
host membrane, a necessary step for membrane expansion and formation of 
the PVM. We have now used specific antibodies and digitized 
immmunofluorescence microscopy to show that both band 3 and glycophorin 
are present in the PVM. Using both fixed and viable parasites free of the 
host membrane we also demonstrate that they retain their normal 
transmembrane orientation. With maturation, the amount of glycophorin in 
the PVM remains constant from early ring to schizont. In contrast, there 
is a progressive increase in the amount of band 3 in the PVM and a 
corresponding decrease in the host membrane with parasite development. 
This microscopic analysis was confirmed biochemically by the culture of 
parasites with ‘%-labeled erythrocytes, the isolation of host membrane and 
free parasites and determination of the relative amounts of band 3 and 
glycophorin following gel electrophoresis. The significance of the anion 
transporter, band 3, in the PVM for parasite growth is currently being 
examined. 

VACUOLAR MEMBRANE (PVM) OF P. FALCIPAFta , Ross B. Mikkelsen, 

0447 CLONING OF THE gp63 GENE OF Leishmania donovani chaQasi, Richard A.  Miller, 
Marilyn Parsons, Steven G. Reed, Seattle Biomedical Research Institute, 
Seattle, WA 98109. 

The predominant surface protein on promastigotes of human pathogenic Leishmania spp. is 
a 63 kD glycoprotein which has protease activity and which can function as a macrophage 
receptor. Two recombinant clones were selected from a genomic library of the new world 
parasite L. donovani chaoasi using the gp63 gene of L. major, a parasite restricted to 
the old world (provided by Dr. W .  R.  McMaster). Genomic Southern analysis indicates 
that the gp63 gene of dA c, is highly homologous to sequences contained in 
L. mexicana amazonensis, L. major, and L. braziliensis ouvanensis DNA, but not to 
sequences found in T. cruzi or T. brucei DNA. The LA & c, genome contains at least 7 
tandemly linked copies of the gp63 gene with a repeat unit length of about 3.0 kB. 
Northern analysis of RNA from promastigotes of L. b. braziliensis, L. maiorr L. m. a, 
and LA & c, indicates that the major gp63 mRNA is 2.4 kBr but larger mRNAs were also 
detected. Partial DNA sequence analysis indicates > 90% homology both at the nucleotide 
and amino acid level with the gp63 sequence of L. major in the portions of the coding 
region sequenced thus far, including the amino terminus of the prepropeptide. The 
region of highest homology with L. major is the putative transmembrane domain at the 
carboxy terminus of the peptide: the final 24 predicted amino acid residues are 
identical. By comparison, the intergenic regions are generally less than SOX 
homologous. Expression of cloned gp63 may be useful for future immunologic studies, 
including work on serodiagnosis and vaccine development. 
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0448 STRUCTURE AND EXPRESSION OF THE PROCYCLIC ACIDIC REPETITIVE 
PROTEIN GENES OF TRYPANOSOMA BRUCEI. *Michael R. Mowatt, Gregory S. 

Wisdom, and Christine E. Clayton. The Rockefeller University, 1230 York Avenue, New York, NY 
10021 and *Laboratory of Parasitic Diseases, NIAID, &the& MD 20892, USA. The procyclic 
acidic repetitive proteins (PARPs) of Trypanosomn brucei are developmentally regulated surface 
proteins encoded by a family of polymorphic genes. We have determined the complete nucleotide 
sequence of three members of the PARP gene family and investigated their expression. The amino 
acid sequence deduced h m  one novel member, the parpAa gene, showed a marked conservation of 
both the amino- and carboxy-terminal regions as compared to other PARPS, but revealed the 
substitution of a pentapeptide for the dipeptide repeating unit characteristic of all other PARPs. 
Northem hybridization analysis indicated that expression of the parpAa gene, like other members of 
this gene family, is confined to the procyclic stage of the T. brucei life cycle. This result implies 
wordinate regulation of the unlinked genetic loci that encode PARPs. 

PARP was purified from cultured prccyclics by cell fractionation followed by ion-exchange and 
Concanavalin-A sepharose affinity chromatography. PARP is membrane-bound and comprises about 
1% of the total procyclic trypanosome protein or 6 x I d  molecules per parasite. The results of 
N-terminal sequencing and amino acid analysis indicate that PARP is processed by removal of both an 
N-terminal signal sequence and a hydrophobic C-terminal peptide. Metabolic labelling of PARP with 
['Hlethanolamine is consistent with attachment of the protein to the membrane via a 
glycosyl-phosphatidylinositol anchor. 

0449 SUBCELLULAR FRACTIONATION OF PLASMODIUM FAKIPARUM RHOPTRY ORGANELLES, Marianne c. 
Murray, Helen Shio, Margaret E. Perkins, Department of Biochemical Parasitology, 

The Rockefeller University, New York, New York 10021 

The rhoptry is an organelle of the malarial merozoite, the extracellular stage of the 
erythrocytic cycle, which has been suggested to play an important role in the invasion of 
the erythrocyte. 
parasite invasion of the erythrocyte is unknown. 
and in other closely related members of the Apicomplexa have not been isolated to date. 
have attempted to purify and characterize the rhoptry organelles from Plasmodium falciparum. 
It was found necessary to initiate the isolation from free merozoites as conditions necessary 
to rupture schizont-infected erythrocytes also disrupted the majority of the rhoptries. The 
rhoptries were enriched from merozoite homogenates by equilibrium density centrifugation in 
a gradient of sucrose. 
membranes was achieved in a linear sucrose gradient. 
the 2. falcipam rhoptry protein of 110 Kd was used as a probe to detect fractions 
containing intact organelles. 
1.19 g/ml. 
approximately 0.3-0.5 pm. 
investigated and this will be discussed. 

Although rhoptry proteins have been identified, their specific role in 
The rhoptry organelles found in plasmodia 

We 

A separation of rhoptries from merozoite membranes and erythrocyte 
Monoclonal antibody directed against 

The density of p. falciparum rhoptries in sucrose was 
By electron microscopy, rhoptries were intact and their diameters were 

Currently the properties of the rhoptry organelles are being 

Gene Expression; Membrane Molecules-ll 
0450 TRANSCRIPTIONAL ANALYSIS OF THE MAJOR MEROZOITE SURFACE 

ANTIGEN PRECURSOR (GP195) GENE OF PLASMODIUM FALCIPARUM 
Peter J. M ler, Seattle Biomedical Research Institute, 4 Nickerson St., Seattle, WA 98109-1651. 
cDNA ancrgenomic clones of the ~ 1 9 5  gene have been isolated from the Palo Alto PLF-3/B11 strain of 
P.f&i&num and > 7 kb of nucleotide sequence obtained. Com arison of the amino acid se uence of 
the Palo Alto PLF-3/B11 gene with other gp195 enes showed crose similarity to that of the %eUcome 
strain (1). Analysis of steady state RNA from dderent asexual blood stages of the arasite showed the 
presence of a 6.1 kb transcnpt which was significantly less abundant in ring stage &A and most 
abundant in late trophozoite/earl xhizont stage RNA. This suggests that the stage-s cific expression 
of the ~ 1 9 5  gene is regulated, at Teast in part, at the level of transcription. The 5' anE' ends of the 
transcnpt have been n y e d  by primer extension and RNase rotection experiments, in addition to 
sequence analysis of cD A clones. The rimer extension a&ps identified several otential rimer 
extension sites between 250 and 550 bp 8 to the ATG initiation d o n .  Potential TArA and &AT box 
sequences have been identified upstream of these initiation sites. Preliminy evidence supests that the 
more 5' transcription initiation sites are preferentially used in rin4 s es whi e the more 3 sites are used 
in trophozoite and schizont stages. These results have important imzcations for the mechanism(s) 
regulating stage-specific gene expression in P.fuicipanun. 

1. Holder et al, Nafure 317 270-273 (1985). 
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0 4 1  BIOCHWICAL AND INMUNOLOGICAL DISTINCTIONS BETWEEN p. falcioarum ANTIGENS gp195 and 
EBA175, P.A. Orlandi. B.K.L. Sim, J.A. Lyon, J.D.  Chulay, and J . D .  Haynes, 

Department of I ~ o l o g y ,  Walter Reed Army Institute of Research, Washington, D.C. 20307. 
Two merozoite-associated antigens expressed during the later stages of intraerythrocytic 
development and schizont rupture include gp195, the major merozoite surface glycoprotsin; 
and EBA175, a 175 kD erythrocyte binding antigen specific for sialic acid-containing 
determinants on the red cell surface. A recent study (Perkins and Rocco, J .  Immunol., 
1988, m, 3190.) suggestedapossibleprecursor-product relationshipbetweenPf200 (gp195) 
and EBA175 found in the culture supernatants of rupturing schizonts based primarily on 
their ability to bind and interact with the red cell surface under similar conditions. 
In our investigations, mature schizonts were radiolabelled with isoleucine, methionine, 
and carbohydrate precursors and the cellular and supernatant fractions used in subsequent 
analyses. Partially purified EBA175 was isolated from these culture supernatants through 
incubation with human red cells followed by silicone oil separation and salt elution. 
Immunoprecipations with monoclonal antibodies against gp195 follwed by western blot 
analysis using an affinity-purified monospecific antibody reagent against EBA175 or anti- 
gp195 monoclonals indicated the two proteins in question are distinct without evidence of 
significant antibody cross-reactivity. EBA175 did not label with any carbohydrate noietiss 
used whereas gp195 did. In IFA, antibodies against gp195 stained the surface of the 
merozoite uniformly, while antibodies against EBA175 stained the apical region only. (See 
Sim, et al.). Thus gp195 and EBA175 can be distinguished by their cellular location, 
reactivity with specific antibody reagents, as well as their molecular weights. 

0 6 2  MOLECULES INVOLVED IN THE CONTACT OF Entamoeba histolytica WITH TARGET CELL. 
Orozco, E: Rodriguez, M.A: Hernhdez, F: Santos L; and valdbs, A. Department of 

Genetics and Molecular Biology. CINVESTAV-IPN. Apdo. Postal 14-740 Mbxico 07000, D.F. To 
detect molecules of Entamoeba histolytica involved in the trophozoite-target cell 
interaction, independent rabbit antisera against both total amebic proteins and 112 kDa 
adhesin were produced. Mouse antiserum against amebic molecules which adhere to the RBC 
surface after incubation of mouse RBCs with trophozoites was also generated (anti-adhesins). 
All three anti-sera recognized the 112 kDa adhesin. Adhesion of the 112 kDa adhesin on the 
RBC surface is temperature-dependent. At 37OC a high amount of it was found on RBCs and it 
remained there after washing with detergent. Different experiments using the anti-adhesins 
and the anti-total amebic proteins sera, revealed for the first time, that proteins of 90, 
70, 5 0 ,  and 24 kDa are involved in the contact of trophozoites to target cells. Adhesins of 
210, 160 and 112 kDa molecular weight previously described were also detected in our 
experiments. Surface labeled MDCK cell proteins specifically adhered to 112, 90, and 48 to 
50 kDa and other higher molecular weight amebic proteins, indicating that these molecules 
participate also in the contact of trophozoites to epithelial cells. Virulence-deficient 
mutants had the same amount of 112 kDa adhesin than the wild type strain. This adhesin, 
however, was not functional in mutants. Proteins of 90 and 24 kDa proteins also were altered 
in amebic virulence-deficient mutants and were recognized by the IgGs to 112 kDa adhesin, 
suggesting that they are specific breakdown products of the 112 kDa adhesin, or proteins 
sharing epitopes with this adhesin. 

0453 ISOLATION AND CHARACTERIZATION OF A cDNA CLONE ENCODING A MAJOR 
SURFACE ANTIGEN OF Giardia lamblia, Guadalupe Ortega-Pierres, Ram6n Coral- 

VBzquez, Lourdes Cervantes, George Newport and Cecilia Montatiez. Centro de lnvesti  
gaci6n y de Estudios Avanzados del IPN 07000, D.F. and Univers i ty  o f  California, Ber- 
keley CA 94625. 
o f  Giardia lambia play a role in parasite attachment to  epithelial cells. In part icular, an 
ant -ofx imate ly  65 K d  has been identi f ied and seems to  be a major surface 
component o f  th is  parasite. 
to  understand i t s  expression, a recombinant clone from a G. lamblia cDNA l ib ra ry  
prepared in the expression vector Agt l l  was isolated u s i n g a  r a b b i t s e r a  prepared 
against the 65 K d  surface molecule. The fusion polypeptide expressed by the recombi- 
nant  clone, upon induction wi th  IPTG, has a molecular weight o f  approxhate ly  140 K d  
as determined by SDS-PAGE and Western b lo t  analysis. Endonuclease digestion o f  the 
recombinant phage wi th  EcoRl revealed an 600 bp insert.  The isolated DNA inser t  was 
hybr id ized to  a G .  lamblia DNA population o f  low density which was separated by CsCl 
centr i fugation i n - t h e e n c e  o f  the dye  Hoescht 33258 and digested w i th  various 
endonucleases. 
o f  more than one gene encoding fo r  the 65 K d  antigen. 
fu r ther  the isolated clone by Nor thern analysis and sequencing determination. 

Recent studies from our  g roup have suggested that  surface antigens 

To fu r ther  characterize th is  surface molecule, as well as 

Hybridization to  several bands was observed suggesting the presence 
We are cur ren t ly  characterizing 
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0 454 ULTRASTRUCTURAL LOCALIZATION, GENE SEQUENCE, AND PREDICTED PROTEIN SEQUENCE OF A 
GIARDINd A MAJOR CYTOSKELETAL PROTEIN OF S IARDIA  LAMBLIA, Debra A. Peattie', 

Rogelio A. Alonso, Ann Hein*, and John P. Caulfield', Department o f  Tropica l  Publ ic  Health 
and D i v i s i o n  o f  B io log i ca l  Sciences, Harvard School o f  Publ ic  Health, 665 Huntington Ave., 
Boston, MA 02115 and *Department o f  Pathology, Brigham and Women's Hospital,  Harvard Medical 
School, Boston, MA 02115. Giard ia  lamblia, an anaerobic, f l a g e l l a t e d  protozoan, colonizes 
the upper i n t e s t i n e  o f  ver tebrates by v i r t u e  o f  a s ing le,  l a r g e  sucking d i s c  on i t s  vent ra l  
surface. We have p u r i f i e d  one o f  the g iard ins,  a major group o f  cy toske le ta l  p ro te ins  and 
elemental components o f  t he  sucking d isc,  and determined i t s  u l t r a s t r u c t u r a l  l o c a t i o n  v i a  
inmunomicroscopy. We a l so  have i s o l a t e d  and sequenced the  gene f o r  t h i s  g ia rd in ,  al lowing 
us t o  p r e d i c t  i t s  complete p r o t e i n  sequence. The p r o t e i n  i s  33,500 dal tons molecular weight, 
has an abundance o f  he1 i x - fo rm ing  residues, and shares s t r u c t u r a l  homologies w i t h  several 
ca l  c i  urn-binding prote ins.  

0 456 THE 11 -1 GENE OF -FA1 ClPARW ENCODES A MEGADALTON PROTEIN, 
Carolyn Petersen, James Leech, Artur Scheri and Richard Nelson, The Medical Service, 

San Francisco General Hospital, San Francisco, CA 941 10; Department of Pharmaceutical 
Chemistry, University of California, San Francisco, CA 94143 and lnstitut Pasteur, Pans, Cedex 15, 
France. The 11 -1 locus of , a genomic locus extending over 30 kb, contains 
tandem repeats of 9, 18 and 27 base pairs surrounded by unique sequences (Scherf et. al., EMBO, 
1988). We attempted to identify the gene product of this locus using antibodies specific for the 27 bp 
repeat and a region containing both 9 and 18 repeats as well as human immune sera affinity purified 
on fusion proteins of genomic and cDNA inserts isolated by hybridization to the 27 bp repeat. 
lmmunoprecipitation of metabolically labelled mature parasites with these antisera revealed a 
complex set of proteins including an approximately 1.5 megadatton protein, a >250 kD protein and a 
doublet at 140 kD. Antibody to the >250 kD protein was affinity purified from immune human serum. 

Genomic Southern analysis using a 1.8 kD cDNA probe which encoded a portion of the >250 kD 
protein and a 27 bp oligonucleotide probe indicates that the >250 kD protein and the 1.5 mD protein 
are the products of separate genes. The 140 kD doublet comigrates with RESA which previously has 
been shown to be encoded by a different gene (Cowman et. al., Mol. Biol. Med.. 1984). We conclude 
that the 1.5 megadalton protein is encoded by the 11-1 gene and contains epitopes which cross react 
with the >250 kD protein and RESA. 

0456 CALCIUM AS A POSSIBLE SECOND MJ!XSENGER OF EXTERNAL SIGNALS I N  Leishmania 
donovani, Philosoph, H. and Zilberstein. D., Department of Biology, Technion- 

Israel Institute of Technology, Haifa 32000, Israel. The identification of the host by the 
parasite and its subsequent adaptive mechanisms to its new environment might involve the 
transduction of signals from the host to the parasite. The possibility that calcium plays 
a role in mediatln such signals was investigated in L. donovani promastigotes. By using 
the fluorescent Cak indicator fura-2, we show that the concentration of free calcium In 
the cytoplasm of L. donovani promastlgotes is maintained at verklow levels (73.5+_10 - 
9458 nM at [Ca"] T a m -  1 mM). The maintenance of low [Ca I i  is energy dependent 
as it is disruptea by KCN, H+-ATPase inhibitors, and ionophores. The low concentration of 
free calcium is maintained by intracellular pools as indicated using the metabolic 

in digitonin permeabilized promastigotes. Two transport systems for calcium were 
identified in these cells. One is respiration dependent, suggesting a mitochondria1 
localization. A second system is respiration independent but requires either endogenous or 
externally added ATP. The ATP-dependent Ca2+ transport is optimal st pH 7.1, has high 
affinity for calcium (Km-92 nM, Vmax-1 nmoles/min/mg pr teln) and is sensltive to 
orthovanadate. These properties suggest the presence of a Ca'+-ATPase similar to that of 
mammalian endoplasmic reticulum. In preliminary experiments we found that GTP and inositol 
1,4,5-trisphosphate, caused a release of calcium from the endoplasmic reticulum of 
digitonin permeabilized promastigotes. 

Intracellular traffic of calcium was examined by measuring the transport of 
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0 4 5 8  TWO GENETICALLY DISTINCT MODES OF SURFACE ANTIGENIC VARIATION IN THE 
NEMATODE CAENORHABDITIS ELEGANS, Samuel M. Politz, Miguel Estevez, Peter J. 
O'Brien, and Karl J. Chin, Department of Biology and Biotechnology, Worces- 
ter Polytechnic Institute, Worcester, MA 01609. 
We have studied the genetic basis of nematode surface antigenicity, using 
the free-living species Caenorhabditis elegans as a model nematode. Rabbit 
antisera directed against the adult C, elegans cuticle were used in conjunc- 
tion with formal genetic analysis of mutations to identify two distinct 
mutant surface antigen phenotypes. An antigenic polymorphism on chromosome 
11, designated srf-l, causes several C, elegans varietal strains to display 
antigen-negative phenotypes compared to wild-type. In contrast, EMS-induced 
mutations in two genes designated srf-2 and srf-3 cause surface expression 
of antigenic determinants not located on the wild-type surface. These and 
the results of differential cross-adsorption and epistasis experiments 
suggest that some mutations cause loss of surface antigenicity, while oth- 
ers, because of the layered arrangement of the cuticle, can cause gain of 
antigenicity by exposing surface antigens normally hidden in the wild-type 
cuticle. 

0 459 

W .  Kennedy and Huw V. Smith, Department o f  Biochemistry, Un ive rs i t y  o f  Glasgow. 
612 8QQ 
Epicuticles of several nematodes studied could allow insertion of fluorescent lipid 
analogues for the measurement of lipid mobility. The biophysical technique of 
fluorescence recovery after photobleaching (FRAP), gave mobilities, of near zero 
for adults of Brugia pahangi, Trichinella spiralis, La- stage larvae of Toxocara 
canis, and dauer larvae of the free-living nematode Caenorhabditis elegans. 
However;indications are that proteins are free to move, as results from lectin 
diffusion and sulphydryl reagent diffusion show. Implications for the importance of 
lipid immobility in immune evasion may be far-reaching and current studies are 
designed to probe the nature of the nematode epicuticle. 

BIOPHYSICAL PROPERTIES OF THE NEMATODE SURFACE: A FLUORESCENCE RECOVERY 
AFTER PHOTOBLEACHING (FRAP) STUDY. Lorna Proudfoot. John R. Kusel, Malcom 
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0 460 EXPRESSION AND SITE-DIRECTED MUTAGENESIS OF A SCHISTOSOME 
SERINE PROTEASE, J.F. Railey. C.S. Craik, F.E. Cohen, L. Gregoret and 

J.H. McKerrow. Departments of Pathology and Pharmaceutical Chemistry, University of 
California, San Fmncisco. CA 94143 
The protease secreted by cercariae of Schlstosorna mansoni is required for the initial 
infection of the human host. This enzyme is an elastase and has regions of sequence 
homology to the trypsin family of serine proteases. Like pancreatic elastase I1 and 
chymotrypsin, the schistosome protease prefers substrates with aromatic amino acids 
at the P-1 subsite. A three-dimensional model has been generated based upon 
sequence similarities to other serine proteases. This model places the G210 residue at 
the S-1 binding pocket permitting a large aromatic side chain to be accommodated. 
To begin testing the predicted three-dimensional structure, the cercarial elastase was 
expressed using a bacterial plasmid vector (pTRAP) containing the cloned cDNA 
coding sequences fused with the DNA sequences encoding the signal peptide and 
regulatory regions for bacterial alkaline phosphatase. The G2lo residue was changed to 
V210 by DNA site-directed mutagenesis, and this mutant enzyme was also expressed in 
E. colt. The substrate specificity of the mutant was altered so that the relative activity 
of the native enzyme for peptide substrates with phenylalanine at the P-1 subsite was 
reduced while activity to peptides with a smaller alanine residue at P-1 remain 
unchanged. 

0461 BIOCHEMICAL CHARACTERIZATION OF AXENICALLY GROWN LEISHMANIA 
AMASTIGOTES, Petrie M. Rainey, Terry Spithill and Alfred A. Pan, 
Yale Universitv School of Medicine. New Haven, CT 06510. 

Axenically grown amashgote-like forms of ‘m’ ’ mexicana pifanoi, have 
been shown to closelv resemble amastiaotes isolated from infected mice or 
cultured macrophages- in terms of kinetics of growth and transformation to 
promastigotes; rates of protein, RNA and DNA synthesis; rates of metabolism 
of glucose and fatty acids; proteinase, ribonuclease, adenine deaminase, 
alanine aminotransferase and peroxidase activity; and total protein 
patterns on SDS-PAGE. Promastigotes differed from both axenic amastigote- 
like forms and isolated amastigotes in terms of these characteristics. The 
developmentally regulated 35 kd protein homologous to aldose reductase and 
encoded by the P100/11E gene was found to be expressed in at least 100-fold 
greater concentration in promastigotes than in axenic amastigote-like forms 
or macrophage-derived amastigotes. Aldose reductase inhibitors block the 
growth of both promastigote and amastigote-like forms. These results 
suggest that axenically grown amastigote-like forms of L & pifanoi 
represent a valuable model for the study of Leishmania amastigotes. 

0 462 

David M. Rekosh, Zhi Hong, Maryanne C. Simurda and Philip T. LoVerde, Departments of 
Biochemistry and Microbiology, S.U.N.Y. at Buffalo, Buffalo, N.Y. 14214. 
The sequence of a mRNA encoding a C u m  superoxide dismutase (SOD; E.C. 1.15.1.1) and the 
entire coding portion of its cognate gene has been determined. The gene spans 5.lkb of 
chromosomal DNA and possesses three exons and two introns which interrupt the coding region. 
The introns contain splice junction sequences which fit the consensus observed in mammalian 
genes. The upstream region contains elements characteristic of a promoter and the 
downstream region contains two potential polyadenylation sites. The deduced polypeptide 
sequence shows a 40% to 45% homology with the cytosolic superoxide dismutase from 10 other 
species and also a striking homology to the human extracellular form of the enzyme in that the 
sequence contains a hydrophobic leader and potential glycosylation site. This suggests that 
the SOD might be membrane-associated or secreted. Indeed, fractionation of schistosomula, 
juvenile and adult worms indicates that the majority of the SOD activity is present in NP-40 
extractable and extracellular fractions. lsoelectric focusing gel electrophoresis of the Cu/Zn 
SOD activities present in the different stages, reveals varying patterns of bands, suggesting 
modification of the enzyme in different stages of the life cycle. Future work will focus on the 
possible role of surface-associated SOD in immune evasion. 

CHARACTERIZATION OF A GENE ENCODING SUPEROXIDE DISMUTASE FROM 
SCHlSTOSOMA MAN= AND ITS PUTATIVE MEMBRANE-ASSOCIATED GENE PRODUCT 
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0 4 6 3  

Herbert Waite'. Department of Medical Biochemistry and Genetics, Texas A6M University, 
College Station, TX 77843* and College of Marine Studies, University of Delaware, Lawes, 
DE 19958+ 
Fasciob eggshell production is based on a quinone-tanning process which involves 
cross-linking of a number of proteins containing dihydroxyphenylalanine (DOPA) residues. 
The major DOPA-containing protein has been purified to homogeneity and peptide sequence of 
several tryptic fragments has been obtained (Waite, J.H. and Rice-Ficht, A.C. [1987] 
Biochemistry 26, 7819). 
purified protein (homogeneous in electrophoretic mobility and isoelectric point) to isolate 
two related cDNAs encoding 31kDa proteins. 
heDatica expression library,sequenced and found to encode the predicted peptides. 
Hybridization analysis of genomic DNA under high stringency conditions indicates the 
presence of six related copies of the gene; the possible transcription of additional genes 
in the adult stage is under investigation. 

CHARACTERIZATION OF A FAMILY OF TRANSCRIPTS ENCODING THE 31kDa MAJOR EGGSHEU 
COMPONENT OF -. Allison C. Rice-Ficht*, Kathryn A. Dusek* and J. 

We report here the use of antibody directed against the highly 

The cDNAs were isolated from an adult Fasciola 

0464 RAPILl IN THE EKPRSSIcN OF A -IN; A CXCIU-I BIM)IlG PROTEIN 
DURZNO S a i I S m  MbTPMXPHXIS. Israel Schechter, Daniela Ran, Zahava 
msx3amn arni Alexander Markwiw, Deprbw& of alenical Irrmnr>lorm, nm 

Weimam Institute of Sc i - .  Reharot 76100, I-. 
Ihe cDNA andgcmmic clones enmdirg a calciunbirdiq protain (CaBP) obtained f m n  cerca- 
r i a  were sequmcd. Ihe Bnmded protaFn (69 b aci& l a g )  stms clear -1- b 
the d n b d n  slnxbze Ihe schigtoeome CaBP CxntafnS 
tm typical calciun birding loops arni it shows Ca++-depdmt el 'c rnobility 
(hxeased w i t h  Ca+'-icnS arni &axeas& with m A ) .  Nn-tbrn blats x - c n  of 
theCaBPgeneincenxrialxltncrtinsparocyst, 24hrsmulaorvmm. Westructureof 
the gF€m is similar to that of other e&qQtes andone intrcn interrupts the c c y y  
sequence. nm regicnof the cap site was determcned and there was I n  evidence for spliced 
leader secpeme. Ihe CaBp is htem&iq because met of the metabolic (e.g. activatim 
of kinases) and -logical (e.g. ccntractkn) events tc@pnd by calcium icns are 
mediated via CaBP Weculea. Ihe prefererrtial eqcessicn of this CaBP in carcaria prob- 
ably reflects to this develcpmtal stage, and pmlpts us to investigate what 
-cn(s) specific to m i a  it regulates A gemral issue revealed by the CaBP is 
therapid&aqeingeneeqcessicndurirgscNstasanemetaroaposis. 'IheCaBPmFNAis 
missirg in the parasite residing in infected snail, lxlt is readily detected in CerCaria 
QIB tmlr after shedding. we identified other Qenes WNCh are turned cn or shut off within 
the shcat time internal (-m) of transiticn fran snail to free swimnirg carcaria. This 
systen is likely to prwide infonnaticn cn the mchanism of stage - specific gene activa- 
ticn/inactivaticn, and cn the mlecular basis of --parasite relatiaxhip. 

arni aganizrrticn of CaBP lmleculea. 

0 465 ISOLATION OF CALMODULIN RESPONSE ELEMENTS FROM TRYPANOSOMES USING 
RECOMBINANT TRYPANOSOME CALMODULIN (rTCaM). S.A.Schl&, CEEgwuagu, and C.L.Patton. 

Epidemiology 8 Public Health, Yale University School of Medicine, New Haven, CT 06510. Calmodulin (CaM), a highly 
conserved Ca++-binding protein. has been isolated and characterized from several species of trypanosomes. CaM /Caw 
regulates the activation and suppression of several enzymes diredly or indirectly via other response elements. CaM also 
regulates microtubule assembly/disassembly cycles, cell motility, glycogen metabolism, and Ca++ signal transduction. 
Trypanosomes express different levels d TCaM during their developmental cycle, but until now, no CaM response element 
has been isolated and characterized due Wnmily to the b w  yield of native TCaM (nTCaM). We have cbned, sequenced, and 
expressed T.b.modesiense CaM genes in E. co# to yield qmIMbS sufficient for detailed studies. TCaM has 16 amino add 
substiins conpared to vertebrate CaM. rTCaM and nTCaM exhibit the same M, (16.5 kDa) and Ca* mobility shift on SDS- 
PAGE analyses and are antigenically identical in Western Blots using polyclonal antibodies to either protein. Both activate 
cAMP-phosphodiesteraw in a Ca++ dependent manner and disptay akrpt ion maxima at 253,259, 265, and 266.5 nm, 
similar to those reported for other CaMs. The spectra of rTCaM are altered by molar additions of Ca++ and reversed by EOTA. 
rTCaM coupled lo Affi-Prep 10 (Bio-Rad) was used to FPLC/affit%y pufify TCaMICa++-binding proteins from a cylosolc fraction 
of bloodstream trypanosomes (specifically a DEAE anionic-exchange 0-300mM salt eluate). The EGTA-eluted major 
polypepides exhibited subunit molecular weights of 37, 50-52,56, 80-65, and 76kDa; the 60-65kDa protein has been 
further purified on a MonoQ column and partially sequenced. Biotinylated rTCaM (BioTCaM) binds to these pomptides in a 
W-dependent asscdation on Western Blots. In addition BioTCaM binds proteins associated with the membranefilagella 
pellet fraction. &ally a 5560kDa protein. Surface 1sl-labeled trVpanosome proteins were also bound to a rTCaM affinity 
matrix. Taken together, these data wppotl the presence of cylosofic and membrane or flagella pocket associated TCaM 
binding proteins. A A g t l l  expression library of the trVpomastigote stage of T. uuzi was screened with BioTCaM; 6 cbnes 
cut of 106 plaques are underpoing amplification prepara!ory to sequence analyses. 
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and R.8. Mikkelsen, Departments Radiat ion Oncology, Medical College o f  V i rg in ia ,  VCU. 
Richmond, VA 23298 and New England Medical Center. Boston. MA 02111 
We have shown that the invasion of Pf merozoites into human red blood cells (RBC) is 
associated with a transfer of parasite phospholipids into the RBC and a shuttling of 
intrinsic RBC We 
have now used Raman spectroscopy to examine the molecular changes in the RBC membrane 
in ring- and schizont-infected RBC. We have measured the CH-stretching region at 2700 
to 3000 cm-l of RBC membranes purified from parasitized cells. Plots of the intensity 
(I) of 2930 cn-l (methyl CH-stretching) VS. the thermally stable 2850 cm-l (symnetric 
methylenic CH-stretching) reveals a sharp transition at 39OC for normal RBC. In 
contrast, this transition decreases to l0C and 2OC for ring- and schizont-infected R E  
respectively indicating that a major change in the physical state of the RBC membrane 
OCCUKS shortly These data are most compatible with a 
fluidization of the RBC membrane and a decreased lipid-protein interaction secondary 
to unfolding major intrinsic membrane proteins or removal of those components 
from the RBC membrane. 

HOST CELL MEMBRANE ALTERATIONS DURING INFECTION WITH PLASMODIUM FALCIPARUM 
(PF), A LASER RAMAN STUDY. Rupert Schmidt-Ullr ich, A. Singhal. S.P. Verma* 

membrane proteins into the paKaSitOphOKOUS vacuolar membrane (PVH). 

after invasion of the parasite. 

of the 

0467 IDENTIFICATION AND CHARACTERIZATION OF A CDNA ENCODING AN ANTIGEN ASSOCIATED 
WITH THE SURFACE OF 9NCHOCERC& VOLvnLuS IICROFIALRIAE, Alan L. Scott and 

Jonathan D. Dinman, Department of Immunology and Infectious Diseases, Johns Hopkins 
University, Baltimore, MD 21205. 
Lactoperoxidase-catalyzed labeling of surface-associated peptides was employed to 
demonstrate that 0. volvulus microfilariae have a limited repertoire of surface- 
associated peptides. The major labeled proteins have apparent molecular weights of 
18 and 14.5 kDa. Antibodies were raised in a rabbit that recognize the 18 kDa 
surface-associated peptide and bind to the surface of Q. volvuluq microfialriae. 
These antibodies were used to immunologically screen lambda gtll cDNA libraries. 
One of the immunologically reactive recombinant clones, M2f.e, contained an insert 
of 1150 bp with a 494 bp open reading frame coding for a protein of 165 amino acids. 
The parasite protein produced by this clone had a predicted size of 18.1 kDa and was 
designated Ovms18. M2f.e was cloned into the expression vector PATH 3 for the 
production of a Ovmsl8/Trp E fusion protein. The OvmslE/Trp E fusion protein was 
partially purified and used to produce antibodies. The anti-OvmslE/Trp E antibodies 
recognized the surface of 0. volvulus microfilariae and was immunologically reactive 
with an 18 kDa peptide associatedwith the surface of the microfiariae. The results 
from slot blot analysis using the coding sequence from M2f.e to probe the DNA from 
a large number of different nematode species indicate that M2f.e-like sequences occur 
in the genome of other filarial species. 

0468 A FAMILY OF HIGHLY REPETITIVE PROTEINS FROM THE MEMBRANE SKELETON OF TRYPANO- 
SOMA BRUCEI. Thomas Seebeck. Andrew Hemphill, Marianne A f f o l t e r  and *) Dur- 

ward Lawson. Department o f  General Microbiology, Un ive rs i t y  o f  Bern, CH-3012 BERN, 
Switzerland, and *) Department o f  Zoology, Un ive rs i t y  College, LONDON WC1 E6BT, Eng- 
1 and. 
The membrane skeleton o f  Trypanosoma brucei contains a fam i l y  o f  l a rge  and h i g h l y  re -  
p e t i t i v e  proteins, which are associated w i t h  the subpe l l i cu la r  microtubules. They are 
confined t o  the microtubule-membrane complex o f  the c e l l  body, and they are absent 
from the f lagel lum.  Analysis o f  two members o f  t h i s  fam i l y  has revealed t h a t  both 
p ro te ins  cons is t  essen t ia l l y  o f  a l a rge  number o f  s t rong ly  conserved repeats o f  38 
m i n o  acids length. Despite the i d e n t i c a l  length o f  t h e i r  repeat un i ts ,  the two pro- 
t e i n s  are c l e a r l y  d i s t i n c t  i n  t h a t  they are coded f o r  by d i f f e r e n t  genes, and i n  t h a t  
the amino ac id sequence o f  t h e i r  respect ive repeat u n i t s  are d i f f e r e n t ,  though re la -  
ted (50 X i d e n t i t y ) .  
Sequence comparisons lead t o  the unexpected f i n d i n g  t h a t  the sequences of both pro- 
t e i n s  are s i m i l a r  (42 and 61 % i d e n t i t y ,  respec t i ve l y )  t o  tha t  o f  a recen t l y  de- 
scribed antigen from Trypanosoma c ruz i  (Ibanez e t  a l  ., Mol .Biochem.Parasitol. 30, 
1988, 27), which i s  s t rong ly  imnunogenic i n  ch ron ica l l y  i n fec ted  Chagas pat ients .  The 
func t i ona l  r o l e  o f  these r e p e t i t i v e  prote ins i n  the membrane skeleton o f  T. brucei, 
as we l l  as t h e i r  po ten t i a l  r o l e  i n  the imnunology o f  A f r i can  trypanosomiasis are 
c u r r e n t l y  under i nves t i ga t i on .  
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0 469 'IUBULIN GENE(S) OF P. FALCPARW IsoLAnON AND CHARACIERJZAIION 
Kunal Sen and G. Nigel GodsoqDepartment of Biochemism, NYU Medical 

Center, 550 First Avenue,New York, New York 10016 Human malaria parasite 
Plasmodium falciDanun has a complex life cycle which is likely to demand 
regulation of its cytoskeletal proteins. As tub& is the most important 
cytoskeletal prate@, we are attempting to isolate and characterize that gene 
system in E falclDarum. We screened a E a genomic DNA library with an 
oligonucleotide probe synthesized corresponding to amino acid residues 401 to 
412 of chicken ,9 tubulin using an AT bias codon calculated from E falciDanun 
published sequences. We isolated a 1642 bp long ,9 tubulin gene (incomplete) 
starting from amino acid residue 59 compared to f l  tubulin of chicken embryo and, 
containing the 3' non coding sequence. This gene also contains one 162 bp long 
intron at amino acid 350 and 88% homology was found at amino acid level with @ 
chicken tubulin. We also screened a cDNA library using the same oligonucleotide 
probe and isolated one ,9 tubulin and two a-tubulin genes. The ,9 tubulin cDNA is 
1558 a t .  and incomplete.Its sequence confirm the intron positions and 3' end. 
Our attempt to locate 5' end of ,9 tubulin gene on the same DNA fragment has so far 
been unsuccessful. Southern blot analysis using a and p tubulin probes indicate 
that a and ,9 tubulin genes in E a are unlinked that there are more than one 8 -  
tubulin genes. u and ,9 tubulins appear to have three different size transcripts on 
Northern blots of total blood stage parasite RNA. 

0470 Isp83 xs AN mmmm -c uwmm wrm 
A m Y  m m  DB*lMIC Michal Shapira, Deparbnent of Meal 
Immmology, t4Ysrmr mt0r for rnlearlar Parasitology, The waipnarn Institute 
of Scierre, Rehovnt 76100, Israel. 

~ntibcdies against the high miecular weight haat shock proteins, nsps 70 and 83,  ere 
obtained by irmunizatial w i t h  synthetic ppuaes derived ftrm cvawmed ragicrrs. Arrtibod- 
ies ware raised against a synthetically prepared fragnmt which to the Emin0 

lhese anti- 
bodies did not react w i t h  the native form of the molecule. Antitodies to a synthetic pep- 
tide darived frun a ccnseaved f-t of HSP 83 mccgnized both the denahaed and the 
~ t i m  farm of the mlecule. HSP 83 is a highly aIxdant protain in mbhnania cm&sti- 
gotes and expeed to elevated tenperaturss. Inrmnoflmmscmce walysis of 
heat ShOdGed proMsti93tas of Laishnania m?aricana amazcnensis u s l q  the antipepti& anti- 
bodies to HSP 83 Sta6- that this pxutein is distrihted i n  the cytcplasn. MDlearlar char- 
acterizeticn of the gene that codes for HSP 83 shows it is pxsent in S3v873l copies Of 
-t&y 4 Kb ~~ in taT&ln It3peats. 

Of ISP 70 and reacuVe with the mxlred form of W S  protein. 

0471 INDUCTION OF STAGE SPECIFIC GENE EXPRESSION DURING LIFE CYCLE DEVELOFMENF IN 
'MEILERIA ANNULATA 8. Shiels, J. Glascodine, R. Hall, D. Brown and A. Tait. 
Wellccnne Unit of Molecular Parasitology, University of Glasgow, Scotland, U.K. 

To study the regulation of the gene expression of Theileria annulata as the organism 
differentiates through its life cycle, a series of nonoclonal antibodies have been 
produced. 
bovine host: the sporozoite, the macroschizont and the piroplasm. 
the mcroschizont to the (intermediate) micmschizont stage can be induced in vitro by 
incubation of infected lymphoblastoid cells at increased temperature. 
iation results in the expression of piroplasm mnoclonal antibody epitopes and in the 
loss of macroschizont specific epitopes. One of the piroplasm antibodies (5E1) detects 
a Nkd polypeptide on western blots and we have shown that this polypeptide is expressed 
following heat induced differentiation. Using the 5FJ antibody we have isolated a clone 
from a T. annulata lambda gtll library. a 3 kilobase EcoRl insert from this clone 
detects 2 parasite genes on a genomic southern blot and two major transcripts in 
piroplasm RNA. 
indicates tht the stage specific expression of the gene(s) is regulated at the RNA . 
level. 

Sets of mnoclonals specifically react with each of the major stages in the 
Differentiation from 

' I h i s e n t -  

Hybridisation of this clone to RNA from the different parasite stages 
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0 472 FURTHER CHARACTERIZATION OF THE GENE ENCODING EBA-175, AND INITIAL IWUNOGENICITY 
STUDIES, B. K i m  Lee Sim. Francis W. Klotz, J. Mark Carter, Palmer A. Orlandi, 

Jeffrey D. Chulay and J .  David Haynes, Walter Reed Army Ins t i t u te  o f  Research, 
Washington D.C. 20307-5100 and Johns Hopkins School of Public Health, Baltimore, MD 
21205. We have recently cloned and sequenced 3.9 kb o f  the gene encoding a 175 kD P. 
falciparum erythrocyte binding antigen (EBA 175). thought t o  act as a receptor Tn 
merozoite invasion o f  erythrocytes. The gene has an RNA t ranscr ipt  o f  about 7 kb 
suggesting tha t  the 175 kD protein may represent a processed product o f  a larger 
protein. The deduced amino acid sequence o f  EBA 175 has no signi f icant homology with 
other characterized p. falciparum antigens. We have been able t o  resolve 6 and 7 
c h r m s m - s i z e d  fragments o f  the Camp and FCR strains respectively o f  p. falciparum. 
In both cases the EBA gene apparently resides on the largest fragment. A 31 amino acid 
peptide designated Peptide 2, and a 43 amino acid peptide designated Peptide 4 derived 
from the deduced amino acid sequence o f  EBA 175, were predicted t o  have high 
antigenicity. These peptides were synthesized, separately conjugated t o  KLH, and used 
t o  imnunize BALB/c mice. These mice produced high levels o f  antibodies t o  the 
imun iz ing  peptide. Antibodies t o  peptide 2 d id  not react with parasite antigens. 
Antibodies made t o  Peptide 4 recognized EBA-175 i n  Western blots and the apical region 
of p. falciparum merozoites i n  IFA. Preliminary experiments indicate that  antibodies t o  
Peptide 4 block merozoite invasion o f  erythrocytes. These findings demonstrate that  EBA 
175 i s  a unique protein wi th s igni f icant potent ia l  as a malaria vaccine candidate. 

0 473 THE CLONING AND ANALYSIS OF GENES ENCODING MAJOR ANTIGENIC POLYPEPTIDES ASSOCIATED 
WITH THE TEGUMENTAL SURFACE MEMBRANE OF SCHISTOSOMA MANSONI, Andrew J.  G .  Simpson, 
Helen Meadows, Simon Jeffs, Paul Hagan, Raymond Allen, Pirlanta Omer All and S.  

Ronald Smithers, Division of Parasitology, The National Institute for Medical Research, 
Mill Hill, London, NW7 lAA, U.K. 
The tegumental surface membrane of adult S .  mansoni provides a protective barrier against 
immune effector mechanisms and also serves as an important absorptive surface. 
we have recently shown that antigens associated with the surface membrane can stimulate 
significant levels of protective immunity. 
adult membranes has achieved protection of up to 40X, which is >85% of that stimulated by 
multiple vaccination with highly irradiated cercariae. 
blotting analyses have demonstrated major antigens of Mr 32, 25, 22, 20. 15 and 8K associa- 
ted with isolated surface membranes, cDNA clones encoding the Mr 25, 22, 15 and 8K antigens 
have now been isolated and sequenced. 
expressed gene products have been used to examine basic structural features of the antigens, 
their presence in the major life cycle stages and their possible involvement in stimulating 
protective immunity. 

In addition, 

In the CBA/Ca mouse, vaccination with isolated 

Immunoprecipitatlo? and immuno- 

The cloned DNA as well as antibody specific to the 

0 474 

Institute, 4 Nickerson St., Seattle, WA 98109 
BAG1 homologous genes have been found in all T. brucei expression sites so far examined. RNA has also 
been detected by Northern hybridization which is homologous to an FSAGl probe in all bloodstream stage 
VATS but not in procyclic stage. The RNA can be shown to be VAT specific if a suitable oligonucleotide 
probe is used. A series of cDNAs from an IsTat 1.7 (VAT 7) cDNA library have been sequenced and 
compared to each other, and to genomic EsAGl genes. Two specific events have been detected. One is the 
loss of the VAT 7 specific WAG1 gene from the VAT 7 expression site. This occurred when the 7 VSG 
gene was gene converted in an antigenic switch to VAT A'. The second is an apparent processing of 
BAG1 RNA. An oligonucleotide which specifically hybridizes to RNA and to the plasmid from which the 
sequence was derived does not hybridize to genomic DNA with the same efficiency; although at low 
intensity, single bands in genomic Southern can be identified. The oligonucleotide hybridizations have 
mapped the VAT 7 ESAGl gene to the Bgl 11 site in the genomic map, a restriction site which is present in 
the CD" clone, 10 kb from the 7 VSG gene. The genomic copy of the ESAGl gene is currently being 
isolated to compare to the cDNA data. The other ESAGl gene sequences will also be presented and 
compared. 

ESAGl GENES IN TRWANOSOMA BRUCEk A COMPARISON OF GENOMIC AND cDNA 
CLONES, Bob L Smiley, John K. Scholler and Kenneth Stuart, Seattle Biomedical Research 
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0 475 HOMOLOGOUS CELL SURFACE PROTEMS OF BABBSU RODAAMI 
David SnarJI, Michael A.Smith & Stephen C.Nichollq Department of Moleeucar Biology 

Wellcome Biotech, Wey Court, Beckenham, Kent, BR3 3% U.K. 

A grolp of four membrane proteins on B. mdhaini has been identified by monoclaral antibodies. 
These proteins contain both immunologically distinct and common epitopes. The genes for all 
four proteins have been cloned and two have been sequenced. The sequence and data 
demonstrate that all four genes are tan&mly armnged on the chromosome, and that they have 
probably arisen by gene duplication. Althoq%l DNA seqwnces at the 5' and 3' ends of the two 
ge.nes, incl- the regions codiw for the sigmd peptides and hydrophobic tails, are homologous, 
the majority of the sequences within the genes are divergent. The translated amino acid 
seqwmes reflect the differences present in the DNA sequences, .althu@ conservative 
substitutions in the amino acid sequences are common. Furthermore, secondary stmctme 
predictions based on the amino acid sequences predict that the o v d  conformations of the 
pmteim are very similar. The presence of wlicated genes for proteins with similar 
s t~c tmw but divergent sequences that there may have been selective immllnological 
pressure for mutation or change within these genes. 

0476 

Murray, T. Glaser and N. Samaras, The Valter and Eliza Hall Institute of Medical Research, 
Melbourne 3050, Australia. 

The transformation of Leistmania from promastigote to amastigote is accompanied by changes 
in the expression of several proteins whose function may be necessary for parasite survival 
in the sandfly vector or mammalian host. To characterize these proteins, ve have cloned cDNA 
sequences that vary in abundance during the life cycle of L.major. One sequence (P100/11E) 
encodes a 1.6kb poly A+RNA whose abundance is markedly elevated in promastigotes of L.major. 
The P100/11E sequence is a single copy gene located on chromosome band 20 in L.mjor and is 
conserved in the genomes of other Kinetoplastida. Antisera raised against the P100/11E 
polypeptide detect a soluble protein of Mr=35,000 in L.major which is conserved in other 
leistmania species. Immunogold electron microscopy reveals that this protein is localized to 
the cytoplasm of L.major. The P100/11E DNA sequence predicts an acidic polypeptide of 
Mr=32,000 which shows 40-46% similarity with the superfamily of reductase proteins including 
2,5-diketo-D-gluconic acid reductase, aldose reductase, aldehyde reductase and p-crystallin. 
The L.major reductase sequence contains the IPKS motif located at the active site of 
aldose/aldehyde reductase. These results show that L.major expresses a reductase homologue 
as a developmentally regulated gene product in promastigotes. Inhibitors of human aldose 
reductase block promastigote growth in vitro suggesting that reductase function is 
obligatory for the growth of L.major. 

A DEVELOPMENTALLY REGULATED GENE OF LXISHlL4NIA W O U  SHOWS EOMOLOGY TO A 
SUPERFAMILY OF REDUCTASE GENES, T.W. Spithill, G.Z. Kidane, J.M. Pettitt, P.J. 

0 477 DETECTlON OF VARIABLE SURFACE GLYCOPROTEIN EXPRESSION SITE- 
SPECIFIC SEQUENCES USING RIBONUCLEASES. Andrew W. Stadnyk, John K. Scholler 

and Ken Stuart, Seattle Biomedical Research Institute, 4 Nickerson St., Seattle, WA, 98109. 
Genes within the Variable Surface Glycoprotein (VSG) gene expression site of T. bnccei are often repeated 
within the same expression site, other expression sites, and elsewhere in the genome. This complicates the 
identification of DNA sequences from a single VSG gene expression site. We have prepared a genomic 
DNA library from a single chromosome (M4) using pulse field gel (PFG)-purified DNA. Using two cloned 
probes from an expression site of a heterologous stock of T. bmcei, we isolated expression site associated 
sequences from our library. The library clones hybridized to multiple fragments in Southern blots, all large 
chromosomes, and primarily to a 1.2 kb transcript in Northern blots. One clone hybridized to transcripts 
only in bloodstream form trypanosomes. Radiolabeled transcripts were prepared from this clone and 
hybridized with RNAs from trypanosomes transcribing various VSG gene expression sites. The homology 
between this clone and transcripts from different expression sites was determined using RNAse A and 
RNAse T1 digestion of the hybrids. Following RNAse treatment, multiple small hybrids were preserved 
with all RNAS, indicating there are blocks of homology between expressed copies of this sequence. A full 
length transcript, indicating perfect homology: was preserved only in our variant antigenic type 5, which 
expresses the 5 VSG gene on M4. We hope to confirm the expression site-specific origin of these genomic 
clones and map expression sites using this methodology. 
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0 478 KARYOTYPIC ANALYSIS OF SEVERAL CLONED SPECIES. 
Holly B. Steinkraus, Sigrid Panitz, Theodor Hanekamp, and Pamela 

J. Langer, Department of Molecular Biology, University of Wyoming, 
Laramie, WY 82071. Several Leishmania ' species have been subcloned by 
a method involving a combination of limiting dilution and plating on 
rabbit blood agar plates. The subclones were verified by species 
specific monoclonal antibodies and are being tested for infectivity. 
Chromosomes were separated by contour clamped homogeneous electric 
field gel electrophoresis using various pulse times. Chromosomal 
migration patterns of parental and subclone isolates were compared. 
These gels indicate no discernable differences between the chromosomal 
patterns of these isolates. The chromosomes were hybridized with a 
variety of probes to determine the chromosomal localization of specific 
genes. These probes are also being used to identify recombinant clones 
from gene libraries constructed from the subcloned Leishmania ' species. 

0 479 CHARACTERISATIOW OF TWO TRYWIIASTIGOTE-SPECIFIC GENES IN T.CRUZI 
6arry B.Takle and Alison J.Young. Departmnt of Molecular B m  

Uellcae Biotech, Langley Court, Beckenham. Kent, BR3 2BS. U.K. 

Trypanastigote (aamalian stage)-specific surface molecules are possible vaccine 
candidates i n  Chagas' disease. Starting from a bank of t rypaast igote  stage-specific 
genaic clones f r a  Tr  nosom cruzi we have further investigated the tm clones 
hybridising to the la-*. z s  Tt34 (mRNA 3.5kbp) and Tt21 (mRNA 4.0lrbp) 
have been sequenced and expressed and antisera to the fusion proteins have been 
used to identify the respective rasi te  polypeptides by i lunoprecipitation and 
Western blotting. Both Tt34 (85kDar and Tt21 (165kDa) encode trypomastigote-specific 
surface proteins. F m  Southern blotting and primer extension experimnts and the 
MA sequences, we have determined and will be presenting data on the predicted protein 
structures, genmic organisations and arrangements of the 5' ends of the transcripts. 

0 480 COMPOSITE VARIANT SURFACE GLYCOPROTEINE (VSG) GENES OF T. 
EQUIPERDUM, Genevieve Thon, The0 Baltz and Harvey Eisen, Department of 

Genetics, FHCRC Seattle, WA 98104. 
During the course of an experimental infection of the Rabbit T. equipdurn expresses a large 
repertoire of VSGs in a loosely predictable order. In an attempt to determine whether a molecular 
mechanism is involved in setting the order of expression, we have analysed the structure of two 
VSG genes. The genes coding for VSG-20 and VSG-ZO(bis) are both products of duplicative 
transpositions. The two genes have been made by the combination of several basic copies: an 
identical 3' donor and non-related 5' donors. We have cloned and sequenced the two cDNAs and 
the basic copies. Surprisingly, all the basic copies involved in the formation of the expressed genes 
are pseudogenes. The relative positions of sequence similarities in their sequences seem to 
determine where the recombinations occur. This suggests that once a productive combination of 
silent genes has been made and is expressed, some sequence replacements involving different 
basic copies are more likely to occur than others. For example sequence replacements leading to a 
switch from VSG-PO(bis) to VSG-20 are expected to be more frequent than the reverse. We 
propose that such rules partly account for the order of expression of the VSGs. 
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0481 TRANSLATIONAL ACXIVATION OF THE GCN4 mRNA OCCURS 
WHEN THE RATB OF TRANSLATIONAL INITIATION FOR MOST 

OTHER mUNh IS DECREASBD: IMPLICATIONS ON "HE MBCHANlSM 
OF RIBOSOME RElNlTIATION. Mmitrlr Tzamarb, Irene R~DIIOP and 

T x z ,  711 10, cnte, 
Grrea. 
activation of the GCN4 mRNA in art, is based upon an increase in 
the rate of rlbor~me reiniti.tion Lowing translation of the 5' most 
prorimrl  open reading frame located in its untrrnslated region. Such an 
incrwe is effected when the cellular mount of the GCN2 protdn 
Liaare is i n d  or when the fnnetion of the GcD1 gale ptodpd is 
defective. Both conditioru remlt in decrwed atcady state rater of 
overrll protdn synthesis. A dramatic but transient incrwe in the rate 
of GcN4 dn rgnthuis rlro ocelm immediately rtta nmho adds 
arc rCmOVtXrOt from the growth medipm and vhiefi is rlro bued on 
i n d  rlbosome nlnitlation. Thlr transient activation of C%W mRNA 
translation oofnddu with a revere mndent decrease in the rate of 
total allplu proteia rgnthcdis. Under all thue conditions, the proau 
tlut is affected is formation of 43s preinitf.tlon com luu. There 
~ t s  reveal the existence of a coup- between &is step in 
translational initiation and the mecbantrm of rlborome reinitiation, and 
suggest pordble fundons for the GCN2 and GCDl gene prodnctr. 

0482 GLUCOSE UPTAKE BY 0 -, Teresita Munoz-Antonip:, 
Christian Tschudi*yBzyEi? Spencer* pnd Elisabetta Ullu , 

MacArthur Center for Molecular Parasitology, Department of Internal 
Medicine and +Department of Cell Biology, Yale University School of 
Medicine, New Haven, CT 06510. 
In T m a n  osoma bNCei, the requirement of glucose and its metabolism 
vary in different stages of the life cycle. It is not known whether the 
uptake of glucose in bloodstream and procyclic trypanosomes is by 
similar or different specific transport mechanisms. The specific uptake 
of glucose in bloodstream trypanosomes has been documented, but no 
attempts have been made to study glucose uptake in procyclics or to 
identify the molecule(s) involved in the transport. Using rapid 
centrifugation through a medium of defined density as a mean to separate 
free from intracellular glucose, we have measured glucose uptake in 
trypanosomes and shown that procyclic trypanosomes can uptake glucose in 
a specific, time- and dose-dependent manner. This uptake is inhibited by 
sulphydryl inhibitors and cytochalasin B. These compounds are known 
inhibitors of carrier mediated glucose uptake suggesting the presence of 
a glucose transporter in procyclic trypanosomes. These results are 
supported by the isolation of trypanosome cDNA clones that cross- 
hybridize with 

& ~ O l O ~ ,  

we prr#nt evidence 8hO- that the rt#dy State matfonr l  

yeast and mammalian glucose transporter DNA probes. 

0483 THE RODENT MALARIA PARASITE PLASMODIUM BERGHEI AS A MODELSYSTW 
FOR THE STUDY OF GENE-EXPRESSION DURING GAMEMCYTOGENYSIS, 

$lex van Belkum*, Chris Janse, Barend Mons and Huub Schellekens ; 
TNO Primate Center, P.O. Box 5815, 2280 Hv Rijswijk, The Netherlands; 
Laboratory of Parasitology, University of Leiden, P.O. Box 9605, 2300 RC 
Leiden, The Netherlands. 
In recent years detailed studies on the cell-differentiation of p. Perahei, 
both in vivo and in vitro, have led to the establishment of well defined 
conditions for synchronised development of this parasite. Together with the 
availability of strains which differ in gametocyte-production, studies on 
the molecular mechanisms underlying sexual differentiation can be initiated. 
cDNA libraries have been constructed from poly-A+ RNA isolated from both a 
strain capable of forming sexual cells and from a strain deficient in this 
respect. Using a variety of cDNA subtraction strategies, we are currently 
trying to isolate genes involved in sexual differentiation. The p. beraheh 
system also offers the possibility to study the differential expression of 
malarial genes in general. During synchronous cultivation, RNA fractions can 
be isolated from different stages of development of the various blood- 
stages of the rodent parasite. It is also possible to culture and.purify the 
early mosquito stages in vitro. When different strains are used ( i . e .  
differing in gametocyte-production), gene-expression can be analysed by 
Northern blotting. At present we are mainly interested in the expression of 
A- and C-type ribosomal RNAs (in collaboration with Drs. Waters and 
McCutchan, NIAID, Bethesda, USA), actin-1 and actin-2 expression and the 
expression of DNA polymerase-genes. 
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0 484 Fl- 160: A Plagellu Protein of Trypamsuma uua- with 

Wesley C. V a n  Voorhis and Harvey Eisen. Fred Hutchinson Cancer Research Center and 
University d WA Medical School. Mv. of Infect. Dis.. Seattle, WA. Cbagas' disease, caused by 
fiypmmmmaom; is an exoellenl model for autoimmune disease induced by an infectious 
agent. Transfer of T cells. directed against cross-reactive ags d f: ouzi and nervous tissue, 
have been shown to reproduce pathology round in chronic Chagas' disease. We used 
recombinant DNA technology to characterize one of these cross-reactive ags (FI- 160). We 
have cloned DNA from T urn; that expresses a protein corresponding to a 160 kD protein 
round on the Surface d the trypanosome. overlying lhe flagellum. Antibodies to this prolein 
cross-reaa with a 48 kD mammalian nervous tissue protein, found in sciatic nerve. brain, 
and myenleric plexi d gut. The myenteric plexi are destroyed by inflammatory infillrates in 
Chagas' disease, leading to the characteristic megaesophagus and megacolon Chagas' disease 
pathology. Thus. this ag is a candidate ag for autoimmune mimicry leading to nervous tissue 
pathology. 

BpitOmS Cross-rerctivc vitb h#lDmrli- NCetvOUS TiSSUC. 

0 485 CLONING AND EXPRESSION OF THE HYPOXANTHINE-GUANINE PHOSPHORIBOSYL- 
TRANSFERASE GENE FROM PLASMODIUM FALCIPARUM IN E. m, Geetha 

Vasanthakumar, and Richard L. Davis, Jr., Molecular Biology Section, Southern Research Institute, 
Birmingham, AL 35255. Hypoxanthine-guanine phosphoribosyl-transferase (HGPRT) plays a key role in 
salvaging preformed purines for P. falciparum which cannot synthesize purine nucleotides d e  novo. 
Since p. falci  um cannot syntKesize purines de novo, development of specific inhibitors for  this 
enzyme should Ean effective method of c h e m o t h K T o  provide sufficient quantities of t he  enzyme 
for detailed biochemiciil and crystallographic analysis, we have isolated the  gene encoding p. 

transformed into E. coli strain deficient 

grown in the  presence of isopropyl-6-D-thiogalactopyranoside (IPTG), which induces the tac promoter of 
t he  expression vector, a protein of 26 kD was produced. The size of this protein is in agreement with 
the  predicted molecular weight deduced from the  HGPRT cDNA open reading frame. W e  have also 
demonstrated significant HGPRT activity in cell-free extracts  of GP120/pRD500 cultures grown in 
minimal medium containing xanthine as the  sole source of purines and IPTG. 

of Research Resources, NIH. 

GP120). When t h E  z n e  (pRD5OO) was 

This project was supported by BRSG SO7 RR05676 awarded by the  BRSG Program, Division 

0 487 LEISHMANIA GENES ENCODING REPETITIVE PEF'TIDE ANTIGENS, Anne E. Wallii and W. 
Robert McMaster, Department of Medical Genetics, University of British Columbia, Vancouver, 
Canada, V6T 1W5. 

Leishmania genes that encode protein antigens containing regions of tandemly repeated peptide sequence were 
identified using antibodies against Leishmania membranes. L. major has two genes which contain multiple 
tandem copies of a 42 base pair repeat sequence which are followed by very similar 3' non-repetitive 
sequences. However, the 5' regions of these genes do not cross-hybridize. One gene, Gene 20.1, encodes an 
mRNA of 9.5 nucleotides in length and contains over 100 of the 42 bp repeat sequences followed by a 3' non- 
repeat region of 475 bp. The second gene, Gene 20.2, encodes an mRNA of 5.2 nucleotides and contains only 
8 tandem repeats followed by a 3' non-repetitive region of 450 base pairs which has a high degree of sequence 
similarity with the 3' region in Gene 20.1. Antibodies against this repetitive sequence detect a L. major 
protein of 240,000 MW. Northern blot analysis indicates that the two mRNA's encoded by Gene 20.1 and 
Gene 20.2 are expressed in both L. major and L .  donorani and that these two mRNA's are expressed during 
both stages of the Leishmania life cycle. The L. donovani gene homologous to Gene 20.2 contains 6 tandem 
repeats of the same 42 base pair sequence found in the L .  major genes. Pulse field gel electrophoresis and 
Southern blot analysis indicate that all Leishmania species examined contain this 42 bp repeat sequence, 
whereas, other trypanosomatids such as, Trypanosoma cruzi or Crithidia do not. Many other protozoan 
parasites have antigens which contain repetitive peptide sequences, however, unlike the repetitive antigens in 
Plasmodium, the repeat sequences in these Leishmania proteins are conserved both within and between 
Leishmania species. 
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0488 COMPARISON OF THE GENOMlC DNA SEQUENCE ENCODING THE CELL SURFACE 
GLYCOPROTEIN Gp63 OF Leishmania major AND L. donovani, John R. Webb, Linda L. 
Button and W. Robert McMaster, Department of Medical Genetics. University of British 
Columbia, Vancouver, Canada V6T IWS 

The major surface glycoprotein (gp63) of Leishmania spp. is known to be homologous between diveme 
species of Leishmania and is suspected of playing an integral role in infectivity and antigenicity during 
the course of parasitism. In order to identify regions of gp63 which may be of functional significance. the 
sequence of genomic DNA encoding gp63 from L. major and L. donovani is being compared to identify 
regions of homology. A AEMBL3 genomic library constructed with Sau3A-digested L.  donovani DNA 
fragments and was screened by plague hybridization using a DNA probe from the previously cloned and 
sequenced L. major gp63 gene. A 3 kb SalI fragment which had homology with the 5' and 3' untranslated 
regions as well as the coding region of L. major gp63 was identified and was chosen for further analysis. 
This fragment was subcloned into the SalI site of M13mp19 for single stranded sequencing of exonuclease 
111 generated deletions, and into the SalI site of the plasmid sequencing vector pAA3.7~ for double 
stranded sequencing of transposon generated deletions. Sequence data indicate a high degree of similarity 
including 3' coding and 3' non-coding regiods. The sequence encoding the proposed receptor recognition 
tripeptide Arg(375)-Gly(376)-Asp(377) is maintained in both species as are the potential N-glycosylation 
sites. 

0489 A ~ ~ ~ E a D l g I N K F E I ~ I i D C E S P B C L Q I ~ H R l E l E  
€JBWJ IXlFFY EUUI w, wertheimer S.P. and Banmell  J.W., 

cep-pmt of Weal and mlecular EBrasitolcqy, ~ e w  ~ork University SctLoOl of 
Medxme, New York, N.Y. 10016. 
!me mffy blood gmup glycoplntein is an essmtml ' liw for a p .  
the parasite invasion of hlJlum erythrocytes. we have recently -td the 
inprtance of this reoeptor-liw interactiopl by blockirrg the &l Y&JS invasicm of 
lnnnan erythrocytes with an anti-mffy mnoclaml antiboay (Mab). 
identificaticm of a p .  
mfy g1yxpJJfSi.n cm the surface of larman erythrocytes. 'Ihls pmtein. which we have 

recepbr during 

We report here the 
pantein which binds with W l i k e  specificity to the 

or V-8 -. Of F"P-1 to a iS.inhibited by both the 
anti-Wfy (Mab) and p i f i e d  mffy glympaotein. a m e n t l y  c i m m s b r i z b q  
the nature of the bMing of RrDAp-1 to the mffy gl 
specific Mab and cl- the gene for pvwP-1. Ihe essmtml * role of the mfy 
glycqmteh in the 
W ( s )  w i l l  be inportant m 

of invasi? of hlJlum erythrocytes by p. Y h x  suggests that 
the mechanism of parasite invasion. 

0490 T H E  SHARING OF PROTEIN MOLECULES BETWEEN T H E  FRESHWATER SNAIL 

Wolmarans and Kenne N. d e  Kock. Department o f  Zoology, Potchefstroom 
University f o r  CHE. Potchefstroom 2520. South Africa. T h e  compatible 
and non-compatible phenomena between g. africanus and selective schisto= 
some parasites w e r e  investigated. In t h i s  study it appeared t h a t  both 
- S. mansoni(non-compatible with B.  africanus) and S. haematobium (cornpa= 
tibl-re proteins with this-freshwater snail.- T h  e degree o f  shar= 
ing w a s  studied by binding t h e  surface teguments o f  different larval 
stages o f  t h e s e  parasites t o  rabbit anti-snail antibodies followed by 
coupling t o  goat anti-rabbit-Fitc. T h e  sharing o f  proteins between t h e  
snail and parasite stages developed in mice w a s  studied by polyacryla= 
m i d e  electrophoresis followed by western blotts. T h e  results o f  t h i s  
study showed t h a t  selective proteins synthesized by both t h e  schistosome 
parasites and B. africanus a r e  shared by these organisms. T h e  r o l e  o f  
t h e s e  proteins in protecting t h e  compatible parasite and rendering it 
recognizable in t h e  non-compatible situation is presently under inves= 
t igat ion. 

BULINUS AFRICANUS A N D  SELECTIVE SCHISTOSOME PARASITES, Corrie T. 
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Microbiology, SUNY at Buffalo, Buffalo, NY 14214 Human chronic infection sera or 
vaccinated mouse sera identified an acidic group of protein spots of about 40 kD in NP-40 
extracts of S. mansoni 3hr schistosomula when analysed on Western blots of 2D gels. These 
spots were used to immunize mice and rabbits. A cDNA clone (clone 1) from a S .  mansoni 
adult worm pBR322 library was isolated by using cDNA probes made from size-fractionated 
mRNA. Clone 1 was identified as encoding the 40 kDa antigen by hybridization selection of 
its cognate mRNA which was translated vitrp and the protein product immunoprecipitated 
with the specific mouse antiserum. By using the clone 1 insert as a probe, a lambda gt 11 
expression clone which contained an insert close to the full size of the mRNA was isolated 
from a 2. mansoni cercariae library. The complete sequence of the mRNA was determined by 
sequencing this clone and the mRNA. There was only one open reading frame in the 1,316 
nucleotide sequence coding for a 284 amino acid polypeptide which showed homology (44.76% 
to 55.44%) with the amino acid sequence of eighteen different tropomyosins from various 
species. Northern analysis showed the mRNA was about 1.5 kb in size, and that the amount of 
detectable mRNA was much higher in the adult worm stage as compared to the cercariae and 
the egg stages. Hybridization patterns obtained by genomic Southern analysis of restriction 
digests suggest the existence of introns and/or multiple gene copies. Schistosome and 
chicken gizzard tropomyosin do not immunologically cross react as shown by Western blot 
analysis. (Supported by AI18867) 

IDENTIFICATION AND CHARACTERIZATION OF SCHISTOSOME TROPOKYOSIN, Han Xu, Shohreh 
Miller, Harry van Keulen, David M. Rekosh and Philip T. LoVerde, Department of 

0492 EXPRESSION O F  SCHISTOSOMA JAPONICUM ANTIGENS IN B.coli 

wen,tXu Yuxing.,Fudan University,Shanghai,China.,*Institute of 
Parasitic Disease,Chinese Academy of Preventiv Medicine,Shanghai, 
China.,We isolated two clones which contain genes encoding Schiz- 
tosoma japonicum protein recognized by immune rabbit antisera . 
The genomic DNA library of S.japonicum was prepared from adult 
worms.Following the addition o f  EcoRI linker,the DNA was fract- 
ionated into 1.5-7.0 kb. The linked DNA was inserted into 
the EcoRI site of the 8-galactosidase gene in kgtll.Screening the 
library with hyperimmune rabbit sera against S.japonicum.Of the 
150000 plaques screened,only two clones reacted with the rabbit 
antiserum.The insert size was found t o  be 2.0kb.Western blot 
analysis o f  fusion proteins showed that the clone was producing 
hybrid proteins larger than native 8-galactosidase.Rabbit 
antisera reacted with fusion protein but not with lysates of 
hgtll infected bacteria. 

Zheng Zhaoxin,Yan Weiyue,tLiu Shuxin,tWu Gongze,tTao yi- 

0493 REGULATION OF INTBACEITLILR pH BY PBOToll PUWS IN Leishmania, Zilberstein D. 
and Gepstein A., Department of Biology, Technion - Israel Institute of 

Technology, Haifa 32000, Israel. Promastigotes of L. donovani possess active transport 
of glucose and amino acids which are driven by proton motive force 1.e. a proton 
electrochemical gradient is created across the parasite plasma membrane which is coupled 
to transport systems by maintaining symport translocation of the specific substrate with 
proton. We discovered that a proton translocating ATPase is located at the cytoplasmic 
surface of this parasite plasma membrane. This enzyme shows optimal activity at pH 6.5, 
is magnesium dependent, and is sensitive to orthovanadate. Our results indicate that 
this enzyme belongs to the P type ATPase and it is the primary proton pump in this 
organism. The role of this proton pump in regulating intracellular pH (PHI) in 
donovani promastigotes was investigated. Three methods were used €or determining pHi in 
this organism: (a) Direct measurement of the pH1 in triton X-100 cells extract, (b) 
Fluorescence pH indicator bis(carboxyethyl)carboxyfluorescein, and (c) Fluorescence 
amine acridine orange. L. donovani promastigotes regulate their pHi at 6.5 in the range 
of 5.0 - 7 . 4  pHo. The regulation of pHi is sodium-independent, but requires potassium in 
the external medium. The growth rate (12 hrs, at pHo 6-7) of promastigotes is related to 
the pHi (at 6.5) and not to the extracellular pH. Interestingly, both proline transport 
and protein synthesis show a similar pH dependence as the growth rate. Our overall 
results indicate that pHi in L. donovani promastigotes is highly regulated and that the 
plasma membrane H+-ATPase plays a critical role in maintaining pHi and proton motive 
force. 
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0494 IDENTIFICATION OF A FASCIOLA HEPATICA EGGSHELL PROTEIN AND TISSUE LOCAL- 
I Z A T I O N  OF THE mRNA BY I N  SITU HYBRIDIZATION. Mario Zuri ta*,  David Bieber 

and Tag E.  Mansour, Department of Pharmacology, Stanford Univers i ty ,  Stanford,  
CA 94305. *CEINGEBI, UNAM/Mexico. 

A cDNA c lone,  F3, isolated from a l i b r a r y  cons t ruc ted  w i t h  RNA from the female 
g e n i t a l  complex of  the l i v e r  f l u k e  Fasciola  heua t ica  has  been repor ted  (1). T h i s  
c lone encodes a 197 amino acid p r o t e i n  r i ch  i n  Gly, T r y  and Lys. The F3 clone 
has  been expressed i n  E. coli a s  a fus ion  p r o t e i n  w i t h  8-galactosidase.  Using 
polyclonal  an t ibodies  raised a g a i n s t  t h e  recombinant p r o t e i n ,  w e  w e r e  a b l e  t o  
i d e n t i f y  s p e c i f i c  p r o t e i n s  present  i n  a d u l t ,  non-embryonated eggs and egg s h e l l  
preparat ions.  The p r o t e i n s  i d e n t i f i e d  i n  t h e  a d u l t  were 31 and 30 Kd; those  i n  
the egg and egg s h e l l s  were 30 and 28 Kd .  Using i n  s i t u  hybr id iza t ion  t h e  F3 
FWA w a s  de tec ted  i n  t h e  v i t e l l i n e  f o l l i c l e s  of the a d u l t .  These da ta  
demonstrate t h a t  the F3 c lone  codes f o r  an eggshe l l  p r o t e i n  t h a t  is synthesized 
a s  a precursor  i n  the immature v i t e l l i n e  cells which l i n e  the v i t e l l i n e  
f o l l i c l e .  The p r o t i e n  is processed t o  a mature product as the  v i t e l l i n e  cells 
mature and c o n t r i b u t e  t o  the formation of t he  egg. A genomic c lone  has been 
i s o l a t e d  and the prel iminary a n a l y s i s  of t h e  5 '  region of t h e  gene is presented.  
(Supported by g r a n t s  from the  MacArthur Foundation and N I H . )  
1. Zur i ta ,  M . ,  Bieber,  D . ,  Ringold, G. and Mansour, T.E. (1987) PNAS u : 2 3 4 0 .  

Drug and Vaccine Design; Pathogenesis and Virulence-/ 
0 500 IRON AND LIPID ACQUISITION FOR GROWTH AND MULTIPLICATION FOLLOW 

SPECIFIC TRICHOMONAS VAGINALIS BINDING AND LYSIS OF HUMAN 
ERYTHROCYTES, J.F. Alderete, D.C. Dailey, T.H. Chang and M.L. Lehker, Department of 
Microbiology, The University of Texas Health Science Center, San Antonio, TX 78284-7758. 
Trichomonas uaginafis is a human sexually-transmitted parasite which must obtain lipids and 
iron from the urogenital tract for growth and multiplication. These nutrients are acquired by 
specific, rece tor mediated mechanisms, such as the recognition and bindin by 2'. uaginalis of 
human erytgrocytes. Nonpathogenic human trichomonads, are incapahe of erythrocyte 
attachment, indicating that adherence of red blood cells is related to overall T.  ua inalis 
virulence. Metabolic integrity of the trichomonads is required for erythrocyte binding, wtich is 
also time, temperature, and pH de endent. A t  least two surface proteins of T .  uaginalis have been 
identified as putative red blood ceE adhesins. Hemolysis occurred in a contactdependent fashion 
after erythrocyte attachment to trichomonads. Human red blood cells were able to provide lipids 
and hemoglobin-iron, which allowed for trichomonal growth and multiplication. This arasite 
maintenance resulted during nutrient-limiting conditions which do not normally ,[ow for 
survival of T .  uaginalis organisms. These observations are significant in terms of the availability 
and use of erythrocyte components for growth and multiplication as well as the establishment of 
infection and development of trichomoniasis. 

0 501 AN UNUSUAL CYSTEINE PEPTIDASE OF TRYPANOSOMA CRUZI, Frank Ashall, 
Imperial College, South Kensington. London, U.K. 

A cys te ine  pept idase was i s o l a t e d  from Trypanosoma cruzi and 
was shown t o  cleave bonds involving t h e  carboxyl group of a rg in ine  
and, t o  a lesser degree, l y s i n e  res idues .  The enzyme cleaves 
s h o r t  pept ide d e r i v a t i v e s  more r e a d i l y  than longer ones, b u t  
it i s  not s i m p l y  an aminopeptidase. Examination of a range of 
s y n t h e t i c  pept ide s u b s t r a t e s  demonstrated t h a t  t h e  pept idase 
cleaves d i f f e r e n t  s u b s t r a t e s  a t  q u i t e  d i f f e r e n t  r a t e s  even 
it has t h e  s a m e  Km values f o r  t h e  d i f f e r e n t  s u b s t a r t e s .  The 
da ta  a r e  i n t e r p r e t e d  t o  mean t h a t  t h e  enzyme binds t h e  s u b s t r a t e s  
w i t h  s i m i l a r  a f f i n i t i e s  b u t  c leaves them a t  d i f f e r e n t  r a t e s  once 
t h e y  are bound. The pept idase w a s  detected i n  a l l  s t a g e s  of t h e  

l i f e  cyc le  of T.cruzi and has a l s o  been found i n  every o ther  
trypanosomatid t h a t  w e  have examined. W e  a r e  co l labora t ing  on 
t h e  development of s p e c i f i c  i n h i b i t o r s  of t h e  enzyme w i t h  a v iew 
t o  des ign  of chemotherapeutic d r u g s  f o r  trypanosomatid diseases.  
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0502 ENTAMOEBA HISTOLYTICA: PHYSIOLOGY OF MULTIDRUG RESISTANCE. Ayala, P; Samuelson, 
J . ,  Wirth, D. and Orozco, E. Department of Genetics and Molecular Biology, 

CINESTAV-IPN. Apartado Postal 14-740 Mexico 07000, D.F.; Harvard School of Public Health, 
665 Huntington Ave, Boston, MA 02115. 
In previous work, mutants of E. histolvtica originally isolated by selection in emetine, 
a commonly used drug for amoebiasis, were shown to have increased resistance to colchicine, 
an unrelated compound. This phenomenon of cross-resistance to unrelated drugs has been 
previously observed in multidrug resistant carcinoma cells and the goal of this work was to 
determine if a similar mechanism existed in E. histolvtica. One resistant clone, C2, and 
the parent clone, A, were analyzed for resistance to other drugs and for the effect o f  
verapamil, a drug known to reverse resistance in multidrug resistant mammalian tumor cells, 
on resistance to emetine and colchicine. Both C2 and A exhibited similar resistance to both 
daunomycin (LD50-30uM) and actinomycin D(LD50=13uM). In the presence o f  verapamil, the LD50 
for emetine was reduced from 90 uM to less than 1.8 uM for the C2 clone, while the LD50 for 
colchicine was reduced from 1.5 uM to 0.5 uM. These results demonstrate that verapamil 
reverses both emetine and colchicine resistance in the mutant C2 and that the mutant C2 does 
not show cross resistance to either daunomycin or actinomycin D. In preliminary experiments 
with 3H-colchicine, accumulation of the drug was reduced in resistant cells. These results 
are consistent with observations made using multidrug resistant tumor cells and suggest that 
a P-glycoprotein like molecule may play a role in drug resistance in E. histolvtica. 

0503 PURINE TRANSPORT IN GIARDIA LAMBLIA, Kenneth F. Baum, Randolph L. Berens and J. 
Joseph Marr, Departments of Medicine and Biochemistry, University of Colorado 
Health Sciences Center, Denver, CO 80262. 

The protozoan parasite, Giardia lambl+a ' , is incapable of de novo purine synthesis and must 
rely on salvage from the environment. This study investigated the first step in this 
process, nucleoside and nucleobase transport, utilizing rapid uptake determinations. 
Adenosine and guanosine transport curves appeared to exhibit the hyperbolic kinetics of a 
saturable carrier-mediated system but at the lowest concentrations of substrate the intra- 
and extracellular volumes were equal by the time the first measurement was made: 
therefore, the calculated Km's for transport of 34 p4 and 68 pI4 respectively are probably 
overestimates. Deoxynucleosides exhibited a much lower affinity for the transporter (Km = 
697 p4 for deoxyadenosine and 236 p4 for deoxyguanosine) in technically m r e  accurate 
studies. Inhibition studies showed that these purine ribonucleosides and 
deoxyribonucleosides utilized the same transporter and confirmed their relative affinities 
for the carrier. The nucleobases, adenine and guanine, did not exhibit saturation 
kinetics at concentrations up to 1-2 mM substrate. The nucleobases and nucleosides 
apparently utilized separate carriers, since there was no inhibition of nucleoside 
transport by nucleobases or vice versa. 
Equilibrium exchange studies showed that the carrier is bidirectional with equal 
velocities in the loaded and unloaded state. 
iodoacetate, the velocity of transport was unchanged. These studies indicate that 
transport is a passive, saturable process in giardia. 

When cells were depleted of ATP by 5 mM 

0 5w 'TRANSMUTING HELMINTH ENERGY METABOLISM. Carolyn A. Behm, Eva-M. 
Bennet, Maureen J. Hanisch and Christopher Bryant, Department of Biochemistry, 
Faculty of Science, Australian National University, Canberra 2601, Australia. 

The energy metabolism of adult Hymenolepis diminuta in rats is affected by the immunological or 
physiological state of the host. 'Normal' parasites produce as metabolic end products succinic, 
lactic and acetic acids, but under certain circumstances the entire population of worms in an 
individual rat produces predominantly lactic acid, an energetically less favourable end product. 
This metabolic 'switch' correlates negatively with the number of parasites that have established 
in the host. Other evidence suggests that the immunological status of the host may be 
responsible for this 'switch. A similar type of change occurs in adults of the intestinal nematode 
Heligmosomides polygyrus passaged in DBA I1 mice. A large proportion of the in vitm oxygen 
consumption in 'normal' parasites of this strain is sensitive to antimycin A, the classical 
inhibitor of phosphorylation Site 2 of the respiratory chain. When the host is concurrently 
infected with the malarial parasite Plasmodium vinckei, oxygen uptake in H. polygyrus becomes 
insensitive to antimycin A. This indicates an apparent loss of aerobic electron transport and 
associated oxidative phosphorylation, i.e. an energetically less favourable metabolism. These 
examples of host influence on parasite energy metabolism are significant not only in the 
understanding of the host-parasite relationship but also in terms of strategies for chemotherapy. 
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0505 CHARACTERIZATION OF A ADENOSINE KINASE DEFICIENT MUTANT OF 
Randolph L. Berens, Jeffrey W. Bowman and 

Josephine I, Dept. Med. h Biochem., UCHSC, Denver, C0.80262. In order to 
understand the relationship between the phosphorylation of inosine and adenosine 
analogues by TL gmhhuc , mutants deficient in adenosine kinase ( A K )  were 
selected for. This was done by mutagenizing procyclic forms growing in a purine 
and pyrimidine free medium with 25pM xanthine as the purine source. Clones 
resistant to pyrazofuran at 5 times the EDgO of the wild type (WT) were selected 
for. These clones were then screened for cross resistance to 7-deazaadenosine 
(7-Ado) at its EDg0 (2.5 pM). A clone, 2.5/A3B6, that was 30 times more 
resistant to 7-Ad0 than the WT (ED,,'s of 75 and 2.5 pM respectively) was 
isolated and characterized. The 2.5/A3B, was then remutagenized and second 
clonal population (lOO/MMJ) resistant to 100 pM 7-Ado was selected for; its ED 
for 7-Ado was 500pM. Specific activities( nmol/hr/mg protein) for AK were 57.8, 
2.3, and <0.5 respectively for the WT, 2.5/A3B6 and lOO/MMJ. Both clones were 
resistant to other adenosine analogues (aminopurinol riboside, formycin A and 
9-deazaadenosine). They were also found to be resistant to inosine analogues 
(7-deazainosine, formycin B, 9-deazainosine and allopurinol riboside) . 
Preliminary results indicate no differences in nucleoside transport between 
these mutants and the WT. These data suggest that inosine analogues are 
phosphorylated by a nucleoside kinase in T, g.a&hUe rather than a nucleoside 
phosphotransferase as in leishmania. 

0 506 
Marion Man-Ying Chan and Dunne Fong. Bureau of 

Biological Research and Department of Biological Sciences. Rutgers, The State University 
of New Jersey, Piscataway, N.J. 08855-1059. 
Trifluralin is a commercial herbicide which disrupts cell division in root meristems by 
preventing tubulin assembly into spindle microtubules. However, trifluralin is 
ineffective in preventing animal cell division. 
macrophage lines (3774, P388D1 murine and HL-60 human) were not inhibited at 50 pH. Since 
Leishmania and plant tubulins have 80% similarity in their nucleotide sequences, the 
effect of trifluralin on Leishmania mexicans promastigotes and amastigotes was determined. 
At 2.5 1. trifluralin inhibited promastigote growth by 90%. 
macrophages (5774) were treated with 2.5 pM trifluralin in vitro, infection was reduced by 
50% in 3 days. Growth inhibition was probably due to blockage of cell division because 
trifluralin had no effect on the metabolism of non-dividing extracellular amastigotes by 
viability test. 
promastigotes. No promastigotes were detected when amastigotes were cultured at 2.5 @i at 
room temperature for 3 days, whereas the untreated control consisted mainly of 
promastigotes. This study shows that trifluralin. which is non-toxic to humans, is 
potentially an effective drug for treating Leishmania mexicana infection. 
This work was supported by the NIH Grant R23 AI-21364 to D.F. 
postdoctoral fellow. 

IDENTIFICATION OF A MICROTUBULE DRUG WHICH DIFFERENTIALLY INHIBITS LEISHMANIA 
BUT NOT MAMMALIAN CELL GROWTH. 

We found that the growth of mammalian 

When amastigote-infected 

Trifluralin also inhibited tho transformation of amastigotes to 

M.M.C. is a Busch 

0 507 EXPRESSION OF MALARIA ANTIGENS BY PSEUDORABIES VIRUS, Christina H. Chiang, Scott 
E. Ashbaugh, Richard D. Macdonald, and Mark D. Cochran, Syntro Corporation, 10655 Sorrento 

Valley Road, San Diego, CA 92121. The use of live recombinant Pseudorabies Virus (PRV) as a malaria vaccine 
to protect mice against challenge with ' and '' was investigated. We have 
constructed a number of PRV recombinants containing the circumsporozoite CS genes from Lbtg!gi and E 
yp&i under the control of the PRV glycoprotein (gp) X promoter. The foreign genes were inserted into PRV 
which have been attenuated for mice. The CS genes were expressed as coding region fusions to various portions 
of the PRV gpX and gpIII genes. We have determined the level of expression for these recombinants as 
well as their ability to sero-convert mice to the CS antigen. The various constructs display varying degrees of 

expression which correlate well with their ability to sero-convert mice. 
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0 508 

Terry Moore and Michael W. Clarke, Department of Microbiology and Immunology, 
University of Western Ontario, London, ON, Canada N6A 5C1. Variant surface 
glycoproteins (VSG's) of African trypanosomes pose a structure/function problem that 
is, in some respects, similar to that of the immunoglobulins. VSG function is, 
apparently, to present itself on the parasite membrane as the sole antigen inducing 
neutralizing antibodies. Thus, the role of the VSG is to evoke and bind to serum 
antibodies. VSG structure must, therefore, be sufficiently variable, at least at 
sequence level, to generate a large repertoire of serologically distinct variants which 
appear during antigenic variation. And yet, post-translational processing, 
intracellular transport and packing require tha all VSG's retain some degree of 
conserved structure. W e  have produced non-neutralizing antibodies which bind to 
linear epitopes present in an isoVAT of four serologically related VSG's. These 
antibodies are probes of conserved sequence. The determinants bound by these 
antibodies have been mapped on chemically and enzymatically digested VSG as well as 
on truncated VSG sequences generated by Exo I11 digestion of VSG cDNA and 
expressed in E. coli. The availability of low and high resolution VSG deletion 
"libraries" enables the rapid sequencing of epitopes bound by anti-peptide antibodies. 
The presence of such determinants on VSG's outside the isoVAT may indicate 

conserved sequences required for processing and assembly. 

HIGH RESOLUTION MAPPING OF ANTIGENIC DETERMINANTS ON TRYPANOSOME 
VARIANT SURFACE GLYCOPROTEIN EXPRESSED IN E. COLI, Vern 8. Carruthers, J. 

0509 W D S T P g b I  TRYPANOSOYA BEUCBI BRUCBI -IRATION IS SIMILAR TO PLANT 
ALTEENAmB OXIDASE. A. B. CluLma, Jr, G. Poihkb, R J. Bisaen and B. W. Gruiy. 
Department of Medical and Molecular Parasitology, New York University Medical Center, 
New York, NY 10010 and Department of Pediatric Hematology, Cornell University Medical 
College, New York, NY 10021 

The cyanide-insensitive, non-cytochrome-mediated respiratory system of bloodstream African 
trypanosomes Is known to be composed of at least two enzymes, an FAD-containing sn-glycerol- 
3-phosphate dehydrogenase and an uncharacterized oxidase. A role for CoQ in linking these 
components has been suggested but never demonstrated. New data clearly show that CoQ does 
provide this link and furthermore that this system is similar to the alternative oxidase 0% plants. 

indicating a mitochondria1 location. T h 2  redox state of this CoQ responds in a manner consistent 
with function in respiration. The addition of Cop to acetone extracted cells partially restores 
respiratory activity. Membrane disruption by digitonin separates the electron transport components 
but CoQ-containing liposomes recouple the system. A less hydrophobic analoge of CoQS-H2, decyl 
COQ-H , serves as a direct substrate for the trypanosome oxidase. The non-reduced form of this 
synthetic aubstrate recouples dlgitonin-separated components of the electron transport chain. 

mitochondria1 location; Cop linkage of dehydrogenase and oxidase components; lack of oxidative 
phosphorylation; and sensitivity to a broad spectrum of inhibitors which selectively block transfer 
Of electrons from CoQ-H to the terminal oxidase but do not block electron transfer to the bcl 
complex of the mammaliii cytochrome chain. 

The parasites contain 206 ng CoQ lmg protein which co-sediments wi th  respiratory actitivty 

Similarities of the trypanosome system to the plant alternative oxidase include: 

0 510 LEISHMANIAL PROTEINASES A S  TARGETS FOR DRUG ATTACK, 
Graham H. Coombs, Chr i s tophe r  A. Hunter and Barbara C.  Lockwood, 

Department of Zoology, Un ive r s i ty  of Glasgow, Glasgow G 1 2  8QQ, Sco t l and ,  UK 
Amastigotes of Leishmania mexicana mexicana c o n t a i n  very h igh  p r o t e o l y t i c  
a c t i v i t y  due t o  t h e  p re sence  of a group of  p r o t e i n a s e s  of  t h e  c y s t e i n e  type  
t h a t  are l o c a t e d  w i t h i n  unusual  lysosome-l ike o r g a n e l l e s  known a s  megasomes. 
S i m i l a r  enzymes have been d e t e c t e d  i n  s t a t i o n a r y  phase ( i n f e c t i v e )  
popu la t ions  of p romas t igo te s ,  whereas ce l l s  from l o g  phase do n o t  c o n t a i n  
e i t h e r  the enzymes o r  t h e  o r g a n e l l e s .  The p r e c i s e  r o l e  of t h e  enzymes i n  
p a r a s i t e  s u r v i v a l  i n  macrophages is  y e t  t o  be e l u c i d a t e d ,  n e v e r t h e l e s s  t h e i r  
e x i s t e n c e  o f f e r s  p o s s i b i l i t i e s  f o r  chemotherapeut ic  a t t a c k  of the p a r a s i t e .  
I n h i b i t o r s  of t h e  enzymes, such a s  a n t i p a i n ,  i n t e r f e r e  w i t h  t h e  growth of 
t h e  amas t igo te  i n  macrophages. Another approach i s  t o  d e s i g n  prodrugs t o  be  
a c t i v a t e d  by t h e  enzymes. We have shown t h a t  a n t i l e i s h m a n i a l  amino a c i d  
esters such a s  l e u c i n e  methyl ester a r e  hydrolysed by the amast igote-  
s p e c i f i c  c y s t e i n e  p r o t e i n a s e s  and t h a t  t h e  compounds' p o t e n t  a n t i l e i s h m a n i a l  
a c t i v i t y  i s  c o r r e l a t e d  wi th  t h e  p re sence  of  megasomes and t h e  c y s t e i n e  
p r o t e i n a s e s .  It appea r s  t h a t  t h e  amino a c i d  esters are a c t i n g  as prodrugs 
wi th  megasomes 
wi th  r e s u l t a n t  l y s i s  of t h e  amas t igo te .  Cur ren t ly  t h e  enzymes are be ing  
c h a r a c t e r i s e d  i n  more d e t a i l  w i t h  t h e  aim of  des ign ing  more s p e c i f i c  and 
p o t e n t  prodrugs o r  i n h i b i t o r s  t h a t  w i l l  b e  u s e f u l  a n t i l e i s h m a n i a l  agen t s .  

t h e  amino a c i d  r e l e a s e d  upon h y d r o l y s i s  accumulat ing i n  t h e  
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0 511 ANTIBODY PREVENTS ADHERENCE OF TRICHOMONADS TO BOVINE VAGINAL EPITHELIAL 
CELLS. LB Corbeill. JL Hodgsonz. DW Jones2 and LR Stephens. Department of 

Pathology. UCSD Medical Center. San Diego. CA 92103l. Collega of Veterinary Medicine. 
Washington State University. Pullman. WA 99164. Res Vet Lab Bairnsdale. Vic.. Auatralia 
Tritrichomonae foetus colonizes the bovine genital mucoral surface rasulting in 
infertility or an asymptomatic carrier state. Adherence to epithelial cells may be 
involved in virulence and antibody to trichomonad surface antigen. may prevent 
adherence. To investigate these bost-parasite interactions. T. foetus cells were 
incubated with fresh bovine vaginal epithelial cellr (V'KO. Trichononsdr adhered to 
SquamousVECat s significantly greater rate than to less differentiated round VEC. 
Bovine antiserum was shown to react with T. foetus surface antigens by agglutination. 
immobilization and live cell imnunofluorercencc At subagglutinating subimmobilising 
dilutions of antiserum. inhibition of adherence of T. foetus to VEC was demonstrated. 
This antiserum recognized several medium to high molecular weight membrane antigens by 
Western blotting. Serum fractions enriched in IgGl inhibited adherence whereas serum 
fractions enriched in IgG2 did not. The results indicate that antibodies of 
appropriate isotype and surface specificity may prevent colonization of the vaginal 
epithelium by T. foetus. 

0 512 

IN BACTERIA, Sydney P. Craig III, Ling Yuan, James H. McKcrrow, John Ademola, and Ching C. Wang, 
Depamnents of Pharmaceutical Chemistry & Pathology, University of California, San FranciscO. CA 94143 
The HGPRTase of Schiswsoma mansoni plays a pivotal role for survival of the parasite in the human host. 
HGPRTase catalyzes the salvage of purine bases essential for the synthesis of DNA and RNA. Analysis of the 
amino acid sequence for this enzyme, deduced indirectly from DNA encoding the HGPRTase (aa ig  er al., 1988, 
Nuc. Acids Res. 16,7087-7101) reveal Limited differences between amino acids found in the putative active sites 
for the enzymes of humans and parasites. 
In effort to examine the importance of specific amino acids for catalytic function we have consau~ted an 
expression plasmid for production of the enzyme in bacteria. In this effort we have ligated cDNA encoding the 
schistosomal enzyme to DNA with sequences for the bacterial alkalii phosphatase @ho A) promoter and signal 
peptide (generously pmvided by Charles Craik of UCSF). The spliced gene was then ligated to a portion ofthe 
pBR322 plasmid and the consmt,  referred to as pexF'RT, was clonal in Esckrichia coli. In theory, the signal 
peptide for pho (A) should direct the recombinant protein through the plasma membrane into the periplasmic space 
of the bacteria. Assuming that cleavage of the pho A signal peptide occurs normally, the secreted protein should 
have only h extra amino acids (isoleucine, argininc, and aspartate) intervening between the arginine that would 
normally form the amino terminus of phosphatase A, and the methionhe that we have previously proposed to 
repnsent a probable start codon for the schistosomal HGPRTase. 
Pdimimy results show that enzymatically active ptein is synthesized and is mted  into the periplasmic space 
of the bacteria transformed with pexPRT. 

CONSlRUCTION OF A PLASMID FOR THE PRODUCTION OF SCHISTOSOh4A.L 
H Y P 0 X A " E G U A " E  PHOSPHORIBOSnTRANSFERASE (HGPRTASE) 

0513 USE OF RECOMBINANT ANTIGENS IN ELICITING PROTECTIVE llMUNE 
RESPONSE AGAINST TWO SPECIES OF AVIAN COCCIDIA, Harry D. Danforth, 

Patricia C. Augustine. Robert L. Strausberg, Domenic A. Strolein. Robert A. Clare, 
and Mark C. Jenkins, U. S. Department of Agriculture, Agriculture Research 
Service, Livestock and Poultry Science Institute, Beltsville. HD 20705, Gener 
Corporation, Gaithersburg, MD 20877, and SmithKline Beckman Animal Health 
Products. P. 0. Box 1539, L-34, King of Prussia. PA 19406-0939 
The protective immunization elicited with 4 recombinent antigens used singly or in 
combination against a challenge infection of two species of avian coccidia 
(Eimeria acervulina and g. $enella) was evaluated in outbred and congenic lines of 
chickens. 
isolated from sparulating g. acervulina or B.  tenella oocysts with either inmune 
chicken serum or monoclonal antibodies, and were found to be located on the 
surface and in internal organelles of the parasites. 
subqutaneous injection at 1 day or 4 weeks of age with 2 of these antigens 
prepared from H. tenella cDNA elicited significant protective inmntne response 
against an infection by this parasite at 2-3 weeks post-inrmtnization (PI). 
6.B congenic birds homozygous for B5. an increase in the amount of antigen coupled 
with a boost was necessary to elicit significant protection. 
antigens derived from g. pcervulina cDNA each elicited significant protection 
against an oral challenge infection by this parasite in outbred birds. 

The antigens were identified by innnuno-screening of cDNA libraries 

In outbred birds a single 

With 

The other two 
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0 514 Synthetic Antisense OllgonucleotlUes for Trypanosome Chemotherapy. 
Kim DK, A. Dave Adams, Andre Lagrange, Charles R. Petrie, John K. Scholler, Diana 

Sheiness, and Dennis Schwattz. MicroProbe Corporation, Bothell Washington. 
All trypanosomal mRNAs appear to possess a unique 5’ terminal sequence called the spliced 

leader. This sequence is an ideal target for antisense oligonucleotide chemotherapy. Antisense 
oligonucleotides targeting regions within the spliced leader were synthesized with various chemical 
modifications. S-Acridine or S’cholesterol conjugated phosphodiester oligonucleotides or 
methylphosphonate oligonucleotides were employed to enhance either strength of hybridization to 
target, cell penetration or resistance to nucleases. The modified antisense oligonucleotides were 
initially characterized by melting temperature (ld, resistance to nucleases, and the ability to inhibit 
translation of mRNA in a cell free system. The oligonucleotides then were tested for their ability to 
kill T. brucei by adding oligonucleotides to procyclic cultures and microscopically monitoring cell 
populations. The results indicate that phosphodier oligonucleotides containing a 5’-acridine or 5’- 
cholesterol and methylphosphonate oligonudeotides killed 50% of the cells at 50 and 2 micromolar, 
respectively. These results have spurred continued research into new modifications of antisense 
oligonucleotides which will enhance the therapeutic effect in cultured procyclic trypansomes, cultured 
bloodstream trypanosomes, and, uttimately, trypanosomes in vivo. It is anticipated that this research 
will lead to the development of new class of chemotherapeutic agents that is specific for 
trypanosomes at low doses with no toxicity to the mammalian host. 

0515 ~ a i o p ~ ~ ~ w n a s a s r r n r r n r n , ~ ~  
DWRWKR5: GTAROW AS l€€EL, aumaS D. mind, Dqmtm& of MiQpbiolcqy and 

?he limited develcpnent of anti-parasitic agents target- pmtein synthesis stans in 
part f m  the belief that parasite and host r- are sufficiently similar to @I& 
selective toxicity. Hcwzver, recent studies have Lwealed that ~iardia ma has an unusual 
along with the lack of mitochondria whi& ccaplicate urtezpreta tion of drug sensitivities 
in other parasites, IMke Giardia a useful m i e l  for the chmcterizaticm and develqment of 
protein synthesis irhibitors as anti-parasitic agents. mree major g r a p  of antibiotics 
have been evaluated for activity against Giardia using an in vitro gnwth M i t i o n  assay, 
an3 the results have been correlated with seqrencc? an3 SeCordaTy structure analysis of the 
large (L) an3 d l  (S) submit rPNA: (1) 11 of 13 amincglyxsldes tested had little or ry) 
activity; the exceptions were hygmqcin which tmqets the universally OOllEierved U-1495 of 
s PNA and the clinically hpxtzmt p-in which txqets an aajacent base pair variably 
present in eulcaryotes (rmind, Antimicmb. pgents chemother., in press). (2) Of 10 agents 
tested that target the pptidyl ttansfetase region of L m, d y  anisaycin had 
significant activity; seqxmce analysis of this region was ccmpletely consistent nth t h s ~  
results. (3) Ihe pmtein synthesis inhibitor mDst widely used for parasitic infecticns is 
tetraq+ine; while mdemtely active against Giazriia, the more 1ipCFhilic minocydine and 
dcpcycyclme were 10-fold more inhibitory. Stuiies are in progress to clarify the nulecdar 
basis (pmtein synthesis or membrane hamport) for this enhanced activity. 

~ l o g y ,  Medicdl COllw Of Fenrsylvania, Fhiladelphia, PA 19129 

S b  and Sequence (Edlind & olakraborty, W l .  Acids .-. 2,7889-7901). lhese studies, 

0 516 

Santi ‘, ‘ m m p u s  Program f o r  Molecular Parasitology and Departments o f  
Medicine. Biochemistry and Biophysicf. and Pharmaceutical Chemistry, Un ive rs i t y  o f  
Ca l i f o rn ia ,  San Fransisco. CA 94143. C r i t i c a l  Care Medicine Department, National 
I n s t i t u t e s  o f  Health, Bethesda. MD 2089P 
A fragment o f  the thymidylate synthase [TS) gene from P. c a r i n i i  was synthesized i n  a 
polymerase chain reac t i on  (PCR) by the use o f  256-fold degenerate o l igonucleot ide primers 
complementary t o  sequences w i t h i n  h igh l y  conserved domains o f  known thyn idy la te  
synthases. This PCR product was used as a probe t o  i s o l a t e  complete cDNA and genomic DNA 
clones from respect ive l i b r a r i e s .  Nucleotide sequence analys is  demonstrates t h a t  t he  P. 
c a r i n i i  TS gene i s  i n te r rup ted  by fou r  small in t rons.  The amino a c i d  sequence i n f e r r e r  
f r o m e  cDNA p red ic t s  a p r o t e i n  o f  34.2 kD i n  molecular weight t h a t  i s  653 homologous t o  
S. cerev is iae TS. Moreover. TS and d ihydrofo la te reductase (DHFR) are unl inked as 
Southern b l o t  analys is  o f  transverse a l te rna t i ng  f i e l d  e lect rophores is  (TAFE) 
f ract ionated chromosomes loca l i zes  the  TS gene t o  a d i f f e r e n t  chromosome than DHFR. This 
lends fu r the r  support t o  the  taxonomic placement o f  P. c a r i n i i  as a menber o f  t he  fungi  
as TS and OHFR a re  encoded on a s ing le  polypeptide chain i n  a n  protozoa examined so far .  
Expression o f  c a t a l y t i c a l l y  ac t i ve  TS from P. c a r i n i i  i n  E. c o l i  allowed p u r i f i c a t i o n  o f  
t h e  enzyme which i s  cu r ren t l y  the subject o? s t r u c t u r e - f u m s t u d i e s .  

CLONING AN0 EXPRESSIOY OF THE THYMIDYLATS SYNTHASE GENE F R q  PNEUMOCYSTiS 
C A R I N I I .  Ursula Edman , Je f f rey  C. Edman , Joseph A. Kovacs v. 

Laboratory 
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0517 KIIFRC STUDIES 01 RKXSTmOM VlUnUBS LOSS 01 ABILITX TO MIQI 
DUXIBG DICIIRATIOM 01 GIARDIA LAHBLIA. Geetan M. Faubert*. David S. Reiner and 

Frances  D. G i l l i n .  92103 
(+Inst. of Parasitology. McGill Univ.. Montreal. Canadd. 

L i t t l e  is known about the  d i f f e r e n t i a t i o n  of the  motile, attachment-competent & 
lamblia  t rophoaoi te  (GLT) i n t o  t h e  immobile, wall-encased cyst whicb i s  responsible  f o r  
t r a n s m i s s i o n .  We have induced GLT t o  e n c y s t  i n  v i t r o  and have now begun t o  a n a l y z e  
th in  process  The e a r l i e s t  morphologic change is t h e  appearance of la rge  encystation- 
s p e c i f i c  v e s i c l e s  (SSV) containing cyat ant igens which they t ranaport  t o  t h e  cys t  w a l l  
( Inf .  Immun. 3/89). Our s t u d i e s  of t h e  k i n e t i c s  of  BSV appearance  and d isappearance  
show t b a t  both the percent of cells wi th  BSV and with ves icu lar  loca l iza t ion  of cys t  
ant igens increased from 0 t o  -45% during the  f i r s t  18 t o  24 hr. i n  encystat ion medium. 
A t  t h e  same time. t h e  number of BSV/poaitive c e l l  i n c r e a s e d  '&fold. I n  c o n t r a s t ,  
during the second 24 hours. each of these parametera decreased. while  the  percent of 
cyat  forme and overa l l  s ta in ing  f o r  cyst ant igens increased. Few KSV remain i n  mature 
c y s t s  h a r v e s t e d  a t  42 t o  48 hr. I n  vivo. GLT which remain a t t a c h e d  do n o t  encyst .  
This i s  re f lec ted  i n  our f indings t h a t  t h e  r e l a t i v e  a b i l i t y  of a t tached GLT (harvested 
by c h i l l i n g  a t  d i f f e r e n t  t i m e s )  t o  r e - a t t a c h  d e c r e a s e s  f rom 100% a t  18 hr. t o  (20% 
a f t e r  48  h o u r s  i n  e n c y s t a t i o n  medium. These s t u d i e s  have revea led  key p h y s i o l o g i c  
changes i n  e n c y s t a t i o n  and suppor t  t h e  i d e a  t h a t  ESV t r a n s p o r t  c y s t  a n t i g e n s  t o  t h e  
nascent vall. 

Dept. of Pathology. U.C.S.D.. Medical Center  San Diego. CA 

0519 THE MULTIORUG RESISTANCE GENE (pfmdr) IS AMPLIFIED IN SOME CHLOROQUINE RESISTANT 
ISOLATES OF PLASWODIW FALCIPARW, Simon J. Foote, Jennifer K. Thompson, Alan F. 

Cowman and David J. Kemp, The Walter and Eliza Hall Institute of Medical Research, Post 
Office, Royal Melbourne Hospital, Victoria 3050, Australia. The multidrug resistant gene 
from P.falciparu (pfmdr) has been isolated and sequenced. 
like its mammalian homologue (P.glyroprotein), comprises an internal duplication, each half 
having six hydrophobic transmembrane regions plus a hydrophilic region with two nucleotide- 
binding consensus sequences. 
Pulse field gel e l e c t r o p h o r e t i x c t i o n a t i o n  of chromosomes places pfmdr on chromosome 5 .  
Macro-restriction mapping of this chromosome has shown that the mechanism of amplification 
o f  this chromosome in a resistant South Americsn isolate is quite different to that of an 
Asian isolate and results in a substantial increase in size of this chromosome. We conclude 
the presence of an amplified mdr gene in these resistant parasites greatly strengthens the 
argument that the & gene isxsponsible for  chloroquine resistance. 

It encodes a polypeptide that, 

Pfmdr is amplified in two chloroquine-resistant isolates. 

0 520 CLMIffi Of A VACCINE SPECIFIC S. WSCUI AI(TI6fNS AJQ TIE IDMTIFIUllM OF A PARTIALLY PROTECTIVE MTIGM. 

H . l h t h o l o ~ .  Lmdm Wool of wiono. md Tropical Ydiein. Koppol Strut.  Londm WlE MI. 
S. lanrmi infoctim ittanmtd by dw tnrtunt m days 1-3 pat-infretion in&w oap~rablo r a i r t n a  to that 
obtained in  iia by infoction rith opt i r l ly  irradiated amariao. l h w  oxporiults dront ra te  that tho r r l y  land 
stages p a s  protoctivo mtigum. With tho i i~  of cloning v w i m p r i f i c  and paribly laml?pci f ie  m t i w  I 
&A library f r a  tho land propnitor. tho eporoyrt, IRI D m t r w t d  i n  tho oxproasion vrctorAgtl1. Vaccine 
specific clam nor. idsntifid os thoso w i s d  by s o r u  f m  Wits v w i m t d  with i r n d i d d  corcariaa c(Rabs) 
and nhich wre not r-id by SON f r a  iia harbouring singlo sea infretim. VRDbS m f o n  protectim to mica in 
s e m  t rur fe r  o ? q d ~ o ~ ~ t s  nhoroas iia hubawing rinplo-wx infoctim uni fwt  l i t t lo  r w i s t m  to dpllmgo md 
thoir s e r u  is not pusivrly pmtretivr. C1mr m i a d  s p w i f i d l y  tho pmtwtivr vwim s a r u  mro 
duracterird by 'Antibody Sdmtct' md nor. fand to mrrospmd to rhistolorular mtigum of 7. 15. 25 md 130 M: tho 
Iattar t h r n  uo also ncog\hd by SON f m  M o i m t d  mica. Furthor imntigatitim ham imludod tho dotmimtim 
of rtqp-spcificity. spwionpaeifioity md arqunoing wlysis. In  i m m i u t i m  studios in sia. tho rocdinmt  
protein mcoding tho 13a;o mtiw omforrod Ion hut simifiamt protwtim in tno inbpndnt iqmrimts.  
Invwtigatim to nhncr tho W i c i t y  of this mtigm iro i n  progress. 

P.H. Frmcis. Dopt. lbl. RJmmtolo(ly. MC Clin. Ro8. Cntro. Natford Road. k r r a  md 0.0. Bicklr. apt. yd. 
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0521 A CALCIUM BINDING PROTEIN IN  BRUGIAN MICROFILARIAE I S  DEPENDENT ON AGING, 
J u l i e t  A. Fuhrman and W i l l y  F .  Piessens, Dept. o f  T w p i c a l  Pub l i c  Hea l th ,  Harvard 

School o f  P u b l i c  Hea l th ,  665 Hunt ing ton  Ave., Boston, MA 02115 
The monoclonal  an t i body  MF1 has been shown t o  cause c learance o f  b lood-borne m i c r o f i l a r i a e  
( m f f )  i n  g e r b i l s  i n f e c t e d  w i t h  d rUq ia  malav i .  The M F l  an t ibody  recogn izes  a p ro te inaceous 
de te rm inan t  on two po lypep t ides  o f  MW 70 and 75 kD. I n  Western b l o t s ,  these two bands show 
a c h a r a c t e r i s t i c  s h i f t  t o  lower MW under non- reduc ing  cond i t i ons .  Both the  monoclonal 
an t i body  and a n t i s e r a  r a i s e d  t o  the  ge l  p u r i f i z d  an t i gen  b i t i d  o n l y  t o  mature m f f .  
I n t r a u t e r i n e  and r e c e n t l y  shed m f f  apparent ly  l a c k  the  MFl molecules.  Using r a b b i t  a n t i s e r a  
wh ich  recogn ize  conserved ep i topes  o f  t h e  hsp 70 f a m i l y ,  a heat shock cognate o f  approx. 70 
kD mo lecu la r  we igh t  can be demonstrated i n  m f f  e x t r a c t s .  Th i s  molecule,  however, i s  d i s t i n c t  
from t h e  MFl an t i gen ,  as i t  can be separated f rom M F I  by ion-exchange chromatography and SDS- 
PAGE under non- reduc ing  c o n d i t i o n s .  Prominent 45Ca-binding molecules comigrate w i t h  the  M F l  
an t i gens  i n  one-dimensional  SDS-PAGE (under reduc ing  and non-reducing c o n d i t i o n s ) .  These 
c a l c i u m - b i n d i n g  bands a re  a l so  r e s t r i c t e d  t o  mature m f f  popu la t i ons .  The MFl an t i gen  thus  
appears t o  be a deve lopmenta l l y  regu la ted  ca l c ium b i n d i n g  p r o t e i n ( s ) .  

0522  ANALYSIS OF THE GROWTH INHIBITION OF PROMASTIGOTES 
BY INOSINE ANALOGS USING A NOVEL COMPUTER AIDED MOLECULAR MODELING 

PROCEDURE. Arup K. Ghose, J. Joseph Marr, Randolph L. Berens, Vellarkad N. 
Viswanadhan, Roland K. Robins, and Ganapathi R. Revankar. Nucleic Acid 
Research Institute, Costa Mesa, CA and Departments of Medicine and 
Biochemistry, University of Colorado Health Sciences Center, Denver, CO. 
Inhibition of promastigotes by certain inosine analogues 
has been analyzed using a novel computer-aided molecular modeling procedure. 
In this study the minimum energy conformation of formycin B, a pyrazolo 
(4,3-d)pyrimidineI the most active compound in the data set, was considered as 
the reference. The low energy conformations of the other molecules were 
superimposed on it so that the matching of three important physicochemical 
properties, hydrophobicity, molar refractivity, and atomic charge density, 
were maximum. The biological activities of these compounds were measured in 
YitrP and expressed as an ED90. These activities were compared with the above 
properties. The important findings of the study were: (i) the placement of the 
nitrogen atoms in the heterocyclic ring affects the electron distribution in 
the ring and, in turn, the biological activity; the more closely the 
distribution resembles that of the pyrazolo(4,3-d)pyrimidine ring the greater 
the biological activity; (ii) the substitution at the 8-position may decrease 
activity by preventing the molecule from taking the a n t i  conformation, 
especially if there is a bulky group; (iii) making the sugar ring more 
hydrophobic may increase the biological activity. 

0 523 

Biophysics. The Weirmann Institute of Science, Rehovot. Israel 761 00. 
In vivo administration of p-glucans from various sources brings about the stimulation of the 
reticuioendothelial system leading to macrophage formation, mobilization and acttvatbn. This induces 
nonspecifc resistance towards neoplasma, and bacterial and viral infections. The objective of the present 
study was to evaluate the potential of pglucan. solubilbed from Sacchammyces cerevisim, to suppress the 
progression of lesions caused by L. major in genetically susceptible BAWc mice when administered post 
challenge. A high molecular weight gel forming glucan was solubilized from glucan particles by KOH treatment 
(1M. 60°C for 20 min). The solubilized glucan (in saline) was injected 4 times at 4 day intervals either i.v. 
or i.p. into mice, infected 4 days previously with a virulent strain of 1. major (Frledlin, 10s promastigote.9 
footpad). Control groups which received injections of saline instead of glucan showed a continuous Increase in 
footpad thickness and uniformly developed lesions. Injections of 5Opg. 20Opg and 40Opg glucan per mwse by 
either route led to reduced footpad swelling and lesion values (0.6-0.8mm tootpad thickness as compared to 
4.5mm in control groups). Both i.v. and i.p. injection of glucan gave essentlally similar effects on L. major 
lesion progression, the effect of 5.m glucan was only slihtly less potent than higher doses. Thus, glucan has 
potential for use in the therapeutic mode to suppress development of cutaneous leishmaniasis. 

AWlNlSTFlATlON OF F w c A N  FOLLOWING LE&MWA klAK)F)INFECTK)N SUPPRESSES DISEASE 
PROGRESSION IN MICE, Rachel Goldman and Charles Jalfe, Depamnent of Membrane Research and 
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0 524 SURFACE ANTIGENS OF CRYPTOSP- SPOROZOITES AND OOCYSTS. J. Gut 
and J. Leech. The Medical Service. San Francisco General Hospital. San Francisco, CA 

941 10. Mouse monoclonal antibodies were generated against Crvotosoondlum species isolated from 
humans with AIDS. The antibodies recognized surface antigens of living and fixed sporozoites and 
oocysts; they agglutinated living oocysts and sporozoites; and they caused shedding of sporozoite 
surface coats in vitro. On western blots, the anti-sporozoite antibodies recognized protein antigens 
with Mrs 40,000 (Mab 13C3), 17.000 (Mab 6C5), and 14,000 (Mab 11A5). One anti-sporozoite 
antibody (Mab 763) recognized two proteins with Mrs >200,00 and 38,000. Anti-oocyst antibodies 
reacted with multiple protein antigens between Mr 150,000 and Mr 40,000. 

. .  

0 525 PITFALLS FOR RESEARCH PROGRAMMES INVOLVING THE RATIONAL DESIGN OF 
ANTIPARASITE DRUGS, Winston E. Gutteridge, Wellcome Research 

Laboratories, Langley Court, Beckenham, Kent, BR3 3BS, United Kingdom. 
Rational drug design programmes for antiparasite drugs understandably tend to 
focus on the selective interaction of potential ligands with the intended 
macromolecular target and the absence of such effects on the isofunctional 
mammalian system. However, it must never be forgotten that a compound 
intended for systemic administration must also in man be readily mobilisable 
from the site of administration, be metabolically stable, not be irreversibly 
bound to plasma proteins, distribute in the body to the particular tissues or 
organs in which the parasite is located and be able to cross the appropriate 
membrane systems of both host and parasite to gain access to the intended 
target. Our recent experiences with the design and development of anti- 
onchocercal antimycin analogues a:d antimalarial hydroxynaphthoquinones, both 
series targetted to the parasites 
necessity for such consideration early on in the design process. They have 
also provided us with a salutary lesson: at present such problems can only be 
approached in a somewhat empirical fashion. 

electron transport systems, highlight the 

0526 

Mark Carrington, Duncan Brown and Susanna Williamson. 
Parasitology, Department of Veterinary Parasitology, Bearsden Road, Glasgow, G61 lQH, 
Scotland, U.K. 
using a monoclonal antibody. 
into bovine peripheral blocd leucocytes. 
polypeptides expressed in 'mature' sporozoites. 
translation to be derived from a single larger precursor polypeptide. 
antigen complex has been cloned and expressed in E. coli. 
product inhibit in vitro penetration of sporozoites into leucocytes. 
analysis on DNAZrom parasite clones demonstrates that this is a single copy gene. 
blots show that this gene is expressed in a stage specific manner. 'Ihe complete 
nucleotide sequence of this gene has been elucidated and shows a number of interesting 
features, includi% a repetitive epitope, which will be discussed. Tnis research will 
provide a basis for the identification of those regions of this antigen which are 
recognised by bovine helper-T and B cells. 
rational approach to the design of a subunit vaccine for T. annulata. 

CHARACTERISATION OF 'IHE GENE FOR A 'MEILERIA ANNWATA SFOROZOITE SURFACE 
ANTIGEN WICH BFARS NEUTRALISING EPITOPES. Roger Hall, Andrew Tait, Brian Shiels, 

Wellcome Unit of Molecular 

A sporozoite-surface antigen from 'Iheileria annulata has been characterised 
'Ihis antibody inhibits in vitro penetration of sporozoites 

'Ihe gene for this 

'Ihe epitope identified resides on four 
'Ihese have been shown by cell-free 

Southern blot 
Antibodies to the expressed 

Northern 

As a result, it will be possible to adopt a 
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0 527 IDENTIFICATION OF VIRUS-LIKE PARTICLES I N  EIMERIA STIEOAE, Hilde Revets. Willy 
Deleersnijder, Dantcaiel Dekegel. Johan Peeters. Elsy Leysen and Raymond Hamrs. 

Vri je Universiteit Brussel, Instituut voor Moleculaire Biologie. Paardenstraat 65. 8-1640 
Sint-Genesius-Rode. Belgium 
When nucleic acid samples purified from sporozoites of EiRleria stiedae were analysed by 
gel electrophoresis, an ethidium-stainable band with an apparent electrophoretic mbil ity 
of 6.0 kilobase was consistently observed. The band was readily degradable upon RNAse 
treatment and its susceptibility towards ribonucleaseA on a decreasing ionic strength was 
suggestive of double-stranded RNA. Electron microscopy revealed icosahedral virus-1 ike 
particles (VLP) with a diameter of 35nm in sporozoite lysates. The VLP were purified by 
CsCl buoyant density gradient centrifugation. Upon extraction these particles yielded 
double-stranded RNA molecules of a uniform length of 1.63pm. The presence of VLP was 
investigated in different Eimeria strains. All E. stiedae isolates contained the RNA 
virus whereas the E. i n t e s m  and E. magna tested isolates were lacking it. 

0528 INHIBITION OF FILARIAL GLUCOSE TRANSPORT AS A POTEN+IAL TARGET FOR ........ SELECTIVE CHJNOTHERAPY, David.J.Hayes, Biochemical Sciences, The 
Wellcome Research Laboratories, Beckenham, Kent BR3 3BS, U.K. The filarial 
parasite viteaa selectively transported D-glucose with a Km of 
0.2mM. L-glucose did not impair uptake of D-glucose nor was it metabolised. 
Glucose uptake was investigated in the presence of various compounds. In 
common with mammalian cells 2-deoxyglucose, mannose and 5-thioglucose were 
inhibitory. Glucose transport was not affected by 3-O-methylglucose, 
cytochalasin B, phloretin, phloridizin, maltose and BWPA-DNP (a bis-mannose 
affinity label). By use of [3H]-cytochalasin B no glucose displacable 
binding was observed. Thus, clear differences between the glucose uptake 
systems of the host and parasite exist. Worms were incubated in glucose-free 
medium since no inhibitor of filarial glucose transport had been identified. 
There was a gradual loss in motility and glycogen was depleted by 24 hr. 
Viability was not maintained under such conditions since 902 of [14C]- 
adenine previously incorparated into the worms was lost during an 
screen. If worms were incubated >18 hr in glucose-free medium no survival 
was noted on reimplantation into gerbils. Nor did addition of glucose 
vitro prevent worm death. Therefore the inhibition of glucose transport may 
represent a valid target for selective antifilarial chemotherapy. 

0529 MOLECULAR CHARACTERIZATION OF py140 THE SECOND PROTEIN IDENTIFIED ON THE SURFACE OF 
MALARIA SPOROZOITES. Richard c, Hedstrom, James R. Campbell, Yupin Charoenvit, 
Mary F. Leef, Martha Sedegah, Ana Szarfman, Walter R. Weiss, Richard L. Beaudoin, 
and Stephen L. Hoffman. Naval Medical Research Institute, Betksda, Maryland,20814. 

The circumsporozoite (CS) protein has been the only antigen identified on the surface of 
malaria sporozoites. In our search for parasite molecules associated with the protection 
induced by the irradiated sporozoite vaccine, a monoclonal antibody (NYS4) was produced that 
recognizes a 140 kD protein (py140) found in extracts of Plasmodium sporozoites. 
Like NYS1, a monoclonal antibody specific for the CS protein, NYS4 binds to the surface of 
motile sporozoites and to the material which is shed by live parasites in YlfLP. In order 
to define pyl40, a lambda gtll expression library was screened with NYS4 and a clone 
designated M4.2 was selected for DNA hybridization and sequence analysis. M4.2 contains a 
2.2kB genomic DNA insert that does not hybridize to the isolated CS protein gene. 
Furthermore, the genomic organization of the M4.2 fragment is clearly distinguishable frm 
that of the CS protein gene and, in contrast to the latter, shows no restriction fragment 
length polymorphisms among the DNAs from three E. rptilli parasite clones. The inferred 
sequence of the M4.2 peptide shows that it does have structural features that resemble those 
of the CS protein: at least two nonhomologous repeating amino acid sequences and a 20 
residue stretch of partial identity with what is referred to as Region 11. However. this 
region is within a larger domain that shares greater homology with a class of mammalian 
adhesion proteins. Thus, the sporozoite surface of E. rpelli is composed of at least two 
structurally SiYnIlar proteins both of which are candidates for vaccine developtent. 
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0 530 PHOSPHORYL-CHOLINE AND NON PHOSPHORYL-CHOLINE CONTAINING 
ANTIGENS IN TRICHINELU SPIRA LIS, Wieger, L.Homan, Anja C.G. 
Derksen and Frans van Knapen, Department of Parasitology and 
Mycology. 

National Institute of Public Health and Environmental Protection, 
P.O.Box 1, 3720 BA Bilthoven, The Netherlands. 
Several antigens were identified that elicit an antibody respons in 
animals infected with the nematode T,soiralb . Among them 
phosphoryl-choline (PC) bearing components were the first to be 
recognized in the cause of an infection. Antibodies to these 
components were directed to phosphoryl choline and crossreacted via 
this hapten with antigens from several other parasites. Parasite- 
specific epitopes present on PC bearing components could be 
identified however. A monoclonal antibody to such an epitope is 
prepared for use in protection studies. Among the non-PC bearing 
components a protection inducing glycoprotein is identified. A 
monoclonal antibodie to this T.suiralis specific secreted antigen 
recognize a repetitive epitope, that is also detectable on the 
surface of muscle larvae. The isolation and characterization of 
these antigens are described. 

0531 THREE DIMENSIONAL STRUCTURE OF THE GPI ANCHOR GLYCAN OF T. brucei, Steven W. Homans, 
Christopher J. Edge, Michael A.J. Ferguson, Raymond A.  Dwek and Thomas W. 

Rademacher, Department of Biochemistry, University of Oxford OX1 NU, U.K. and Department 
of Biochemistry, University of Dundee DD1 4HN, U.K. 
The parasitic protozoan Trvpanosoma brucei undergoes a complex life-cycle between an insect 
(tsetse fly) vector and its mammalian hosts. 
cattle and is closely related to T. rhodesiense and T. gambiense which cause human sleeping 
sickness. The parasite lives in the blood and lymph of the mammalian host where it is pro- 
tected from lytic serum components by a dense monolayer of variant surface glycoprotein 
(VSG) which forms a continuous macromolecular diffusion barrier. 
trypanosomes are anchored to the plasma membrane via covalent linkage of the COOH terminal 
amino acids to glycosyl-phosphatidylinositol (GPI) moieties, rather than via trans- 
membrane hydrophobic polypeptide sequences. 
NMR methods together with molecular orbital calculations and restrained molecular dynamics 
simulations, the average solution conformation of the GPI membrane anchor glycan of T- 
brucei VSG has been determined. This shows that the glycan exists in an extended con- 
figuration along the plane of the membrane and spans an area of 60CA2, which is similar to 
the cross-sectional area of a monomeric N-terminal VSG domain. 
observations suggest a possible space-filling role for the GPI anchor which may maintain 
the integrity of the VSG coat. 
therapeutic target will be described in the light of these observations. 

brucei is the causative agent of ngana in T. 

The VSGs of all African 

Using a combination of two-dimensional 1H-1H 

Taken together, these 

The potential importance of the GPI glycan as a chemo- 

0532  PLASMODIUM FALCIPARUM RHOPTRY PROTEINS. Randall F. Howard, Oded Arad, and 
Robert T. Reese, Agouron Institute, 505 Coast Blvd. S., La Jolla, CA 92037. 

The rhoptries of the asexual erythrocytic stage of P. fakiparum have been suggested to be involved in 
the lysis and/or invasion of the erythrocyte by the parasite. Our rhoptry-specific monoclonal antibodies 
immunoprecipitate proteins of 82 kDa, 70 kDa, 67 kDa, 39 kDa, and 37 kDa (SDS-polyacrylamide gel 
electrophoresis under reducing conditions). The proteins p39 and p37, however, lack epitopes for these 
monoclonal antibodies and probably bind directly o( indirectly to p82, p70, or p67 as shown by 
immunoblot analyses and detergent dissociation experiments. Immune complexes containing p39 and 
p37 lacked aldolase activity and therefore probably are not related to the M, 41 k protein identified by 
Certa et al. ([SS] Science 2403036) as being a rhoptry-associated antigen which has sequence 
homology to class I aldolases and exhibits aldolase activity. We have synthesized two peptides that 
model regions on the surface of P.  falciparum aldolase (PfA). The choice of the sequences was based 
on the assumption that the PfA has a structure similar to rabbit muscle aldolase (RMA), a class I enzyme 
whose 3-D structure has been determined to 2.7 b (Sygusch et at. [87] Proc. Natl. Acad. Sci. 84:7846). 
Peptide IV-9 (residues 117-133 of PfA) modeled what resembles a 0 turn - random coil region in RMA, 
and peptide IV-10 (residues 31 1-325) modeled a 0 turn - o helical region. In these two regions, there 
are 5 and 6 amino acid substitutions (all but one nonconsewative), respectively, in PfA relative to RMA. 
These peptides were conjugated to KLH and are being used to raise mouse and rabbit anti-PfA 
antibodies. Experimental results with these antisera will be reported. 
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0533 DEFIBIED PROTEINS FROM pONOVWI FOR B I R O D I A Q ~ S I B  AUD VAC- 
CIMATION, Charles L. Jaffe,  Rive S a r f s t e i n ,  Nuri t  Rachamin and Mariano 

Zalis, Dept. of Biophysics-MacArthur Center for Molecular Parasi tology,  
Weizmann I n s t i t u t e  of Science, Rehovot, Israel 76100. 
Development of good d i a g n o s t i c  assays  and e f f e c t i v e  vaccines  f o r  t h e  fa ta l  
disease, v i s c e r a l  l e i shmanias i s  ( V L ) ,  is of utmost importance. Two J,.dorgp 

p r o t e i n s  recognized by VL p a t i e n t  sera, 70 and 72kDa, were p u r i f i e d  by 
a f f i n i t y  chromatography and HPLC. These p r o t e i n s  w e r e  shown t o  be d i f f e r e n t  
by pept ide  mapping and western b l o t t i n g .  I n  a direct dot-ELISA using gp70-2, 
90% (36/40) of the VL sera w e r e  i d e n t i f i e d ;  1 .2% (1/86) of t h e  non-VL sera 
were misdiagnosed. S imi la r  r e s u l t s  were obtained w i t h  dp72, 100% (21/21)  of 
the VL sera w e r e  diagnosed; 7% (5/71) of the non-VL sera were i n c o r r e c t l y  
i d e n t i f i e d .  B o t h  p r o t e i n s  exhibit microheterogenity on SDS-PAGE, futhermore 
the  M of  the dp72 w a s  shown t o  vary between i s o l a t e s  of . Anal- 
y s i s  
which reacted w i t h  D1J (anti-72kDa), but  no t  w i t h  D2 (anti-7OkDa). B o d  
p r o t e i n s  appear  t o  be glycosylated and are present  i n  promastigotes, as w e l l  
a s  amast igotes .  Mice (Balb/c) were immunized w i t h  the 70 and/or 72kDg 
p r o t e i n s  (12pg) from &.donovan& and challenged, intravenously,  w i t h  5 x 10  
L.donovani amast igotes .  A reduct ion i n  the parasi temia of g r e a t e r  than 70% 
w a s  observed i n  those m i c e  which received the 72kDa pro te in .  Work is i n  
progress  t o  e l u c i d a t e  t h e  mechanism of the observed pro tec t ion .  

a d d i t i o n a l  leishmania1 spec ies  i d e n t i f i e d  p r o k f ~ ~ ~ %  lower M 

0534 Altered Expression of Muscle Proteins in Trichinosis. Douglas P. 
Jasmer, Department of Veterinary Microbiology and Pathology, 

Washington State University, Pullman, WA 99164. Infection by Trichinella 
spiralis larvae causes significant alterations in mammalian muscle 
morphologically, ultrastructurally and biochemically. To characterize the 
phenotype of the infected cell and identify the level at which these 
alterations are regulated, muscle specific gene products were compared 
between skeletal muscle and the infected cell. A new nethod to isolate 
1. spiralis infected cells in preparative quantities was developed. When 
compared t o  muscle by SDS-PAGE, the relative abundance of most major muscle 
proteins was reduced in infected cells. Using a monoclonal antibody to the 
heavy chaln of skeletal muscle myosin indicated a minimum 100 fold reduction 
of this protein in nurse cells. Muscle specific alpha-actin was undetectable 
in infected cells by 2-D PAGE analysis. In contrast, numerous proteins 
associated with the organellar fractions of the the infected cell were not 
detected in muscle by the methods employed. These observations suggest 
either that the infected cells is not a regenerating muscle cell, or that 
their is a block in the normal regeneration process of the infected muscle 
cell. RNA transcripts for several muscle specific genes are currently being 
analysed to help distinguish between these possi bi 1 i ties. 

0 535 ACAh'THOCHEiLONEMA VITEAE: CHARACTERIZATION OF ES-ANTIGENS OF 
INFECTIVE LARVAE BY MONOCLONAL ANTIBODIES, Brigitte Kaltmann*, Shailja 

Misra*, Werner Rudin** and Richard Lucius*, *Institut fur Tropenhygiene. Im 
Neuenheimer Feld 324, 69 Heidelberg, FRG. ** Schweizerisches Tropeninstitut, Socinstr. 
57, 4051 Basel, Switzerland. 
Infective larvae (L3) of A.viteae obtained from ticks synthetize various antigens as 
shown by metabolic labelling and export them into culture supernatant (CSN). CSN 
repeatedly adminstered with alum induced a resistance of 51% against challenge 
infection in jirds and was analysed with mAbs in order to identify potentially pro- 
tective antigens, The most prominent antigen is shed in soluble form during the first 
48 hrs of culture. It is frequently recognized by sera of infected jirds which are 
partially resistant against challenge infection. In L3 a target epitope is present in the 
esophagial glands in EM-sections and on a triplet of bands in immunblots. In adult 
female worms the mAb recognizes the surface of mature uterine microfilariae, but not 
of blood microfilariae. The target antigen is shed into culture as particles. It is only 
soluble in SDS-ZME and has a M W  of 26 KD. This correlation suggests that female 
filariae shed an antigen crossreacting with the major immunodominant antigen of L3. 
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0 536 CHARACTERISATION OF P.YOELII PROTECTIVE ANTIQEW. Kean. AK" md Playfair. 
&H.L.* Dspatmsm of Molscvlr Biology. Wellcotno Biotech, Lagley C a r t  

Bsdtanham. K a t  BR3 388  *lhpa-tment of Immunology. Univanity College md Mlddlaaex 
School of Medicine. Arthur Stanley Ham. Tottanhan sasat London. WIP 9PO. A mawrclonal 
antibody. 25.77. ramgrising P.ywlii merozoites canmrm fulminating infectimm to mlf limiting 
infectionm on pmaive trendor into infected mice. [Fresmar *. IeeOL The mm~clonal antibody 
precipitates a 23!j.W0 MW protein which ia protective vhsn uasd to i m i a  mice. Tha protein 
has bean localissd to the rhoptrim of P.yoelii meromitw. (ma g A. 19Wt1. Rhoptriea relemm 
proteim which mey facilitate erythrocyte man bra^ invagination and invmion by the mslrial 
parmite. A lanbda gt l l  genomic clme expreming I 0 0  bmn pairs of Eco R I *  cut P.ywlii DNA 
w m  uad to isolate mtibodim from a polyvalent hypar-immns aarum r a i d  against P.yoelii 
C o u k i  A. IeeSL Selected mtibodisa -im individual lets atuge maozoitea and precipitate 
a pamite protein of 235.000 MW. The lamWe gtl I clons hybridism to multiple bandm on Southern 
blots of RSA I and Ore I digmted P.yoelii gawwnic DNA. The same clme w m  uad to isolate 
pUCI3 rscombinmts containing imnrta of P.ywlii Dm I cut DNA raging in d~ from 1-7KB. 

0537 ORNITHINg DECARBOXYLASE AND TRYPANOTHIONE REDUCTASE GENES IN 
Leishmania hraziliensis -, Janet S. Keithly, Department of 

Medicine, Cornell University Medical College, New York, NY 10021, and 
Director of Parasitology, The Wadsworth Center for Laboratories and 
Research, New York State Department of Health, Empire State Plaza, Albany, 
NY 12201. In the Order Kinetoplastida ornithine decarboxylase (ODC) and 
trypanothione reductase (TR) are the key enzymes for polyamine and 
trypanothione biosynthesis. These metabolic pathways are functionally linked 
and are essential for kinetoplastid growth, differentiation, and survival. 
Using a heterologous probe for ODC, and a mixed 
synthetic oligonucleotide for TR, we have detected the putative genes for 
these enzymes by Southern blot hybridization using genomic DNA of 
Leishmania MIiOM/SR/SO/CUMC 1. The TR synthetic 
probe is a mixed oligomer of 29 nucleotides. It was constructed from the 
known codon usage for other flavin oxidoreductases over a wide evolutionary 
scale, and preferred codon usage for species of m. The results 
suggest that ODC and TR are single genes in this species of -, and 
that these probes will be useful for isolation and characterization of the 
genes. 

0538 SEQUENCE ANALYSIS AND MOLECULAR MODELLING OF GLYCOSOMAL 
GLYCERALDEHYD 3 PHOSPHATE DEHYDROGENASE (GAPDH) IN Tr anosoma 

cruzi Giles Kendall'; Andrew F. Wilderspin', Frank Ashall', L:chael A. 
MilesL and John M. Kellyi, lDepartment of Medical Parasitology, London 
School of Hygiene and Tropical Medicine, Keppel Street, London WClE 7HT, 
UK., * Laboratory of Molecular Biology, Department of Crystallography, 
Birkbeck College, Malet Street, London WClE 7HX, UK. 
A T. cruzi genomic DNA library was screened with a glycosomal GAPDH cDNA 
probe derived from Trypanosoma brucei. A clone was isolated which 
contained two tandemly repeated genes. Although the inferred amino acid 
sequence was 90% similar to that of the T. brucei enzyme there was sequence 
divergence in a region thought to be important for the transport of GAPDH 
into the glycosome. This change, together with molecular modelling data, 
has implications for our understanding of the mechanisms involved in the 
intraglycosomal localisation of the enzyme. The intergenic region of the 
T. cruzi genes (517 bp) contained a sequence with the properties of a 
retroposon. It has a polyadenylated segment and is flanked by short 
direct-repeat sequences. The retroposon-like element also occurs in a 
truncated form on either side of the gene repeat and is transcribed as part 
of the untranslated region of the mature GAPDH mRNA. 
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0539 THE 14 kDa ANTIGEN OF A S C A R l S  : ALLERGENICITY, MHC- 

Malcolm W. Kennedy, Lesley A. Tomlinson Jacqueline F. Christie and Eleanor M. Fraser. 
Wellcome Laboratories for  Experimental Parasitology, University of Glasgow, 
Bearsden, Glasgow 061 lQH, Scotland, U.K. 

The 14 kDa antigen of the nematode Ascaris is a major internal protein of the parasite, and is also 
released during culture in vitro by the tissue-penetrative lawae and adult worms. Humans infected with 
Ascaris lumbricoides vary considerably in antibody responsiveness to this molecule. and this 
heterogeneity can be modelled in inbred laboratory rodents. In the case of the latter, the response to the 
14 kDa is MHC-restricted in both rats and mice. Only mice of H-2S and rats of RTIU have, so far, been 
found to be responders, and this restriction only operates in the context of infection. Assay of the IgE 
response in these animals by Passive Cutaneous Anaphylaxis showed that the above MHC restriction alsc 
applied to the specificity of the reaginic antibody response. Animals of all MHC haplotypes, however, 
responded to other Ascaris allergens. Amino acid analysis of the 14 kDa equates it to a previously 
identified "Allergen A' of the parasite, and its sequence is now available. These findings have implication! 
for the genetic control of allergic responses in general, and, in particular, to the hypersensitivity 
responses which are a significant feature of infections with parasitic nematodes. There are also 
implications for the generation of hypersensitivity responses by recombinant vaccines involving certain 
'parasite components. 

RESTRICTED RECOGNITION, AND AMINO ACID SEQUENCE. 

0540 

R.A. Wells, M. Whittaker , K.J.H. Robson. MRC Unit oflMolecular Haematology. Nuffield 
Dept. Clin. yed.. John Radcliffe Hosp.. Oxford, OX3 9DU. 
London SE1, Dept. Clin. Phys.. Univ. Coll. Hosp., London WClE. 

During its erythrocytic cycle, Plasmodium falciparum undergoes structural alterations which 
reflect complex E d  poorly understood changes in its biochemistry. 
physiology of Ca metabolism in synchronized cultures of P. falciparum and shown that 45Ca 
uptake increases particularly at schizogony. This uptake is associated with the appearance 
of a hitherto undescribed class of small (lOOnm) membranous vesicle, containing dense 
granular material extractable with EGTA. The numbers and electron density of these vesicles 
increases markedly at the end of sch ogony and in merozoitsf but decreases during the early 
stages29f post-invasion growth when '%a uptake is low. Ca uptake into the vesicles in 
the Ca 
mechanism. Consequently we have proceeded to isolate a 450bp clone coding for a putative 
cation-motive ATPase from a genomic DNA library, using an oligonucleotide probe derived from 
amino acid sequences conserved in other ATPases. 
clone demonstrates some high& conserved motifs present in the K+-ATPase of E. coli and 
rabbit fast skeletal Ca2+/Mg ATPase. 
the full structure and function of this interesting sequence and these vesicles. 

STUDIES ON THg CELURAR BIOLOOY OF CALCIull AND MOLFCULAR BIOLOOY PF A PUTATIVE 
CATION-MOTIVE A W y e  IN PULSIIIDIUH. S. Krishna, L.H. Bannister , G.G. Cermino. 

Dept. Anatomy, Guy's Hosp.. 

We have studied the 

poor environment of the red cell may require an energy dependent concentrating 

The derived amino acid sequence from this 

Further studies are being carried out to determine 

0541 IMPLICATIONS FOR 
Dennis E. Kyle, W.K. Milhous and A . M . J .  Oduola. Division of Experi- 

mental Therapeutics. Walter Reed Army Institute of Research. Washington. D.C. 20307-5100. 
In mammalian neoplastic cells acquired resistance to one drug may confer resistance to other 
drugs of the same chemical class as well as resistance to structurally and functionally 
unrelated compounds. 
where a consistent pattern of cross-resistance to chloroquine and other antimalarials has 
been hard to establish. Recent studies with resistant p. falciparum suggest at least one 
analogous mechanism of resistance. with the most striking similarity being the reversal of 
resistance by many of the same calcium antagonists. 
antagonists to reverse resistance in vitro to new and currently used antimalarial drugs and 
have identified two "reversal" phenotypes. 
chloroquine by a variety of calcium antagonists (e.g.. verapamil. chlorpromarine. and 
desipramine). 
modulators also reverse resistance to the primary metabolite of chloroquine (desethyl- 
chloroquine) and to a series of chinchona alkaloids (quinine. quinidine. chinchonine. end 
chinchonidine). In a second group only penfluridol (WR 256473) circumvented resistance (or 
reduced susceptibility) to the quinoline methanol mefloquine. the phenanthrene methanol 
halofantrine. and the sesquiterpene lactone artemisinin. 
mefloquine resistance phenotype affected by penfluridol may be more akin to "classical" 
multidrug resistance in mammalian cells and may play a role in future strategip 
new drugs in areas where this phenotype exists. 

REVERSAL OF DRUG RESISTANCE IN Plasmodium falciparum in vitro: 
DRUG DESIGN. 

This is apparently without an exact parallel in Plasmodium falciparum 

We have examined the ability of calcium 

The first is the reversal of resistance to 

In most of these chloroquine resistant parasites. the same resistance 

These results suggest that the 

for use of 
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0542 UTILIZATION OF A BIOCHEMICAL APPROACH IN THE DEVELOPMENT OF 
BENZIMIDAZOLES (BZS) AND RELATED INHIBITORS WITH ACTIVITY AGAINST 

BZ-RESISTANT NEMATODE ISOLATES, Ernest Lacey, CSIRO Division of Animal Health, 
McMaster Laboratory, Private Bag No.1 PO Glebe, NSW 2037. Benzimidazole iBzi 
anthelmintics act by binding the dimeric soluble protein, tubulin, at the' ' 

colchicine binding site with resultant inhibition of polymerization to the 
cytoskeletal microtubule matrix. The use of these compounds asainst the ruminant 
parasitic nematodes, Haemonchus contortus, Trichostrongylus coiubriformis, 
Ostertagia circumcinta and Nematodirus s ph at h i q er has lead to the development of BZ 
resistance. This resistance is due to a c a w e  in the abilitv of BZ to bind the 
tubulin of these species. Investigation of Ehe extent of this change among the 
commercially available benzimidazoles demonstrated that the resistance factors 
(RF, ratio of binding to BZ-S and BZ-R tubulin) were lower in the 5-substituted 
phenyl derivatives, mebendazole (RF=7), oxfendazole (RF=15) and fenbendazole 
(RF=10) than the 5-substituted alkyl derivatives, albendazole (RF=61), 
oxibendazole (RF=69 ) and parbendazole (RF=70). As the interaction of these BZ 
carbamates (as opposed to the non-carbamate, thiabendazole) is pseudo-irreversible 
(association rate 3 pmol/min, dissociation rate 0.007 pmol/min), a pre-incubation 
technique with unlabelled inhibitors followed by incubation with [3H] mebendazole 
was developed to enable the identification of microtubule inhibitors which showed 
no specificity between S and R isolates. Resistance factors derived from these 
experiments, parallelled those obtained in an in vitro development assay (egg to 
L3 development), supporting the relationship &tweenthe biochemical interaction 
and pharmacology. By these techniques, several classes of microtubule inhibitors 
have been identified which exert activity against both BZ-S and R isolates, most 
notable among these are the deazadihydropteridines. Optimisation of the Bz 
structure has also lead to the reduction of RFs to generate new benzimidazoles 
which show good activity against BZ-R isolates. 

0 543 THE 230000 MOLECULAR MASS MEROZOITB SURFACE ANTlGEN OF PLASMODIUM 
YOELIk CLONING AND ANALYSIS OF THE 3, HALF OF THE GENR 

~ l e n  P . L c i F i e n t  of ~olec~lar ~ idogy,  Wellcome Biotech, ~angley C o m t , ~ e n h a m ,  
Kent, l%@and, BR3 3Bs. 
The precwmr to the major m d t e  surface antigen is a candidate for the development of 
a vaccine against the asexual blood stage of malaria. This poIypeptide has a molecular maas 
of 230000 in the murine malaria, P.yoelii, and provides a rodent model as an aid to vaccine 
development. Oligonucleotide pmbes -ng to conserved regions of the ptbWwxl 3' 
portion of the P.yoelii 17XL PY23O gene (Bums, XM. et& PNAS, E.602,1968) were wed to 
pmbe P.yoelii YM genomic libraries in Lambda gtll and pUC9 for PY830 7 Two 
recombinant clone were obtained overlappii DNA sequences, which contamed the 
3' 3.3 kilobases of the PY830 gene. A region of this sequence detected an RNA Species of 7.3kb 
in an RNA Northern blot of total P . y d  YM RNA. Nucleic acid sequence analysis has revealed 
that the terminal 2kb of the gene is identical to the previomly pubbhed region from the 17 
XL strain of P.yoelii. The remaining 1.3kb has been compared with the equivalent region in 

30 kD PF195 processed product. The PY23O amino acid sequence contains an extra 113 residues 
arranged predominantly as two stretches situated within regions of approximately 80% amino 
add homology. It also 7 two blocks of high homology (60-7096) to PF195 
sequences semi-conserved between P.falciparum Strains, within which are two collserved cysteine 
residueg 

the Plasmodium fal- PF195, and Spans the Sequence analogous to that en- the 28- 

0 544 CLONING AND CHARACTERIZATION OF A PROTECTIVE ANTIGEN FROM EIMERIA TENELLA, Paul 
A. Liberator, Helen Profous-Juchelka, Jennifer L. Weimer, Mark Crane and 

Mervyn J. Turner, Department of Biochemical Parasitology, Merck, Sharp h Dohme Research 
Laboratories, Rahway, NJ 07065-0900 
Clone SO7 was isolated by immunological screening of a cDNA library constructed with 
poly(A) RNA from Eimeria tenella sporulating oocysts using anti-E. tenella sporozoite 
antibody. Clone SO7 detects a single species of mRNA 1.2kb in length on a Northern blot, 
which is present prior to and during sporulation. 
specific recombinant eluted antisera highlights a group of E. tenella sporozoite proteins 
in the 27-28kD range, whose synthesis is  coincident with the onset of sporulation. 
Deduced amino acid sequence from the nucleotide sequence of clone SO7 and overlapping 
cDNA clones shares no significant homology with anything in the database. A DNA 
repetitive element is  located within the 3'untranslated region of the cDNA. Genomic 
clones have been isolated and together with genomic Southern blots, indicate that SO7 is 
encoded for by a single copy gene with no large intervening sequences. Primer extension 
and S1 nuchase analysis indicate that our longest cDNA is 17nt from the 5'end of the 
mRNA and that those 17nt are coincident with the genomic sequence. 
upstream from the putative start of transcription bears no homology to RNA polymerase I1 
consensus sequences. 
antigen is capable of protecting chickens from subsequent challenge with live E. tenella 
oocysts. 

Western blot analysis using mono- 

Nucleotide sequence 

When expressed as a recombinant bacterial fusion protein, this 
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0- PURIFICATION AND CHARACTERIZATION OF NUCLEOSIDE CLEAVING 
ACTIVITIES IN TRYPANSOMA GAMBIENSE S. A. Long-Krug, Josephine I and R. 

L. Berens. University of Colorado Health Sciences Center, Denver, Co. 80262. In 
parasitic hemoflagellates, the major route of purine nucleoside salvage is 
through cleavage of nucleotides to their respective bases. Three separate 
nucleoside cleavage activities were found in TrvDanosoma by the 
following procedure. Affinity FPLC of crude extracts of 2. oambiense procyclic 
forms was conducted by placing them over an 6N AMP sepharose column and washing 
with 50 mM PIPES (pH 6.8) containing 1 mM DTT and 10% glycerol. Phosphorylytic 
activity which metabolized adenosine was bound and was eluted with 5 mM 
adenosine or ATP in Tris (pH 8.8) containing 1 mM DTT, 10% glycerol and 500mM 
KC1. Unbound protein containing nucleoside cleavage activities was concentrated 
by precipitation with 95% ammonium sulfate. The precipitate was solubilized in 
50mM PIPES and applied to a Superose 6 FPLC sizing gel. Two hydrolytic 
activities were eluted with 50 mM PIPES containing 200 mM KC1. The first had a 
molecular weight of -158,000 and metabolized the ribonucleosides inosine, 
guanosine, adenosine and xanthosin. The second had a molecular weight of =17,000 
and metabolized the deoxyribonucleosides deoxyinosine, deoxyguanosine and 
deoxyadenosine. Kinetic parameters of these enzymes will be presented. 

0546 THERAPEUTIC EFFICACY OF ALLOPURINOL IN PATIENTS WITH CHRONIC CHAGAS' 

of Medicine,Medical School of the National University of Cordoba, Cordoba, 
Argentina and Departments of Medicine and Biochemistry,University of Colorado 
Health Sciences Center, Denver, CO. 
Laboratory and animal studies have demonstrated that purine analogues, 
especially pyrazolopyrimidines, have significant activity against TrvDanosoma 
-. A four year clinical investigation was undertaken to compare the efficacy 
of allopurinol (4-hydroxy(3,4-d)pyrazolopyrimidine) with current nitrofuran 
therapy in the treatment of chronic Chagas' Disease. Three hundred and seven 
patients were studied; 91 were untreated and the remaining 216 were divided into 
four treatment groups: allopurinol, 600 or 900 mg/d; benznidazole,5 mg/kg/d; or 
nifurtimox, 8-10 mg/kg/d. All drugs were given for 60 days. Patients were 
evaluated clinically, serologically, and parasitologically. Allopurinol is as 
efficacious as the nitrofurans in eliminating the parasitemia and rendering 
patients seronegative. Adverse reactions occurred in 11% of patients who 
received allopurinol and in 30% of those receiving the two nitrofurans. The 
reactions to the conventional therapy not only were more frequent but were of a 
more serious nature. Allopurinol is an inexpensive, nontoxic, oral agent which 
is efficacious for the treatment of chronic Chagas' Disease. 

DISEASE. Rafael H Gallerano, Raul R Sosa, and J Joseph Marr, Department 

0547 
S.R. Meshnick, Lin, F.B., Pan, H.Z., Chang, C.N.,Kuypers, F., Chiu, 

D., and Lubin, B.; City University of New York Medical School, New York, NY 
10031; Peking Union Medical College, Beijing, China; Childrens Hospital 
Oakland Research Institute, Oakland CA 94609. 
Qinghaosu (artemisinin), is an important new antimalarial which is derived 
from an ancient Chinese herbal remedy. Because it contains an endoperoxide 
bridge which is essential for its antimalarial activity, it has been 
suggested that qinghaosu, like other peroxides, kill malarial parasites by 
generating activated forms of oxygen. We have obtained the following 
pieces of evidence consistent with the proposal that activated oxygen 
mediates the antimalarial activity of qinghaosu: 1) Artesunate, a 
water-soluble derivative of qinghaosu, spontaneously generates activated 
forms of oxygen at elevated pH's; 2 )  Artesunate stimulates the generation 
of thiobarbituric acid reacting substances (TBARS) in red cells. This 
generation is faster in infected red cells than in uninfected red cells; 
3)  In isolated red cell membranes, qinghaosu initiates lipid peroxidation. 
and the production of lipid peroxides. Both processes are dependent on the 
presence of metals, and do not occur with deoxyqinghaosu (an inactive 
congener which contains an epoxide instead of an endoperoxide); 4 )  Ascorbic 
acid and reduced glutathione (GSH), two antioxidants, inhibit the 
antimalarial activity of qinghaosu in vitro. 

ACTIVATED OXYGEN MEDIATES THE ANTIMALARIAL ACTIVITY OF QINGHAOSU, 
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0548 TUHOR NECROSIS FACTOR (TNP) AND TEE ANEMIA OF MALARIA, Kathleen L. 

Niller, Paul A. Silverman and Birgitta Kullgren. Division of Cell and 
Molecular Biology, Lawrence Berkeley Labs, University of California at Berkeley, 
Berkeley, CA. 94720 

The anemia associated with malaria is complex and multiple factors contribute 
to its severity. An increased destruction and a decreased production of red blood 
cells appears to be involved, however, the mechanisms remain unclear. The 
nacrophage cytokine TNF is thought to play a role through its ability to inhibit 
erythropoiesis. To study the cellular mechanisms involved in the ineffective 
erythropoiesis, we have examined erythropoiesis in mice infected with Plasmodium 
berghei and in mice infused with recombinant TNF, via implanted osmotic pumps. In 
both groups of mice there were; 1.) a reduction of pluripotent stem cells (CFU-S) 
in the bone marrow and an increase in the spleen, 2. )  a reduction of erythroid 
progenitor cells (CFU-E and BFU-E) and 3 . )  a reduced incorporation of 5gFe into red 
blood cells. When P. berghei infected mice were given antisera against recombinant 
murine TNF, erythropoiesis was partially restored. These results demonstrate that 
TNP mediates, in part, the anemia associated with malaria. How TNF may act, 
directly or indirectly, to inhibit erythropoiesis is not yet clear. 

0 549 

Athens, GA 30602. 
both humoral and cellular immune responsiveness including suppression of IL-2 production. In the current study, 
we have examined the production in T. cruzi-infected mice of lymphokines other than IL-2 to determine if 
suppression of lymphokine production is specific for IL-2. specific for lymphokinea produced by a certain subset 
of T cells. or non-specific for all lymphokines. 
with respect to IL-2 production are capable of producing both interferon gamma (IFN-7) and IL-3 at or above the 
amount produced by stimulated spleen cells from non-infected mice. 
specific ELISA and by a viral cytopathic effect inhibition assay. The IFN produced by cells from infected animals 
was not totally abrogated by pH2 treatment, suggesting that both F N - a / p  and FN-7 are present in these 
supernatants. 
and complement, suggesting that a large percentage of the IFN-7 in this system is the product of CD8+ T cells. In 
the highly susceptible C3H mouse, stimulated spleen cells suppressed for IL-2 production are also capable of 
producing a greater amount of I F N q  than spleen cells from non-infected mice. 
suppression of lymphokine production during T. cruzi infection does not extend to the production of all 
lymphokines. but may be specific for lymphokines produced by the THl population of T cells. However. it is 
unknown whether in virro lymphokine production by mitogen-stimulated spleen cells is an accurate representation 
of lymphokine production occurring in vivo during an active infection. We are currently using murine lymphokine 
cDNA probes to detect lymphokine mRNAs in order to examine this question. 

LYMPHOKINE PRODUCTION BY MURINE SPLEEN CELLS DURING TRYPANOSOMA CRUZ INFECTION. 
Gary S. Nabors. Gina R. Benavides and Rick L. Tarleton. Department of Zoology, University of Georgia, 

Murine infection with Trypunosoma cruzi results in a severe and prolonged supprrssion of 

Spleen cells from infected C57B116 mice which are suppressed 

I F N q  activity was detected by using a IFN-7 

The majority of I F N q  production was abrogated by treatment of spleen cells with anti-CD8 antibody 

These data indicate that in virro 

0550  &LUIIAR RWNE FES~SES IN HUMAN VD- IMJNIZED wrni II~RADIATED 
b!ynm mine, ~ames m, Jonathan Davis, V i c t o r  msenzweig and Ruth S. -g, 
Departmerrt of W c a l  and Noleailar Parasitology, New York University school of l+Whcme, 
New York, NY 10010 and Center for Vaccine Develqment, Baltimore, MD 21201. 

Irmunity to the sporozoite stage of the malaria parasite includes bath an- a 
M t y  af ter  rmltiple esqx~ures to the bites of irradiated mlaria-infected unsquitoes, 
but the cell d a t e d  inmume responses in  such sporowite-jnmunized voluntesrs have not 
keen investigated previcxlsly. Peri@eral b l d  1- (PEL) obtained f r a a  three 
semp+tive sporowite iiummized volunteers proliferated when challixged $n v i tm with a 
reumbmant E. falciwrcrm CS (rpfcs) pmtein Mch contains approximatey 70% of the 
total CS protein. PEL obtained fran the volunteers prior to immizaticm and PEL of 
nonral individuals did not proliferate in response t o  challenge with rPfCS. T cell lines 
an3 clones were obtained fran one volunteez by & expansion of the antigen specific 
cells using rpfcs and I t 2 .  A total of 40 CD4+ T cell clones wexe obtained whicfi gave 
stinulaticm inaices q i n g  fran 2.5 to 103.4 when c h a l l q e d  with 10 q 4 n l  of rPfCS. 
Five CD4+ clones were chosen for further analysis. The clones are specific for p. 
falcioanrm and do not proliferate when challenged w i t h  a reambinant P .v im cs 
p h i n  or w i t h  a yeast extract mntml. High levels of gannna interferon (27 - 80 
were proaUCea by the clones follm+q antigen sthulation in vitm. 
of the T cell clones is being ewrmned using synthetic peptides constructed to overlap 
the entire sequence of the NF54 strain of p. falciDarum. 

mAsKxlNM FAIJXPARU~~ SRROZOITES. Elizabeth H. Nardin, Deidre mhgbm,  

cell mediated facets of the inmume respahsf?. mmn volunteers can develop p a  ve 

?he fine specificity 
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0551 THE HUMORAL RESPONSE OF MALARIA PATIENTS TO P. FALCIPARUM GAMETOCYTE 
SURFACE ANTIGENS (POTENTIAL TRANSMISSION BLOCKING VACCINE CANDIDATES), 

Corinne S . L .  Ong, Patricia M. Graves, Stephen J .  Eida, Kun-Yan Zhang, 
Martin Looker, Neil C. Rogers, Peter Chiodini* and Geoffrey A.T. Targett, 
Departments of Medical Parasitology and *Clinical Sciences, London School of 
Hygiene and Tropical Medicine, London WClE 7HT, U.K.. 

Serum samples from patients in London who have contracted malaria abroad and 
schoolchildren in Papua New Guinea were studied using a range of 
immunological techniques. Sera of individuals from hyperendemic areas have 
been found to immunoprecipitate the 230 and 48/45 kD gametocyte surface 
antigens which are the targets o f  transmission blocking antibodies. When 
tested by immunofluorescence, the patients in this study were found able to 
mount antibody responses to these antigens even during their first attack of 
malaria with antibody titres that were comparable to another group of 
patients who had had two or more previous attacks of malaria. In competitive 
ELISAs, a third of the sera (at a 1/10 dilution) inhibited the binding of at 
least two transmission blocking MAbs to different epitopes on the 48/45 kD 
antigen, one of which is on a linear and non-carbohydrate section of the 45kD 
glycoprotein. Variable responses were found on Western blotting with some 
sera recognising the 230 kD as well as the 48/45 kD antigens . These results 
are promising for the development of malaria transmission blocking vaccines. 

0 552 POINT MUTATIONS IN THE DIHYDROFOLATE REDUCTASE-THYMIDYLATE SYNTHASE 
GENE CONFER RESISTANCE TO PYRIMETHAMINE IN FALCIPARUM MALARIA, 

David S. Peterson, David Walliker and Thomas E. Wellems, Laboratory of Parasitic Diseases, National 
Institute of Allergy and Infectious Diseases, National Institutes of Health, Bethesda, MD 20892. 
Analysis of a genetic cross between a pyrimethamine-resistant clone (HB3) and a pyrimethamine- 
sensitive done (3D7) of Plasmodium falciparum indicates that resistance to the antifolate 
pyrimethamine results from a point mutation in the dihydrofolate reductase-thymidylate synthase 
gene. Parasites having a mutation at position 108 from Thr/Ser to Asn are resistant to the drug. 
All progeny have parental levels of sensitivity to pyrimethamine, suggesting that in clone HB3 
resistance is determined solely by inheritance of the DHFR-TS gene. Nucleotide sequence analysis 
of independent parasite isolates from Southeast Asia, Africa and South America reveals additional 
point mutations (Asn-51 to lle-51, and Cys-59 to Arg-59) in the DHFR coding region that are 
associated with increased pyrimethamine resistance. Comparison with the crystallographic structure 
of DHFR determined for other organisms suggests that these point mutations occur where 
pyrimethamine contacts the enzyme and may act by inhibiting binding of the drug. 

0555 IDEtiTIFICATION OF A COHMON EPITOPE ON TRYPANOSWA CRUZI AND MAMMALIAN NERVOUS 
TISSUE. Klaus Petry, Sen-itiroh Hakomori and Harvey Eisen, Fred Hutchinson 
Cancer Research Center MTZS, Seattle, WA 98104 

Chronic Chagas' disease, caused by infection with 1. &, is characterized by lesions of 
many organs including nervous system and muscle. It has been suggested that this pathology 
is caused by autoimmunity provoked by the parasite. Although the mechanism by which this 
autoimmunity is induced is not understood, the presence of cross-reactive determinants be- 
tween the parasite and the maualian host has been suggested. 

We have identified monoclonal antibodies (MABs) that react with T. cruzi and maualian 
brain cells. Preliminary experiments indicated that many of these cross-reactive 
antibodies recognize lipid antigens. One of these MABs. VESP 8.2, which cross-reacts with 
sialidase treated T. cruzi, glial cells and sciatic nerve recognizes an epitope common to 
two families of glycolipids: 
malian brain), and sulfo-galactosyl-cermide (isolated Prom the brain). The antigenic mem- 
bers of these families appear to contain specifically 2-hydroxy fatty acids. The antigens 
isolated from T. cruzi were not found in the media components used for the parasite cul- 
ture indicating that the antigens were of parasite origin rather than scavenged from the 
culture medium. 

galactosyl-ceramide (isolated from both parasite and .am- 
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0554 PARAMYOSIN IS A MAJOR S. MANSONI ALLERGEN, Raymond J. Pierce, 
Philippe Boutin and Andre Capron, Unit6 Mixte INSERM U 167 - CNRS 
624, Institut Pasteur, 59019-Lille, France. 

Our interest in the role of the IgE response in protection against 
schistosomiasis led us to attempt to clone molecules recognized by IgE 
in infection sera. Three such clones were obtained, one of which had a 
large insert (2600 bp) and synthesized a P-galactosidase fusion protein 
of about 200 kDa. The insert contained two internal EcoRl sites and the 
central fragment of 1317 bp was completely homologous to the published 
partial sequence of S. mansoni paramyosin'. The complete insert codes 
for a 99 kDa polypeptide but both the N- and C-termini are absent. The 
expressed fusion protein was recognized by IgE in the sera of infected 
rats and humans. Furthermore, immunization of rats with the fusion 
protein produced an IgE response to native paramyosin. It would 
therefore seem that while paramyosin is the target of vaccine induced, 
cell-mediated resistance to schistosomiasis in mice2, it induces an 
anaphylactic antibody response in rats and man. The possible role of 
anti-paramyosin IgE in host defence is under investigation. 
1. Lanar, D.E., Pearce, E.J., James, S.L. and Sher, A .  (1986) Science, 

2. Pearce, E.J., James, S.L., Hieny, S., Lanar, D. and Sher, A. (1988) 
234, 593. 

Proc. Natl. Acad. Sci. USA, 85, 5678. 

0 5 %  LKJU&Q PROLIFERATION OF WUB f m  IS SELECTIVELY 
IN'HIBITRD BY 5-FLUOROOROTATE. Pradipsinh K. Rathod, Ashok 

Khatri. Institute for Biomlecular Studies, Department of Biology, The 
Catholic University of America. Washington D.C. 20064, and Ted H u W e r t ,  
Wilbur K. nilhous, Division of Experinental Therapeutics, Walter Reed Army 
Institute of Research, Washington D.C. 20307. 

Unlike mammalian cells, malarial parasites utilize exogenous orotic 
acid more efficiently than pyrimidines such as uracil and uridine. The in 
yifrn susceptibility of P. f m  to 5-fluoroorotate, 5-fluorouracil, 
5-fluorouridine, and 5-fluoro 2'-deoxyuridine was compared to the toxicity 
of these drugs towards human fibrosarcoma cells in culture. The highest 
antimalarial activity was observed with 5-fluoroorotate (IC,,=6nM). Uridine 
did not protect malarial parasites from this drug. In contrast, 5-fluoro- 
orotate was the least toxic drug to the human cells (IC,,=lOuM). Further- 
more, a combination of 5-fluoroorotate and uridine resulted in a 3-fold 
decrease in toxicity to mammalian cells. A chloroquine-resistant E, fal- 

clone that showed cross-resistance to pyramethamine, sulfadoxine, 
and quinine, was as vulnerable to 5-fluoroorotate as a standard drug- 
sensitive clone. 

0 556 David S.  Rom, and Robett 

W e  have investigated several aspects of folate metabolism in the cocadian parasite Toxoplasnra gondii. 
Clinical therapy of acute toxoplasmosis typically involves treatment with a combination of folate anta- 
gonists (such as pyrimethamine) and sulfonamides (e.g. sulfadiazine, an analog of the dihydrofolate 
precursor para-amino benzoic acid). These two drugs have a profound synergistic effect, but the predse 
'isobologram' patterns of interactions between them remain unknown. W e  have therefore developed a 
simple microassay appropriate for the screening of parasiticidal agents in Oitro. This assay has demon- 
strated a surprisingly large range of drug sensitivity in naturally occuring populations of T. gondii, 
including isolates derived from opportunistic infections associated with AIDS. Drug sensitivity has also 
been examined in a variety of stable pyrimethamine-resistant parasites, including both natural isolates 
and mutants selected in the laboratory. The most highly altered of these mutants are >100-fold resistant 
to the toxic effects of pyrimethamine, and exhibit cross-resistance to a wide variety of other antifolates, 
including both water-soluble and lipophilic analogs. Molecular cloning of the wild-type T. gondii 
dihydrofolate reductase gene reveals a fused enzyme bearing homology to thymidylate synthase as well as 
DHFR, as found in several other protozoa. Sequence analysis predicts a protein distinct in many respects 
from other known DHFp/TS genes, but with greatest similarity to Plasmodium. While the molecular 
basis of drug resistance in the mutant parasites is not yet known, it appears not to involve amplification 
or rearrangement of the DHFR/TS gene. 

FOLATB MRMBOLISM AND DRUG RESISTANC6 IN 
T. Schimke. Department of Biological Sciences, Stanlord University, Stanlord, CA 94305 
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0557 MOLECULAR ANALYSIS OF BENZIMIDAZOLE RESISTANCE IN THE 

M.H. Roos, J.H. Bocrsema, P.R. N i q  F.H.M. Borgstdc, M. Taylor and EJ. Ruitcnberg (resp. Division 
of Helminthology and Entomology, School of Veterinary Medicine, University of Utrccht, The 
Netherlands, Central Veterinary Institute, Lclystad, The Netherlands, Central Veterinary Institute, 
Wcybridge, U.E, National IacitUtc of Public Health and Environmental Protection, Bilthoveq The 
Netherlands.) 

The sheep intestinal parasite H. contortus and its resistance to bendmidazoles was characterized because 
resistance develops regularly, these drugs are widely used and new derivatives are b e i  developed. 
Benzimidazoles are reported to interfere with miaotubule assembly and therefore tubulin genes from 
normal and resistant populations were analyzed by Southern blotting. Three normal populations from 
different gccgraphical locations, were polymorphic for beta-tubulin, 2-6 bands were visible, depending on 
the rtstriction enzyme wed. The Mercnt populations could bc discriminated accnrding to the banding 
pattern. Thrcc resistant populations, also from different locatioos, showed 1-2 bands. The bands that 
were found in the resistant populations were already present in a low concentration in the normal 
strains. An selection experiment on the eggs of a normal population showed that after two 
generations the population had bemme resistant and that the tubulin DNA bands were reduced from 6 to 
1. Thwc results indicate that benzimidazolc resistance may be the result from selcdion of worms, with a 
specific beta-tubulin variant, that arc already present in the population. 

PARASITIC NEMATODE HAEMONCHUS CONTORTUS. 

0 558 A CYSTEINE PROTEINASE OF P. FALCIPARUY TROPHOZOITES RESEMBLES CATHEPSIN LAND 
IS A POTENTIAL TARGET FOR CHEMOTHERAPY, Philip J. Rosenthall, James H. McKerrow2, David 

Rasnick3, and James H. Leech', 'Dept of Medicine, San Francisco General Hospital, San Francisco, CA 94110, 
'Dept of Pathology, U. California, San Francisco, CA 94143, and 3Enzyme Systems Products, Dublin, CA 94568. 
Trophozoites of ' 

hemoglobin in ak%!%?vacuole (FV). We previously reported that leupeptin and E-64, two inhibitors of the 
cysteine class of proteinases, blocked hemoglobin degradation in the trophozoite FV, and we identified an Mr 
28,000 trophozoite cysteine proteinase (TP) as a potential FV hemoglobinase. We have now further charac- 
terized the TP in order to help determine its function and to investigate its potential as a target of antimalarial 
chemotherapy. By determining the kinetics of hydrolysis of a variety of fluorogenic peptides, we found that the 
TP resembled the lysosomal cysteine proteinases cathepsin B and cathepsin L in terms of pH optimum, inhibitor 
sensitivity, and substrate preference. The TP had a pH optimum of 5.5-6.0, near the pH of the FV (5.2-5.4). and 
was efficiently inhibited by highly specific diazomethylketone and fluoromethylketone inhbitors of cathepsin B 
and cathepsin L. The TP preferred substrates with arginine adjacent to hydrophobic amino acids 
(2-Val-Leu-Arg-AM€, 2-Phe-Arg-AMC), as does cathepsin L. The similarities between the TP and the lysosomal 
enzymes support our hypothesis that the trophozoite proteinase is a FV hemoglobinase. since the FV resembles 
mammalian secondary lysosomes in its pH and its biological role as a site of protein degradation. Micromolar 
concentrations of the fluoromethylketone inhibitor 2-Phe-Ala-CH2F blocked the degradation of hemoglobin in 
the trophozoite FV and prevented parasite multiplication. In previous studies much higher concentrations of 
the inhibitor were not toxic for mice. These results suggest that specific inhibitors of the TP may have Potential 
as antimalarial drugs. 

obtain free amino acids for protein synthesis by degrading host erythrocyte 

0 559 IDENTIFICATION OF DEVELOPMENTALLY REGULATED CALMODULIN-BINDING 
PROTEINS IN TRYPANOSOMA BRUCEI, Larry Ruben, Nasser G. Haghighat and Allen 

Campbell, Department of Biological Sciences, Southern Methodist University, Dallas, 1X 75275. 
Calmodulin is a critical component of cellular regulatory pathways. Calmodulin has no intrinsic enzymatic 
activity but associates with calcium and mediates a wide range of cellular activities. In the present study, an 
[12511trypan0s0me calmodulin overlay procedure was used to detect calmoddin-binding proteins (CaMBPs) 
with Mr of 126, 106 and 65 K in homogenates of slender bloodstream forms of T. brucei. Competition 
assays with excess unlabeled bovine brain or trypanosome calmodulins demonstrated that the CaME3Ps could 
associate with calmodulin from either source. Homogenates of T. evunsi exhibited the same pattern of 
calmodulin-binding acitivity as T. brucei slender bloodstream forms. However T. cruzi, L. tarentohe and 
mouse brain contained distinct patterns of calmodulin-binding activity. The pattern observed for mouse brain 
was the same whether [125I]trypanosome or [125I]brain calmodulin was used as a probe. Therefore 
trypanosome calmodulin interacts with host tissue in the same manner as host calmodulin. When procyclic 
culture forms were examined for CaMBPs, the 126 and 106 kDa proteins were absent. The developmentally 
regulated CaMBPs from T. brucei were in the 10,ooO xg pellet. The only process currently known to exhibit 
the same pattern of developmental change reported here for CaMBPs involves biosynthesis and transport of 
variable surface glycoprotein. We conclude that sensitivity towards calmodulin varies throughout the 
trypanosome life cycle, in part due to changes in the cellular complement of CahfBPs. Novel features of 
calcium regulatory pathways in T. brucei may ultimately prove useful in the design of diagnostics or new 
therapies. Supported by NM grant # AI24627 
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o 560 CHARACTERIZATION OF THE PHOSPHOLIPASE INVOLVED IN TOXOPLASMA G o w r  HOST CELL 
PENETRATION, L inda 0. S a f f e r  and Joseph 0. Schwartzman, Department o f  Pathology 

U n i v e r s i t y  o f  V i r g i n i a  School o f  Medicine, C h a r l o t t e s v i l l e ,  VA 22908. A p a r a s i t e  
phosphol ipase A (PLA) may be i nvo l ved  i n  hos t  p e n e t r a t i o n  by tachyzo i tes  o f  T .  gondii. 
Exogenous r e p t i l i a n  PLAZ increased hos t  c e l l  p e n e t r a t i o n  by T .  gondii and ant i -PLA2 ( a n t i -  
snake-venom horse  serum) decreased p e n e t r a t i o n  i n  assays i n  which i n t r a c e l l u l a r  pa ras i tes  
were q u a n t i t a t e d  by  t h e  s e l e c t i v e  i n c o r p o r a t i o n  o f  t r i t i a t e d  u r a c i l ;  bo th  e f f e c t s  were dose 
dependent. Two PLAZ i n h i b i t o r s ,  p-bromophenacyl bromide and no rd ihyd rogua ia re t i c  ac id ,  
b locked p e n e t r a t i o n  when p a r a s i t e s  were exposed t o  t h e  i n h i b i t o r s ,  b u t  had l i t t l e  e f f e c t  when 
hos t  c e l l s  were p r e t r e a t e d  w i t h  t h e  i n h i b i t o r ,  which suggests t h a t  a p a r a s i t e  s p e c i f i c  PLA 
was i n h i b i t e d .  I n  o r d e r  t o  i d e n t i f y  whether PLA a c t s  on t h e  l i p i d s  o f  t h e  hos t  embrane o r  
t he  p a r a s i t e  membrane, we l a b e l e d  e i t h e r  p a r a s i t e  o r  hos t  f i b r o b l a s t  l i p i d s  w i th  "C ace ta te .  
F i b r o b l a s t s  were then exposed t o  i n f e c t i o u s  pa ras i tes  o r  t o  son ic  e x t r a c t s  o f  T .  gondii. 
The l i p i d s  were then e x t r a c t e d  from f i b r o b l a s t s  o r  p u r i f i e d  T .  gondii and separated by t h i n  
l a y e r  chromatography. A c t i v i t y  s p e c i f i c  t o  p a r t i c u l a r  l i p i d  components was q u a n t i t a t e d  by 
s c i n t i l l a t i o n  spectroscopy o f  f r a c t i o n s  o f  t he  s i l i c a  m a t r i x  cor respond ing  t o  co- 
chromatographed c o n t r o l s .  P r e l i m i n a r y  r e s u l t s  show t h a t  T .  gondii and human f i b r o b l a s t s  have 
s i m i l a r  l i p i d  l a b e l l i n g  pa t te rns ,  and t h a t  pa ras i tes  may salvage l i p i d s  f rom t h e  hos t .  The 
a c t i v i t y  o f  p a r a s i t e  PLA2 i s  low i n  un f rac t i ona ted  e x t r a c t s .  

0 561 GWK&-IFN AND H 0 RESRx.IsEs IX SUSCEFME%LE AND RESISTANT MICE DECD?G 

Depdmmt of Medical and Molecular Earasitolcgy, New York University Medical Center, 
New York, NY 10016. 
(CE!A/J) mice to respOna to lethal (FyL) and non-lethal (FyNL) variants of Plasmodium 
&i 17X was &died. 
w i t h  an early burst of garrp~-IEN and HzOz, a decline as  parasitemia lllcreased anda 
return t o  oontrol levels as the infection was cleared. Infection of Balb/c J3yJ mice 
with &yL resul td only in an early Q02 r-, a decline, and m recwery of 
activity. A l l  the anbls sucdnnbed to PyL. Resistant CBA/J mice responded t o  both 
lethal and non-lethal Fy w i t h  an w l y  lnurst of both ganuna-IFN and H 0 and a 
decline as parasitemia increased . 
higher than control levels in  the case of garm~-IFN, as the infections were cleared. 
In addition, mice inject4 with reocanbinant mouse garm~-IFN (Genentech, Inc.) also 
showed greatly enhanoed secretion of H2% by maacrophages. These data suggest that 
gamma-IFN may play an important role i n  controlling malaria infections, prhaps by 
activating macrophages to release H ~ O ~  and other reactive oxygen intermediates. 

LET-IAL AND NON-& RODWT MAIARIA. L. S r i n a m .  

abi l i ty  of malaria-susceptible (Balb/c ByJ) and resistant 

Susceptible mice responded to mn-lethal -p. ,a infection 

~ r ,  there was a remvery of 2o& activities, t o  

0562 ANTI-BAN0 3 AUTOANTIBODIES RECOGNIZE A HIGH MOLECULAR WEIGHT PROTEIN ON THE 
SURFACE OF KNOBBY ERYTHROCYTES INFECTED WITH PLASMODIUM FALCIPARUM, I r w i n  W. 

Sherman and Enr ique Winograd, Department o f  B io logy ,  U n i v e r s i t y  o f  C a l i f o r n i a ,  R ivers ide ,  
CA 92521, U.S.A. I n  v i v o  i n f e c t i o n s  w i t h  the  human m a l a r i a  p a r a s i t e  Plasmodium f a l c i -  
parum are  cha rac te r i zed  by  the  absence o f  mature forms o f  t he  p a r a s i t e  i n  the  pe r iphe ra l  
c i r c u l a t i o n .  Th is  phenomenon r e s u l t s  f rom b i n d i n g  o f  i n f e c t e d  e ry th rocy tes  t o  the  pos t -  
c a p i l l a r y  venu lar  endothel ium o f  t he  deep t i ssues .  Attachment o f  p a r a s i t i z e d  e ry th rocy tes  
i s  mediated v i a  membrane excrescences o r  knobs. By t ransmiss ion  e l e c t r o n  microscopy knobs 
appear as e l e c t r o n  dense masses l y i n g  below a l o c a l i z e d  p r o t r u s i o n  o f  t h e  red  c e l l .  
E ry th rocy tes  i n f e c t e d  w i t h  t h e  knobby v a r i a n t  o f  P. f a l c i  arum (FCR-3 s t r a i n )  express 
s i g n i f i c a n t  amounts o f  senescent an t igen,  as i n d i c a t e T b y  tn: f a c t  t h a t  n a t u r a l l y  occur inc;  
an t i -band 3 autoant ibod ies  b i n d  s p e c i f i c a l l y  t o  these c e l l s .  The au toan t ibod ies  immu- 
n o p r e c i p i t a t e d  a > 240 kOa p r o t e i n  f rom SOS e x t r a c t s  o f  su r face  i o d i n a t e d  i n f e c t e d  
e ry th rocy tes .  The > 240 kDa an t igen  was assoc ia ted  o n l y  w i t h  e ry th rocy tes  i n f e c t e d  w i t h  a 
knobby v a r i a n t  and n o t  knobless ones; t he  an t igen was removed by t r y p s i n  t rea tment  o f  
i n t a c t  i n f e c t e d  c e l l s .  By two-dimensional  pep t ide  map ana lys i s  the  > 240 kDa an t igen  was 
found t o  be s t r u c t u r a l l y  r e l a t e d  t o  the  human e r y t h r o c y t e  anion t ranspor te r ,  band 3. We 
propose t h a t  t h e  > 240 kDa an t igen  r e s u l t s  f rom the  aggregat ion  o f  a t runca ted  form o f  
band 3 i n  t h e  r e g i o n  o f  t h e  knob. Th is  an t i gen  resembles, i n  severa l  o f  i t s  p roper t i es ,  
t h e  su r face  p ro te in ,  P f  EMP 1, found i n  cy toadherent  l i n e s  o f  p- f a l c i  arum. (Th is  work 
was supported by  a g ran t  (AI-21251) f rom t h e  Na t iona l  I n s t i t u t e s  of* 
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0 563 IMMUNOSUPPRESSION IN MURINE TRYF'A NOSOMA BRUCE1 INFECTION THE ROLE OF 
SUPPRESSIVE MACROPHAGES, Jeremy M. Sternberg, Norbert K. Borowy, Dagmar Schreiber and 
Peter Overath. Max-Planck-Institut flir Biologie, CorrensstraDe 38, D7400 TGbingen, FRG. 

Immunosuppression is a major pathological consequence of trypanosomiasis. Using a mouse model we have 
shown the macrophage to be a key mediator in this process, both in vivo and in virro. Infection of mice of 
the C3H.He. BALB/C or C57B1/6 strains with T.brucei (AnTatl.1) resulted in impaired immune responses 
from day 3 onwards as measured by the reduction of Con-A stimulated proliferation in spleen cell 
populations. Peritoneal or splenic adherent cell populations, consisting predominantly of macrophages, 
caused a 60-80% reduction of the Con-A response in spleen cells from syngeneic recipients, 3-4 days after 
transfer in viva Experiments with labelled cells showed that a significant proportion of transferred 
macrophages localised in recipient spleens within this time period. Adherent peritoneal cells from irradiated 
or athymic mice were equally suppressive, arguing against a role for contaminating T and B cells or 
antibody mediated phagocytosis. Spleen cells from infected mice reduced the proliferative response of 
spleen cells from uninfected mice upon co-cultivation in vifro. This dominant suppressive effect was 
abolished if macrophages were first eliminated from spleen cells derived from infected mice by treatment 
with L-leucine methyl ester. This treatment left less than 1% non-specific esterase' cells. Also, macrophage 
depleted spleen cells from infected mice responded normally to Con-A following reconstitution with splenic 
adherent cells from naive mice as a source of accessory cells. These findings suggest that T.brucei infection 
changes the properties of macrophages to a state which enables them to actively suppress immune responses. 

0564 BANCROFTIAN FILARIAL INFECTION IN MICE: PROTECTIVE IMMUNE RESPONSES, 
D. Subrahmanyam, G.R. Rajasekariah, I.M. Monteiro and A. Netto, 

Research Centre, Hindustan Ciba-Geigy Ltd., Bombay, India and Ciba-Geigy Ltd. 
Basel, Switzerland. 
Epidemiologic observations suggest the existence of a segment of population, 
in areas endemic to filariasis, not acquiring the infection despite repeated 
exposures to it. The mechanism by which such resistance is acquired needs to 
be understood for devising possible intervention methods against the infection 
In this context, we have examined the possibilities of inducing resistance to 
larval infection in a BALB/c mouse-Wuchereria bancrofti model. Mice were 
sensitized repeatedly at periodic intervals with live infective larvae of 

W. bancrofti (WbL3). The sensitized animals were challenged subcutaneously 
with live L3 enclosed in micropore chambers. The repeated trickle infections 
with L3 led to development of a strong protective immune response in the 
mice with over 90% of the challenging larvae killed by antibody dependent 
cell-mediated immune reactions. Similar immune responses were also seen when 
mice were immunized with microfilarial extracts. This suggested that dead 
parasites can induce protection against the infection and demonstrated a 
sharing of antigens between microfilariae and infective larvae. The kinetics 
of immune responses have been studied in the animals and these will be 
presented and discussed. 

0565 CHARACTERIZATION OF A cDNA CLONE ENCODING THE TRYPANOTHIONE 
DISULPHIDE REDUCTASE OF Leishmania donovani, Martin C. Taylor, 

Caroline J. Chapman, John M. Kelly, Alan H. Fairlamb and Michael A. Miles, 
Department of Medical Parasitology, London School of Hygiene and Tropical 
Medicine, Keppel Street, London WClE 7HT. A cDNA clone (LTR1) was isolated 
from a Leishmania donovani (HU3) Xgtll expression library using an 
antiserum raised against trypanothione disulphide reductase (TR) purified 
from Crithidia fasciculata. The LTRl insert (320bp) was subcloned and 
sequenced; the inferred amino acid sequence showed 73% identity with the 
corresponding region of Trypanosoma conqolense TR. 
the LTRl probe indicated a single copy gene, and on northern blots a single 
mRNA species was detected in both promastigotes and amastigotes. Although 
this probe did not cross-hybridise with TrvDanosoma cruzi DNA an 
oligonucleotide probe derived from a conserved region of the sequence 
hybridised to T. cruzi, L. mexicana and L. arabica RNA. The LTRl probe was 
used to isolate a cDNA clone (LTR3) from a hgtlO library. Sequence 
analysis indicated that the LTR3 insert (1.8kb) spanned 90% of the TR 
coding region. 

Southern blots using 
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0 566 S T R U ~ - A C I ' M T Y  STUDDES ON THE EFFECTS OF NOVEL PENTAMIDINE 
DERIVATIVES AGAINST PARASITIC MICROORGANISMS. Richard R. Tidwell, Constance A. 

Bell, Susan K. Jones, James Edwin Hall, Vijitha Linga, Margaret A. Allen, University of North Carolina at 
Chapel Hill, NC 27599, Dennis E. Kyle, Max Grogl, Division of Experimental Therapeutics, WRAIR, 
Washington, DC, 20307-5100. 
Pentamidine has long been used to effectively treat African trypanosomiasis and antimony resistant leishmaniasis 
and has recently proven effective in treatment of AIDS-related pneumocvstis carinii pneumonia (PCP). 
Pentamidine, however, is toxic and its mode of action is unknown. We have begun to examine structure-activity 
relationships of pentamidine analogs with respect to their toxic effects and activity against Giardia lamblia, 
Leishmania and L a .  Twenty-five analogs were synthesized and tested against 
G. lamblia and L. 91 in vim and in immunosuppressed rats with PCP. Pentamidine was found to 
have moderate activity against E a and p -, while some of the less toxic analogs had pronounced 
antiparasitic activity relative to the parent drug. With respect to anti-leishmanial activity, only a few of the 
derivatives were found to have even a modest increase in potency over pentamidine. Correlations between drug 
uptake, DNA binding, and protease inhibition with antiparasitic activity suggest possible sites of action of 
diamidines. 

05m Antisense oligonucleotides targeted to the mini-exon of 7- 
hwcut : in  vitro studies with nuclease resistant oligomers. Jean.-Jacques 

Toulmb, Philippe Verspleren, David Shire* and Nadine Loreau, INSERM U201, HNHN, 43 rue Cuvier, 
F-75005 Paris and Sanofi E l f  BioRecherches, F-31328 Labege, France. It was previously 
demonstrated that oligodeoxynucleotides, complementary to  the mini-exon sequence present at 
the 5' end of a l l  mRNAs, linked to an acridine derivative were able to k i l l  typanosomes i n  
culture (Verspleren et 01. (1987) Gene, U. 307). However the oligonucleotides were rapidly 
degraded by DNases both i n  the growth medium and i n  the cells. Chemical modifications have been 
introduced into the backbone of the anti-mini-exon molecules i n  order to  make them resistant t o  
nucleases. Both methylphosphonate (MP) and phosphorothioate (PSI analogs have been 
synthesized. These derivatives are able t o  bind to  their target although with a reduced aff ini ty 
as compared to unmodified oligomers. Whereas PS-oligomers inhibited in vitm translation of 7: 
lENcBi mRNA, MP-derivatives did not prevent protein synthesis. This i s  very l ikely due to the 
sensitivity o f  oligonucleotide-mRNA hybrids to RNaseH. PS-derivatives induced degradation of 
mRNA; i n  contrast MP-oligomer-mRNA hybrids were not a substrate for this enzyme. This 
suggests that degradation o f  the target-RNA i s  required for InhibftiOn by antisense 
oligodeoxynucleotides even at the init iation step of translation. (TMS vark VL( appatrd ty ~hc 
U O P / Y a M B n k h r H O S p c * l R o g n m f i o r ~ n d T r m h p h T r o p l c l l ~ ) .  

0568 AUGMENTED EXPRESSION OF ORNITHINE DECARBOXYLAS I N  MUTANT LEIStMANIA OONOVPNI 

The Oregon Heal th  Sciences Univers i ty ,  School o f  Medicine, Portland, OR 97201. A s t r a i n  
o f  mutant Leishnania donovani promastigotes has been generated by v i r t u e  o f  i t s  a b i l i t y  
t o  propagate i n  g r o w t m  containing incremental concentrat ions o f  a lpha-d i f luoro-  
mett lylornithine (WMO), an i r r e v e r s i b l e  i n h i b i t o r  o f  o r n i t h i n e  decarboxylase (ODC) a c t i -  
v i t y .  This s t ra in ,  EM)-10, was over 100-fold l ess  sensi t ive t o  growth i n h i b i t i o n  by 
DFMO and was cross-res is tant  to a spec t rm o f  o ther  ODC i n h i b i t o r s .  Unlike prev ious ly  
i olated DFMO-resistant T anosoma bnrce i ,  the DFMO-10 c e l l s  accmulated o r  transported 
[SH]OFMO and a spectrum h i - c o m p a r a t i v e  rates. OFM3-10 c e l l s  a f t e r  
several days growth i n  the  absence o f  LFMO contained up t o  15- fo ld  greater l e v e l s  o f  ODC 
than w i l d  type parental ce l l s .  
k i n e t i c a l l y  normal w i t h  respect t o  substrate a f f i n i t y  and s e n s i t i v i t y  t o  i n a c t i v a t i o n  by 
DFMO. 
[3H]DFMO resu l ted  i n  the covalent l abe l i ng  o f  a polypeptide, presumably ODC, which 
migrated on SDS polyacrylamide gels  w i th  a molecular weight o f  76,000 daltons. 
putrescine, the product o f  ODC, were a l so  vast ly  augmented i n  mutant c e l l s  a;ter several 
days incubat ion i n  the  absence o f  t he  drug, whereas, o r n i t h i n e  and a rg in ine  l e v e l s  were 
very low. I n  the absence o f  prolonged se lec t i ve  
pressure, the growth resistance t o  OFMO, the ODC l eve l s ,  and the putrescine content o f  
the EM)-10 c e l l s  returned t o  those o f  w i l d  type ce l l s ,  i nd i ca t i ng  t h a t  the mutant 
phenotype o f  t he  LFMO-resistant Leishmania was unstable. 

RESISTANT TO DIFLUOROMTHYLORNITHINE, Buddy Ullman, Department o f  Biochemistry, 

The augmented ODC i n  the mutant c e l l s  appeared 

Incubation o f  e x t r a c t s  o f  mutant ce l l s ,  bu t  n o t  w i l d  type ce l l s ,  f o r  one hour w i t h  

Levels o f  

Spennidine l e v e l s  appeared unchanged. 
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0 569 Tmnslatlon Inhlbltlon of trynsnosomatldae mRNAs by sntlsense 
ollgodeoxynucleotldes. Philippe Verspieren, Nadine Loreau and Jean.-Jacques 

Toulmb, INSERM U20 1, MNHN, 43 rue Cuvier, F-75005 Parls, France. Hybrld-tIrT8Sted translation 
of 7: bwet mRNA was observed in the presence of oligonucleotides complementary to the 
mini-exon sequence (Cornelissen et al. (1986) Nucleic Acids Res., 14,5605). We investigated the 
effects of a series 01 Anti-Mini-EXon Oltgonucleotldes (AMEXOs) on the In vttm protein 
synthesis of mRNAs from 7: f m v d  7: Wm, f .  me f f t t  W f .  /m&yfclsw: We also determined 
the affinity of these AMEXOs for the different RNAs by thermal elution of filter-bound 
complexes. The following conclusions were drawn; 1) A relationship was derlved between 
affinlty and (length/G*C content) of the oligonucleotide. 111 In the case of the f .a  mini-exon, 
discrepancies between expected and measured affinities could be explained by the formation of 
a hairpin structure. Hi) This technique allowed to predict the level of homology between known 
( XL?, 7 : ~  f . e  1 and unknown ( f . m  1 mini-exon sequences. iv) In most cases the effidency of 
transtation inhibitton was correlated to the alfinity of AMEXOs for thelr target. ~ h k  ror* VJS 

appatcdby thcuoPlYarM BnkNHospc*l Frcqrmn forReswc41 nd Trrinirg b T r a p i ~ ~ l  Diswes. 

0 570 PROTECTIVE ANTI-SPOROZOI'lT ANTIBODIES: IS1 ASSAY USING RIBOSONAL RNA PROBES, 
Jindong Zhu, Altaf Lal. Angela Appiah, Michael R. Hollingdale, Biomedical Research 

Institute, Rockville. MD 20852. 
The inhibition of sporozoite invasion (ISI) of human hepatoma (HepGZ-Al6) cells assay has 
been suggested as an in vitro assay that measures protective anti-sporozoite anti-bodies 
elicited in humans by irradiated sporozoites or Plasmodium falciparum CS subunit vaccines. 
Since CS vaccines are undergoing human trials, the IS1 assay has become widely used. 
However, a major limitation is the use of microscopy to determine the reduction of invaded 
sporozoites in the presence of immune antibodies. Sporozoites are added to HepG2-A16 cells 
in the presence of dilutions of immune antibodies and IS1 activity is expressed either as 
the percent reduction in invasion at that dilution, or as concentration that 
reduces invasion by 50%. We have now developed stage-specific rRNA probes that 
specifically react with invaded sporozoites but not with attached but uninvaded 
sporozoites. The technique involves one step extraction of total RNA and hybridization to 
an oligo-DNA probe complementing to small subunit Plasmodium rRNA. As few as 10-50 invaded 
sporozoites can be detected, whereas rRNA from attached sporozoites (using cytochalsin B) 
does not hybridize. The IS1 of Mab's to CS proteins was similar by microscopy or KRNA 
hybridization. Use of rRNA probes is faster and more accurate than microscopy, allowing 
more sera to be tested. The degree of hybridization of the rRNA probes increased during 
growth of liver stage parasites suggesting that such probes will also be useful in 
quantitating hepatic parasitemia in vitro and in vivo in response to other immune factors 
such as cytokines. and drugs, as well as for diagnosis of blood stage infections. 

IS150. that 

0 600 MUTATIONAL, ANALYSIS OF GLYCOSOMAL IMPORT OF PGK IN TRYPANOSOMA 
BRUCEI, Keith Alexander, Teresa Hill, 'Harry F. Dovey, 'Ching C. Wang and Marilyn Parsons, 

Seattle Biomedical Res. Inst., 4 Nickerson, Seattle, WA 98109, 'Dept. Pharmaceut. Chem., U. California, 
San Francisco, CA 94143. In the bloodstream stage of T . w i  the first seven enzymes of glycolysis are 
contained within microbody organelles called glycosomes. The mechanisms by which these organelles 
identify and import proteins are unclear. We have chosen to study the localization of phosphoglycerate 
kinase because it is possible to compare the amino acid sequences of the glycosomal form (gPGK) with the 
cytoplasmic form found in the procyclic parasite. The amino acid residues that are different must by default 
contain all or part of the targeting signal. Starting from the cloned gPGK gene, we have made a number of 
deletion mutants. Because of possible changes in the tertiary structures of the mutant proteins, a second 
series of mutants were constructed by replacing parts of the gPGK sequence with their counterparts from 
the cytoplasmic gene. The modified genes have been transcribed and translated in vitro and tested in an 
uptake assay system using purified glycosomes (Dovey et al, PNAS 1988). Several gPGK fragments 
specifically interact with glycosomes. However, preliminary results suggest that the import signal or signals 
are complex and may require proper protein folding for functional presentation. 
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0601 CHARACTERIZATION OF 3'-NUCLEOTIDASE IN 7. 
Paul A. Bates, Department of Zoology, University of Glasgow, Glasgow, U.K. 

Variant surface glycoproteins (VSGs) have been the subjects of intensive research in 
African trypanosomes but investigations of the basic biochemistry of the surface membrane 
have been relatively few. Identification of essential housekeeping molecules of the 
trypanosome surface, such as enzymes and transporters, may help in the rational design of 
drugs and vaccines. 3'-nucleotidase, a unique parasite enzyme, was investigated for 
suitability as a trypanosome surface membrane marker. Membrane ghosts were prepared from 
bloodstream trypanosomes by hypotonic lysis and differential centrifugation. In the 
presence of the protease inhibitors leupeptin and TLCK the 3'-nucleotidase activity 
sedimented with the membrane fraction. However, if inhibitors were omitted the enzyme 
remained largely in the soluble fraction, indicating that endogenous proteolytic activity 
had released an enzymatically active fragment from the membranes. Incubation of the crude 
membrane fraction with protease inhibitors at 37.C for 5 min resulted in the activation 
of VSG lipase and the release of soluble VSG, as assessed by SDS-PAGE. Under these 
conditions 3'nucleotidase activity remained membrane bound indicating that this enzyme 
does not possess a lipid membrane anchor capable of cleavage by VSG lipase. Enzyme could 
be solubilised from membranes by using either of the non-ionic detergents n-octyl 
glucoside and Triton X-100. This caused a 20% increase in activity due to latency or 
stimulation. The combination of membrane preparation and detergent solubilisation 
effected a &fold increase in relative specific activity of S'nucleotidase. 

0602 ZINC SIGNATURE IN THE PROMASTICOTE SURFACE PROTEASE OF 

BIOKEMA SA, CH-1023 Crissier, Universite de Lausanne, CH-1066 Epalinqet, 
Friedrich Miescher Ins t i tu t . -4002  Basel, Switzerland. Most species 
of Leishmania express a very abundxsurface membrane glycoprotein of 
approximately 63 kDa. This glycoprotein has an endopeptidase activity 
and is anchored in the membrane of the parasite by a glycosyl 
phosphatidylinositol. Recent investigations have shown that the protease 
contains zinc and can be biosynthetically labeled with the radioactive 
metal. The presence of zinc in the active site of the enzyme is confirmed 
by the homology existing between a sequence of amirw acids present in the 
active site of thermolysin and of various mammalian endopeptidases and a 
short sequence of the Promastigote Surface Protease. The design and 
synthesis of zinc chelating oligopeptides analogous to substrates of the 
protease has permitted the identification of inhibitors of the enzyme. 

LEISHMANIA, C. Bordier, J.  Bouvier, P. Schneider 6 E. Shaw, 

0 603 ZINC SIGNATURE IN THE PROMASTIGOTE SURFACE PROTEASE OF LEISHMANIA. 
J. Bouvieria, P. SchneideP, R. Etgesu, E. S h a e  and C. Bonlin5 

'Dept. of Pathology, UCSF, San Francisco, CA, %stitut de Biochimie, UniversitC de Lausanne. Epalinges, 
Switzerland, 'Max Planck Institut, Tiibingen, Germany and'Fricdrich Miescher-Institut, Basel, Switzerland. 
Promastigotes ofkishmania express a very abundant surface membrane glycoprotein of 63 kDa (gp63).Thisprotein 
is anchond in the membrane of the parasite by a glycosylphosphatidylinositol moiety and possesses a strong neutral- 
to-alkaline proteolytic activity. Its role as the principal C3 acceptor, the major surface antigen and vaccine candidate, 
and as an RGD-bearing ligand contributing to the binding of Leishmania to host macrophages has received much 
attention, but little is known about its proteolytic activity. The protein, now designated as the pnnnaStigote surface 
protease, or PSP, is a conserved enzyme found at the surface of all kishmonia species tested so far, as well as on 
the surface of promastigotes within the midgut of experimentally-infected phlebotomine sandfly vectors. Recent 
investigations with emission and absorption atomic spectrometries have shown that the protease is a zinc enzyme 
containing 1 mole of metal per 63 kDa monomer. The presence of zinc in the active site of the enzyme was confinncd 
by the identity existing between the sequence of the active site of thermolysin (a zinc enzyme with a known 3D 
structure) and a short sequence of PSP. The substrate specificity of the enzyme is cumntly under investigation and 
is still not clear. However,the identifcation of several amino acids involved in cleaved peptide-bonds has lead to the 
design and synthesis of a specific zinc chelating oligopeptide analogous to substrates of the en-, 
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0- ATP TRANSPORT ACROSS THE PARASITOPHOROUS VACUOLAR AND PLASMA 
MEMBRANES OF P. FALCIPARW , Inpyo Choi and Ross B.Mikkelsen, 
Department of Radiation Oncology, Medical College of Virginia, 

from ring to 
Richmond, V A  23298. 
Previous studies have shown that development of P.falciDarwl 
schizont outside the host erythrocyte requires a cytosolic like ionic 
medium and extracellular ATP. Bongkreic acid, an inhibitor of 
mitochondria1 ATP:ADP exchange, blocks Plasmodium growth. We have 
characterized ATP transport using free parasites isolated at the 
trophozoite stage by immune lysis or N2-cavitation. Kinetic analysis of 
[%I-ATP uptake revealed a &, of 0.4 mM. Uptake was due to ATP:ADP 
exchange since [%I]-ADP efflux was dependent on exogenous ATP. ATP influx 
and ADP efflux were inhibited by atractyloside (K,=lOOnM). Analysis of 
substrate specificity indicated that for ATP influx the adenine ring and 
triphosphate are recognition components for the transporter. In addition, 
protein synthesis was measured with free parasites starved of glucose with 
and without addition of exogenous ATP. Addition of 1.0 mM ATP to starved 
cultures resulted in recovery of 60% of protein synthetic capacity in a 
process inhibited by 200 nM atractyloside. These results indicate that 
uptake of erythrocyte derived ATP by Plasmodium is essential for 
maintaining maximal rates of protein synthesis. 

0 605 INTERACTIONS BETWEEN PLASMODIUM FALCWARUM ANTIGEN MESA 
AND THE ERYTHROCYTE MEMBRANE SKELETON. R.L. Coppel, S. Lustigman, 
R.F.Anders and D.J. Kemp.The Walter and Eliza Hall Institute of Medical Research. 

During inhaerythrocytic growth of the malaria parasite P.falciparum, proteins elaborated by the parasite 
are expond to the erythrocyte. mmbrane where. they alter the morphological and functional Proprrties 
of the erythrocyte. These changes in red cell properties occur as a consequence of the interaction 
between parasite proteins and components of the erythrocyte membrane skeleton. We have described 
the mature-parasite-infected erythrocyte surface antigen (MESA) of P.falciparum, a phosphoprotein 
of 250-3OOkDa that varies in size and antigenicity among different parasite isolates (1,2). Synthesized 
in tmphozoites and schizonts, MESA is transported through the erythrocyte cytoplasm to the membrane 
skeleton. We now show that MESA binds tightly to the erythrocyte protein band 4.1. Band 4.1 of 
infected cells has an increased level of phosphorylation and in erythrocytes infected with some isolates, 
band 4.1 increases in apparent molecular weight. The effect of these changes on red cell properties and 
whether MESA is responsible for phosphorylation changes in band 4.1 is currently under study. In 
addition, the complete structure of MESA is currently beiig determined in an effort to define the region 
responsible for its interactions with band 4.1. 

1. Coppel, R.L., Culvenor, J.G., Bianco, A.E., Crewther, P.E., Stahl, H.D., Brown,G.V., 
Anders, R.F. and Kemp, D.J. (1986).Molec.Biochem.Parasitol. 20265-277. 

2. Coppel, R.L., Lustigman, S., Murray, L. and Anders, R.F. (1988). 
Molec.Biochem.Parasito1. 31:223-232 

0 606 ANALYSIS OF THE rRNA GENES OF BABESIA BOVIS, Brian P. Dalrymple, 
CSIRO Division of Tropical Animal Production Private Bag No. 3. Indooroopflly 

Queensland Australia 4068. Babesta Bouis (strain Samford) appears to contain three or 
four rRNA operons each present in a single copy in the genome. Two of the operons 
have been cloned and analysed by restriction enzyme mapping and hybridization. The 
operons are similar. but not identical. exhibiting some restriction site differences. 
Homologies between the operons are confined to the rRNA genes and their immediate 
vicinity. However one of the operons (system 2) is flanked on one side by a region of 
-4.5kb present at two sites in the genome, and on the other by a sequence that 
hybridizes at low stringency to a large number of restriction fragments. The second 
copy of the two copy sequence has been cloned. I t  is flanked by regions unrelated to 
the first copy, and does not appear to be closely linked to an rRNA operon. 
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0 607 FATTT ACTLATIOII OF OIABDIA W L I A  PROTBIII. 
Dept. of Pathology. UCSD Medical Center. Sen Diego. CIL 92103. 

Siddhsr tha Das and Frances D. G i l l i n .  

G i a r d i a  l ambl ia  t r o p h o z o i t e s  c o l o n i z e  t h e  human small i n t e s t i n e  where  t h e y  are  
exposed t o  high concen t r a t ions  of f a t t y  acids .  Recently, w e  have shown that exposure of 
c u l t u r e d  t r o p h o z o i t e s  t o  f r e e  f a t t y  a c i d s .  i n  t h e  p r e s e n c e  of a p r i m a r y  b i l e  s a l t  
t r i g g e r s  encys ation. There fo re ,  w e  pe r fo rmed  b i o s y n t h e t i c  l a b e l l i n g  e x p e r i m e n t s  t o  
d e t e r m i n e  i f  H - m y r i s t i c  a c i d  (MA) or p a l m i t i c  a c i d  (PA) are  i c o r p o r a t e d  i n t o  s t a g e  
s p e c i f i c  p r o t e i n s  of G. l a m b l i a  The major p r o t e i n  l a b e l l e d  w i t h  H MA o r  PA migrated a t  
"49kD i n  SDS-PAGE. E n m t b e 9 k D  p r o t e i n  and a number of minor  bands  (-130. 110. 74. 
58. 38. 26kD) were de tec t ed  i n  both encys t ing  and con t ro l  t rophozo i t e s  l a b e l l e d  w i t h  MA 
o r  PA, p r o t e i n  a c y l a t i o n  d o e s  n o t  a p p e a r  t o  b e  r e l a t e d  t o  e n c y s t a t i o n .  Approx ima te ly  
t h r e e  t i m e s  more PA is incorporated than MA. Competit ion experiments  suggest  that PA and 
MA may be e i t h e r  incorporated i n t o  t h e  same sites o r  i n t e r c o  er ted.  s i n c e  un labe l l ed  MA 
i n h i b i t s  t h e  inco rpora t ion  of 3H PA and v i c e  versa.  Ne i the r  H MA nor  PA waa removed by 
t r e a t m e n t  w i t h  a l k a l i  or w i t h  t h e  p h o s p h a t i d y l i n o s i t o l  s p e c i f i c  phospholipase C from 
Staph. aureus.  showing t h a t  t h e  f a t t y  a c i d s  are covalent ly  a t t ached  by non-ester bonds 
and suggest ing t h e  absence of a glycosylphosphatidylinositol anchor. The 4 9 U  p r o t e i n  is 
sedimentable  and may con ta in  s i a l i c  a c i d  or N-acetylglucosamine s i n c e  i t  r e a c t s  s t r o n g l y  
w i t h  WGA-peroxidase i n  n i t r o c e l l u l o s e  b l o t s  end can  b e  i s o l a t e d  w i t h  WGA-Sepharose. 
Because Giardia  co lon izes  an  environment r i c h  i n  f a t t y  acids .  p r o t e i n  a c y l a t i o n  may be 
p a r t i c u l a r l y  r e l evan t  t o  t h e  hos t -pa ras i t e  i n t e r a c t i o n  i n  g i a rd i a s i s .  

!4 
4 
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0 608 IMMUNOCHEMICAL COMPARISON AND CHARACTERIZATION OF THE 
SECRETED ACID PHOSPHATASES OF Leishmania ' . P.S. Doyle and D.M. Dwyer. 
Laboratory of Parasitic Diseases, NIAID, NIH, Bethesda, MD 20892. 

Promastigotes of all Leishmanra ' species, except L. n?aipt, synthesize and secrete an 
extracellular soluble acid phosphatase (SAcP) capable of dephosphorylating a wide range of 
substrates and, consequently, of modifying the parasite environment. To assess their 
relatedness. the SAcP(s) from various species were characterized biochemically and 
immunochemically. A monospecific rabbit antiserum and monoclonal antibodies made against 
the L. 
from I5 different W.H.O. reference species of Leishman ia. SDS-PAGE of immunoprecipitates 
from metabolically labeled culture supernatants showed marked differences among the SAcF'(s) 
in their relative mobilities and the number of bands resolved. These results indicated that 
chemical differences exist among the enzymes from various species. Tunicamycin treatment 
abolished enzymatic activity and resulted in a reduction in apparent molecular weight of the 
SAcP(s) from three different species indicating the presence of N-linked carbohydrates in the 
native enzymes. Intracellular amastigotes also synthesize SAcP as the enzyme was 
immunoprecipitated from metabolically labeled L. donovani-infected macrophage culture 
supernatants. These cumulative data demonstrate that the SAcP(s) from various species 
possess conserved antigenic epitopes. As the SAcP is synthesized by amastigotes it might be a 
suitable target for chemotherapeutic or immunologic intervention. 

(IS, clone 2) SAcP immunoprecipitated the enzymatic activities of SAcP(s) 

0 609 

Dept. of Pathol.. UCSD Medical Center, San Diego. CA 92103 and *Dept. of Biol.. SDSU. 

U L ~ C l V p I L  DBWOHSTMTIOS4 OF vBSI(ZIc~IAT6D -- GIABDIA LAHBLIA. 
OF CYST WALT. U r n O B S  OF 

David S. Reiner .  M i c h a e l  McCaffrey*. and F r a n c e s  D. G i l l i n .  

The Gia rd ia  l ambl i a  cys t  w a l l  is e s s e n t i a l  t o  t r ansmiss ion  of g i a r d i a s i s  s i n c e  
it is re spons ib l e  f o r  c y s t  su rv iva l  ou t s ide  t h e  host. Nevertheless.  nothing i s  known a t  
t h e  u l t r a s t r u c t u r a l  level of how t h e  encys t ing  t rophoeo i t e  l a y s  down t h e  e x t r a c e l l u l a r  
c y s t  w s l l .  This  i s  p a r t i c u l a r l y  i n t e r e s t i n g  i n  view of t h e  r epor t ed  absence of a Golgi  
a p p a r a t u s  i n  G i a r d i a .  We have  induced  0. l a m b l i a  t o  e n c y s t  i n  v i t r o  and  h a v e  r e p o r t e d  
t h e  appearance e a r l y  i n  encys t a t ion  of s p e c i f i c  v e s i c l e s  (BW) which contain c y s t  w a l l  
a n t i g e n s .  U l t r a s t r u c t u r a l  s t u d i e s  now show t h a t  t h e  ESV are l a r g e  (-1.5 t o  3 m i c r o n  
d i a m e t e r ) ,  membrane-bounded, e l e c t r o n  d e n s e  or o s m i o p h i l i c  v e s i c l e s  which f r equen t ly  
p ro t rude  from t h e  plasma membrane of encys t ing  ce l l s .  BSV are r a r e l y  observed i n  non- 
encys t ing  c e l l s .  Frozen s e c t i o n  immuno EM confirms t h a t  cys t  a n t i g e n s  are concentrated 
w i t h i n  t h e  BSV a s  w e l l  as t h e  n a s c e n t  c y s t  w a l l .  The i d e a  t h a t  v e s i c l e  c o n t e n t s  are  
re l eased  t o  t h e  developing w a l l  by exocytoeis  is supported by t h e  observat ion of fus ion  
between t h e  membranes of protruding immunogold-labelled ESV and t h e  plasma membrane. To 
begin t o  determine how BSV are assembled. w e  s tud ied  c e l l s  a t  5 t o  8 hour of encystat ion.  
when c y s t  an t igens  can a l r eady  be de t ec t ed  by immunoblot. b u t  few BW are vis ible .  A t  
t h i s  stage.  cys t  an t igens  are as soc ia t ed  w i t h  endoplasmic r e t i cu lum and Sometimes w i t h  
membrane s t a c k s  which resemble a Golgi s t ruc tu re .  These s t u d i e s  support  t h e  hypothesis  
t h a t  an ER->(Golgi?)-->ESV pathway may be assembled f o r  export  of cyat rall antigens.  
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0610 

E. Hundt, B. Knapp and H.A. Kupper, Dept. o f  Molecular Biology, Behringwerke AG, 
3550 Marburg, F.R.G. 
By screening o f  a L g t l l  l i b r a r y  from P.falciparum genomic DNA w i t h  an antiserum ra ised 
against the 41 kD p ro te in  band, which confers p ro tec t i ve  inmunity t o  monkeys (l), a clone 
was i so la ted  coding f o r  a crossreacting antigen. The i n s e r t  was used t o  i d e n t i f y  two ge- 
nomic fragments which ca r ry  the e n t i r e  gene sequence. We present the complete nucleotide 
and deduced amino ac id  sequence. The p ro te in  encoded contains no r e p e t i t i v e  elelnents, bu t  
i s  characterized by a signal sequence preceded by a charged sequence a t  t he  amino terminus 
as wel l  as by two fu r the r  hydrophobic segments assumed t o  be membrane anchor sequences. 
Antibodies against the expression product o f  a fragment comprising 70% o f  the coding 
region, which s t rongly  reacts  w i t h  inmune sera, i n h i b i t  P.falciparum growth i n  v i t r o .  
Western b l o t  analys is  revealed a 29 kD schizont antigen, which could be l oca l i zed  on the 
schizont membrane, on the membrane o f  pa ras i t i zed  erythrocytes as we l l  as on "Maurer's 
c l e f t s "  by inmunoelectronmi croscopy. 
(1) L.H. Pe r r i n  e t  a l .  (1985) J.Clin.Invest. 12, 1718-1721. 

A new blood stage antigen o f  Plasmodium falciparum transported t o  the ery throcyte 
surface 

substrate adhesion and have been implicated in cytoskeletal reorganization 
in some cell tvnes. 
We have screeneg-an S. 
vector 3ZAP usin? an a%?%& raised against apical membrane proteins 
from adu t garasi es. 
phage inserk sizes were studied furt er and five recombinants from this Dane1 

cDNA expression library constructed in the 
In an initial screen of two million recombinant 

twen y one clones were glaque-purified. Eight clones with different 
were found to contain related sequences by hybridization. 
analysis of the longest of these related clones (2 4 kb re icted an o en 
readin frame whose amino acid sequence exhibited.40-5k gomology with h e  
deduce8 sequence of chicken rabbit and human calpains. Comparison of the 
seconda structure and hydiopathy brof$les of the schistosome and 
vertebrze sequences also suggested a hi h degree.of structural 
relatedness. 
with.its' vertebrate counterparts including a Cyterminal calcium-binding 
domain (E-F hand structure). Theke structyral similarities and 
localization to membranes raise the possibility that the schistosome 
protein may also pla a role in calcium-dependent cytoskeletal-membrane 
interactions within The tegument of the parasite. 

Secpenc'e 

The schistosome sequence dared a similar domain structure 

0 612 THE SYNTHESIS AND TURNOVER OF THE MAJOR SURFACE PROTEIN OF ERUG~A M u n .  
Gek-Eng Kwan-Lim, Murray E. Selkirk', William F. Gregory and Rick M.Maizels , 
Depts of Pure and Applied Biology and 'Biochemistry, Imperial College of Science 
Technology and Medicine, London SW7 288, UK. 

The 29K molecule is a major surface glymprotein of Brugia species. This molecule is present on the 
surface of both L4 and adult worms but absent from less mature stages. It is highly immunogenic and 
contains two N-linked oliisaccharides together with a single exposed trypsin site on the sutface of adult 
worms. In cell-free translation of adult mRNA, a 40K product is synthesized; in the presence of 
microsomal membranes this is cleaved at a signal peptidase site to a 38K peptide. In living worms, a 32K 
transient precvsor is seen in metabolic pulse-chase experiments and this is processed into the 29K 
molecule within 30 minutes of synthesis. Localising this molecule by immuno-electron microscopy in 
adult worms, it is found to be synthesized in the hypodermis, concentrated on the hypodermal membrane 
and distributed throughout the cuticle. This protein is also present on the basement membrane of the 
basal lamella of the gut. A 29K molecule is a major component of ES released in Vilro into culture 
medium by adult worms; this 29K shows identical 2D gel migration and glycosidase sensitiiity to the 
surface 29K. Metabolic in vitm pulsschase experiments confirm that the 29K k turned over from 
adult worms and can be detected in culture medium within 4 hours of labelling. 
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0613 MOLECULAR CLONING AND CHARACTERIZATION OF PC96, AN ERYTHROCYTE 
MEMBRANE ANTIGEN FROM PLASMODIUM CHABAUDI ADAMI, Carole A. Long, 

J.P.D. Goldring, William P. Weidanz, C. Wanidworanun and Hannah L. Shear, 
Department of Microbiology and Immunology, Hahnemann University, Phila., PA 
19102 and Dept. of Parasitology, New York Univ., New York, NY 10016. A 96kd 
malarial antigen (Pc96) has been reported to be associated with the plasma 
membrane of erythrocytes infected with the murine malarial parasite& 
chabaudi u. Immunization with affinity-purified Pc96 partially 
protected mice against challenge with the homologous parasite. 
characterize Pc96 at a molecular level, monoclonal antibodies against this 
antigen were used to screen a genomic expression library in the vector 
lambda gtll. One clone was chosen for further study and a partial 
restriction map of the insert was determined. Southern and Northern 
analysis have been carried out and DNA sequencing of the entire coding 
region (2.8kb) has been completed. Although nucleic acid sequence homology 
with the gene encoding the RESA antigen of E falciwarum is minimal, the 
translated sequence has amino acid homology with this antigen and also 
shows an area of homology with erythrocyte band 3. A hydropathy plot of 
the predicted sequence suggests a very hydrophilic molecule with a hydro- 
phobic region at the C-terminus. These studies may provide a basis for 
examining the biological role of this antigen as well as its importance as 
a vaccine candidate. 

To 

0614 UBELUG OF w m ,  W. M.i.lhU8en1, C. Kd, K. 
Baftn&, M. Stiff2. -, Baiider, a3 803011, Lilly Reaemsh 

Laboratories, Gremfield Laboratories, Gremfield, IA 4614s. 
sporozoites fmm tenella by twD different identifie3 a limited 

prezeme of faur major p o l e - ,  dgrathg at 27, 24, 21 ard 3 Fd an M mreducd 

pol- by imuxgaecipitatian w i t h  antisera to a clone isolated fmm a 

this polypeptide antains slaall stmtcba of a IMLpptif colllpcn amrq the Eimerian 
genera. Western analysis of F. Scervullna, F. ard E. m i t i s  irriicateS the 

icdination of qorrxoites revealed a single major labeled pol- dgrathg at 6 
Fd an a reduoed Sm-P-. 
gynthesizd as a 25 Fd protain and is proceesed meveral times into smaller ccmpnents. 
Analysis of the syntbsis Of this prut8in t3mqkut sporulation indicatee that the 
paptein is pnxesed in part prior to qomcpte formation while additicnal proceasing - during a highly reactive hemologue in othsr epecies. 
Calplex series of events may axw an tha surf- of tha qorrxoite fmm unique 
species specific genes w h i d l  a m  ~ l y t i c a l l y  prooessed to pol- whi& m y  
be culmcm amrq the different species infecting avian hosts. 

Surf- labeling of 

number of major polyp@ides. Iabellng with B01- reagent detected the 

SIE-PAGE: Ihe 24 and 21 Fd Species Were sharnto be tha 01 hiqhly-1- 

qm?Xoite GINA -icn library. ssquem% analysis of this clam inaicates that 

presence of a highly cross-reaCtiVe hcmalcgue h 0Xll of theee drlordn8 T 

'Ibis polypepth is part of a laqerpmteinwhich is - data suggest a 

0 615 GLUCOSE UPTAKE BY * T PANOS BRUCEI, Teresita Munoz-Antonip* 
Christian Tschudi , Rienja:i? Spencer* 2nd Elisabetta Ullu +: 

MacArthur Center for Molecular Parasitology, Department of Internal 
Medicine and +Department of Cell Biology, Yale University School of 
Medicine, New Haven, CT 06510. 
In Trmanosomq brucei,, the requirement of glucose and its metabolism 
vary in different stages of the life cycle. It is not known whether the 
uptake of glucose in bloodstream and procyclic trypanosomes is by 
similar or different specific transport mechanisms. The specific uptake 
of glucose in bloodstream trypanosomes has been documented, but no 
attempts have been made to study glucose uptake in procyclics or to 
identify the molecule(s) involved in the transport. Using rapid 
centrifugation through a medium of defined density as a mean to separate 
free from intracellular glucose, we have measured glucose uptake in 
trypanosomes and shown that procyclic trypanosomes can uptake glucose in 
a specific, time- and dose-dependent manner. This uptake is inhibited by 
sulphydryl inhibitors and cytochalasin B. These compounds are known 
inhibitors of carrier mediated glucose uptake suggesting the presence of 
a glucose transporter in procyclic trypanosomes. These results are 
supported by the isolation of trypanosome cDNA clones that cross- 
hybridize with yeast and mammalian glucose transporter DNA probes. 
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0 616 A RECOEBINANP BABESIA ECWIS MER3ZOITE SURFACE P-IN ELICITS ANTIBcDY IN C A W  THAT 
RECIS WITH LIVE MF.IDzOITES. mid W. Reduker and Will L. Goff, USDA-ARS, Animal 

Disease Research Unit, Pullman, WA, Eouglas P. Jasner, Lance E. Persyman, Willian C. Davis 
and Travis C. McGuire, Dept. Veterinary Microbiology and Pathology, Washington State 
University, FuUman, WA 99164. Ten inamclonal antibodies (Md\bs) - generated against five 
surface-f3qosed proteins (M 16 kDa, 44 kDa. 60 kDa, 225 kDa) on merozoites of Babesia bwis. 
~hese ~ t s  were used to Srcreen a ~ g t ~  gencmic library for the expression of rechinant 
surface pmteins. A recanbinant clone ( W 4 - 1 5 )  was identified that encoded a protein which 
bound a MoAb specific for native 44 kDa surface protein (Bo44). Southem blot hybridizations 
of bovine leukocyte DNA and mzoite DNA with radiolabeled 8044-15 DNA confinned the para- 
site-specificity of the cloned fragmnt. These assays indicated that the cloned sequence 
existed as multiple ccpies within either the parasite population or the genam of individual 
mzoites. Western blot analyses of XBo44-15 lysogen preparations demonstrated that recan- 
binant protein production was IPPG-induced and the recanbinant protein was a pgalactosidase 
fusion protein. Recanbinant 44 kDa protein was purified by imnunoaffinity chranatography and 
used to imnunize cattle. InnnJne sera fran these animals imnunoprecipitated a metabolically- 
radiolabeled merozoite protein of 44 kDa and reacted by indirect innunofluorescence assay 
with the surface of live merozoites. Thls, these data indicated that antibody generated 
against m i n a n t  8044-15 protein in cattle reacted with surface-exposed, native 8044 
protein. 

0 617 

R.A. Wells and D.J. Weatherall. MRC Molecular Haematology and Tropical Medicine Units, 
Nuffield Department of Clinical Medicine, University of Oxford, John Radcliffe Hospital, 
Headington, Oxford OX3 9DU K. Takehara. I.M. Jones and D.H.L. Bishop. NERC Institute of 
Virology, Mansfield Road, Oxford. 
We have recently described the cloning and sequencing of a new malaria gene TRAP (thrombo- 
spondin related anonymous protein) which bears striking homology to another malaria antigen, 
the circumsporozoite protein as well as to two host proteins thrombospondin and properdin. 
TRAP also shares with certain extracellular glycoproteins, including thrombospondin. the 
cell-recognition signal Arg-Gly-Asp(RGD). which has been shown to be crucial in the 
interaction of several extracellular glycoproteins with members of the integrin superfamily. 
Unlike the circumsporozoite protein TRAP is expressed during the erythrocytic stage of the 
parasite life-cycle. 
expression system, a selection system involving glutamine synthetase as well as 
0-galactosidase fusion proteins. 
generation of suitable immunological reagents to be used in experiments defining the 
function of this new antigen. 
based on the homology with thrombospondin, invasion due to the likeness to properdin or 
other cell-interactions involving parasite-host interactions. Other work on TRAP includes 
the study of restiction fragment length polymorphisms associated with the gene. 
polymorphisms exist, one occurs within the gene and the others involve flanking sequences. 

TRAP. A UAIARIA ANTIGEN WITH IKX&3LOCiY To THRfMEOSPONDIN. PROPmIN AND CS PROTEIN. 
Kathryn J.H. Robson, Jennifer R.S. Hall, Gillian Cowan. K. Marsh. C.I. Newbold. 

Current work involves the expression of TRAP using the baculovirus 

Purification of TRAP from such systems will permit the 

Possible functions for TRAP include roles in cytoadherence 

Several 

0 618 COMPLEMENT RECEPTOR TYPE 3 BINDS TO AN ARG-GLY-ASP CONTAINING 
REGION OF D I S  HMANIA GP63. David G. Russell and Samuel D. Wright, 

NYU Medical Center, 550 First Avenue, NY 10016, and Rockefeller University, 
NY 10021. Lei shmania's survival is dependent on the promastigote entering 
and infecting the macrophage, a process known to be receptor-mediated. To 
identify the receptor for one of the ligands, gp63, the glycoprotein 
(J.Immunol.u.2613.1986) was reconstituted, together with phospholipids, 
onto the surface of a C18-derivatized silica bead. Attachment to human 
macrophages was dependent on the density of exposed gp63 (J.Exp.Med.m.279. 
1988). Plating of macrophages onto antibodies against CR3 inhibited binding 
of gp63-beads. Synthetic peptides based on the RGD region of the primary 
structure of gp63 blocked binding of both gp63-beads and EC3bi to 
macrophages, as did intact gp63 made soluble by the removal of its 
phosphotidyl inositol membrane anchor. Similarly, other peptides known to 
inhibit the binding of C3bi also blocked gp63-bead attachment. Antibodies 
raised against the synthetic peptide from gp63 recognised the a-chain of 
human C3. Univalent F(Ab) fragments from this antibody also inhibited the 
attachment of gp63-beads to macrophages. These results demonstrate that the 
promastigote surface protein gp63 can bind directly to CR3 without the need 
for complement opsonization. 
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0 619 Leishmania LIPOPHOSPHOGLYCAN (LPG) BINDS TO THE CR3, LFA-1, p150,95 
FAMILY OF ADHESION RECEPTORS. Patricia Talamas and David G. 

Russell. NYU Medical Center, 550 First Av. New York, NY 10016. Leishmania 
is an obligate intracellular parasite of the macrophage phagolysosome. 
Phagocytosis of leishmania promastigotes involves specific ligand-receptor 
interactions. The parasite molecules responsible for attachment to the host 
cell are a glycoprotein of 63 KDa (gp63) and the LPG. It was thought that 
LPG interacted with the mannose-fucose receptor, which is present on 
macrophages but not on monocytes. To identify the receptor for LPG, we 
tested the binding of LPG-beads to both monocytes and monocyte-derived 
macrophages. In both cases the beads bound strongly and trigger 
phagocytosis. The binding was dependent on the presence of cations and was 
abrogated by treatment of the macrophages with trypsin. In receptor "down- 
modulation" experiments, it was possible to correlate accessibility of the 
8-chain (CD18) of the CR3, LFA-1, p150,95 dimers as a requirement for LPG- 
mediated binding. The monoclonal antibody IB4, against CD18 inhibited 
binding about 50 to 70 $. Antibodies against the a-chain of CR3 (OKM1) or 
a-chain of LFA-1 (LeuM5) caused partial inhibition of LPG binding. A 
polyclonal antibody against the mannose-fucose receptor caused 30% 
inhibition. Interestingly, cells plated onto HSA + anti-HSA, or monoclonal 
antibody against FcR (3G8), increased the number of bound LPG-beads/cell. 

0620 TRYPANOSOWA HEHERME GLYCOPROTEINS INVOLVED IN ITS ADHESION TO 
WlllULIAN CKISS, Fernando Villalta and Haria F. Lira, Division of 

Bio-ical Sciences, Ueharry Medical College, Naashville, !I" 37208. 
T m a n o  sp.31 trypomastigotes lust adhere to mammalian cells before 
they can penetrate them. We have analyzed the surface trypomastigote 83 
kDa component that mediates the adhesion of trypomastigotes to heart 
myoblasts by 2-DirenSional PAGE. This adhesive component is not present on 
the cell surface of non invasive epirastigotes, but is expressed in 
trypomastigotes arising vhen epimastigotes differentiate into 
trypomastigotes. The bound trypomastigote 83 kDa component was dissociated 
from heart myoblasts, resolved by 2-Direneional PAGE and analyzed by laser 
densitometry. Two 83 Ma glycoproteins of PI 6.4-6.7 and 6.9-7.1 were found 
to compose the 83 kDa band observed in one dimensional PAGE. The 83 kDa 
glycoprotein of PI 6.4-6.7 is the major umponent of this band. The major 
83 Ma glycoprotein frcm highly infective tryporastigote clones associates 
more intensely with myoblasts than its counterpart from veakly infective 
trypomastigote clones. These results seem to indicate that the 83 kDa 
surface glycopmtein of T. & tryporastigotes that binds to heart 
myoblasts is composed of a major glycopyotein of PI 6.4-6.7 and minor 
glycoprotein of PI 6.9-7.1. (Supported by NIH grant 1 R29 AI 25637-OlA1 and 
AID grant DAN-5053-G-SS-8052-00). 

0 621 BINDING OF PLASMODIUM BERGHEI PROTEINS TO INSIDE-OUT VESICLES PREPARED 
FROM ERYTHROCYTE GHOSTS. M.F. Wiser*, A.C. Sartorelli and C.L. Patton. MacArthur 

Center for Molecular Parasitology, Yale U. School of Mediane, New Haven, CT. 06510. 'Present 
Address: Department of Tropical Medicine, Tulane U. Medical Center, New Orleans, LA 701 12 

Two acidic phosphoproteins of Plasmodium berghei origin, with molecular masses of 65 kDa 
(Pb(em)65) and 46 kDa (Pb(em)46), are associated with the host erythrocyte membrane. Pb(em)65 
partitions between the soluble and particulate phases upon host cell lysis, whereas Pb(em)46 is 
localized exclusively in the particulate fraction. Both proteins bind to inside-out vesicles (IOV) derived 
from mouse erythrocyte ghosts. The conditions of the reassociation reaction indicate that the binding 
is specific and that the proteins interact only with the cytoplasmic face of the erythrocyte membrane. 
Extraction of the IOV under alkaline conditions, before use in the binding assay, indicates that binding 
of the Pb(em)65 is only partially dependent on the presence of erythrocytic peripheral membrane 
proteins (e.g. ankyrin, bands 4.1, 4.2). whereas the binding of Pb(em)46 is absolutely dependent on 
these erythrocytic peripheral membrane proteins. Likewise, pretreatment of the IOV with papain only 
partially inhibits the binding of Pb(em)65. These results imply that Pb(em)65 interacts with both 
proteins and lipids of the erythrocyte and membrane. Furthermore, it appears that both Pb(em)65 and 
Pb(em)46 interact with the submembrane cytoskeleton of the erythrocyte. In summary, we have 
reconstituted Some aspects of the host-parasite complex at the level of the erythrwe membrane 
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