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Molecular and Cellular Biology of Host-Parasite Interactions 

Molecular Genetics of Protozoan Parasites 
C 001 GENE EXPRESSION AND REPLACEMENT IN LEISHMANIA, Stephen M. Beverley. Angela Cruz. Cara M. Coburn, 

Jon LeBowitz, Diane McMahon-Pratt', Laura Rusche. Dept. of Biological Chemistry and Molecular Pharmacology, Harvard 
Medical  School. Boston M A  021 15, Yale Universi tv Medical School. New Haven, CT. 

We have developed methods for homologous gene replacement in 
Leishmania major (1,2). The targeting fragments in a11 cases consist of linear 
DNAs bearing Leishmania sequences flanking markers encoding either G418 or 
hygromycin B resLstance (neo or hygl. The first studies with NEO constructs 
in the dhfr-fs locus showed that all transfected DNAs were found at the dhfr- 
ts  gene. If high amounts of targeting fragment were used, insertion of 
multiple copies into the dhfr-ts locus were observed, as well as low levels of 
extra-chromosomal circular DNA. In contrast, reduced amounts of targeting 
fragment lead to replacement of the dhfr-rs coding region with neo. These 
+ lneo lines were phenotypically normal. 

Since Leishmania lacks an experimentally-demonstrable sexual cycle 131 and 
deletions are not available for most loci, we developed the method of double 
gene replacement to permit functional inactivation at any locus, using hyg as 
the second selectable marker. G418 and hvgromycin B resistance conferred 
by neo and hyg are independent. permining their use simultaneously or 
sequentially. Successive targeting of + lneo lines with hyg targeting 
fragments yielded neolhyg lines that were thymidine auxotrophs and lacked 
dhfr-rs sequences; similar results were obtained with + lhyg lines and neo 
targeting fragments. In both cases, the efficiency of targeting in the second 
round was comparable to that seen in the first round. The method of double 
gene targeting should permit replacement of both copies of any locus. and 
conditional auxotrophs such as the neolhyg lines may constitute useful strains 
for live parasite vaccination or the delivery of heterologous antigens. 

Transcription in trypanosomatids is thought to occur in a polycistronic fashion. 
To help in our studies of this process, we have introduced a heterologous 
Polymerase-promoter system into Leishmania promastigotes. The system that 
we have devetoped uses the T7 RNA polymerase and the 23 bp T7 promoter. 
Lines expressing two forms of T7 RNA polymerase have been developed, 
using pX-based expression vectors (1,4l: one expressing native polymerase, 
and one expressing a modified polymerase containing an SV40 T antigen 
nuclear localization signal. Western blots show equals amounts of enzyme 
protein. but immunofluorescence studies show that the native polymerase is 
spread throughout the cytoplasm. whereas the T7nls polymerase is localized 
to the nucleus. This system functions well within Leishmania: insenion of the 
T7 promoter upstream of the splice acceptor sequence of reporter gene 
constructs expressing E. cob 8-galaczosidase 151 results in 4-fold increased 
expression with native T7 polymerass. and more than 40-fold increases with 
the T7nls polymerase. The results obtained with this system in probing 
elements involved in polycistronic transcription will be discussed. 

References 
1. Cruz. A,, C.M. Coburn, S.M. Beverley 119911, Proc. Natl. Acad. Sci. USA 
88:7170-7174. 2. Cruz, A., Beverley, S.M. (19901, -348: 171-4. 3. 
3. Panton. L.J.. Tesh, R.B.. Nadeau, K.C., Beverley. S.M. (19911, & 
Protozooloay 38:224-228. 4. LebwiQ, J.H., Coburn, C.M., McMahon-Pran, 
D.. Beverley. S.M. (19901. Proe. Natl. Acad. Sci. 
Lebwiu .  J.H., C.M. Coburn. S.M. Beverley (19911.- 103119-123. 

87: 9736-40. 5. 

COO2 MECHANISM OF HOMOLOGOUS RECOMBINATION IN LEISHMANIA ENRIETTII, Dyann F. Wirth, James F. Tobin, 
Avraham Laban and Maria Curroto de Lafaille, Harvard School of Public Health, Boston, Massachusetts. 

Using our stable transfection system we have targeted insertional mutagenesis based on 
previously shown that promastigote forms of homologous recombination between exogenously added 
Leishmania enriettii contain the enzymatic DNA and the targeted gene in the parasite 
machinery to mediate interplasmidic homologous chromosome. Analysis of such transfectants 
recombination (1). We cotransfected two plasmids, indicates that all of the insertion events are 
containing nonoverlapping deletions of the restricted to the homologous gene target. As 
bacterial chloramphenicol acetyl transferase (CAT) little as 200 base pairs of sequence homology 
gene, into _L. enriettii and demonstrated that a between the plasmid and the genome is required for 
full-length CAT gene could be generated by integration. Nonhomologous recombination events 
homologous recombination. This work demonstrated are not detected. These results indicate that 
that Leishmania enriettii contains the enzymatic exogenous DNA sequences can be integrated into the 
machinery to mediate efficient interplasmidic L.  enriettii genome provided that they are flanked 
homologous recombination and has allowed us to by homologous DNA sequences. Finally, we have been 
develop a method for cotransfection of two plasmids able to delete one of the two tandem repeats of 
only one of which carries a selectable marker. alpha tubulin genes using homologous recombination 
addition, we have devised a method for gene of flanking DNA sequences. 

In 

Cytokines in Host-Parasite Interactions 
C 003 ANALYSIS OF CD4+ T CELL RECEPTOR USAGE IN MURINE LEISHMANIA MAJOR INFECITON. Richard M. Locksley, Steven L. 

Reiner. Zhi-en Wang, Bettie J. Holaday, Michael D. Sadick, and Farah Hatam. University of California San Francisco, San Francisco, CA. 

Infection of BALB/c mice with Leishmania major leads to progressive 
dissemination of the parasire and fatal disease associated with expansion of 
CD4+ T cells that express mRNA for IL-4 and IL-10, consistent with a 
Th2 phenotype (I). A number of immunologic interventions, including 
sublethal irradiation or adminisnation of anti-CD4+ or anti-IL-4 
monoclonal antibodies, at the time of inoculation of the organism, results 
in control of Leishmania replication and establishment of immunity. In 
each case, such interventions are associated with expansion of CD4+ T 
cells that express mRNA for IL-2 and IFN-y, consistent with a Thl 
phenotype. Cell lines established from BALBic m c e  with progressive 
infection or with established immunity are capable of transferring the 
respective phenotype to scid mice that are orherwise unable to contain L. 
major (2). A series of anti-T cell receptor Vp monoclonal antibodies were 
used to analyze potential differences in T cell receptor usage in mice with 
progressive or controlled infection. Lymph node cells draining the sites of 
parasite infection were harvested and analyzed using FACS for Vp 
expression. Among the antibodies screened, including anti-Vp5, 6,  7, 8, 
9 , l l  and 13, there were no significant usage differences between the two 
groups of BALB/c mice in either the CD4+ or the CD8+ T cell 
populations. This analysis accounted only for 50% of the dp+ T cells in 
the lymph nodes, however. In order to assess T cell receptor usage more 

completely, hybridomas were established using the appropriate lymph 
node cells and an dp T cell receptor negative BW5147 thymoma cell line. 
Fusion cells were selected on the basis of dp expression and production of 
Thl or ThZ cytokines following stimulauon. Eleven Th2 hybndomas and 
two Th2 parasite-specific clones were analyzed by reverse ranscribing 
mRNA, PCR amplification using degenerate primers to screen all the 
murine Vp T cell receptor family genes, and direct sequencing of the 
amplification products. Seven of the 13 used either Vp4 or VplS. Of 
interest, of two Thl clones analyzed. one used Vp4 and the other Vp15. 
These data suggest preferential usage of these two Vp chains by parasite 
specific CD4+ cells in both healing mice and mice with progressive 
disease. (Supported by NIH AI30663) 

1. Heinzel FP, MD Sadick, S S  Mutha, RM Lccksiey. 1991. Production 
of interferon y. interleukin 2, interleukin 4 and interleukin 10 by CD4+ 
lymphocytes in vivo during healing and progressive munne leishmaniasis. 
Proc. Natl. Acad. Aci. USA 88:7011. 
2. Holaday BJ, MD Sadick, Z Wang, SL Reiner, FP Heinzel, TG 
Parslow, RM Locksley. 1991. Reconstitution of Leishmania immunity in 
severe combined immunodeficient mice using Thl- and Th2-Wre cell lines. 
J. Immunol. 147:1653. 
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Molecular and Cellular Biology of Host-Parasite Interactions 

C 004 ANALYSIS OF THE ROLE OF SPECIFIC-CD4+ T CELLS IN RESISTANCE AND SUSCEPTIBILITY OF MICE TO PRIMARY AND 
SECONDARY INFECTIONS WITH LEISHMANIA MAJOR, Jacques A. Louis1. Fatima Conce i$a~-S i lva~~~ ,  Ingrid Miillerl, Ulrich Fruthl 

and Pedro Romero2, World Health Organisation Immunology Research and Training Centre, Institute of Biochemistry, University of Lausanne, 2Ludwig 
Institute for Cancer Research, Epalinges, Switzerland and 30swaldo Cruz Foundation, Rio de Janeiro, Brazil. 

Experimental evidence derived from the study of mice infected with 
Leishmonia major (Lmajor) has demonstrated that acquired T cell 
responses are imponant in determining either resistance or susceptibility to 
infection with this parasite. It has been shown that CD4* T cells 
expressing a THl functional phenotype are preferentially expanding in 
lymphoid tissues of infected resistant mice. These cells exert an anti- 
Leishmania effector function through the lymphokines they secrete. 
Although interferon7 plays an important role in the elimination of 
Leishmonia from infected hosts, experimental results suggest that 
resistance to infection requires the activity of other lymphokines. TH2 
CD4+ T cells have been shown to expand prefmnaally in susceptible mice 
infected with Lmajor and their effect on the disease process is at least 
partly due to the Interleukin 4 that they release. 
Experimental evidence also indicates that not all THl like parasite-specific 
T cells are able to lead to the elimination of Lmajor from infected mice 
and it appears that their pmrective activity is related to their fme specificity. 
Recent results strongly suggest that T cells from the CD8+ subset 
contribute to immunity against L.major under certain well defined 
experimental conditions. Eventhough the importance of CD8' T cells in 
controlling the course of a primary infection appears to be minimal, these 
cells are required for the establishment of resistance to reinfection. 

Indeed, the protective role of CD8' T cells has been shown in resistant mice 
cured from a primary lesion as well as in susceptible nuce rendered immune 
following immunological interventions such as: administration of anti-CD4 
monoclonal antibodies at the beginning of infection, or a n t i - m  monoclonal 
antibodies during the course of a primary infection. In addition, significant 
numbers of CD8+ T cells, able of transferring Lmajor-specific DTH 
responses to normal recipients,were found in lymphoid tissues of these 
mice. These findings indicate that Leishmania-specific CD8' T cells are 
induced during the course of infection. 
Leishmania-specific CD8' T cell lines have been derived from the spleens of 
resistant mice that had recovered from a primary lesion. These lines 
displayed specific cytolytic activity against target cells sensitized with 
peptide digests from Lmajo r  promastigotes in a MHC class I restricted 
fashion. Suickingly, these cytolytic T lymphocytes (CTL) lines also 
significantly lysed syngeneic macrophages parasitized with Lmajor. This 
abiliry of MHC class I mstricted CTL to recognize parasitized macrophages 
indicates that some antigenic peptides from Lmajor, which are confined to 
the phagolysozome compartment of thelr host cells, reach the class I MHC 
pathway of presentation (supported by the Swiss National Science 
Foundation and the World BankAJNDPmHO Special Programme for 
Research in Tropical Diseases). 

C 005 CHAGAS'DISEASE: A PROBLEM OF CLASS REGULATION OF THE IMMUNE RESPONSE, Marcia Cury El Cheichl, Antonio Coutinhol, Doug 
RossZ. Harvev Eisen2. Mireille-Hontebevrie-Joskowicz1. and Paola Minoprio1,l Department of Immunology, Pasteur Institute, Paris, France, 2 Fred 
H u t c h i n  &cer Research Center. SeaPie, WA. 

T. cruzi parasite is known to induce a very high plyclonal activation of all 
classes of B and T lymphocytes. The patterns of antibody production and 
iymphokine secretion in the first two weeks of infection suggest an extensive 
CD4-dependence of polyclonal responses with a typical Th2-T cell 
participation. Thus, CW-T cell depleted animals, as well as nude mice, while 
presenting increases in the number of circulating parasites, show a marked 
reduction of tissue inflammation. In addition, C W  cell numbers are more 
elevated in sensitive strains of mice and. besides that, a CD4 cell line isolated 
from a chronically infected mouse was described as able to induce both 
polyclonal B cell activation and pathology to naive animals. We have observed 
that whenever the animals have their immune system compromised 
(lymphocyte depletions, anti-interleukine treatments "in VIVO"), survival is 
prolonged even in the presence of higher parasitemia. These results though 
conflicting can be combined by the recently dichotomy between Thl and Th2 
C W  cells which can mutually regulate their activities. We have recently 
proposed a potential role for CD5 B cells on the immune mechanisms induced 
by T. cruzi . These lymphocytes. particularly involved early in ontogeny. whose 
numbers are enhanced in autoimmune disorders. are a minor subset in adults. 
After T. cruzi infection, CD5 B cells are preferentially stimulated in parallel 
with DNT cells also known to be expanded in pennatal life. Those observations 
suppon our hypothesis of correlation between the expansion of these minor 
populations and the establishment of autoimmunity in late stages of disease. 
We have described that animals depleted on CD5 B cells - by lethal irradiation 
and adult bone marrow reconstitution- or Xid mice - bearing the Xid defect 
which leads to a block of CD5 B cell development-. when infected by 7. cruzi 
display poor B cell responses (specific and non-specific antibody productions). 

These animals control parasitemia, do not show the typical wasting induced by 
infection and do not develop pathology. However, B cells from deficient mice 
conserve high levels of blast transformation in spite of no production of 
antibodies. suggesting that CD5 B cells could rather be implicated in the 
facilitation of B cell responses than in the production of the elicited antibodies. 
C M  B lymphocytes could k controlling the repertoire of T and B cells by 
secreting lymphokines which could block Thl activities or by enhancing MHC 
classe II  molecules on B cells. Thus, it has k e n  shown that 1L-10, produced by 
Th2 are also produced by CD5 B cells and can mediate those activities. Indeed. 
by PCR amplification of RNA messages, or by in sifu hybridization for the 
analysis of messager RNA at single cell level, we demonstrated that spleen cells 
from CD5 B cell deficient animals, in contrary to non deficient mice, show 
decreased IL-I0 messages in the first two weeks of infection. More 
importantly, in the first 4 days. these animais show increased yIFN and IL-2 
messages, Thl-lymphokines known to be suppressed in early phases of 
infection but the main mediators of parasite clearance. These results 
corroborate our claims that plyclonal activation accompanied by high levels 
of non-specific antibodies leading to an uneffective clearance of the parasite 
deal with a strong stimulation of one lymphocyte class (Th2) followed by an 
unbalanced response of the immune system. Therefore. the Thl blocking 
observed in the early acute phase. if reverted could favor the prognosis of the 
disease.This work was supported by UNDPNorld B-0-TDR. ID 910289 
For review: 
I )  Minoprio. P. et al. Immunol. Rev. Immunol. Rev. 112: 183. 1989 
2) Hontebeyrie-Joskowicz. M. and Minoprio. P. Res. Immunoi. 142: 125. 1991 

Genomic Organization 
C 006 MAPPING REGIONS OF THE MALARIA GENOME WITH YACS, David J. Kemp, Tony Triglia, Jenny Thompson, Debra 

Barnes, Freda Karamalis. Graham V. Brown. Karen P Day and Alan F. Cowman, The Walter and Eliza Hall Institute of 
I ~~~ ~ 

lMedical Research, Melbourne Victoria 3050, Australia. 
We have used the Yeast Artificial Chromosome (YAC) system 
to examine two  regions of the Plasmodium fak iparum genome. 
First, we have cloned large regions of a 110 kb amplicon bearing 
the pfmdr gene that is present in chloroquine resistant line 88. 
We have identified and sequenced the breakpoints by a novel 
method involving inverted PCR. We have shown that 
amplification of p fmdr l  has arisen as multiple independent 

events. Second, w e  have cloned a region of -180 kb from near 
the right end of chromosome 9. This corresponds to a region that 
is often deleted during culture in mtro generating parasites that 
have lost the ability to express PEMPI and are non-cytoadherent. 
We are currently examining this cloned region in order to 
establish whether it encodes PfEMPl or is a regulatory region. 
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C 007 REGULATION AND IMMUNOMODULATORY FUNCTtON OF TH2 CYTOKINES IN PARASITIC INFECTION Alan S h e r l  
Ricardo Gazz ine l l i l  Isabelle Oswaldl Mar ika  Kul lbergz J a y  Berzofskyz Herbert C Morse3 Edward  P e a r c e i  

Tim Mosmann4 and Stephanie L James1 l l m m u n o l o g y  and Cell B io logy  Sec t ion  Labora tory  of Paras i t i c  D i s e a s e  
N a t i o n a l  Ins t i tu te  of A l le rgy  a n d  In fec t ious  D isease (NIAID) Bethesda M D  2 0 8 9 2  2National Cancer  Ins t i tu te  
Bethesda 3Laboratory of l rnmunopatho logy  N l A l D  4Departrnent o f  Immuno logy  U n i v e r s i t y  of  A lber ta  E d m o n t o n  
CAN 

The Th2 subset of CD4+ cells produces a series of cytokines (IL 4 IL 5 
IL 6 IL 10) associated with 8 cell help as well as the allergic response 
Recent data suggest that a number of these ThZ lymphokines may have 
important immunomodulatory functions inhibiting both the induction and 
expression of  cell mediated immunity (CMI) This relationship is 
exemplified in murine parasite infection models where the occurrence 01 
Th2 responses often associates with a loss in CMI While already 
documented in BALB/c mice with exacerbated L major inlection the 
phenomenon is also evident in rnurine schistosomiasis mansoni where at 
the onset of egg laying there is a concomitant burst in Th2 cytokine 
activity and suppression of Thl responses to parasite antigen as well as 
mitogen Moreover mice during this period show decreased Thl and 
augmented Th2 responses to injected myoglobin suggesting that this 
regulatory state extends to non-parasite antigens The down regulation in 
Thl response occuring after egg production is closely associated with the 
production of IL-10 and neutralizing anti IL-10 antibodies up-regulate 
the suppressed parasite and myoglobin specific IFN \ responses 

Host-Parasite Interactions Cell Invasion 

observed in vitro In addition to down-regulating Tht cytokine 
synthesis IL-10 can directly suppress cell-mediated anti-parasite 
etfector mechanisms inhibiting the activation of macrophages by IFN-y 
for extracellular killing 01 schistosorne larvae (schistosomula) as well 
as intracellular killing of Toxoplasma gondli Both effects of IL 10 
appear to be due to a suppression in nitric Oxide production by the 
lyrnphokine activated macrophages Moreover in the case of 
schistosomulum targets, IL-10 synergizes with IL-4 and TGF-f3 i n  
rnhibrting IFN-I dependent killing IL-10 and IL-4 induction are also 
associated with a retrovirus induced immunedeftciency (MAIDS) which 
can lead to re-activation of latent Joxoplasma gond!! infection Thus the 
induction of host Th2 cytokines may promote parasite survival both b y  
down-regulating Thl  cytokine production and inhibiting the activation 
of etfector cells by the same mediators Recent data (Clerici and 
Shearer submitted) suggest that a similar imbalance may be induced by 
HIV infection leading both to viral progression and decreased resistance 
to opportunistic infections 

C 008 MALARIA MEROZOITE ADHESION PROTEINS AND ERYTHROCYTE INVASION, John W. Barnwell and Mary R. Galinski. 
Department of Medical & Molecular Parasitology. New York University Medical School, New York, New York 10010 

The successful invasion of susceptible erythrocytes by malaria parasites is 
dependent on sequential interactions between specific components of the 
merozoite and the erythrocyte membrane. Thsse molecular interactions initiate 
the process of parasite entry and determine host cell specificity. A number of 
merozoita adhesion proteins of Plasmodium faicioarum and Plasmodium vivax 
and vivax -related parasites believed to be involved in the initial stages of invasion 
have been identified. The structures and the rnoiecular basis for the interaction 
of these ligands with corressponding erythrocyte receptors are currently being 
Investigated. Two adhesion proteins of p- falcioarum merozoites that bind to 
susceptible erythrocytes have been identified. Pf MSP-1 and EBA-175. In  
correlation with the dependency of P.fa1cioarut-n merozoite invasion on 
erythrocyte glycophorin both these proteins have been shown to  bind to 
erythrocytes via glycophorin. The binding in each instance is dependent on the 
type and linkage of the sialic acid in the 0-linked oligosaccharides of this 
eryihrocyle membrane protein. Though the erythrocyte receptor specificity for 
both MSP-1 and EBA-175 appear to be similar. the two adheston proteins are 
differentially localized: the former to the merozoite surface and the latter to the 
apical pole of the merozoite. This would suggest the two unrelated polypeptides 
have different functional roles during invasion. Several proteins of p- V- 

merozoites have been shown to adhere Specifically to certain primate 
erythrocytes. One of these is the approximately 140 kD Duffy Adhesion Protein 
(Pv DAP) that binds specifically to the erythrocyte Duffy blood group 
glycoprotein, an erythrocyfe receptor known to be critical for invasion of 

erythrocytes by P. knowlesi and p. w. The productls) of the homologous p- 
knowlesi Duffy genels) have been localized to the merozoite micronemes prior 
to invasion. Two other P. erythrocyte adhesion proteins IRBP-1 and RBP- 
2) of very high molecular weight b250 kD) bind specifically to primate 
reticulocytar. w a n d  p- cvnomoiq! invade exclusively reticulocytes and not 
normocytes. Southern blot analyses indicate the REP-1 and REP-2 genes are 
present only in these two malaria species and not in P. knowlesi. P. faicioarum. 
or P. berahei. The two proteins are localized at the apical end of the merozoite 
and one (RBP-1) contains a single potential C-terminal transmembrane domain. 
Another protein of about 210 kD also binds erythrocytes as does a 250 
kD protein of P. knowlesi merozoites. The relationship of the Pv 210 and Pk 
250 kD to each other or to other known merozoite antigens such as MSP-1 
remains uncertain. However, in contrast to the binding of P.falcioarum 
merozoite adhesion proteim and invasion. p- & and P. knowlesi invasion and 
erythrocyte adhesion protein binding to erythrocytes is not dependent on N- or 
0-linked oligosacharrides of the erythrocyte membrane receptor proteins. 
Future challenges will be to more fully characterize the molecular basis of the 
interactions of the merozoite adhesion proteins with their corresponding 
erythrocyte receptors and to determine the actual functional significance of 
these interactions in relation to events as they occur during invasion. 

C 009 MEMBRANE PROTEINS INVOLVE0 I N  THE ADHERENCE OF PLASMODIUM FALCIPARUM-INFECTED ERYTHROCYTES TO THE ENDOTHELIUM, 
I r w i n  W. Sherman. I a n  Crandal l  and He id i  Smith, D e p a r t m e n t o f y ,  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 ,  

C a l i f o r n i a  92521. 

The hal lmark o f  Plasmodium fa lc iparum i n f e c t i o n s  i s  SequeStra- 
t ion. t h a t  i s ,  the attachment o f  e ry th rocy tes  i n f e c t e d  w i t h  
mature stage paras i tes  t o  e n d o t h e l i a l  c e l l s  l i n i n g  the  pos t -  
c a p i l l a r y  venules. I n  humans, the  p r i n c i p a l  organs i n  which 
sequestrat ion takes p lace  are the heart ,  lung, k idney and 
l i v e r .  Sequestrat ion i n  the  b r a i n  microvessels -- a spec ia l  
pathology of p. fa lc iparum I n f e c t i o n s  c a l l e d  cerebra l  m a l a r i a  
-- may t o t a l l y  occlude b lood f l o w  and r e s u l t  i n  confusion, 
le thargy  and deep coma. I n  t h i s  t a l k ,  we w i l l  review what i s  
known about the  molecular c h a r a c t e r i s t i c s  o f  the  surface pro- 
t e i n s  -- t h a t  i s ,  t h e  red  c e l l  receptors  and the  e n d o t h e l i a l  
c e l l  (EC) l igands  -- invo lved i n  sequestrat ion.  We w i l l  sum- 
marize recent work from our labora tory  on the  c h a r a c t e r i z a t i o n  
o f  the adhesive p r o t e i n s  on the  sur face  o f  the  p. falc iparum- 
in fec ted  red c e l l ,  and the  l igands  t o  which they b i n d  on human 
b r a i n  endothe l ia l  c e l l s  (HBECs). F i n a l l y ,  we w i l l  d iscuss the  
poss ib le  r o l e  f o r  "ant i -adhesion therapy" i n  t h e  management o f  
severe malar ia.  A1 though many m a l a r i a l  ant igens have been 
i d e n t i f i e d  on the surface of ,  o r  i n  assoc ia t ion  w i th ,  the  
cytoskeleton o f  i n f e c t e d  ery th rocy tes ,  on ly  one p r o t e i n ,  EMP 
1, has been c o r r e l a t e d  w i t h  cytoadherence. The prec ise  r o l e  

o f  EMP 1 i n  sequestrat ion has n o t  been determined, p r i n c i p a l l y  
because no monospecific po lyc lona l  ant iserum o r  monoclonal 
an t ibod ies  (Mabs) t o  i t  have been developed, nor has t h e  gene 
f o r  t h i s  p r o t e i n  been cloned. However. we have found t h a t  
mod i f ied  forms o f  t h e  ery th rocy te  membrane p r o t e i n ,  band 3 ,  
are  d i r e c t l y  invo lved i n  cytoadherence. Several murine mono- 
c lona l  an t ibod ies  t h a t  s p e c i f i c a l l y  reac t  w i t h  the  sur face  o f  
l i v e  i n f e c t e d  red  c e l l s ,  and which recognize mod i f ied  forms of 
band 3 ,  were a b l e  t o  b lock  cytoadherence i n  a dose-dependent 
fashion. These Mabs were used t o  map the ep i tope respons ib le  
f o r  adherence, and chemical ly synthesized pept ides  conforming 
t o  the amino a c i d  sequence o f  the  ep i tope a l s o  blocked cytoad- 
herence. The b ind ing  c h a r a c t e r i s t i c s  o f  amelanot ic melanoma 
c e l l s  d i f f e r e d  frcfn both  HBECs and HUVECs. Cytokine (TNF-a 
and IFN-Y)-stimulated HBECs were more adhesive than unstimu- 
l a t e d  HBECs o r  a c t i v a t e d  HUVECS. This increase i n  HBEC 
adherence appeared t o  be p r i m a r i l y  due t o  upregu la t ion  of 
the surface l i g a n d  GPIV (= CD36), r a t h e r  than ICAM-1. Based 
on our f ind ings ,  i t  should be p o s s i b l e  t o  synthesize small 
pept ides andlor mimetics capable o f  adherence reversa l ,  and 
these could be Useful  i n  the  management o f  cerebra l  malar ia.  
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Antigenic Polymorphisms 
c 010 ANALYSIS OF A MAJOR SURFACE ANTIGEN GENE FAMILY 06 TRYPANOSOM CRUZI, Stuart Kahn', Wesley C. Van 

Voorhis2, Trenton G. Colbed, Nicole A. Hoagland'. James C. Wallacd, and Harvey Eisen4, 'Department of Pediatrics. University 
of Washington, Seattle, WA 98195, 2Department of Medicine, University of Washington, Seattle, 'Department of Pathology, University of 
Washington, Seattle, 'Fred Hutchinson Cancer Research Center, Seattle. 

Trypanosoma cruzi IS capable of infecting a wide variety of vertebrates 
and cell types. The parasite surface antigens exhibit extensive antigenic 
diversity. This diversity may play a role in the parasite's broad host 
range. During infection the parasite dysregulates the host immune 
response. Molecular mechanisms explaining these phenomena are 
poorly understood. 

We have characterized a family of T. cruzi genes that code for a 
polymorphic set of 85-kD surface antigens. The initial characterization 
used DNA probes and antibodies to the C-terminal portion of several 
genes and antigens. The gene family includes > I 0 0  genes and 
pseudogenes, of which a minimum of nine are expressed. The gene 
family is expressed in the mammalian-stage only. A subset of the 

expressed genes are telomere-linked. Several subsets encode antigens 
that are simultaneously expressed on the parasite surface, and are 
released from the parasite surface into the surrounding milieu. 

Further characterization of these genes revealed a region with 
significant homology to bacterial and viral sialidases. Antibodies to 
this region define a larger antigen family also of 85-kD. These 
antibodies immunoprecipitate sialidase achvity . Anti-peptide antibodies 
define subsets of these antigen families. Some subsets includes 
sialidases, and others do not. It appears that this gene family may in 
part explain the diversity of the parasite surface. We suggest that this 
gene family may contribute to the parasite's ability to maintain a broad 
host range, and perturb the host immune response. 

C 01 1 EXPRESSION AND FUNCTION OF THE GP63 PROTEASE OF LEISHMANLA, Robert McMaster, Lmda Button, John Webb, Charlotte Momison md  
M a q  Macdonald, Department of M e d i d  Genetics, University of British Columbia, Vancouver, B.C. V6T 123. 

The predominant surface protein of Leishmania promastigotes and amastigotes is a 
glycoprotein (GP63) of 63,000 M,. GP63 is rec@d by T ceUs in an infected 
mammalian host and thus may piay an important role in immunity to Leishmmiu. 
S t ~ c t w a l  and functional studies have demonstrated thar GP63 is a zinc 
metalloprotease although the enzymatic role of GP63 in the Leishmania Life cycle 
remains an intriguing question. Recombinant GP63 has been produced by various 
eukaryotic expression systems including CHO, COS and baculovirus/iect cell 
lines. Recombinant GP63 was secreted as a latent protease and could be activated 
in vitro by an autocatalytic cleavage in the presence of organomercurial compounds 
and resulted in the removal of an amino terminal pro region. This activation 
mechanism is similar to proteases of the matrix metalloprotease family including 
interstitial collagenase and stromelysin. Based on this homology, GP63 may 
function as a matrix degrading enzyme which participates in the pathology of 
leishmaniasis. 

To address the functional s+ku~ce of GP63, homologous rewmbmation is 
currently being used to generate strains of LeiskinMia with reduced or no GP63 
expression. 

GP63 is encoded by a family of tandemly Wed genes which are hjghly W ~ S C N ~ ~  

amongst diverse species of Leishmania. The regulation of GP63 gene expression is 
bekg studied by the characterization of genes encoding kishmania nucleic acid 
bmding proteins. The predicted protein sequence of one such gene encoding a 
DNA bmdmg protein contains multiple zinc f q e r s  homologous to those of 
retrovirus and human regulatory proteins. Studies indicate that the Leishmania 
nucleic add binding protein re-s specific DNA sequences located in the 
intergenic region of the tandem copies of GP63 genes. This protein m a y  act as a 
trans acting factor involved with the regulation ofGP63 gene expression. 

~ 0 1 2  SURFACE ANTIGENIC V A R I A T I O N  I N  G I A R D I A  LAMBLIA, Theodore E .  Nash, Nat iona l  I n s t i t u t e s  of Health,  Bethesda, MD 

There i s  a l a r g e  degree  of h e t e r o g e n e i t y  among 
Giard ia  lambl ia  i s o l a t e s  which can be broadly  c a t e g o r i z e d  i n t o  
two d e f i n a b l e  types: t h o s e  which a r e  c h a r a c t e r i s t i c  of t h e  
i s o l a t e  and a r e  g e n e r a l l y  a s t a b l e  f e a t u r e  of t h e  i s o l a t e  
( i n h e r i t e d  t r a i t s )  and t h o s e  due t o  changes i n  s u r f a c e  a n t i g e n s  
or a n t i g e n i c  v a r i a t i o n .  The l a t t e r  can be demonstrated i n  
c l o n e s  and i s  a cause  of h e t e r o g e n e i t y  w i t h i n  i s o l a t e s  and 
c l o n e s .  I s o l a t e s  have been compared us ing  a v a r i e t y  of d i v e r s e  
technlques  i n c l u d i n g  RFLPs us ing  a v a r i e t y  of probes ,  p resence  
o r  absence  of c e r t a i n  t r a n s c r i b e d  genes,  c h a r a c t e r i s t i c  r D N A  
n u c l e o t i d e  sequences,  a b i l i t y  t o  e x p r e s s  c e r t a i n  v a r i a n t -  
s p e c i f i c  s u r f a c e  p r o t e i n s  (VSPs) or e p i t o p e s ,  and t h e  presence  
or absence  of genes coding f o r  s p e c i f i c  VSPs. S u r p r i s i n g l y ,  
with few d i s p a r i t i e s ,  i s o l a t e s  c o n s i s t e n t l y  f a l l  wi th in  a t  
l e a s t  3 groups .  Group I encompasses those  which resemble t h e  
p r o t o t y p e  i s o l a t e  WB. Group I1 s h a r e s  some of t h e  
c h a r a c t e r i s t i c s  of WB while Group I11 s h a r e s  few or none of t h e  
c h a r a c t e r i s t i c s  of WB and i n c l u d e s  a number of u n r e l a t e d  
i s o l a t e s .  A second source  of h e t e r o g e n e i t y  1s due t o  s u r f a c e  
a n t i g e n i c  v a r i a t i o n ,  a phenomenon e x h i b i t e d  by a l l  Giard ia  
Lamblia. Each t r o p h o z o i t e  e x p r e s s e s  a s i n g l e  VSP which 1 s  
spontaneous ly  l o s t  and rep laced  by another  a n t i g e n i c a l l y  
d i s t i n c i  VSP. The r a t e  of appearance of VSPs IS both  i s o l a t e  
and e p i t o p e  dependent and ranges f r o m  1 f o r  every  6-13 
g e n e r a t i o n s .  VSPs vary i n  molecular weight from 35 kd t o  ZOOkd 
but  s h a r e  a number of comon f e a t u r e s .  A l l  VSPS i n c l u d i n g  one 
expressed  i n  an i s o l a t e  from group 111 a r e  c y s t e i n e - r i c h  and 
have between 11-12% c y s t e i n e  most commonly a s  cys-x-x-cys 
m o t i f s .  The carboxyl  te rmina l  r e g i o n s  appear w e l l  conserved 

but  t h e r e  a r e  l i m i t e d  a r e a s  of i d e n t i c a l  amino a c i d  
sequences i n  o t h e r  a r e a s  which e x p l a i n s  why VSPs a r e  
a n t r g e n x a l l y  d i s t i n c t .  Some VSPs have r e p e t i t i v e  sequences 
and t h e  e p i t o p e  expressed  i s  found i n  a number of i s o l a t e s ,  bu t  
t h e  VSPs d i f f e r  i n  molecular weight.  Most of t h e  v a r i a b i l i t y  
appears  t o  be  due  t o  d i f f e r e n c e s  i n  t h e  number of r e p e a t i n g  
u n i t s  with conserva t ion  of t h e  rest of t h e  gene. In  two VSPs 
s t u d i e d  t h e  genes a r e  p r e s e n t  i n  two forms i n  t h e  genome and i n  
one i n s t a n c e  was p r e s e n t  i n  a t a i l - t o - t a i l  c o n f i g u r a t i o n  
s e p a r a t e d  by 3 kb. Clones e v e n t u a l l y  reexpress  e p i t o p e s  
c h a r a c t e r i s t i c  of i t s  p a r e n t a l  t y p e  but  t h e  e p i t o p e s  expressed  
i n  some i n s t a n c e s  are r e s t r i c t e d  to c e r t a i n  i s o l a t e s  and f a l l  
i n t o  t h e  same groups d e f i n e d  above. This i n d i c a t e s  t h e  same o r  
s i m i l a r  VSPs can be expressed ,  l o s t  and reexpressed .  The 
r e p e r t o i r e  5 1 2 8  of  one i s o l a t e  was es t imated  us ing  
o l i g o n u c l e o t i d e s  t o  conserved or unique VSP sequences and found 
t o  range between 130-150 genes .  These experiments suggested 
t h a t  t h e r e  a r e  4 genes f o r  every  VSP s o  t h a t  t h e  number of 
d i f f e r e n t  VSPs i s  es t imated  between 30-40. The mechanism(s) 
r e s p o n s i b l e  f o r  a n t i g e n i c  v a r i a t i o n  a r e  not  known but  t h e  genes 
do not  appear t o  be a s s o c i a t e d  wi th  t h e  te lomere .  Ant iqenic  
v a r i a t i o n  o c c u r s  i n  exper imenta l ly  i n f e c t e d  humans, g e r b i l s  and 
mice.  In  humans, t h e  i n i t i a l  VSP is l o s t  and rep laced  by a 
s e r i e s  of v a r i a n t s  by day 21  and humoral responses t o  t h e  
i n i t i a l  VSP a r e  followed by responses  t o  l a t e r  appearing VSPs. 
Although t h e  b i o l o g i c a l  s i g n i f i c a n c e  of VSPs a r e  unknown, 
c e r t a i n  VSPs a r e  more r e s i s t a n t  t o  d i g e s t i o n  by i n t e ~ t i n a l  
p r o t e a s e s  sugges t ing  a s e l e c t i v e  advantage of t h e ~ e  VSPs for  
s u r v i v a l  i n  t h e  small i n t e s t i n e .  
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Towards Vaccination 
C 013 

Pasteur, Lille, France. 

PROTECTIVE ROLE OF THE 28 kDa SCHISTOSOME GLUTATHIONE S-TRANSFERASE, Andre Capron. Raymond J. Pierce, Franpis Trottein, 
Delphine Grezel. and Chuan Bo Xu, Centre dlmmunologie e l  de Biologie Parasitaire, Unit6 Mixte INSERM U167-CNRS 624. lnstitut 

Following the molecular cloning and expression of a protective 28 kDa protein 
of Schislosoma rnansoni and its identification as a glutathione S transferase. 
immunization experiments have been  undellaken in several animal species 
Together with a significant reduction in parasite burden. vaccination with 
Sm28 GST was recently shown significantly to reduce parasite fecundity and 
egg viability leading to a decrease in liver pathology Whereas IgE antibodies 
were initially shown to be correlated with protective immunity, IgA antibodies 
to Sm28 GST have been identified as a maior humoral factor affecting egg 
laying and viability A significant correlation was found in a human population 
between anti Sm28 IgA antibody pfoduc!ion and acquisition of resisiance lo 

reinfection IgA antibodies purified from human sera exert an inhibitory 
effect on the enzymatic function of Sm28 GST The pertinence of this 
mechanism has been supported by the use of monmlonal antibodies Recent 
experiments in which cattle were immunized with native S bows GST have 
confirmed this dual protective effect of vaccination Based on the recent 
crystallisation of Sm28 GST and three dimensional analysis. together with 
the use of appropriate constructs, attempts are being made in order to 
optimize and direct the immune response through mucosal administration of 
the vaccine 

C 014 PROTECTIVE IWUNITY WITH REColwINANT PEPTIOES OF 5 .  MANSONI. Lorraine n. Amary. Clai re  P. Hasterson. Timothy 0. Tan. George 

Reed Army I n s t i t u t e  o f  Research. Washington, O.C. 20307 Or. Lowell contributed the meningococcal outer membrane protein. 
H. Lowell'. and l lette Strand. The Johns Hopkins University, School o f  M i c i n e .  Baltimore. HD 21205. Wa l te r  

We have previously reported the cloning o f  a cONA clone, 
designated IrV-5. that encodes a peptide o f  65 kDa. 
recombinant polypeptide i s  recognized by sera o f  mice vaccinated 
with radiation-attenuated cercariae. but not by sera o f  
chronically infected mice. 
imnunoglobulins from sera o f  twice-vaccinated mice passively 
transfer resistance t o  naive mice. we tested the 
imnunoprophylactic potential of the recanbinant IrV-5 (rIrV-5) 
i n  mice. Results from several laboratories have shown that  
multivalent presentation i s  essential f o r  the imunogenicity o f  
an antigen. We used a system designed t o  hydrophobically 
complex synthetic peptides t o  multimeric protein preparations, 
or proteosomes. composed o f  meningococcal outer membrane 
pmteins (MP). 
presented as a B-galactosidase fusion protein with WP resulted 
i n  a 325 reduction i n  *om burden. 
inmunoprophylactic potential, we then subcloned the IrV-5 cDNA 
in to  the pGEX vector t o  pennit expression o f  rIrV-5 free o f  
extraneous protein. Vaccination with the cleaved rIrV-5 
proteosae resulted in  a ?S% reduction i n  worm burden. 
Mice were then innntnized with varied doses o f  rIrV-S/OnP 
complexes prepared wi th  varied rat ios o f  rIrV-5 t o  WP. The 
size o f  the rIrV-S/OnP complex was approximately 625,000 kDa 
irrespective o f  the rIrV-5:WP rat io .  
2:l and 8:1 o f  rIrV-5 to WP. respectively. were used 

This 

Since i t  has been shown that  

I n i t i a l  vaccination t r i a l s  using the rIrV-5 

To improve the 

Weight ra t i os  o f  0.5:l. 

with three vaccinations o f  10 pg  rIrV-5 or 10 pg OUP per muse. 
These preparations e l i c i t e d  a high t i t e red  antibody response 
against rIrV-5 already a f te r  the second vaccination, and the 
t i t e r  remained essential ly the same a f t e r  the th i rd  vaccination. 
Three vaccinations yielded a 39% t o  8% reduction i n  worm 
burden, whereas the level o f  protection achieved i n  mice 
vaccinated only twice was s t a t i s t i c a l l y  insignif icant. 
Furthemre, protection was not dependent on adjuvant, since 
BSA/OnP proteosanes f a i l e d  t o  provide protection t o  vaccinated 
mice. In contrast, vaccination with rIrV-5 i n  the form o f  
protein micelles resulted i n  a 48-62% reduction i n  mnn burden. 
Two monoclonal antibodies generated from spleens o f  mice 
imnunized with rIrV-5 and sera fran mice vaccinated with rIrV-5 
were used t o  imnoprec ip i t a te  an extract o f  surface- 
biot inylated schistosmula. Both the vaccine sera and the 
monoclonal antibodies inmunoprecipi tated a 200-kOa protein from 
t h i s  extract. 
attenuated cercariae also precipitated a ZOO-kOa protein. 
whereas sera fran chronical ly infected mice d id  not. 
Imnunofluorescence studies confinned the surface local izat ion o f  
the target antigen. Both the monoclonal antibodies and the sera 
fran mice vaccinated with rIrV-5 bound t o  the surface o f  i n tac t  
(di amidi nophenyl i ndole-negative) schi stosanul a. The resul t s  o f  
protection studies perfonxed i n  ra ts  and baboons w i l l  also be 
reported. 

Sera from mice twice-vaccinated with radiation- 

Transcriptional Regulation 
C 015 CONTROL OF EXPRESSION SITES FOR VARIANT-SPECIFIC SURFACE GLYCOPROTEIN GENES IN T.BRUCEI, Pie1 Barst, Joost C.B.M. 

Zomerdijk, Anneloor L.M.A. ten Asbroek, Janet Gommers-Ampt, Depanment of Molecular Biology, The Netherlands Cancer Institute, 
Plesmanlaan 121, 1066 CX Amsterdam, The Netherlands. 

African trypanosomes evade the immune response of their host by 
periodically changing their variant surface glycoprotein IVSGI coat. Each coat 
is encoded by a separate VSG gene. Expressed genes are in a telomeric 
expression site (ESI. There are several sites in each trypanosome, but usually 
only one ES is active at a time. Coat switching either occurs by replacement 
of the expressed VSG gene. or by switching ES {see 1 I. Gene replacement 
is usually the result of a duplicative transposition event with the 
characteristics of a gene conversion. ES switching does not involve DNA 
rearrangements close to the promoter (2.31. but DNA rearrangements far 
upstream may accompany switching (3.41. The possibility that such 
rearrangements control the ES remains open. Other mechanisms invoked for 
ES control (see 5). include a novel form of DNA modification (6) involving 
Pstl and Pvull sces and restricted to telomeric VSG genes that are not 
transcribed. Using '2P-posrlabeling we have identified and purified an unusual 
nucleotide pdJ in trypanosome DNA. that seems to account for the modified 
Pstl and Pvull sites 161. pdJ differs from all known unusual eukaryotic 
deoxynucleotides; it :s probably a pyrimidine nucleotide, but its structure is 
not yet known. 

A remarkable feature of the transcription of VSG genes is its 
insensitivity to the RNA polymerase I I  inhibitor a-amanirin (7). This has led 
to the speculation that RNA polymerase I. normally only involved in the 
transcription of rRNA genes, also mediates the expression of these surface 
antigen genes. In higher eukaryotes, however, transcripts produced by RNA 
polymerase I were poor substrates for processing into mature mRNAs. In 
contrast, we have shown that the RNA polymerase I of T. brucei can 

mediate the efficient production Jf mRNAs for neomycin phosphotransferase. 
With the rRNA promoter region of T.brueei fused via a trans-splice acceptor 
segment to the CAT gene, transient CAT gene expression in procyclic T.brucei 
was as high as with CAT constructs driven by the w - a  (procyclin 01 gene or 
VSG ES promoters. Stable trypanosome transformants were obtained by 
targeted insenion of a single m' gene flanked by processing signals into a rDNA 
cluster downstream of a ribosomal promoter. These transformants produced 
- neo-mRNAs carrying the 5'-capped spliced leader added via yrans-splicing, and 
a polv(A1 tail. The transcription of the ='-gene was a-amanitin insensitive and 
started at the authentic RNA polymerase I initiation site. The m-mRNA 
produced was functional as shown by the resistance of the transformed 
trypanosomes to high concentrations of the neomycin analogue G418 (2 mg per 
mll. Similar results were obtained with a transformant targeted into mini- 
chromosomes. It is therefore possible that VSG genes are transcribed by RNA 
polymerase I and that activation of an expression site requires the relocation of 
the site to the nucleolus. 

Publications: 
1. Borst P lmmunoparasitology Today, March (1991) A29-A33. 
2. Zomerdijk JCBM et al. EMBO J 9 (1990) 1027-1033. 
3. Zomerdijk JCBM el  al. Nucl Acids Res 19 (1991) 1359-1368. 
4. Gonesdiener K et al. Mol Cell Biol 1 1 I1 991 I 2467-2480. 
5. Borst Pet al. Biochem SOC Trans 18 (1 9901 741-742. 
6. Gommers-Ampt J et al. Nucl Acids Res 19 (19911 1745-1751. 
7. Kooter JM e l  al. Cell 51 I19871 261-272. 
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C 016 THE RNA POLYMERASES OF KINETOPLASnD PROTOZOq Albert W.C.A. Comclisses Institute of Infectious Dkascs and Immunology, 
State University Utrecht, Utrecht, The Netherlands. 

Three classes of RNA polperases (RNAPs) can be distinguished in eukarptic 
cells by chromatcgraphic separation. A prinCipal method used to distinguish RNAPs 
in eukaryotes is the susceptibility of RNA synthesis to the cyclic octapeptide alpha- 
amanitin. This t- inhibits RNA chain elongation and has a different affinity for 
the three claues of RNAPs. RNAP I, wftich transcribes rRNA genes, is insensitive. 
RNAP II. which takes care of the lransniption of protein-dig genes, is ve'y 

(i), the largest subunits of RNAP I and III are d e d  by sin& genes, but in 
two genes encode the largest subunit of RNAP II; the sccond copy of 

RNAP II is only present is species uhibit'hg ant.&&c Variation and may flanseribc 
the VSG and PARP genes, and (i), the carboxy t e d  do& (m) of RNAP 
I1 u unique since it lacks the hcptapeptide repcat (SF'TSPSY) that is present in all 
other cukaryots analyscd to date. 

sensitive (rsO% = < 0.05 Uglml). RNAP m, which transcribed the small RNAs. 
has an intermediate sensitivity to the toxin (150% = 10-25 ug/ml). transmp 
tion assays with Tmanosoma brucci nuclei (run-ons) showed an unusual p r o m  
of the transaiption units of the surface antigen genes of bloodstream- (VSG) and 
procyclic (PAW or procych) trypanosomes. Whereas transcription of protein- 
coding genes is mare than 90% inhibited by 5% alpha-amanitin per ml, VSG and 
PARP gene transcription is inse~tive to loo0 ug alpha-amanitin. Although very 
likely, it has not yet been formally proven that the same, alpha-amanitin resistant 
RNAP is involved in these cases. 

In order to obtain a possible explanation for the alpha-amanitim-r&tant 
transcription in T.brucei. the trypanosomal RNAPs have recently been characteriscd 
by a molecular analysis of the genes e n c c d q  the largest subuoits, transcription 
inhibition studics with different RNAP inhibitors, and by a bidemicat analysis of 
the enzymes themselves (reviewed in (1)). 'I% analysis was extended to a distantly 
related trypanosomatid speciu,Cnthidia fasacdata (2,3), which at the transcripti- 
onal level shares most of its features with T.brucci. These data can be summarized 
as follows: 
(i), in both sped= the normal set of eukaryotic RNAPs were identified by 
separatiig the RNAP I, I1 and III by aciivhies by chromatography, 

To invcstigatc the role of the second copy of RNAP 11, we have generated day- 
spedc  a n t i i e s .  These antibodies were used as functional probes in run-on 
assays and in permeabilivd cells (in collaboration with Dr. C. Thchudi, Yale 
University), however, none of the antibodies inhibited the RNAPs in either of these 
two systems. In an alternative approach, we cownacd vectors for the 
targeted insertion of the bacterial neomycb phosphouansferase gene into the 
RNAP II loci, with the aim to specif~cally disrupt the RNAP II genes. This 
approach may &ow us to determine the role of the hw RNAP I1 genes. 
We also started with the biochemical characterization of the aberrant CTD of 
T.brucei and Cfasciculata. The CTD of higher eukaryctes is essential for maximal 
transcriptional efficiency, and the CTD must be phosphorylated to pe&t a 
transition between initiation and elongation. We were able to demonstrate that a 
suramin-sensitive kinase spedfically phosphorylates the 0 and one of the smaller 
subunits of RNAP II. 

References 
1. A.W.C.A. Cornek.cn et al., Biochem Soc. Trans. 18 710 (1990); 2. R. Evers et 
al., Nucl. Adds Res. 1 7  3403 (1989); 3. Kock and Cornclisscn, Molcc. Microbial. 5 
835 (1991) 

CO17 GENETIC CONTROLS OF DIFFERENTIATION OF TRYPANOSOMA BRUCEI, Etienne Pays, Jean-Claude 
Jauniaux, David Jefferies, Pascale Paindavoine, Annette Pays, Sylvie Rolin, Patricia Tebabi, and 

Suzanne Van Assel. Department of Molecular Biolow, Universitk Libre de Bruxelles, 67, rue des Chevaux, _- 
91640 Rhode St Gensse; Belgium. 
The Me-qck of TNDanosoma brucei involves the Merentintion of the parasite into 
successive I-. the m t  pnwPLent being the long slender form in a e  bloodstFeam of 
the mammalian host, and the p~oeycfic form in the midgut of the tsetse fly These forms 
are characterired by profound metabolic and. phenotypic differences, which include the 
main surface proteins The variant spffific glycoprotein (VSG) and pmcyelin are the 
major compOnenU of the surface coat of bloodstream and pFocyclic forms, respectively 
We have analyzed the geneuc contmls underlying differential expressIan of surface 
antigem in T-. The transcription promotem of both the VSG and procyclin genes 
have been mapped by advantage of the dual eKect of UV irradiation on the 
pararite We demonstrated that UY not only blocks RNA elongation, but also Vansiently 
inhibis RNA degradation. Ar a result of both effects, a spffirjc accumulauon of 
promoter-proxlmal transcripts occurs, which can be used to identily promoter regions 
This tehnique has allowed us w characterize, not only promoters of stage-regulated 
genes. such as the VSG and PWClin, but also Of CONUNtiVelY expressed genes, such BS 
acun The nucleotide sequences of these promotm do not show srgnircant homology. By 
run-on uanscripuon analysis, we found that imtiation of oanrcripuon occurs from both 
the VSG and pmcyclin promoters at both stages of the life-cycle, and that temperature- 
dependen: attenuation of transcription is one of the conrol levels of dirrerential gene 
expression Using vansient activity assays of the CAT reporter gene inrened in- a 
plasmid construct elwmponted into live uypanosomes. we have identified another 
apparent control at the level of RNA stability. In order io study the innuence of the 
genomic enwoment  on the contml of gene cxpress!on during differentiation of the 
pansite. we have generated seyeral stable vypanosome transformants. PLasmid 

muatructg eon- a gene mdins for msisumx u) an anu%mtk. placed doansQum 
horn the VSG pmmowr, were inserted different gem& lartions by homdqpu. 
recombination. Stable trmsfolmants able to undergo the mmplete life-qck eould be 

obtained. 
Several genes (ESAGs. for Expression Site-Associated Genes) have been found to be 

located between the VSG gene and iu vanscription promoter. By mmplemenmtion of a 
yeast mutant, we have demonsvsted that one of these genes, ESAG 4, encodes an 
adenylate cyclase. This gene belongs U, a family of at leart four members s$aring a 
mnsewed %-terminal region most probably e n d i n g  the crtalyric domain of adenylate 
cyclase. At least one of the ESAG 4-related genes (GRESAG 4.1) can also complement a 
yeart mutant for adenylate cyclase. Therefore, contains at least TWO, but 
possibly more than four, disrinct adenylate cyclara. W e  B A G  4 is only expressed in 
bloodsVeam forms, the related genes a x  mnntimtively expreJsed in both btoodsveam 
and procyclic f om lmunocytochemisw experiments have revealed th& the qelases 
are transmembrane molecules located solely along the napelcum. The dinerenrial 
expression of ESAG 4 during the parasite Me-cycle suggests that the lunetion of the 
ESAG 4 adenylate cycl-e may be linked to cell diflerentiation. Several lines of evidence 
point w a relationship berween VSG release and activation of adenylate c-yclaoe. 

Acknowledgements- this work is supported by the FRSM (Belgium). the Tommunauti 
F~angaise de %@ique (ARC 89/84 134) and the Agreement for CoUaborstive RereMh 
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Advances in Vector Study 
C 018 MECHANISMS OF PARASITE RESISTANCE IN MOSQUITO VECTORS, Bruce M. Christensen, Department of Veterinary Science, 

University of Wisconsin, Madison, WI 53706. 
Moqquito-borne parasites enter into highly complex relationships with both 
their vertebrate and invertebrate hosts, and successful completion of their 
life cycle is dependent on compatible associations within each these two 
very different environments. Although mosquitoes are required for the 
survival and transmission of certain filarioid nematodes, only certain vector 
species, or strains of a single species, are susceptible to infection and 
support the development of the parasite to the infective stage. Many strains 
and species are refractory (physiologically incompatible) or resistant (they 
destroy the parasite by internal immune reactions). Our research effort has 
been directed towards clarifying the mechanisms responsible for successful 
and/or unsuccessful mosquito-filarial worm associations by ( I )  assessing the 
biochemical and cellular events involved in melanotic encapuslation of 
parasites in resistant versus susceptible mosquitoes, and (2) evaluating the 
molecular mechanisms operating in defined strains of mosquitoes thar are 
refractory to filarial worm infection. Studies on melanotic encapsulation 
reactions have focused on the development and utiiization of highly 
sensitive and specific techniques to evaluate the enzymes and substrates 
involved in the production of protein-polyphenol substances required for 
parasite destruction. Radiomemc and HPLC with electrochemical detection 
methods have been developed to assay monophenol and diphenol oxidase 
activity and catecholamine substrate changes in hemolymph samples. and 
have been used to assess the compamnentalization and relative roles these 

enzymes and substrates play in melanotic encapsulation within the 
hemolymph environment. These studies suggest that the effector 
mechanisms operating in mosquitoes is more complex than the simple 
hydroxylation of tyrosine to L-dopa and oxidation of dopa to dopquinone, 
with the subsequent production of melanin. Assessment by h+ labeling 
of hemocyre and hemolymph plasma polypeptides has reveaied unique and 
preferentially expressed molecules associated with melanotic encapsulation 
reactions. Likewise, several polypeptides are uniquely or preferentially 
expressed on the surface of hemocytes following immune activation and 
may be involved in signal recognition or effector events associated with 
melanotic encapsulation. TO better facilitate the identification of genetic 
determinants of the immune response, and to identify the gene(s) and/or 
gene products responsible for susceptibility and/or refractonness, we have 
begun construction of a RFLP map of Aedes aezmti, with an emphasis on 
saturation mapping linkage group I (the location of gene f" that controls 
filarial worm susceptibility in this species), and have integrated our 
molecular markers with an existing mutant marker map for this species. In 
- vivo labeling, SDS-PAGE, and two-dimensional gel electrophoresis with 
defined strains of A. &also have been used to identify the expression 
of several unique polypeptides, induced by blood feeding, that correlate with 
filarial worm refractoriness. (Supported by N M  grants A1 19762 and 
A1 28781). 
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CO19 GENE EXPRESSION IN THE SALIVARY GLANDS OF MOSQUITOES, Anthony A. James', Genelle L. Grossman', 
Osvaldo narinotti' and Kenneth R. Stark', 'Department of Molecular Biology and Biochemistry, 

University of California, Irvine, CA, 92717, 2Department of Tropical Public Health, Harvard School of Public 
Health, Boston, MA, 02115, 'Departmento de Parasitologia, ICB, Universidade de Sao Paulo, C.P. 4365. 05508 . .  
Sao Paulo, S.P. Brasil. 

The salivary glands of hematophagous mosquitoes 
have evolved to serve two feeding modes, sugar 
feeding, in which both males and females partake, and 
blood feeding, which is exclusive to females. A 
number of structural and functional properties 
correlate with the different feeding modes of the two 
sexes. The salivary glands of females are much 
larger and have lobesthat are cytologically distinct 
from those found in males. Analysis of protein 
activities and gene expression in the female salivary 
glands indicates that the glands are functionally 
divided into two distinct regions. There are lobes 
that produce products involved in sugar feeding and 
appear to overlap the function of the male salivary 
glands, and there are lobes that produce female 
salivary gland-specific products presumably involved 
in blood feeding. We have shown that two genes 
presumably involved in sugar-feeding, Ma1 I and Amy 
I, encoding a-glucosidase and a-amylase respectively, 
are expressed in a restricted portion of the female 
salivary glands, the proximal lateral lobes, while 
they are expressed throughout the male salivary 

glands. Anti-hemostatic activities specific to 
female salivary glands including an apyrase are found 
in lobes distinct from those producing the 
carbohydrate metabolizing enzymes. Furthermore, 
female mosquitoes can regulate saliva secretion 
depending on the type of meal being taken. 

The anti-hemostatic activities present in the 
female salivary glands have indicated the 
complexities of obtaining a blood meal from a 
vertebrate host. In addition to an apyrase that 
serves as an anti-platelet aggregating factor, we 
have demonstrated an anti-complement activity. 
Further studies on this activity are underway. 

Parasites transmitted by mosquitoes may take 
advantage of the anti-hemostatic properties of the 
salivary gland in establishing infections in 
vertebrate hosts. It is clear that certain species 
of Plasmodia preferentially invade only those regions 
of the salivary gland used during blood feeding, thus 
optimizing their transmission to new hosts. 

Post- Transcriptional Processing - n e  RNA Splicing Machinery 
C 020 TRANS-SPLICING OF NEMATODE PRE-MESSENGER RNA. Timothy W. Nilsen, Case Western Reserve University School of Medicine, 

Cleveland, OH 44106. 
We have previously shown that a cell-free extract derived from develop- 
ing embryos of the parasitic nematode A. lurnbricoides catalyzes 
accurate and eficient trans-splicing of the A lurnbricoides SL RNA and 
a synthetic pre-mRNA containing a trans-splice acceptor site. Either 
endogenous SL RNA or SL RNA prepared by in viIm transcription can 
serve as the trans-splice donor. To function in Imns-splicing synthetic 
SL RNA requires a functional Srn binding site but does not require cap 
hypermethylation. 

We have used oligodeoxynucleotide directed RNaseH digestion 
to exemine the U snRNA requirements for cis- and Irans-splicing in the 
nematode extract. These experiments indicate that frans-splicing does 
not require the 5' end of U1 snRNA but does require intact U2 and U4/ 
U6 snRNPs: cis-splicing as expected requires 8n intact U1 snRNP. It 
has been shown by Bwzik and Steltz that utilization of SL RNA 5' 
splice sites linked in cis to adenovirus 3' splice site in HeLa cell 
extracts is independent of the 5' end of U1 snRNA and that a deter- 
minant of U1 independence Is the secondary structure (stem loop 1) 
involving the 5' splice site. 

To determine I this potential secondary structure contributed 
to U1 independent trans-spliclng in the nematode cell free system, we 
used deletion and site directed mutation analyses. Surprisingly, these 
experiments indicate that neither the primary sequence nor the 
secondary structure of stem loop 1 of the nematode SL RNA Is 

important for U l  Independent trans-splicing. In the most extreme case, 
SL RNAs containing a two base exon participated In trans-splicing. 
These results suggested that the SL RNA could deliver completety 
heterologous exons via Wens-splicing. To test this hypothesis, random 
fragments of pBR 322 were fused to the 'intron' portion of the SL RNA. 
Transcripts containing pBR 'exonsm ranging In size from 26 to 246 bases 
were efficiently used as Wens-splice donors. In each case Wens-splicing 
required a functional Sm binding site. 

Additional deletions and Insertions were made within the 'intron' 
portion of the SL RNA. These experiments indicated that the trans- 
splicing does not rely on a fixed distance between the splice donor site 
and the Sm binding slte. To determine which sequences of the h C 8 f i S  

SL RNA were relevant In frans-splicing, we performed extensive deletion 
and substitution mutagenesis as well as chemical modification inter- 
ference analysis. These experiments Indicated that the splice site Itself 
as well as short region encompassing the Sm binding site and adjacent 
nucleotides were the only elements of the SL RNA critical for its 
function. To test the hypothesis that these features could conier the 
properties of an SL RNA to a heterologous RNA we constructed 
modified U1 snRNAs which contained a functional splice site and the SL 
RNA Sm binding region. Remarkably, IheSe chimeric constructs 
functioned in frans-splicing with an efficiency comparable to that of the 
wild type SL RNA. 

C 021 

New Haven, CT 06510. 
In trypanosomes protein coding genes are organized in 
polycistronic transcription units. In order to produce mature 
monocistronic mRNA molecules, the mRNA coding regions 
embedded within polycistronic premRNAs are excised via RNA 
processing reactions. Specifically. trans-splicing of the spliced 
leader sequence generates the 5 end and cleavage and 
polyadenylafjon the 3 end of mRNA molecules. Previously, we 
had established a permeable cell system which is competent for 
transcription and trans-splicing. We have now shown that 3 end 
formation of the alpha and beta tukrlin mRNA is also efficientiy 

rnRNA BIOGENESIS IN AFRICAN TRYPANOSOMES, Elisabetta UIIu'2. Keith Matthewsls and Christian Tschudil. Yale 
MacArthur Center for Molecular Parasitology, 'Department of Internal Medicine and ZCell Bidogy, Yale School of Medicine, 

carried out in permeable trypanosomes. We are using this 
system to characterize the interplay between trans-splicing and 
polyadenylation and their requirements. In addition, we have 
assembled a number of artificial monodstronic and dicistronic 
reporter genes which differ either at their 3 end or in the 
intergenic region. These constructs are being used to identii 
as-acting elements required for polyadenylation and to evaluate 
the potential role of polyadenylation in modulating the output of 
mature rnRNA. 
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Host-Parasite Interactions: Parasite Antigens 
C 022 CELL SURFACE PROTEASES OF M A L A R I A  PARASITES, Catherine Braun Breton, Anne-Catherine Fricaud, 

Jean-Christophe Barale, Thierry Bl isnick and Gordon Langsley, Inst i tut Pasteur, Paris France 

The ro le  o f  a chymotrypsin-l ike serine protease in 
red b lood ce l l  invasion by malaria merozoites has 
been established. W e  have ident i f ied a glycosyl- 
phosphatidyl inositol anchored serine protease w i t h  
propert ies consistent w i t h  i t  be ing the enzyme 
r e q u i r e d  f o r  e ry th rocy te  i nvas ion :  spec i f i c  
inhibitors lead t o  a marked decrease in in fect iv i ty  
and, impor tan t l y ,  w i t h o u t  a f fec t i ng  merozoi te  
attachment. T h e  serine protease a c t i v i t y  i s  
deve lopmen ta l l y  regulated and  released f r o m  
invading merozoites. 
To fur ther  characterise th is  enzyme, w e  have 
performed in vitro assays o f  red blood cel l  invasion. 
T h e  e f fec ts  o f  spec i f i c  i n h i b i t o r s  and o f  

pretreatment o f  the red  b lood  ce l ls  w i t h  the 
p u r i f i e d  enzyme have been investigated. Our 
progress in the b iochemical  characterisation and 
gene c lon ing  o f  th is  serine protease w i l l  be 
repor ted.  
As part of our characterisation o f  parasite-specific 
proteases present at the surface o f  the infected red 
b l o o d  ce l l ,  w e  have shown that  the host  
p lasminogen ac t i va to r  urok inase (uPA)  b inds  
spec i f i ca l l y  t o  the  surface o f  t he  i n fec ted  
erythrocyte. The kinetics and specif ici ty of this 
binding as wel l  as i ts role in the parasite l i f e  cycle 
are being investigated. 

C 023 T DAF A DRrELOPMEhTALLY REGUL4TED C O M P L E M M  INRIWTOR EXPRESSED BY TRYPOhLASTlGOTES OF T 
cmzi Denise V Tarnbourgil Gary B OgdenZ Kath A Joiner' Lee F Hall' Alan Sher' Steve Heath3 Wilmar Dial 
da Silva4 Thereza L Kipms' IUniversidade de SBo Paulo SBo Paulo Brazil 2\ale University School of Medicine 
New Hasen 'National Institutes of Health Bethesda 41nstituto Butantan SBo Paulo Brazll 

C 024 PLASMODIUM FALCIPARUM: THE BIOLOGY AND CHEMiSTRY OF HEMOZOIN, Andrew F.G. Slater, Picower lntiiute 
for Medical Research, 350 Community Drive, Manhasset, New York 11030. 

The malaria parasite Plasmodium falciparum invades and grows within 
the red blood cells of its human host for a significant portion of its life 
cycle. The developing trophozoite ingests hemoglobin from the cytosol 
of its host cell, digesting it in a food vacuole to provide amino acids for 
i?s continued growtn. Proteolysis of b?moglobin releases heme, which 
if soluble can damage blOlOgiCdi r,-:..:brsr,os and inhibit a variety of 
enzymes As malaria aarasites lack heme oxygenase they are unable 
to cle;,, :;erne into ar1 s.;% zhain tetricyrole. ar;l II is GOI excrersd 
::o!n thi cl:. Instead neme is de1cixi:ied by conve:sion i,ito a 
microcr)stal!ine substance called hemozoin or malaria pigment, which 
accumulates within the food vacuole of the trophozoite concomitant 
with hemoglobin breaKdown Hemozoin is released along witn the 
merozoites when the infected red cell bursts and is scavenged by 
macropfiages. The pigment is irisoluble under physiologic conditions, 
and remains unaegraded within tissue macrophages of the host for an 
extended period of time 

We hsve purified hemozoin from P.falciparum trophozoites, and have 
used a variety of chentical methods to determine its strudure. Although 
several proteins. of which human globin is the most significant, 
intimately associate wirh hemozoin during its isolation, all of these 

proteins can be removed without a detectable change in the chemistry 
of the constituent hemes. No modifications to eirher the porphyrin 
macrocycle or the sidechains of heme were detected. The hemozoin 
crystal was found to consist of an unusual polymer of hemes linked 
betwepr! ?he central ferric ion of one heme and a csrboxylate side- 
group .J,:gen of another. This (inkage protects carDoxylic acid 
functional group from sofvation. and allows two or more monomers to 
pdymerise intr. hemoz;;bm. Preliminary ~ 2 t 2  c r  the space grr.ups of ::,e 
hemozoin crystal have rece;.tIy been obtained. 

Hemozoin does not form spontaneously from either free heme or 
hemoglobin under physiological conditions, and the biochemistry of its 
formation has not been prewously studied. We have identified an 
enzymatic activity, which we call heme polymerase, in extracts of 
malaria trophozoites that catalyses the formation of hemozoin. The 
enzyme works optimally between pH 5.0 and 6.0, which covers the 
estimated pH of malaria food vacuoles. We have also found that the 
activity is inhibited by quinoline-containing antimalarial drugs such as 
chloroquine and quinine. The possible significance of this in the 
antimalarial action of these drugs will be discussed. 
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Mitochondria, Glycosomes and Hydrogenosomes 
C025 

Biology Institute, University of California, LQS Angeles, CA 90024 

BIOGENESIS OF HYDROGENOSOKFS OF TRICHOMONAS VAGINALIS, Patricia J. Johnson, carol J. Lahti, Peter 
J. Bradley and Christine E. d'oliveira, Department of Microbiology & Immunology and Molecular 

2 . 2  is an anaerobic, flagellated 
protist which resides in the urogenital tract of its 
human host. Trichomonads lack mitochondria and 
instead contain an unusual organelle involved in 
carbohydrate catabolism: the hydrogenosome. 
Hydrogenosomes are the site of fermentative oxidation 
of pyruvate, coupled to ATP production via substrate 
level phosphorylation. The organelle is surrounded 
by two membranes and appears to contain no genetic 
material. Hydrogenosomes are proposed to have arisen 
either through the conversion of mitochondria or via 
endosymbiosis with an anaerobic bacterium. To gain 
a better understanding of the origin and biogenesis 
of the hydrogenosome, we have characterized two 
hydrogenosomal proteins, as well as the genes which 
encode these proteins. Our studies show that 
hydrogenosomal proteins are synthesized on free 
polyribosomes, and are thus post-translationally 
translocated into the organelle. These data also 
indicate that hydrogenosomes multiply by fission, as 

opposed to budding from the rough endoplasmic 
reticulum. The two hydrogenosomal proteins we have 
examined, ferredoxin and the beta subunit of succinyl 
CoA synthetase, appear to be synthesized as larger 
precursors that contain an eight or nine amino acid 
NH,-terminal extension, respectively. These apparent 
leader sequences are absent from the mature proteins 
found in hydrogenosomes. The biochemical properties 
of the NH,-terminal extensions are strikingly similar 
to one another, and to mitochondria1 presequences. 
These data support the hypotheses that the 
specificity of protein translocation into 
hydroqenosomes is conferred by a short NH,-terminal 
signal sequence and that the mechanisms underlying 
translocation are similar to that of mitochondria. 
TO address these hypotheses we are currently 
establishing an in vitro import assay using purified 
hydrogenosomes, as well as studying the protease 
responsible for the cleavage of hydrogenosomal 
proteins. 

C 026 A SUBSET OF THEILERIA pARvA MITOCHONDRIAL PROTEINS IS ENCODED BY A LINEAR 7.1 KBP DNA MOLECULE, 
Vishvanath Nene, Elke Gobright and Alladin Kairo, International Laboratory for Research on 

Animal Diseases, P. 0. Box 30709, Nairobi, Xenya. 
Theileria is a tick transmitted protozoan 
parasite which causes a lymphoproliferative and 
usually fatal disease in cattle. The parasite is 
characterised by two intracellular stages, a 
schizont stage in lymphocytes and a piroplasm stage 
in erythrocytes. Analysis of total piroplasm 

genomic DNA on agarose gels reveals the 
presence of an "extra-chromosomal" genetic element 
that migrates at 7.1 kbp on agarose gels. This 
element is a double stranded DNA molecule which 
hybridises only to itself in Southern blot analysis 
of total genomic DNA suggesting that the element 
contains unique DNA sequences. The restriction map 
of the element is consistent with a linear rather 
than a circular structure and the linearity has 
been confirmed by demonstrating that the element is 
susceptible to Ba131 digestion. About 6 kbp of the 
element has been cloned and sequenced. The A+T 
composition is about 70% and the ends of the cloned 
DNA contain inverted and direct sequence repeats. 
The DNA sequence encodes potential genes for 
cytochrome b, polypeptide I and a polypeptide III- 
like subunit of cytochrome c oxidase and there are 
a few short, dispersed stretches of sequences which 
have a high degree of similarity with rRNA 
sequences. Northern blot analysis shows the 

presence of major transcripts of 1.3, 1.1, 0 . 2 5  and 
0.07 kilobases in size. One near full length a b  
cDNA clone has been sequenced and other cDNA clones 
are being characterised. The finding of genes 
coding for mitochondrial proteins on the 7.1 kbp 
DNA element suggests that this DNA is mitochondrial 
in origin and these features of the T. Darva DNA 
are reminiscent of the mitochondrial genome of 
Chlamydomonas reinhardtii, a unicellular green 
alga. Five other species of Theileria and two 
species of Babesia contain a similar size molecule 
to the T. oarva element. There are simple and 
distinct restriction fragment length polymorphisms 
between the elements which makes the 7.1 kbp DNA a 
useful diagnostic probe for single and mixed 
parasite infections. A multiple tandemly repeated 
unit of 6 kbp has been described in Plasmodium 
species with each unit potentially encoding similar 
genes to those found on the T. Darva element. It 
appears that parasitic organisms in the phylum 
Apicomplexa which have been tested so far contain 
an unusual type of DNA encoding a limited number of 
genes normally found on mitochondrial DNA. There 
is, however, plasticity in the structure and copy 
number of the DNA and the organisation of the genes 
encoded. 

Co27 STRUCTURE FUNCTION RELATIONSHIPS OF THE GLYCOSOME, Frederik R. Opperdoes, International Institute 

Glycosomes, microbody-like organelles present in incorporated additional positively charged amino 
all Kinetoplastida studied (i.e. Trypanosoma, acids in unique peptide insertions and/or in N- or 
Leishmania, Crithidia, Phytomonas and Try- C-terminal extensions. As a consequence these en- 
panoplasma), are unique to these organisms in that zymes carry a high net positive charge and have 
they are the only members of the peroxisome family isoelectric points between 8 and 10. In those or- 
that contain the early enzymes of glycolysis, two ganisms where the glycolytic flux plays a less im- 
enzymes of glycerol metabolism, enzymes of C02 fix- portant role in overall energy metabolism (e.g. 
ation and adenylate kinase. Catalase may or may not T.cruzi, Crithidia fasciculata, Leishmania mexicana 
be present. In the African trypanosome T.brucei and Trypanoplasma borelli) the glycolytic enzymes 
glycolysis is characterized by an extremely high analyzed all have the unique amino-acid insertions 
carbon flux through the glycosome. This high flux and extensions similar to T.brucei, but lack the 
is facilitated by the high concentrations of cat- positively charged amino acids. Several, but not 
alytic subunits and their respective substrates in- all, of the glycolytic enzymes of T.bruce i  carry at 
side the glycosome, which may be close to 1 mM. To their C-terminus a so-called peroxisome targetting 
facilitate interaction of the densely packed glygo- signal (PTS) . When present in a T.brucei enzyme a 
lytic enzymes with their negatively charged sub- similar PTS is also found in the homologous 
strates, glycosomal enzymes have almost invariably sequences of the other kinetoplastida analyzed. 

of Cellular and Molecular Pathology, B-1200 Brussels, Belgium 
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CO28 EVIDENCE FOR THE MECHANISM OF RNA EDITING, Larry Simpson, Agda M. Simpson and Beat Blum, Department of Biology 
and Molecular Biology Institute, University of California, Los Angeles, CA 90024. 

A nev model for RNA editing has been proposed. In this 
model tvo successive transesterifications bring about the 
transfer of U residues from the 3' tail of a gRNA to an 
editing site. The function of the terminal uridylyl 
transferase is to add U residues back to the 3' tail Of 
the gRNA. The gRNA in this model functions both as a 
guide sequence and as a donor of U's for editing. 
Evidence for  this model involves the demonstration by PCR 
of the chimeric gRNA/mRNA molecules which are predicted 

transient intermediates in this process. In vitro editing 
experiments are also being performed to test this 
hypothesis. In the first experimental system, the label 
is supplied as [32P]IJTP and the localization of label in 
synthetic cytochrome b mRNA is followed by RNase H 
digestion with specific oligomers. In the second 
experimental system, the label is supplied as 3'-end 
labeled W R F 3  gRNA and the incorporation of label into 
synthetic MURF3 mRNA is followed by gel electrophoresis. 

C 029 TARGETING THE GLYCOSOME, Jiirg M. Sommerl, Qj-Lin Cheng', Gilbert-A. KeUer2, and C. C. Wang', 'Universiry of California, 

The wmpamnenlahtion of glycolytic enzymes into specialized organelles, the 
glycosomes. allows the bloodsueam form of Trypornsoma brucei la rely solely on 
glycolysis for iU energy production. The biogenesis of glycosomes in these 
parasitts has been intensively studied as a potential target for chemotherapy. An zn 
ntro assay of 3-phospboglyce~ate kinase (PGK) impon into T. bruccei glycosomes 
way established. It demonsaaced specific uprake of denatured glycosomal enzyme 
(gPGK), but was unable la rake up the highly homologous cytoplasmic enzyme 
(cFGK). The gPGK taken up by intact glycosomes is resistant to 3M urea and 
proteinase K, and thus may regrcsentpmtein impon across the membrane srmcfure 
without proteolytic modification. More recently, we adapted the stable 
uansformation of T. brucei for in nvo analysis of glycosomal pmtein import. A 
peroxisomal proten. fmfly luciferase, was expressed in the pmyclic form of T. 
bruei by polycisaanic transcription of the luciferare and the nwmycin phospho- 

San Francisco, CA 94143, and %enentech Inc., South San Francisco, CA 94080 
msferase (NO) gene utilung a promoter for one of thc pmyclic MidiC repetitive 
protein (PARP) genes of T. brucci. Stable transformants were o b m e d  by 
selection for G418-1esistant cek following integrauon of the linearized DNA 
wnsmct into a wbulin intergenic Iococus via homologous rccombinauon. cloned cell 
lines carried betwem 6 and 30 copies of the luciferase gene disfributed over 3 
insmion sites within the tubulin gene Cluster. resulting in a relatively high level of 
luciferase expression. CeU fractionation and immunoelecmn micmscopy indicate 
that luciferare accumulates inside the glycosomes of T. brucci. Replacement of the 
C-terminal leucine in Iucifense wilh valine by sitedirected mutagenesis resulted in 
subsmtial accumulation of the mutant protein in the cyrOplasm. This consenration 
of a protein impon mechanism in peroxisomes and glycosomes suppons the 
peviously proposed evolutionary relaurnship between these two micmbodies. 

co30 

Biomedical Research Institute, Seattle, WA 98109-1651. 
Malaria parasites carry two extrachromosomal DNA Subcellular fractionation studies indicate that the 
molecules with organellar characteristics. One is a 6 kb element and the 35 kb circle occupy different 
6kb reiterated sequence, arranged in linear tandem cellular compartments. Molecular phylogenetlc 
repeats. This molecule specifies at least two studies of nuclear rRNA genes [1,2] place the 
mitochondria1 proteins as well as blocks of origins of malaria and dinoflagellates within a 
sequence allocated to fragmented small and large relatively short evolutionary distance of each 
subunit rRNA genes and is presumed to represent the other. We propose that the progenitor of malaria, 
mitochondria1 genome. A second DNA molecule, the and several other Apicompleran parasites, was 
so-called "35 kb circle", codes for two sets of photosynthetic and that a plastid remnant of 
full length rRNA genes arranged in a novel form of unknown but essential function has been retained to 
inverted repeat reminiscent of chloroplast genomes. the present day. This organelle has yet to be 
Of the protein-encoding genes so far identified on identified at the subcellular level but the 
the 35 kb circle, the most striking are rpOB and "spherical body" is a likely candidate in malaria 
rpoC, juxtaposed genes encoding subunits of a parasites. 
eubactetial type of RNA polymerase. Such genes have l.Gajadhar,A.A. et al. 1991 no1 Biochem Parasit. 
never been reported on mitochondria1 genomes but 45, 147. 
are a feature of chloroplasts. The organization of Z.Nanney,D.L. at al. 1991 J no1 EVol 32,316. 
the malarial rpoB gene resembles that of 
chloroplasts rather than E.coli. 

PLASTID 
Peagin'.' National Institute for Medical Research, Mill Hill, London NW7 ~ A A ,  U.K. 

NA IN THE APICOHPLEXA ? Iain Wilson', Malcolm Gardner', Don Williamson1, and Jean 
Seattle 
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Opportunism 
C 031 MOLECULAR AND CELLULAR BIOLOGY OF CRYPTOSPORIDIUM PARVUM, Carolyn Petersenl, Richard G. Nelsonl2, 

Ljsa Goozel, Jiri Gutl, Patricia S. Doyle1, Joseph H. Crabd and James H. Leech’. lParasjtdogy Laboratory, San Francisco 
General Hospltal, Departments of IMedicine and ZPharmaceutical Chemlstry, University of California at San Francisco, San 
Francisco, California and 3ImmuCel1, Portland, Maine. 

Crypfosporidium pnrvum, an Apicomplexan parasite of intestinal 
epithelial cells, is a common cause of diarrheal disease in children and 
residents of the tropics and is a cause of life-threatening malnutrition and 
dehydration in 15% of persons with AIDS in the US. In spite of the 
prevalence and morbidity of Crypfospordium infection in persons with AIDS, 
little is known about the biology or biochemishy of the organism and no 
effective treahmnt regimens are available. We have prepared monoclonal 
antibodies (MAbs) to sporozoites and intracellular parasites, obtained 
hyperimmune bovine colostral IgC, constructed genomic DNA libraries and 
developed an in mtro model of sporozoite invasion and development to begn 
to investigate aspects of the biology and molecular biology of 
Crypfosporidium which may allow the development of effective 
immunotherapy and/or chemotherapy. 

Anhbodies to pellicle and apical complex proteins of invasive stages of 
other Apicomplexan parasites such as Toroplrrsmn, Plnsmodium and Eimcrin 
have been shown to protect against parasite challenge. Hyperimmune b a n e  
colostrum (HBC) raised to Crypfosporidium oocysts/sporozoites has been 
reported to cure AIDS patients and protect calves against Crypfosporidium 
challenge. We have begun to characterize 12 mapr antigens identified by 
prorective HBC I& on Western blot of oocyst/sporozoite proteins. In an 
alternate strategy, we have idenhfied 10 candidate spororoite pellicle and 
apical complex proteins based on IFA pattern with monospecific reagents. 
Five of these candidates were identified with antibodies eluted from lambda 

gt 11 DNA expression library clones (REAS) and five were identified with 
MAbs to sporozoites. One antigen, a >500 kD glycoprotein of sporowws and 
merowites, is highly immunogemc. It is the mapr antigen detected by HBC 
I& and is the the target antigen of one REA, 3 sporozoite-reactive MAbs and 2 
intracellular stagereactive MAbs. 

We have cloned and sequenced the gene encoding Crypfosporidiurn 
dihydrofolate reductase (DHFR), a target enzyme of anti-folate antibiotics, 
and intend to express and kinetically analyze the encoded protein to 
determine whether the refractoriness of Cryptosporidium infection to 
treatment with available antifolates is due to unique structural features of the 
enzyme. Crypfospuridiurn DHFR, like that of other protozoans, is encoded by 
a bihnctional gene which also encodes thyrmdylate synthase (TS). Cloning of 
the gene was made possible by PCR amplificahon of a segment of the Ts gene 
using degenerate oligonucleotide primers based on highly conserved TS 
sequenres. 

Cryptosporidium has been thought to be related to Eimrrin and lsosporn on 
the basis of ultrastructural observations and similarity of host cell. 18s 
ribosomal analysis, however, suggests that the organism is phylogenetically 
more closely related to Snrcocystis and Theileria. Electrophoretic karyotype 
analysis indicates that Crypfosporidium has at least 5 and perhaps 7-9 
chromosomes which range in size from 0.9 mb to 1.5 mb. The genome IS 

estimated to be 10-15 mb, much smaller than that reported for other 
Apicomplexans including Plasmodium, Eimnia and Toroplnsma. 

C 032 IiIGll FREQUENCY SWITCHING I N  CANDIDA ALBICANS, David R .  S o l l .  Brian Morrow, Jan Schmid, Sr ikantha  Thyagarajan,  
Department of Biology, Univers i ty  of Iowa, Iowa C i t y ,  Iowa, 52242. 

Almost a l l  t e s t e d  s t r a i n s  of Candida a l b i c a n s  and r e l a t e d  
s p e c i e s  a r e  capable  of swi tch ing  a t  high frequency and 
r e v e r s i b l y  between a number of  d i f f e r e n t  genera l  phenotypes 
whlch can be d i s t i n g u i s h e d  by colony morphology and i n  some 
cases c e l l u l a r  morphology and physiology. There a r e  a 
number of d i f f e r e n t  swi tch ing  systems, def ined  by colony 
phenotypes i n  t h e  swi tch ing  r e p e r t o i r e s ,  b u t  i t  appears  t h a t  
each s t r a i n  possesses  a s i n g l e  swl tch ing  system. The b e s t  
s t u d i e d  swi tch ing  system is t h e  white-opaque t r a n s i t i o n  i n  
s t r a i n  WO-1, ob ta ined  from t h e  blood of  a bone marrow 
t r a n s p l a n t  p a t i e n t .  I t  has  been demonstrated cha t  t h e  
white-opaque t r a n s i t i o n  a f f e c t s  v i r t u a l l y  every p u t a t i v e  
v i r u l e n c e  t r a i t  of C. a l b i c a n s ,  involves  d i f f e r e n t i a l  gene 
e x p r e s s i o n ,  and a f f e c t s  every a s p e c t  of  c e l l u l a r  
a r c h i t e c t u r e  inc luding  t h e  genes is  of  unique pimple 
s t r u c t u r e s  i n  the  opaque c e l l  w a l l .  We have cloned genes 
which a r e  d i f f e r e n t i a l l y  expressed  both i n  t h e  opaque and 
whrfe swi tch  phenotype. One opaque-spec i f ic  DNA encodes a 
peps inogen- l ike  p r o t e i n  wi th  s t r o n g  homology t o  pepsinogens 
of  P e n i c i l l i u m ,  monkey, p i g  and human. However, i t  is 
unusual i n  t h a t  i t  c o n t a i n s  only  one ,  r a t h e r  than  two. 

a s p a r t y l - c o n t a i n i n g  a c t i v e  s i t e .  s i m i l a r  t o  p r i m i t i v e  
pepsinogens encoded by r e t r o v i r u s e s .  Although i t  i s  c l e a r  
t h a t  swi tch ing  a f f e c t s  many t r a i t s ,  is f r e q u e n t  and 
r e v e r s i b l e ,  and occurs  a t  s i t e s  o f  commensal c a r r i a g e  and 
d i s e a s e ,  i t  i s  n o t  c l e a r  what r o l e  i t  p l a y s  i n  pa thogenes is .  
Recent ly ,  a s tudy  was performed i n  which s t r a i n s  were 
i s o l a t e d  from d i f f e r e n t  body l o c a t i o n s  o f  t h e  same h e a l t h y  
i n d i v i d u a l s ,  f i n g e r p r i n t e d  wi th  t h e  moderated r e p e t i t i v e  DNA 
probe Ca3. and t h e  Southern b l o t  h y b r i d i z a t i o n  p a t t e r n s  
analyzed for  s i m i l a r i t y  w i t h  t h e  Dendron sof tware  package. 
Simultaneous i s o l a t e s  from t h e  o r a l  c a v i t y  and v a g i n a l  c a n a l  
i n  a l l  of 11 c a s e s  were n o n i d e n t i c a l .  I n  7 c a s e s ,  t h e  p a i r s  
were g e n e t i c a l l y  u n r e l a t e d ,  b u t  i n  4 cases g e n e t i c a l l y  
s imi l a r  b u t  n o n i d e n t i c a l  sugges t ing  t h a t  they had evolved 
from t h e  same p r o g e n i t o r .  I t  is  argued from t h e s e  i n d i r e c t  
o b s e r v a t i o n s  t h a t  one r o l e  of swi tch ing  is  t o  provide  a 
s t r a i n  w i t h  t h e  i n i t i a l  phenotypic v a r i a b i l i t y  i n  a 
c o l o n i z i n g  p o p u l a t i o n  f o r  a d a p t a t i o n  t o  d i f f e r e n t  
environmental  n i c h e s  i n  t h e  same h o s t ,  and t h a t  p e r s i s t e n c e  
of t h e s e  d i f f e r e n t  swi tch  phenotypes is a l t e r n a t i v e  n iches  
reduces mixing. r e s u l t i n g  i n  i s o l a t i o n  and g e n e t i c  
d ivergence .  
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C 100 Trypanosome Mitochondrial Ribosomal RNAs Contain PoIy- 

Uridine Tails, Brian K. Adler. Michael E. Harris, Karen I. 
Bemand and Stephen L. Hajduk, Depts. of Medicine and Biochemistry, 
University of Alabama at Birmingham, AL 35294 

The mitochondrial ribosomal RNAs of Trypanosoma bmcei are 
unusual due to their small size, organization of their genes, and 
developmental regulation. Despite the small size of the 9 s  (640 nt) and 
12s (1230 nt) rRNAs, they resemble the 16s and 23s rRNAs of E. coli 
which suggests that the nypanosome ribosomes may contain other RNA 
components or have unusual structures. The steady state levels of the 
rmtochondrial rRNAs in T. brucei correlate with the developmental 
regulation of mitochondrial biogenesis. There is a 30 fold supression of 
the mitochondrial rRNAs in the blood stream compared to insect form of 
the trypanosome, and this is probably regulated at the level of RNA 
stability. We now show another unusual aspect c.f tw. mitochondrial9S 
and 12s ribosomal RNAs, modifcation of the 3' termini by uridine 
addition. Studies in our laboratory on the editing of mitochondrial 
mRNAs indicated that the mitochondrial rRNAs were also modified by 
the addition of uridines. Metabolic labeling studies using intact 
mitochondria and [U-~~PI-UTP, in the absence of transcription, 
demonsuated the post-uanscriptional timing of the event. T, 
ribonuclease comparison analyses of f32P]-pCp 3' end labeled and [a- 
32P]-UTP metabolically labeled rRNAs, along with direct RNA 
sequencing of the 3' termini, idennfied the site of uridine addition, and 
revealed the creation of an oligo(U) tail for both rRNAs. 12s and 9 s  
rRh'As hybrid selected from total cell RNA exhibited the same 
modification demonsnating the presence of this processing in viva 
Moreover, only 3' poly(U) tailed 9s and 12s rRh'As were detected in 
total cell and mitochondrial RNA which suggests that they are. the most 
abundant and probable mature forms. The 12s and 9s rRNA oligo(U) 
tails differed significantly from each other with the 12s having a 
heterogeneous tail of 2-17 uridines, and the 9s a precise length of 11 
undines. The mechanism of formation and the function of the rRNA 
poly(U) tails remain to be determined. 

C102THE ANATOMY OF THE SL RNA GENE ARRAY IN THE 
TRYPANOSOMATID PROTOZOA: PRESENCE OF SITE- 

SPECIFIC RETROTRANSPOSONS (SITEPOSONS) AND GENETIC 
LINKAGE TO 55 rRNA GENES, Serap Aksoy and 
Merceditas S .  Villanueva, Department of Internal 
Medicine, Yale University School of Medicine, New 
Haven, CT 066510 
Retrotransposon sequences with a ubiquitous genomic 
distribution have been reported in Trypanosoma 
brucei. Unlike these elements, SLACS (also called 
MAE) in the African trypanosome T.brucei, CREl in 
the mosquito trypanosomatid, C.fasciculata, CZAR in 
the New World trypanosome T.cruzi and HER1 in 
Herpetomonas spp. are associated with only one 
locus, the SL RNA gene cluster(s). All four 
elements interrupt their host sequences in a site 
specific fashion, ie. they are inserted between 
nucleotides 11 and 12 of the SL RNA gene coding 
sequence. DNA sequence analysis has shown that they 
have the hallmarks of non-LTR retrotransposons: 
extensive target site duplications at their 
insertion, 3'poly(A) tails and one or two long open 
Reading Frames with motifs homologous to retroviral 
GAG and POL sequences. Although each element has 
distinct primary sequence, all three share 
extensive amino acid homology in the conserved POL 
domains. Their overall structural organization and 
the highly conserved domains within their OR%, 
suggest that they represent an evolutionarily 
related family of elements. 
Analysis of the SL array in a different New World 
trypanosomatid, T.ranqeli, has shown that the SL 
RNA genes are organized within the same repeat unit 
sequences with the 5s rRNA genes. This alternating 
SL and 5.5 arrangement is also conserved in the 
African trypanosome T-vivax and in Herpetomonas. In 
all cases, the orientation of transcription for 
both genes is in the same direction. Genetic 
linkage for the SL and 5.5 loci had been noted in 
nematodes but not been previously observed in 
Trypanosomatids. 

C 101 PRODUCTION OF A CHROMOSOME-SPECIFlC LIBRARY 
FOR Leishmania major. James W. Ajioka, Anita C. 

Skinner and Jenefer M. Blackwell, Department of Medicine, University 
of Cambridge Clinical School. Addenbrooke's Hospital, Cambridge UK 
CB2 2QQ 
Although the chromosomes of Leishmania are readily resolvable by 
pulse field gel electrophoresis (PFGE), very few marker genes have as 
yet been assigned to specific chromosomes. As part of a study of the 
molecular determinants of parasite virulence, we have generated 48 
clones of L. major, 10 of which have been analysed in detail for their 
infectivity in vivo and in vino and for their expression of major 
molecular determinants (LF'G, GP63 and HSWO) of virulence. PFGE 
revealed significant karyotypic variations in clones of differing 
virulence, but without a good physicallgenetic map it has proved 
difficult to trace the associated chromosomal rearrangements. We have 
therefore initiated a programme of research ultimately aimed at 
production of chromosome-specific libraries for all chromosomes. Our 
fmt libraries have been prepared from chromosomes to which GP63 
and HSWO have already been assigned, and raking as our source DNA 
the standard laboratory LV39 strain. Chromosome specific DNA was 
excised from the gel following PFGE in low melt agarose, and the gel 
segments equilibrated in buffedSau3A prior to addition of MgC1, and 
incubation for 30 min. The partially digested DNA was eluted from 
the gel and recovered by phenol/chlwfom exmction and alcohol 
precipitation, prior to loading onto a standard agarose gel for size 
fractionation of 12-20 kb insert DNA. DNA recovered following size 
fractionation was ligated into the BAMHI rite of EMBL3 and grown 
on E. coli smin P2393. Chromosome spec& libraries an being 
analysed for representation of known single copy/tandemly repeated 
genes (GP63, HSP70) and methods developed to assess the number, 
type and dismbution of repetitive sequences. 

C103PRODUC"ION OF "E BY Bcg' AND Bcg' 
MACROPHAGE LINES. Luis F. Barren., Emil Skamene 
and Danuta Radzioch. 

Department of Experimental Medicine, McGill Centre for the 
Study of Host Resistance, Montreal General Hospital Research 
Institute, Montreal, Quebec, Canada H3G 1A4. 

It had been demonstrated that different mouse strains 
exhibit a differential ability to control the growth of several 
species of mycobacteria including M. bovis BCG. It has been 
shown that this property is regulated by the expression of the 
Bcg gene. 

The Nitric oxide (NO), a metabolite derived from L- 
arginine, has been associated with the capacity of macrophages 
to control the growth of several intracellular pamites including 
mycobacteria. 

We compare the NO2 production in bone marrow- 
derived macrophage lines BlOS and BlOR established from 
congenic strains of mice susceptible (BIO.A, Bcg3 or resistant 
(B1OA.Bcg') to M.bovis BCG, respectively. 

Our results indicate that the BlOR macrophage lines 
produce twice as much NO, than the BlOS macrophage lines in 
response to BCG infection, stimulation with rIFN-y, or a 
combination of both stimuli. The levels of NO, production mere 
higher when IFN-y acted as a first signal as compared to BCG. 

Thus, the differential capacity of BlOR and BlOS 
macrophage to produce reactive nitrogen intermediates m) 
might be closely associated with their ability to inhibit 
rnycobacterial growth. 
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C 104 ANTIGENIC VARIATION IN PLASMODlUM 

Wollish2, B. Southwell', J. H. Leech 2, R.F. Andersl, G. V. 
Browni. I Immunoparasitology Unit, The Walter and Eli= Hall 
Institute of Medical Research, Melbourne, Victoria 3050, Ausrralia. 
2The Medical Service, San Francisco General Hospital and Depamnent 
of Medicine, University of California at San Francisco, California 
94710, USA. 

Antigenic variation of surface molecules expressed by certain infectious 
organisms I S  a major factor in evasion of the host immune response. 
There has been no definitive demonstration of this phenomenon in the 
malaria parasite, Plasmodium fulcipurum. In this study, cloned 
parasites were examined serologically and biochemically for the 
expression of antigens at the erythrocyte surface. A cloned line of P. 
fukipurwn gave rise to progeny that expressed antigenically distinct 
fotms o f m  erythrocyte surface anrigen but were otherwise identical. 
This demonstrates that antigenic differences on the surface of P. 
fulcipurwn-infected erythrocytes can arise by antigenic variation of 
clonal parasite populations. The antigenic differences were shown to 
result from antigenic variatron of the parasite-encoded protein, the P. 
fafcipurum eryrhrocyte membnne protein I (FYEMPI). The emergence 
of P.fulcipurum variants appears ro be influenced by certain host- 
dependent factors. 

FALCIPARUM. B-A. Biggsl, L. Goozi2, K. Wycherley', W. 

C 106 DEVELOPMENT OF GENETICS FOR MAPPING 

DETERMINANTS IN TOXOPLASMA. John C. Boothroyd, L. David 
OF DRUG RESISTAVCE TARGETS AUD VIRUENCE 

Sibley, and Elmer Pfefferkorn.. Department of Microbiolo 
Immunology, Stanford University School of Medicine, S t s r d ,  CA, 
'Microbiology Department, Dartmouth Medical School, Hanover, NH 

We have recently constructed a combined physical and genetic 
map for Toxoplasma to facilitate the application of classical genetics 
in addressing aspects of intracellular parasitism. In all, 70 random 
DNA probes were mapped by hybridlzation to gel-separated 
chromosomes and by segregation of RFLP markers among 19 recom- 
binant progeny following a genetic cross between P and C strains. 
The resultmg map provides 1 marker spaced approximately every 1.0 
Mb of the genome that corresponds to a resoluuon of 5-10 cM in 
genetic distance. Using this map, preliminary genetic linkage between 
specific RFLP markers and unknown genes of interest k feasible to 
within 100-500 kb, as demonstrated for mutants resistant to AraA 
(linkage group V) or smefunsn (linkage group IX). This strategy is 
currently being applied to mapping the targets of several promising 
new drugs for treatment of toxoplasmosis and for investigating 
mutants with altered invasion ( Iv- )  or adherence (Adh-) phenotypes. 

from a wide range of Toxoplasma strains, k u r  R F h  markers that are 
unlinked were developed for a PCR-based approach to RFLP map- 
ping. In all, 27 independent strains were analyzed from t h r e r p s ;  
animal infections, human congenital infections, and human S in- 
fections. Strains from these three goups exhibit a similar IeveI of 
genetic divergence and polymo hsm and do not show marked host 
or geographical correlations w i x  particular genotypes. However, a 
striking relatedness was evident for the 10 strains that exhibit high 
virulence in mice (LD,, < 10); all have highly similar genotypes at the 
four genetic loci. This correlation was 100% for one of the four 
markers located on chromosome VIII where all 10 virulent strains had 
the identical genotype whereas the 17 nonvirulent strains (LD,, > 
lo') all had a second allele at this locus. ?he 10 virulent strains were 
originally isolated from both animal infections and human infections 
that bad resulted in ocular, congenital, or A I D S  CNS toxoplasmosis. 
Additionally, these strains were isolated from widely separate areas in 
the USA, Brad and France suggesting that clonal propa ation con- 
tributed to this pattern of distribution. Based on the ree&lunary cor- 
relation of specific RFLP.marken with virulence it slould be feasible 
to map the molecular basls of vuulence by class~cal genetic analyses. 

and 

To explore the natural variation of enetic olymorphism 

C 105 PROCESSING OF THE PIASMODIUH FALCIPARUM 
HEROZOITE SURFACE PROTEIN 1: IDENTIFICATION 

OF A 33 KILODALTON PRODUCT OF A SECONDARY PROTEOLYTIC 
PROCESSING EVENT AND PARTIAL CHARACTERISATION OF THE 
PROTEASE INVOLVED, Michael J .  Blackman, Irene T. Ling, 
Hilton Whittle and Anthony A .  Holder, National Institute 
for Medical Research, Mill Hill, London, U.K. 
We have previously shown that only a single 19kd fragment 
of the Plasmodium falciDarum merozoite surface protein 1 
(MSPl) is carried with an invading merozoite into the 
infected red cell. This fragment (HSP1 9) is derived from 
the C-terminal, membrane-bound end oi' a major product, 
MSP142, of the primary stage of HSPl proteolytic 
processing. Using a monoclonal antibody mapped to an 
epitope within the N-terminal region of HSPlI12. we have 
shown that a s o I u b l e  33kd polypeptide (MSP1 ) 
corresponding to the N-terminal region of HSPl is si2d 
into culture supernatants during merozoite r:?ease and 
erythrocyte invasion. These observations provide further 
evidence that the secondary processing of MSP142 involves 
a highly specific proteolytic activity. Amino acid 
sequencing of the N-terminus of the MSPllg species has 
derermined the site specifity of this protease, and 
suggests that the cleavage site is conserved between the 
different allelic types o f  HSP1. The pattern of 
sensitivity of the protease to various inhibitors has 
provided further information as to its location and 
mechanism of action. 

C107 USE OF A GENE PROBE TO DETERMINE THE EFFECT OF HOST 
AND PARASITE GENOTYPE ON THE SPECIFICITY OF CRISIS 

IWUNITY IN RODENT MALARIA.BOURNE, T., JARRA. H..SHOUNOU,G., 
BROWN, K.N., Division of Parasitoiogy; NIMR, Mill Hil l ,  
London, England. 
During a primary malaria infection in the non-immune hos t  
the reduction of paras i te  numbers from dangerously h l g h  
levels to  lower, less  c r i t i ca l  levels i s  crucial i f  the host 
i s  t o  survive. T h i s  reduction i n  patasitaemia i s  ca l led  
c r i s i s ,  Since c r i s i s  i s  central t o  protect ive immunity and 
because na tura l ly  acquired malaria in fec t ions  frequent ly  
consist of a mixture of parasite s t ra ins  and species, i t  i s  
necessary t o  understand the immune mechanisms involved i n  
c r i s i s  and establish the i r  specificity. 

Using the CBA/Ca inbred mouse model and cloned parasite 
l i n e s ,  p a r a s i t e  c l e a r a n c e  dur ing  c r i s i s  and t h u s  t h e  
e f f e c t o r  mechanism(s) involved h a v e  been shown t o  be 
predominantly species- and strain-specific. 

A gene probe PCsv4.l. developed in th i s  laboratory, can 
be used t o  d i f fe ren t ia te  parasi te  species, sub-species and 
s t ra ins ,  even when they are present concurrently. Thus the 
probe can be used t o  analyse the  dynamics o f  individual 
parasite s t ra ins  i n  mixed infections, providing a basis for  
the investigation o f  imnunity t o  mixed infections. 

Evidence i s  presented whicl. indicates  t h a t  the  marked 
s p e c i f i c i t y  o f  t h e  mechanism(s) r e s p o n s i b l e  for t h e  
clearance of parasites a t  c r i s i s  i s  independent of both h o s t  
(including H-2) and parasite genotype. 
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C 108 Cysteine proteinases from Leishmania major as 
targets for chemotherapy. Jacques Bouvier't and 

Judy Sakanari'. 'Department of Pathology, UCSF School of 
Medicine, San Francisco, CA, and tlnsititut d e  Biochimie, 
Universite d e  Lausanne, CH-1066 Epalinges, Switzerland. 
There has  been increasing interest in proteolytic enzymes 
because of their critical roles in the pathogenesis in several 
parasitic diseases.  As targets for the design of new nontoxic 
drugs to treat these diseases,  they offer an akrnat ive to 
vaccination. Proteinase inhibitors represent an important class of 
drugs already in use for a variety of diseases.  Cysteine 
proteases of Leishmania major are importan! for the metabolism 
of the organisms, and  the specific inhibition of these proteinases 
using "designed" inhibitors will arrest the development of the 
parasites. The cysteine proteinases of 1. major, promastigotes 
were extracted in 2% Triton X-114, and were purifed by several 
s t eps  of chromatography. Purified proteinases hydrolyze the 
synthetic chromogenic peptide substrates 2-phe-arg-p 
nitroanilide and  2-arg-arg-pNA, and a re  inhibited by two 
nontoxic inhibitors of cysteine proteinases, Z-phe-aia- 
fluoromethylketone and Z-phe-arg-fluoromethylketone. 
Preliminary results indicate that these inhibitors arrest growth of 
the parasites within infected macrophages in vitro. 
One  of the genes  has  already been isolated from an L. major 
genomic library by screening with a Trypanosoma cruzi cysteine 
proteinase gene  fragment. Sequence analysis shows that the L. 
major gene sha res  great similarity to other members of the 
cysteine proteinase family. (supported by UNDPMlorld 
BankM(H0 Special Programme for Research and Training in 
Tropical Diseases no. L30/181/82). 

C 110 ISOLATION AND CHARACTERIZATION OF THE BETA- 
TUBULIN GENE OF BABESIA BOVIS. Rosanne E. Casu, 

CSIRO, Division of Tropical Animal Production, Indooroopilly, Qld, 
4068. AUSTRALIA. 
Microtubules are essential, multifunctional, subcellular components found 
in all eukaryotes. They are involved in chromosome segregation (mitotic 
spindle), cell structure, motility (cilia and flagellae) and transport 
phenomena. Microtubules are formed by the polymerization of dimers of 
non-identical alpha- and beta- tubulin subunits, which have regions of 
homology. Tubulins also show a high degree of evoiutionary 
conservation. In Bubesiu bovis, an intraerythrozytic protozoan parasite of 
cattle, microtubules form the third iayer of the pellicle of the pyrofom 
body. A microtubule layer is also present in the parasite in its invertebrate 
stages, radiating from a poIarring situated in the blunt end. From studies 
on other parasitic organisms it could be supposed that interference with the 
structure of the microtubules would grossly alter the ability of the 
organism to survive. 

The most conserved region of tubulins in general is an area near the 
carboxy terminus. A short synthetic oligonucleotide corresponding 10 this 
region was used to screen a Babesia bovis cDNA lambda gtlO library, 
yielding two independent clones. The insert from the longer clone was 
subcloned and both ends sequenced. This insert codes for about 80% of 
the B. bovis beta-tubulin gene, encompassing the central portion of the 
gene. It was subsequently used to screen a B .  bovis lambda g t l l  library, 
resulting in a full-Iength clone which has been fully sequenced. Five 
different independent clones have also been isolated from a B .  bovis 
genomic DNA EMBL3 library using this probe. The m s t  suitable of these 
has been subcloned and sequenced, and its structure analyzed. 

C 109 IDENTIFICATION OF TWO LElSHMANlA H REGW GWES 
USING MULTICOPY EXPRESSION VECTORS, Heather L 

Callahan, William Roberts'. Petrie Rainey', and Stephen M .  
Beverley, Dept. Biol. Chem. and Mol. Pharm.. Harvard Medical 
Schcol  and 'Dept. Lab. Med., Yale New Haven Medical School 
Transfection of vectors which are multicopy and theieby 
over-express passenger DNA has been used in many systems to 
identify genes of interest. Amplification of the Leishmania H 
region, a 48 kb circular, extra-chromosomal DNA, has been 
correlated with resistance to many drugs including methotrexate 
and Na arsenite. Using our multicopy Leishmania transfeclion 
vectors we identifled two H region genes, one which confers metal 
resistance but not MTX resistance. and one which confers MTX 
resistance but not metal resistance. The MTX resistance gene has 
been mapped to a 6 kb piece of DNA and is currently being 
sequenced. The metal resistance gene is an L. major 
P-glycoprotein homologue (ImpgpA) which confers resistance in 
vifro to both arsenite and trivalent antimony (Sblll), but not 
pentavalent anlimony. Although Leishmaniasis is treated with 
pentavalent antimonials. researchers have postulated that 
trivalent antimonials are the active species. If this hypothesis is 
correct, p g p A  may play a role in clinical resistance. The 
mechanism of drug resistance is also unclear. Unlike cells with 
classical MDR phenotypes, lmpgpA transfectants are not resisfanl 
to vinblastine, nor is their resistance reversible by verapamil. 
Resistant transfectants do show a two-fold decrease in 
steady-state drug accumulation (Sblll) when compared to contrOl 
cell lines. We are currently testing whether the 10-fold Increase 
in drug resistance may be linked to changes in efflux. since other 
P-glycoproteins have been shown to function as efflux pumps. 

C 11 1 CHARACERIZATION OF DIFFERENTIALLY 
EXPRESSED cDNAs OF Eimeria bovis SPOROZOlTES 

AND MEROZOITES. Timothy G. Clark, Mitchell Abrahamsen, 
Patrice L. Masculo, C.A. Speer, and Michael White, Veterinary 
Molecular Biology, Montana State University, Bozeman, MT 
59717 

Eimeriu bovis is an obligate intracelular parasite that causes 

coccidiosis in cattle. The developmental pathway for E. bovis 
includes five distinct morphological cell types: the sporont of 
unsporulated oocysts, the invasive stages, sporomites and 
merozoites, and the sexual stages, macro and microgametocytes. 
To initiate studies on the developmental regulation of gene 
expression in the invasive stages, we prepared hgtl 1 cDNA 
libraries from mRNA isolated from sporozoites or merozoites. 
Differential screening of the merozoite and sporozoite cDNA 
libraries were performed using probes generated from both 
sporozoite and merozoite mRNAs. From these screens, 67 
independent clones and over 250 clones were obtained that 
appeared to be more highly expressed in meromites or sporozoites, 
repsectively. Several clones or each type have been characterized 
and used as probes for Northern hybridizations to confirm the 
differential expression. The genetic structure and pattern of 
mRNA expression during parasite development for several 
merozoite and sprozoite specific cDNAs will be presented. 
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C 112 CHARACTERIZATION OF THE GENE FOR GP72, 
AN INSECT STAGE-SPECIFIC ANTIGEN OF 

TRYPANOSOMA CRUZI, Robin Cooper, Jill A. Inverso, 
Amelia Ribeiro d e  Jesus, Martha Espinosa, Nadia Nogueira, 
and George A.M. Cross, Laboratory of Molecular Parasitology, 
The Rockefeller University, New York, NY 10021. 
A 72 kD glycoprotein, GP72, is an important developmentally- 
regulated surface antigen of Trypanosorna cruzi. Studies using 
the monoclonal antibody WIC 2926, which recognizes a 
carbohydrate epitope, indicate that GP72 may be expressed only 
in epimastigotes and metacyclic trypomastigotes. The function 
of GP72 remains unclear. However i t  may play a role in the 
control of cellular differentiation through interaction with 
insect gut lectins. Purified GP72 was partially sequenced and 
oligonucleotides derived from these data were used to amplify 
and identify a partial cDNA. A genomic clone encoding the 
entire glycoprotein was then isolated and sequenced. The 
primary translation product is 581 amino acids long with a 
molecular weight of 62,600. The protein has a characteristic N- 
terminal signal sequence and a hydrophobic C-terminal 
domain, confirming that it is likely to be membrane localized. 
The protein sequence has five potential N-linked glycosylation 
sites and a large number of serines and threonines that are 
potential sites of 0-glycosylation, including a region of 43 
amino acids composed of 42% serine or threonine and 40% 
proline, a common theme in 0-glycosylated regions of other 
glycoproteins These findings are consistent with previous 
studies which characterized the composition of GP72. No 
significant homologies were found in searches of DNA and 
protein databases. A 4,000 nt transcript was found in 
epimastigote poiyA+ RNA. The GP72 gene has been expressed 
in bacteria and polyclonal antibodies are being raised against the 
purified fusion protein. In addition we are attempting to delete 
the two GP72 alleles in live parasites by transfecting with gene 
replacement constructs. These studies will allow new insight 
into the regulation, structure and function of GP72. 

C 114 SEQUENCE ANALYSIS OF Trilrichmonns foetus rDNA 
UNIT TO DESIGN OLIGONUCLEOTIDE PROBES TO 

DETECT PARASITES IN PREPUTIAL SAMPLES, John B. Dame', 
Debopam ChakrabartiiJ, and Charles A. Yowell', 'Department of 
InfectiousDiseases,CollegeofVeterinaryMedicine,'Interdisciplina~ 
Center for Biotechnology Research, University of Florida, Gainesville, 
FL 32611-0633 
The flagellated, anaerobic protozoan, Tritrichomoms foetus, is the 
causative agent of bovine trichomoniasis, a contagious sexually 
transmitted disease characterized by infertility, abortion, and 
pyometra. The ribosomal RNA (rRNA) unit (rDNA unit) of the 
protozoan parasite has been cloned and analyzed for the production 
of species-specific oligonucleotide probes to detect the organism in 
bovine preputial samples. The rDNA unit occurs in the genome in a 
tandem head to tail array of 12 units with a single unit length of 6 kb. 
A primary transcript of 5.8 kb was detected by northern blot analysis. 
Sequence analysis combined with comparisons to conserved 5' and 3' 
boundary sequences of the 16S-like, small subunit rRNA (16s-like 
rRNA) and 5.8s rRNA, defined coding regions of 1571 bp and 159 
bp, respectively. The short T. foefus 16s-like rRNA sequence is 
comparable in size to those from two other amitochondrial protisis 
and phylogenetic analyses are underway. Despite its smalI size, this 
sequence maintains the primary and secondary structure common to 
all eukaryotic 16s-like rRNA structures, while truncating sequences 
found within the eukaryotic variable regions. Comparison of the 7. 
foetus 16s-like rRNA sequence with that of human, yeast, 
Phsmodium berghei, and Trichomonas vagimlis defined variable 
regions where the 7. foerus sequence differed substantially from tbe 
other sequences examined. Using 32P-labeled oligonucleotide probes 
prepared from these regions, we have been able to detect as few as 
10 parasites in slot blot analyses without in vifro target amplification 
and without cross hybridization to the nucleic acids of the other 
trichomonads or the bovine host. In vitro amplification allows 
detection of rRNA from less than the equivalent of a single parasite. 
Methods are being developed to extract nucleic acids from preputial 
samples in a form suitable for reliable, routine amplification in vitro. 

C 11 3 ENTAMOEBA HISTOLYTICA PATHOGEN-SPECIRC 
GENOMIC AND ASSOCIATED cDNA FRAGMENTS 

HYBRIDISE TO POLYMORPHIC SEOUENCES. Joree A. Quz- 
Reyes and John P. A c h ,  Department of h&icalP&sitol&y, London 
School of Hygiene and Txupical Medicine. London WClE 7l-IT.UK. 

Recent data by different groups indicate tbat pathogenic and non- 
pathogenic E. hisrolyrica are genotypically different (eg. 1-3). The 
genome structure and regulation of gene expression in pathogenic E .  
hisrolyrica have been poorly studied. although the organisation of an 
exwchromosomally located ribosomal circle in this organism has becn 
well documented (4). Here, we present preliminary results on the 
organisation of a 3kb pathogen-spsific genomic sequence IE-1. This 
DNA sequence hybridiscs to a 0.7kb RNA transcript. Southern blots of 
digested DNA from the pathogenic strain HM1:IMSS probed with either 
a coding fragment of IE-1, a 0.5kb distant non-coding fragment, or a 
cDNA clone with homology to IE-1. suggest that the E l  locus is rclatcd 
to an abundant highly polymorphic group of sequences. Nucleotide 
sequence analysis of IE-1 and of independent cDNA clones is being 
performed. Initial results of pulse field CHEF analysis indicate that the 
entire fragment, E l ,  hybridiscs to different bands with sizcs ranging 
from 02Mb to ZMb. 

1. Tannich E. cr al(1989). Genomic differences between pathogenic 
and non-pathogenic E. nirrolytica. PNAS 86.5118-5122. 
2. W a n  U. cr a1 (1990). Characterisation of a immuno-dominant 
variable surface antigen from pathogenic and non-pathogenic E. 

3. Cruz-Reyes J.A. cr 01. Ribosomal DKA sequences in tbe 
differentiation of oatboaenic and non-oathoaenic E .  histolvrica. 

hiStOlytiCU. J. Ev. Mcd. 172,879-888. 

* -  
PatasitoIogy. III psi. IN~: 
4. Hubcr M. er al(1989). E. hisrolyricu ribosomal RNA genes arc 
camed on oalindromic circular DNA molecules. Mol. Biochem. 
Tarasitol. 32: 285-296. 

C 115 SUGGESTIVE EVDENCE FOR A ROLE OF IFN-y AND A 
TRYPANOSOMAL COMPONENT IN THE INDUCTION OF 

T.RRUCEI ASSOCIATED IMMUNOSUPPRESSION. A.Daqi, M.Sileghem. L.Bys 
and P.De Baetselier. Labomtoy of Cellular Immunology. V.U.B., Paardensuaat 65. 

1640 S t  Genesius Rode. Belgium. 
Profound immunosuppression of bob T and B cell response has been observed dunng 
rhe expenmental Tbrucei infecuon. Infected manophages pLdy a key role m the 

observed T cell UNesponsiveness through two different suppressive mechanisms 
namely, a prostaglandin fPG)dependent suppressive mechanism wbich blocks the U2 
secreUOn and a PG-independent mechansm which interferes at rhe level of IL2 
receptor expression (1). By using an in virro simulauon model, we have municked the 
generauon of suppressive macrophages involved in T.brucei-mduced suppression of T 
cell unresponsiveness. A selective PG-independent suppression of IL2 receptor 
expression on lymph node ceUs (LNC). could be obliuned by the manophage cell line 
2Cll-I2 pulsed with Tbrucei lysate (2). ?be% pulsed macrophages also mgger 
lymphocytes to a faster and elevated secretion of manophage acuvaung faclors such 
as interferon-gamma (mU-y). The elevated secretion of Fh-y  was found to he 
responsible for the hyporesponsiveness of T cells. Indeed, addiuon of anU-Fh-y 
anubodies to cocultures with suppressive macrophages restored the Con-A mduced T 
cell proliferalion and reexpression of U2 receptors. Inoculauon of anli-IM-y 
anuhodies to T.brucei infected animals abolished the T.brucei asswlated 
unmunosuppression. . This in v i m  model was further adopted to identify the 
uypanosomal component(s) Ihat render resnng macrophages suppressive. By using gel 
filmuon techmques (FPLC). a smgle protein of 70 kDa was identified that induces 
resling macrophages towards a suppressive slate both in VIVO and in vilro. 

CoUecuvely, the followmg mechanism can be proposed for T.brucei-Induced 
suppression of T cell responsiveness. (i) FoUowmg interacuon with a 70 kDa T.brucei 
component mamopbages secrete PG and sumulate T cell to secrete high levels of IFN- 
y. (ii) PG inbibirs U2 secreuon while IFN-yplays a role in the down-regulauon of the 
U2 receptor. 
1 )  Sdcghem M.. Dqi A .  Hamar R Van Lk Wimkel M. & Lk Baetrcllcr P 1989 Em 1. lmmuool 15. KZ9. 

2lSdcghem M .  Uarp A. & Lk Bactseeber P 1991. Immuool. 73.246. 

122 



Molecular and Cellular Biology of Host-Parasite Interactions 

C 116 SITE-DIRECTED KUTAGENESIS OF THE 

PHORIBOSYLTRANSFERASE GENE OF PLASMODIUM 
FALCIPARUM, Richard L .  Davis, Jr., Geetha 
Vasanthakumar, Department of Biochemistry, 
Southern Research Institute, Birmingham, 
AL 35255 
Previous experiments conducted in our 
laboratory resulted in the cloning and 
expression of a hypoxanthine-xanthine- 
guanine phosphoribosyltransferase (HXGPRT) 
encoding cDNA from the malarial parasite 
Plasmodium falciDarum. Using a modification 
of the Kunkel mutagenesis procedure we have 
introduced several base-pair alterations 
within a conserved portion of the HXGPRT 
thought to represent the purine substrate 
binding site of the protein. To date we have 
identified two residues within the putative 
purine binding site (Arg-SO--+Tyr, Gly-81--, 
Lys) that, when altered to their corresponding 
human HGPRT equivalents, result in Complete 
abolition of parasite HXGPRT activity. In 
addition we have mimicked the effects of HGPRT 
deficiency in humans (Lesch-Nyhan syndrome) by 
converting the parasite Asp-204 residue to 
its' human equivalent Tyr and converting Asp- 
211 to Gly. These alterations also result in 
complete loss of E falciDarum HXGPRT 
activity. Further mutagenic alterations of the 
malarial HXGPRT coding region will provide 
useful information regarding the purine 
substrate specificity of the enzyme and should 
assist in the design of rational inhibitors 
specific for the parasite protein. This work 
is supported by the UNDP/World Bank/World 
Health Organization Special Programme for 
Research and Training in Tropical Diseases. 

HYPOXANTHINE-XAh'THINE-GUANINE PHOS- 

C118AN RFLP MAP OF THE PLASMODIUM FALCIPARUM 
GENOME: RECOMBINATION FREQUENCIES AND EVIDENCE 

FOR FAVORED LINKAGE GROUPS IN GENETIC CROSS, 
Stephen A. Dolan, Annie Walker-Jonah, Robert W. 
Gwadz, Lindsey J. Panton and Thomas E. Wellems, 
Laboratory of Parasitic Diseases, National 
Institute of Allergy and Infectious Diseases, 
National Institues of Health, Bethesda, MD 20892. 

We report a genetic linkage map of the P. 
falciuarwn genome, using inheritance patterns Of 
nearly ninety restriction fragment length 
polymorphism (RFLP) markers in the progeny of a 
genetic cross. RFLP markers were assigned on each 
of the fourteen nuclear chromosomes. Genetic 
recombination between parental clones was detected 
with RFLP markers in each of the sixteen progeny 
clones. Inheritance patterns in the progeny clones 
suggest that linkage groups on chromosomes 2, 3, 12 
and 13 were favored in this genetic cross. Analysis 
of chromosome crossover frequencies from five of 
the chromosomes yields an approximate chromosome- 
map unit as 15-30 kb (15-30 kb/centimorgan). 

C 117 AMPLIFICATION OF THE M2 GENE OF 

HYDROXYUREA RESISTANT LEISHMANIA, Siegfried Detke, 
Department of Biochemistry and Molecular Biology, 
University of North Dakota, Grand Forks, ND 58201. 

Leishmania mexicana amazonensis was obtained which 
was thirteen-fold more resistant to the ribonucleoside 
diphosphate reductase inhibaor hydroxyurea by gradual 
selection against increasing concentration of this 
compound. These cells possessed an extrachromosomal 
circular DNA of 45 kilobases which was not detected in 
either wild type or cells which had lost resistance to 
hydroxyurea. The M2 gene of ribonucleoside diphosphate 
reductase was mapped to this extrachromosomal DNA by 
hybridization with a mouse M2 cDNA probe. Both the 
promastigote and intracellular amastigote stage appeared 
to possess and be dependent on the enzyme ecoded in this 
gene for growth. 

RIBONUCLEOSIDE DIPHOSPHATE REDUCTASE IN 

C 11 9 HETEROLOGOUS EXPRESSION AND KINETIC 

PROTEASE FROM TRYPANOSOMA CRUZI, 
Ann E. Eakinl,2, Guenter Harth3, James H. McKerrowZ, and 
Charles S. Craikl, Departments of Pharmaceutical Chemisbyl 
and Pathology2, University of California, San Francisco, CA 
94143-0446; Department of Immunobgy and infectious 
Disease3, Palo Alto Medical Foundation, Palo Alto, CA 94301 
A general method for cloning thiol proteases was developed 
using the poIymerase chain reaction (PCRJ. A gene fragment 
was amplified using this method and used as a probe to 
isolate a fu11-length copy of the gene. The gene was 
characterized and then heterologously expressed in 
Escherichia cofi. The gene was initially expressed as an 
inactive, insoluble fusion protein to approximately 5% of the 
total cell protein. The fusion protein was readily purified, 
solubilized in urea and successfully refolded to produce a 
poly-protein which processed autocatalytically to yield 
approximately 1 - 2 mg of active protease per OD per liter of 
bacterial culture. The processed form of the recombinant 
protease had an N-terminal sequence identicaI to that of the 
mature form of the native protease purified from T .  cruzi. 
This suggests that the recombinant protease possesses the 
requisite specificity and activity to correctiy process the 
proform of the protease in vitro. Kinetic assays with peptide 
substrates demonstrate that the substrate specificity and 
kinetic parameters for the recombinant protease are consistent 
with those of the native protease. The proteolytic activity of 
the recombinant protease is enhanced by dithiothreitol, 
inhibited by leupeptin, TLCK, and E64 but is unaffected by 
PMSF, pepstatin, and ],lo-phenanthroline. More specifically, 
the enzyme was inhibited by the fluoromethyl ketone 
inhibitor, Z-Phe-Arg-FMK, which inhibits repiication and 
differentiation of T. cruzi within mammalian cells in culture. 

CHARACTERIZATION OF THE MAJOR CYSEINE 
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C 120 SUPRESSION OF THEILERlA ORIE,WAUS INFEmION 
IN CALVES BY CO-INFECTION WITH THE 

HEMOPROTOZOAN PARASITES BABESIA BOWS OR BABESIA ~~- ~~ 

BIGEMINA OR THE RICKE-ITSIA ANAPLASMA  MARCI IN ALE, 
Kevin R. Gale, Graham L. Leatch, Fernando Parrodi, Brian V. 
Goodger and Ian G. Wright, CSIRO Division of Tropical Animal 
Production, Private Mail Bag 3, Indoorwpilly, Queensland 4068, 
Australia. 
Intact calves infected with the hemoprotozoan parasite Theileria 
orienralis and uninfected control calves were infected with the rickettsia 
Anaplasma marginale. The T .  orienrafis infected animals reacted less 
severely to A.  marginale infection and peak parasitaemia was delayed 
relative to the T. orienraIis free animals. Also, upon infection with A. 
marginale, the T. orientalis parasitaemias decreased sharply and 
remained low until after the A .  marginale parasitaemias had peaked at 
which time the T. orienralis parasitaemas increased rapidly to the pre- 
A.  marginale infection level. Following the complete resolution of A .  
marginale infection, the T .  orienrulis infected animals were challenged 
with virulent organisms of the hemoprotozoan parasite Babesia bovis. T 
orienralis parasitaemia again decreased to a very low level as the B .  
bovis parasitaemia increased and then returned to the pre- B .  bovis 
infection level after resolution of the peak of the 8.  bovis infection. The 
B. bovis recovered calves were subsequently challenged with Babesia 
bigem'na virulent organisms. Again the T. orienralis pansitaemias were 
supressed for the duration of patent Babesia infection. This observed 
antagonistic interaction of widely different hemoparasites is of 
significance in naturally occuring co-infections and may also serve as a 
good experimental model for the study of parasite-parasite-host 
interactions and the mechanisms of immunity of the host to these 
parasites. 

C 122 ALTERED PERMEABILITY IN HOST CELL 

Annette M. Gero and Joanne M. Ugton.  School o f  
Biochemistry and Molecular Genetics, niversity of New 
South Wales, Kensington, NSW 2033. Australia. 

MEMBRANES INDUCED BY P. FALCIPARUM. 

Further study o f  the biochemical differences in nucleoside 
transport between malaria infected and normal 
erythrocytes w i l l  contribute to a more complete 
understanding o f  the manner by  which membrane 
permeability IS altered in Plasmodium infections. 

Sherman, I.W. (1988) Parasitolo y 96, s57-s81. 
Gero, A.M., et al. (1989) Mot Biochem Parasitol 34, 
87-98. 

C 121 MOLECULAR CHARACTERIZATION OF A TRYPANOSOMA 
BRUCH PROTEIN KINASE GENE FAMILY. Michael Gale 

Jr. and Marilyn Parsons, Department of Pathobiology, University 
of Washington, Seattle, WA and Seattle Biomedical Reasearch 
Institute, 4 Nickerson St. Seattle, WA 98109 

Protein kinases play a pivotal role in higher eukaryotic 
cellular signal transduction by mediating such events as 
communication with the extracellular environment and regulation 
of cellular differentiation and proliferation. The current study was 
undertaken to clone and characterize T. brucei protein kinase 
genes and gene products. Using PCR technology employing 
degenerate oligonucleotide primers complementary to conserved 
regions within the catalytic domain of protein kinases we were 
able to clone from T. brucei genomic DNA several 33 bp clones 
with deduced amino acid (AA) sequences characteristic of protein 
kinases. An oligomer complementary to one of these was used in 
conjunction with an oligo encoding the 5' mRNA spliced leader 
sequence to amplify and clone the 5' end of the homologous 
cDNA. This clone detects two genes by Southern analysis, which 
were in turn isolated from a genomic library. Restriction analysis 
and DNA sequencing show the two genes to be very similar, yet 
distinct. The sequence of the clone corresponding to the original 
cDNA was obtained and found to contain an open reading frame 
of 1.3 kb encoding a 48 KDa protein which includes all 11 protein 
kinase conservation regions (Hanks et al., Science, 241, 1988). It 
shows the highest overall AA sequence homology with NIM-A 6 2  
specific protein kinase, ribosomal S6 kinase 2 alpha and protein 
kinase C. The catalytic domain runs from AA 18-278 and is 
followed by 153 AAs that show some homology to human 
pleckstrin. Transcripts from this protein kinase gene are present 
in both blood and procyclic form T. brucei. This gene will be 
expressed in f.co/i for characterization of substrate specificity. 
Comparative AA sequence homologies will be discussed. 

C123 EXPRESSION OF PROTEASES DURING TRYPANOSOMA 
CRUZI DIFFERENTIATION. S .  G o l d e n b e r g .  M.C. 

Bona ldo ,  L.N. d ' E s c o f f i e r ,  J.M. S a l l e s .  C.M.  
Lowndes,  A . C .  Mur ta  & J .  S c h a r f s t e i n .  FIOCRUZ. 
Av. B r a s i l  4 3 6 5 .  R i o  de  J a n e i r o ,  R J .  2 1 0 4 0 .  B r a s i l  

S t u d y  of  T . c r u z i  m e t a c y c l o g e n e s i s  ( t r a n s f o r m a t i o n  
of epimast igotes  i n t o  metacyclic t r y p o m a s t i g o t e s )  
unde r  c h e m i c a l l y  d e f i n e d  c o n d i t i o n s .  showed t h a t  
t h e  e x p r e s s i o n  of a g r o u p  o f  a c i d i c  p o l y p e p t i d e s  
( M I  4 5 - 5 0  kDa) is i n c r e a s e d  on  a d h e s i o n  of  
epimast igotes  ro  t h e  c u l t u r e  v e s s e l s .  T h i s  g r o u p  
of  a c i d i c  p o l y p e p t i d e s  i s  homologous to Gp57/51.  
a T m  major a n t i g e n  c h a r a c t e r i z e d  as a 
c y s t e i n e  p r o t e i n a s e .  This p r o t e i n a s e  i s  made up 
of s e v e r a l  i s o f o r m s  and  i s  d e v e l o p m e n t a l l y  
r e g u l a t e d :  i t s  e x p r e s s i o n  is 2 - t o - 5  t i m e s  h i g h e r  
i n  epimast igotes  t h a n  i n  t r y p o m a s t i g o t e s .  
I n v e s t i g a t i o n  o f  p r o t e i n a s e  a c t i v i t i e s  d u r i n g  
T.cruZi_ m e t a c y c l o g e n e s i s  showed t h a t .  i n  a d d i t i o n  
t o  t h e  a f o r e m e n t i o n e d  c y s t e i n e - p r o t e i n a s e ,  t w o  
m e t a l l o - p r o t e i n a s e s  w e r e  d e r e c t e d :  A 65kDa enzyme 
is s p e c i f i c a l l y  e x p r e s s e d  b y  m e t a c y c l i c  t r y p o  
m a s t i g o t e s ,  w h e r e a s  t h e  52kDa p r o t e i n a s e  i s  
c o n s t i t u t i v e l y  e x p r e s s e d .  The o b s e r v a t i o n  t h a t  
p ro teases  a r e  d e v e l o p m e n t a l l y  r e g u l a t e d  d u r i n g  
m e t a c y c l o g e n e s i s ,  s u g g e s t s  t h a t  these  enzymes 
migh t  b e  i m p o r t a n t  f o r  T . c r u z i  d i f f e r e n t i a t i o n .  
A c c o r d i n g l y ,  t h i s  p r o c e s s  is i n h i b i t e d  by 
p r o t e i n a s e  i n h i b i t o r s .  

S u p p o r t  UNDP/WORLD BANK/WHO S p e c i a l  Programme f o r  
R e s e a r c h  a n d  T r a i n i n g  i n  T r o p i c a l  Diseases. CNPq. 
Fape r  J .  
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C 124 THE DHYDROFOLATE REDUCTASE-TERMIDYLATE 
SYNTHASE GENE OF CRYPTOSPORIDIUM PARVUM. 

Lisa Good, Carolyn Petersen, Kami Kim, Jiri Gut and Richard G. 
Nelson. Parasitology Laboratory, San Francisco General 
Hospital, Depts. of Medicine and Pharmaceutical Chemistry, 
UCSF, 94143-0811. Cryptosporidiurn purvum is a zoonotic 
enteropathogen and the causative agent of severe, l i fe  
threatening diarrheal disease in AIDS and other 
immunocompromised patients. Currently, there is no effective 
chemotherapy for cryptosporidiosis. Curiously, the common 
DHFR inhibitors trimethoprim and pyrimethamine, which are 
efficacious treatments for infections caused by closely related 
coccidian parasites, are not effective against C. parvum. As a first 
step in an effort to understand the basis of cryptosporidial 
resistance to these folate analogs, and to develop a recombinant 
enzymebased assay to identify effective DHFR inhibitors, we 
have isolated and sequenced genomic clones encoding C. 
parvum DHFR-TS. Current nucleic acid sequence reveals a 
single, continuous 1.5 kb open reading frame whose deduced 
amino acid sequence predicts a bifunctional enzyme containing a 
170 amino acid N-terminal DHFR domain connected by a 61 
amino acid junction peptide to a 270 amino add C-terminal TS 
domain. The sequence of the extreme 3 end of the TS coding 
region (corresponding to ca. 20 amino acids) remains to be 
determined. Comparison of the deduced C. parvurn DHFR- and 
TS-domain sequences with sequences present in the SwissProt 
database indicate that the DHFR domain is most similar (33% 
identity) to mammalian monofunctional DHFRs while the TS 
domain sequence is ca. equally similar (56% identity) to 
mammalian TS enzymes and to the TS domains of the P.  
fakiparum and P. chnbaudi bifunctional enzymes. Genomic 
Southern and electrophoretic karyotype analyses using the 
cloned DHFR-TS gene as an hybridization probe indicate that the 
C. parvum enzyme is encoded by a single copy gene which maps 
to a 1,200 kb chromosome. 

C126 CHARACTERISATION OF PROTEIN KINASES FROM 
TRYPANOSOU& BRUCE1 WEICE ADTOPHOSPHORYL- 
ATE IN VITRO. GeOff Hide, Karen Keith, 

Andy Tait. Wellcome Unit  of Molecular 
Parasi tology,  Glasgow Universi ty ,  Scot land,  U.X. 
W e  have developed a technique f o r  i n v e s t i g a t i n g  
p r o t e i n  kinases  w h i c h  are capable  of auto- 
phosphorylation. Autophosphorylation has  been 
implicated as an important c o n t r o l  mechanism i n  
s i g n a l  t r ansduc t ion  and growth r egu la to ry  
pathways i n  mammalian cells. Autophosphorylation 
is assayed by the  f r a c t i o n a t i o n  of trypanosome 
l y s a t e s  on an I E F  e l  followed by i n  s i t u  
incubation w i t h  a 32P l a b e l l e d  NTP a s  t h e  
phosphate donor. Kinases appear a s  radio-  
l a b e l l e d  bands. W e  have i d e n t i f i e d  a series of 
autophosphorylating p r o t e i n  kinases  i n  both 
bloodstream and p rocyc l i c  s t a g e  T.brucei which 
r equ i r e  e i t h  ATP or GTP as t h e  phosphate 
donor. Using "F' ATP a s  a phosphate donor, seven 
bands w e r e  i d e n t i f i e d  i n  bloodstream T.brucei 
and 1 band i n  t h e  p rocyc l i c  s t a g e .  Excision of 
t h e s e  bands followed by SDS-PAGE ind ica t ed  t h a t  
t he  molecular s i z e  of each band was 60kd. 
Addition of mammalian Epidermal Growth Factor  
(EGF) t o  t h e  samples f r o m  bloodstream 
trypanosomes produced a f u r t h e r  band w h i c h  was 
a l s o  60kd. Evidence obtained by western b l o t t i n g  
using antiphosphotyrosine an t ibod ie s  i n d i c a t e s  
t h a t  t h e s e  polypept '  es a r e  a l l  phosphorylated 
on ty ros ine .  Using "P GTP a s  a phosphate donor 
i n  t h e  presence of excess  unlabel led ATP, f o u r  
autophosphorylated polypept ides  w e r e  i d e n t i f i e d  
i n  both bloodstream and p rocyc l i c  trypanosomes. 
Analysis of t h e i r  molecular s i z e  ind ica t ed  t h a t  
a l l  w e r e  90kd i n  s i z e .  Thus, w e  have i d e n t i f i e d  
a t  least 2 classes of kinases  which are capable  
of autophosphorylation i n  v i t r o .  A t  least  i n  t h e  
case  of t h e  60Xd kinases ,  t h e i r  p r o p e r t i e s  of 
s t a g e  d i f f e r e n c e  and EGF s t imu la t ion ,  suggests  
t h a t  they may p lay  a r o l e  i n  growth r egu la to ry  
s i g n a l  t r ansduc t ion  i n  T-brucei .  

C 125 TRANSFER RNA IMPORT INTO TRYPANOSOME 
MITOCHONDRIA: IDENTIFICATION AND 

CHARACTERIZATION OF A PUTATIVE IMPORT 
INTERMEDIATE, Kathy Hancock, Allen J. LeBlanc, David 
Donze, and Stephen L. Hajduk, Department of 
Biochemistry, University of Alabama at Birmingham, 
Birmingham, AL 35294 
The mitochondrial tRNAs of Trypanosoma brucei are 
encoded by nuclear genes and therefore must be imported 
into the mitochondrion. Typically, RNAs that function in the 
mitochondria are encoded by the mitochondrial DNA. But it 
is becoming evident that there are exceptions to this rule. 
Evidence indicates that several other protozoans: 
Leishmania, Tetrahymena, and Paramecium; an algae, 
Chlamydomonas; and several higher plants; Phaseolus, 
Solanum, and Triticum; import at least some of their 
rnitochondrial 1RNAs. In addition, in mammalian cells the 
RNA components of the rnitochondrial RNA processing 
enzymes, RNase P and RNase MRP, are nuclear encoded 
and imported into the mitochondria. In spite of the 
accumulating evidence that RNA import into mitochondria is 
phylogenetically widespread and that the import of RNA 
appears to be essential for cellular processes, virtually 
nothing is known about the mechanism of RNA import. We 
have identified and characterized mitochondrial precursor 
tRNAs that are intermediates along the import pathway. 
These precursor tRNAs hybridize to cloned nuclear tRNA 
genes, label with a-32P CTP using yeast mitochondrial 
nucleotidyltransferase, and are processed to mature tRNAs 
by yeast mitochondrial RNase P. T. brucei mitochondrial 
extracts contain a RNase P activity capable of processing a 
prokaryotic tRNA precursor as well as the T. brucei tRNA 
precursors. We are currently developing an in vitro RNA 
import system using isolated mitochondrial vesicles and the 
precursor tRNAs as the substrate for import. 

C 127 ASSOCIATION OF DIROFILARV\- 

MOLT OF INFECTIVE-STAGE LARVAE, W. Garrett Hunt, Jennifer 
K. Richer, Judy A. Sakanari. and Robert B. Grieve, Deparlment of 
Pathology. Colorado State University, Fort Collins. CO 80523 
Third-stage larvae (L3) of the nematode Dirofilan'a 
cultured in &Q with fluoromethyl ketone derivatives to determine 
the effect of cysteine proteinase inhibitors on the L3 to fourth-stage 
(L4) molt. None of the L3 cultured in 0.1.0.2.0.6, and 1.0 mM 
benzyloxycarbonyl (r)-phe-alaCH2F molted to L4 by 128 hr. In 
each successively lower concentration of inhibitor, larvae were 
more motile and more L3 had initiated, but not completed, the 
molt. In total, four fluoromethyl ketone inhibitors, r-phe-argCHzF. 
morpholine urea (mu)-homo-leu-pheCH2F, mu-tyr-o-methyl- 
homo-pheCHpF, and mu-phe-homo-pheCHpF, were tested for 
their effects on the L3 to L4 molt. Seventy-seven percent of the L3 
in 0.2 mM z-phe-argCHzF had molted by 144 hr h m ,  while no 
more than 1% had molted in the three other inhibitors. L3 
remained alive but did not complete the molt. Cysteine proteinase 
activity in L3 soluble extract was evaluated with a synthetic 
peptide substrate and fluoromethyl ketone derivatives. The 
pattern of inhibition obselved for the hydrolysis of synthetic 
peptide substrate by L3 soluble extract was the same as for the 
molt of L3 to L4. Electron microscopy revealed that L3 cultured in 
t-phe-alaCHqF had a dearly visible L4 trilaminate epiaRicle 
beneath the L3 epicuticle, implicating cysteine proteinase activity 
in the exsheathment of the L3 cuticle rather than synthesis of the 
L4 epicuticle. 

CYSTEINE PROTEINASE ACTlVtTY WITH THE 

were 
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C128 TRICHINELLA SPIRALIS: ANALYSIS OF CELLULAR 

PHENOTYPE, Jasmer D.P. Department of Veterinary 
Microbiology and Pathology, Washington State 
University, Pullman, WA 99164 

parasite of mammalian skeletal muscle cells. 
Infection by the parasite induces the reduction of 
muscle specific proteins to less than 1% of normal 
muscle cells. Experiments demonstrated that the 
relative transcript abundances for myofibrillar 
proteins were reduced to less than 18 in infected 
cells compared to normal muscle. In addition, 
transcript levels of muscle specific transcription 
factors, My0 D1 and myogenin, were reduced to 
about 1 and lo%, respectively in the infected 
cell, while in preliminary studies transcripts for 
the transcription antagonist ID were increased by 
2-5 times. These results suggest how the parasite 
could indirectly induce dedifferentiation of the 
infected cell via altered expression of 
transcriptional regulatory factors. In other 
experiments it was shown that nuclei of infected 
cells incorporate 3H-thymidine over a restricted 
period of time consistent with the infection 
inducing a regeneration response. However, 
X-irradiation of muscle with 2 krads (sufficient 
to block muscle regeneration) failed to block 
labeling of nuclei or normal development of the 
infected cell. If confirmed, these results could 
have important implications regarding host 
cellular processes leading to the infected cell 
phenotype. 

PROCESSES LEADING TO THE INFECTED CELL 

suiralis is an intracellular nematode 

C130 THE PROTECTIVE P.voelii 235kD RHOPTRY 
PROTEIN IS ENCODED BY A MULTIGENE FAMILY. 

Jane Keen, Katharine Sinha, Carolyn Owen, 
Solabomi Ogun, Neil Brown and Anthony Holder. 
Parasitology Division, National Institute of 
Medical Research, The Ridgeway, London NW7 lAA, 
England. Mice immunised with the P.voelii 
235kD rhoptry protein or with passively 
transferred monoclonal antibodies are protected 
against virulent challenge. Immunisation alters 
the invasion characteristics of the virulent YM 
strain by restricting the parasite to reticu- 
locytes followed by clearance after 15 days. 
Sequence data from two F'.voelii genomic 
clones, Southern blots and chromosome blots 
have shown that the 235kD rhoptry protein is 
encoded by a multigene family. A comparison of 
the DNA and derived protein sequences of two 
large genomic fragments has revealed regions 
of extreme homology but has also shown that 
the two copies contain unique sequences. 
Southern blots and chromosome blots suggest 
that the gene family contains at least four 
members which map to different chromosomes. 

C129 FORMATION AND EXPRESSION OF COMPLEX 
MOSAIC GENES AMPLIFIES THE SURFACE ANTIGEN 

REPERTOIRE OF TRYPANOSOMA BRUCE/. S.M. Kamper and 
A.F. Barbet, University of Florida, Geinesville, FL 3261 1. 
Trypanosoma bNCef evades the immune response of its 
mammaiian host by  antigenic variation in the major surface 
glycoprotein (VSG). Each trypanosome has a repertoire of 
about loo0 VSG genes many of which exist in families of 
partially homologous genes. Family members may undergo 
partial gene conversion to produce transiently expressed genes 
which are a mosaic of two or more basic gene copies. Mosaic 
genes previously reported for 7. brucei have been simple 
constructs in contrast to the complex mosaic genes with 
pseudogene involvement seen in T. equiperdurn. Correlation 
between the formation of complex mosaic genes and surface 
epltope variation has not been clearly demonstrated, although 
point mutations occurring in T. equiperdurn in viho resulted in 
loss of specific epitopes. We examined the generation of 
diversny in four, in vivo derived, antigenically related clones of T. 
brucei by sequencing VSG cDNA from each of the four clones 
and all five related genomic copies in the WaTat 1.1 progenitor 
organism. Each expressed VSG gene was a different mosaic of 
basic copy genes; three were complex mosaics of multiple 
fragments of at least three basic copy genes. At least two basic 
copy genes involved in mosaic formation were pseudogenes. 
Point mutations were a minor component in VSG variability; three 
nucleotide mutations were observed and only one of these 
resulted in an amino acid change. Loss of specific surface 
epitopes correlated with sequence differences generated by 
partial conversion and mutation. We conclude that, in vivo, 
expression of mosaic VSG genes results in antigenic diversity 
beyond that encoded in the basic repertoire and may be a 
primaty function of multigene VSG families and the main 
mechanism for survival late in infection after the host has been 
exposed to the basrc VSG repertoire. 

C 131 

tf. Ward and Giles Kendall, London School of Hygiene and 
Tropical Medicine, London WClE 7HT. 
The genes that encode the glycosomal enzyme glyceraldehyde 
3-phosphate dehydrogenase (gGAPDH) of Trypanosoma C N Z ~  are 
arranged as a direct tandem repeat. Transient transfection 
assays based on expression of chlorarnphenicol acetyl 
transferase (CAT) have localised the gGAPDH promoter to a 
short stretch of DNA upstream of the 5'-proximal gene. 
This region of DNA was used to construct two expression 
vectors which upon electroporation conferred G18- 
resistance on T. cruzi cells. Integration of transfected 
sequences i n to  the T. cruzi genome is stable and occurs 
predominantly by a mechanism involving insertional 
duplication. Co-transfection procedures allow the 
expression of additional genes in transformed cells. 
vectors also proved capable of stably transfomng 
Leishmania mexicana implying a functionally conserved 
mechanism for the expression of the gGAPDH genes. 
expression vectors should have numerous uses for 
investigation of genetic, biochemical and inmunological 
aspects of these medically important organisms. 

This work was funded by the Wellcome Trust and the Medical 
Research Council. G.K. is in receipt of a fellowship from 
the Royal Society. 

EXPRESSION OF FOREIGN GENES IN TRYPANOSOMA CRUZI 
AND LEISHMANIA MEXICANA, John M. Kelly, Helena 

The 

These 

126 



Molecular and Cellular  Biology of Host-Parasite Interact ions 

C 132 

TRICHOMONAS VAGINALIS,  M.A. Khoshnan a n d  J.F. 
Alderete, Department of Microbiolog Universlty of Texas 
Health Science Center a t  San Antonio, &n Antonio, TX 78284- 
7758 
Only isolates of Trichornonas uagrnalis with the ability to 
undergo phenotypic variation are persistently infected with a n  
RNA virus-like particle having genome size of approximately 5 
kilobases. The presence of these RNA genomes correlates with 
surface expression of a major immunogen known a s  p270. 
Virus like particles were purified on a sucrose gradient and 
assayed in vitro for polymerase activity. Incorporation of 
radiolabelled CMP a n  UMP were detected into TCA precipitable 
v i ra l  t ranscr ipts .  RNA of genomic length  a l o n g  w i t h  
subgenomic transcripts were synthesized in  vitro. The nascent 
transcripts hybridized to RNA extracted from the purified viral 
particles in  northern blot analyses. Similar transcripts were 
also observed in  total RNA from infected cells. These results 
suggest that transcriptase activity is associated with assembled 
virus-like particles found in some isolates of T. uugrnalcs. 

RNA POLYMERASE ACTIVITY IS ASSOCIATED 
WITH PURIFIED VIRUS-LIKE PARTICLES OF 

C 1 3 4  DIFFERENTIAL GENE EXPRESSION IN LEISHMANIA 
MAJOR. S .  Lindfteld, H. Flinn, B. Kelly, and D.F. Smith, 

Department of Biochemistry, Imperial College of Science, Technology 
and Medicine, London, U.K. SW7 2AZ. 

A number of genes have been isolated that show either unique or 
increased expression in infective (metacyclic) promastigotes of 
Leishmania nuijor. These genes were detected by differential screening of 
a cDNA library which produced four cDNA clones each recognising 
multiple transcripts, expressed at developmentally d i s M c t  srages of the 
parasite life cycle (Coulson and Smith.1990 Mol.  Biochem. Pararirol. 40: 
63-75) 
LmcDNA 14 recognises a major transcript of 2Kb which is specific to 
metacyclic promastigotes. LmcDNA 2 recognises a 6Kb mRNA, which 
is upregulated in infective metacyclics, and shows a further 50 fold 
increase in amastigote forms. The gene encoding this RNA is pan of a 
tandemly repeated gene family found on chromosome 22. LmcDNA 16 
recognises 5 differentially regulated transcripts: all five show either 
increased or unique expression in metacyclic promtigotes, with two 
being present exclusively in mefacyclics and amastigotes. These genes are. 
polycistronically transcribed, and encode a protein(s) found on the surface 
of infective forms of the parasite. 
Recent data will be presented regarding the expression and function of 
these genes and their products, in Leishmania major. 

C 133 THE HSP70 GENES OF LEISHMANIA 
AMAZONEHSIS. Pamela  J.  Langer ,  J e f f r e y  

H .  Bock, W i l l i a m  C .  Hokanson, Dor ly  P i s k e ,  D e n i s e  
R. Prugh and  T e r e s a  Ambrose, Department  of 
M o l e c u l a r  Bio logy ,  U n i v e r s i t y  o f  Wyoming, Laramie, 
WY 82071. I n  o r d e r  t o  s t u d y  t h e  heat shock  
r e s p o n s e  and  t r a n s c r i p t i o n a l  r e g u l a t i o n  i n  
Leishmania ,  w e  have chosen  t o  a n a l y z e  t h e  hsp70 
g e n e  l o c u s  of  Le ishmania  amazonens is .  Genomic a n d  
cDNA l ib rar ies  from l a t e  l og  phase p r o m a s t i g o t e s  
h a v e  been  c o n s t r u c t e d  a n d  s e v e r a l  phage,  cosmid 
and  cDNA c l o n e s  h a v e  been  i s o l a t e d .  Sequence 
a n a l y s i s  o f  genomic and  cDNA c l o n e s  has shown 
t h a t ,  i n  compar ison  w i t h  hsp70 g e n e s  from L. maior 
a n d  L. donovani ,  t h e  c o d i n g  s e q u e n c e  i s  h i g h l y  
conserved;  however the  i n t e r g e n i c  r e g i o n s  and  
t h e  5' and 3' u n t r a n s l a t e d  r e g i o n s  d i f f e r  
s u b s t a n t i a l l y .  A n a l y s i s  of the  cDNA c l o n e s  h a s  
r e v e a l e d  two p o l y  A a d d i t i o n  sites i n  o t h e r w i s e  
i d e n t i c a l  3' u n t r a n s l a t e d  r e g i o n s ,  y i e l d i n g  3' 
u n t r a n s l a t e d  r e g i o n s  of either 930 n t  o r  1031 n t  
l o n g .  For  one  cDNA c l o n e ,  t h e  p r e s e n c e  of par t  of 
the  spliced leader sequence  i n d i c a t e s  t h a t  t h e  5' 
u n t r a n s l a t e d  r e g i o n  f o r  t h i s  c l o n e  i s  1 4 4  n t  l o n g .  
S e v e r a l  cosmid c l o n e s  c o v e r i n g  a n  a r e a  o f  134 kb 
have  been i s o l a t e d  and  r e s t r i c t i o n  mapped i n  o r d e r  
t o  d e f i n e  t h e  L. amazonens is  hsp70 gene  locus.  
Seven g e n e s  are a r r a n g e d  i n  a tandem 3.5 kb repeat 
u n i t .  Al though a n  i s o l a t e d  gene  copy i s  f r e q u e n t l y  
found w i t h i n  a few kb of a gene  c l u s t e r  i n  
t r y p a n o s o m a t i d s ,  w e  have  found no e v i d e n c e  f o r  
s u c h  a gene  copy w i t h i n ,  a t  minimum, 2 9  kb of  t h e  
s e v e n  tandem repeats. However, a s i n g l e ,  more 
d i v e r g e n t  e i g h t h  gene  is found a t  a n o t h e r  l o c u s  
which must be a t  least  36 k b  away from t h e  main 
l o c u s .  

c 135 IS T N F - U  RESPONSIBLE FOR LETTiALI'N ENCOI INTERRT) ~~ ~~~~ ~~~~ -. - 
IN TRYPANOSOMIASIS-TREATED ANIMALS ? R Lucas. E. 

Bayana Son a S Magez. A Darji R Harners and P. De Baetseller. 
hioratory ofcellular Immunolom. V.U.B., Paardenstraat 65. 1640 St- 
Cenesius-Rode. Belgium. - 
Sera obtained from Trypanosoma evansi infected rabbits or mice that 
underwent a 24h treatment for trypanosomiasis with different trypanocidal 
agents proved to be toxic when transferred to nsve mice. Since the sera of 
the infectedtreated animals showed a massive increase in Tumor Necrosis 
Factor alpha (TNF-a) levels, the possible role of this cytokine in the 
observed lethality was investigated. Injection of a neutralizing anti-TNF-a 
monoclonal antibody in the acceptor mice, totally inhibited the observed 
lethality, suggestlng an important role for TNF-a in this process. Since 
trypanolysis results in h e  release of trypanosome fragments in the sera of 
the infected animals, we subsequently investigated wether solubk extracts 
of different extracellular and intracellular rrypanosomes can induce TNF-a 
production in vitro or in vivo. The lysates of all rhe extraceliular 
trypanosomes, but not that of the intraceilular T. cruzi, potently induce 
TNF-a both in vitro and in vivo. In the case of T.brucei brucei' a 40 ltdal 
glycoprote'in is mainly responsible for the observed TNF-a induction. 
Collectively, these results indicate a potential role of TNF-a in the 
observed lethality. 
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C 136 W E  LE ISHMANIA DONOVAN1 
SFCRETORY ACID PHOSPHATASE Cathleen 

McCarthy-Burke<, David J. Mallinsonl, Victoria H. Mannl, 
Robert Olafsonz. Dennis M. Dwyerl.1 Laboratory of Par- 
asitic Diseases, NIAID. NIH. Bethesda, MD 20892. 
2 Department of Biochemistry, University of Victoria, 

Victoria, British Columbia, V8W 2Y2, Canada. 
The biochemistry of the L. donovani secretory acid 
phosphatase (SAcP) has been characterized extensively. 
To discern its developmental expression, our current 
investigations focus on identification of the gene(s) 
encoding this enzyme. The SAcP was purified to 
homogeneity and subjected to amino acid sequence 
analysis. Codon-biased oligonucleotides were syn- 
thesized based on the N-terminal and an internal amino 
acid sequence of the SAcP. In a polymerase chain reac- 
tion, these primers produced a unique 400 base pair 
fragment (400-mer) with an open reading frame bearing 
100% homology to the amino acid sequence of the 
purified SAcP. The 400-mer was used as a probe for both 
Southern analyses and screening a Agtl 1 cDNA library. 
This probe hybridized to three distinct bands of 3, 4.2, 
and 5.5kb in M I  digested genomic DNA. These have been 
cloned into the plasmid vector psportl for sequencing. 
Tertiary screening of a cDNA library with this probe 
resulted in 43 positive clones. These clones were con- 
firmed by imrnunoscreening with a rabbit antibody 
against purified L. donovani SAcP. Following restriction 
analysis, the insert DNA will be subcloned into pUC18 and 
sequenced. Characterization of this gene will facilitate 
studies of its expression and regulation during parasite 
development. 

C138 PCR-FACILITATED CLONING OF THE TRIOSE 
PHOSPHATE ISOMERASE GENE OF THE PRIMITIVE 

EIJKARYOTE Giordin lamblia. Michael R. Mowatt. Timothv C. ~ 

Howard and Theodore E. NasK’Laboratory of Parasitic Diseases, 
WID, National Institutes of Health, 9000 Rockville Pike, Bethesda, 
MD 20892 
Giardia lamblia, one of the most common pathogenic protozoan 
parasites of man, colonizes the upper small intestine causing diarrhea, 
weight loss and other gastrointestinal maladies. Biochemical studies 
have shown that the binucleate flagellated trophozoite, which lacks 
mitochondria, is a microaerotolerant anaerobe capable of generating 
ATP through glycolysis, but displays neither cytochrome mediated 
oxidative phosphorylation nor a functional cimc acid cycle. As a 
starting point in evaluating the molecular genetics of metabolically 
significant enzymes of G. lamb[ia. we examlned the gene encoding the 
well characterized and highly conserved glycolytic enzyme triose 
phosphate isomerase (TIM). TIM catalyzes the isomerization of D- 
glyceraldehyde 3-phosphate (GAP) and dihydroxyacetone phosphate. 
In terms of efficiency of energy prducrion TIM is a pivotal enzyme in 
glycolysis, since only GAP continues along the pathway. 
Oligonucleotide guessmers designed from conserved regions of TIM 
were used in the polymerase chain reaction (PCR) to amplify a 246 
basepair product from G. lamblia genomic DNA. The DNA sequence 
of the product predicted a polypeptide with homologies to known TIM 
sequences ranging from 35 to 54 percent. In Nonhem hybridization rhe 
radiolabelled PCR product detected a transcript estimated to be lo00 
nucleotides, in good agreement with the RNA size expected for a TIM 
monomer of about 26 kilodaltons. Variable hybridization of the probe 
in genomic Southern analysis suggested significant nucleotide sequence 
divergence among the single copy TIM genes of different G. lamblia 
isolates. The sequences of TIM genes cloned from two divergent 
isolates were determined and their deduced amino acid sequences 
compared to TIM from 14 sources that included both prokaryotes and 
eukaryotes. Sequence analysis of the small subunit ribosomal RNA has 
resulted in the inference of a phylogenetic tree in which G. lamblia 
represents the earliest diverging lineage in the eukaryotic line of descent 
(Sogin et al., 1989, Science, m, 75-77). The TIM comparisons 
presented here should be useful in further defining the relationship of G. 
lamblia to orher eukaqotes and to prokaryotes. 

C 137 

Brian R.&-ird and J. David Barrv. 
d 2-LME GENES IN TRYPANOSOMES AND fh HMANIA, Jeremy C.  Mo-, Andrew Tait, 

Wellcome Unit of Molecular Parasitology, U&&rsity o f  
Glasgow, Glasgow UK. 

During its hfe-cycle t h e p a n o s o m e  has Fpi$ly 
dividing forms which establish ection and non-dividmg 
forms preadapted to survive in the new environment of the 
next host. There appears to be an integral link between the 
lifercycle and the cell cycle in anosomes as the non- 
dividmg forms are m s t e d  m theBphase of the cell cycle, 
with the release of the cell cycle block being concomitant 
with infection of the new host and differentiahon to the next 
stage of the parasite. p34 dc2 protein Wse is a centrg 
com onent m the control o h e  eukaryot!c cell cycle apd is 
highpy conserved in evoluuon. We have isolated two sm le 
copy d 2 like genes from T osoma b cei, codin !or 
34 an339 m a  protelns anmi?p e .  ene from 
Leishmania mexicana. htisek rai22$&’$ eAer fusion 
proteins of the expressed genes, or pephdes predicted from 
ene sequence, are bemg used to analyse the dismbutlon o f  

&e proteins in different life-cycle stages. These sera cross 
react w ~ t h  a number o f  01 ptides and I t  IS clear that III 
trypanosomes @ere i s  a !?&of related d 2 l ike proteins, 
that may ossibly be mvolved in cell c%fe-control. An 
analysis .of these %-like proteins pJ.their associated 
polype tides eg cyc s) should provide mights mto the 
way &e ceh cycle IS controlled in trypanosomes. 

C139 MAPPING AND CLONING VSG EXPRESSION SITES 
AND SURROUNDING SEQUENCES IN MEGABASE- 
SIZED CHROMOSOMES OF TRYPANOSOMA BRUCEI. 

Peter J. Myler, Michael J. Lodes, Bob L. Smiley, Andrew W. 
Stadnyk, and Kenneth D. Stuart, Seattle Biomedical Research 
Institute, 4 Nickerson St., Seattle, WA 98109-1651. 

Pulsed field gradient electrophoresis (PFGE) analysis of 
chromosomal DNA from the IsTARl serodeme of T. brucei has 
shown a molecular karyotype of numerous minichromosomes (50- 
150 kb), one or more intermediate-sized (375 kb) chromosomes 
(I), several megabase-sized chromosomes (MI -M4), in addition to 
large chromosomes which were not resolved. Mapping studies on 
chromosomal DNA isolated by PFGE indicates that the M4 and M3 
bands consist of single chromosomes, while the M2 band contains 
two chromosomes. Similarity in restriction pattern suggests that 
M4 and M3 are homologous chromosomes, despite their 
difference in size (1.4 vs 1.5 Mb). We have characterized VSG 
gene expression sites at the telorneres of these chromosomes; T3 
and T5 expression sites on M4, T2 and T7 sites M3, and the T6 site 
on one of the M2 chromosomes. Comparison of €SAG 3, T-LR, 4, 
5, 6 and 7 sequences from genomic clones of the T3 and T5 
expression sites and cDNAs obtained by PCR amplification of 
mRNA confirmed that these sites were expressed in VATS 7 and 5, 
respectively. While the expression sites were similar in sequence, 
restricted regions of sequence divergence, especially upstream of 
the putative promoter enabled us to prepare expression-site 
specific probes for chromosome mapping studies. The relevance 
of these findings to the regulation of antigenic variation is 
discussed. 
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C 140 ISOLATION OF CRYPTOSPORIDIUM PARVUM 
TUBULIN GENES. Richard G. Nelson, Lisa Gooz.6, 

Carolyn Petersen and Jiri Gut. Parasitology Laboratory, San 
Franasco General Hospital and Depts. of Medicine and 
Pharmaceutical Chemistry, UCSF, 94143-081 I .  Invasive zoite 
stages of Cryptosporidium parvum and related Apicomplexan 
parasites lack obvious motile organelles (ie. cilia and flagella) yet 
they efficiently move over substrata by intermittent but rapid 
"gliding" motions. The molecular mechanism of gliding 
motility is unknown; however, it is accompanied by a polarized 
capping of surface antigen($ to the posterior pole of the zoite. 
The capping reaction is thought to be mediated by a subpellicular 
actomyosin contractile system while the polarity is hypothesized 
to be determined by the inherent asymmewy of the microtubule 
cytoskeleton. In order to develop reagents necessary to 
investigate these hypotheses, we have initiated a project to clone 
and express C .  parvum genes encoding microfilament and 
microtubule proteins. Here we report the isolation and 
preliminary sequence analyses of genomic clones encoding the 
C. parvum microtubule proteins a- and P-tubulin. Degenerate 
oligonucleotide probes whose sequences were derived by reverse 
translation of strongly conserved regions of a- and P-tubulin 
amino acid sequence identified one a- and three p-tubulin clones 
in a preliminary screen of ca. 2 x 1Oj recombinant phage from a 
C.  parvum genomic library. The single a-tubulin clone and the 
largest P-tubulin clone were partially sequenced and the single 
open reading frames identified unmistakably encoded a- and 6- 
tubulin proteins respectively. FastA searches of the SwissProt 
database with these partial sequences shows them to be unique 
and most similar to the a- and P-tubulins of two related 
sporozoan parasites, P.  fakiparum and T .  gondii. Genomic 
Southern and molecular karyotype analyses using the cloned 
tubulin gene fragments as hybridization probes suggests that 
Cryptosporidium a- and p-tubulins are encoded by single copy, 
unlinked genes. 

C 142 DEVELOPMENTAL REGULATION OF CYTOCHROME C 
REDUCTASE IN TRYPANOSOMA BRUCEI, Jeffrev W. 

Priest and Stephen L. Hajduk, Department of Biochemktry, 
University of Alabama at Birmingham, Birmingham, AL 35294 
The protozoan parasite Trypanosoma brucei cycles between a 
bloodstream form with a mitochondrion that lacks spectrally 
detectable cytochromes and an insect procyclic form with a fully 
functional mitichondrion. The blood stage trypanosomes possess 
RNA transcripts for the mitochondrially encoded cytochrome b 
and for a nuclear encoded cytochrome c at levels that approach 
those of the procyclic form. Cytochrome c expression is regulated 
mainly at the level of protein stability rather than at the level of 
translation. To study the developmental regulation of cytochrome 
c reductase in T. brucei the complex was first purified from a 
related trypanosomatid, Crithidia fasciculata. Purified complex 
retained antimycin A sensitivity and catalyzed the reduction of 
horse heart ferricytochrome c in the presence of reduced 
Coenzyme QIO. The complex contained 2.9 nmoles of heme b 
and 1.4 nmoles of heme q mg-1 of protein for a heme b:heme q 
molar ratio of approximately 23.  Nine major subunits were 
resolved by SDS PAGE ranging in size from 55 kDa to less than 
14 kDa. Subunit V (31.6 kDa) was identified as cytochrome q by 
the presence of a covalently attached heme. Monoclonal 
antibodies against subunits II and IV cross-reacted with similar 
sized proteins in extracts of T. brucei procyclic cells but failed to 
react with any proteins from extracts of T. brucei bloodstream 
cells. When bloodstream T. brucei cells differentiated to procyclic 
forms in vitro, subunits II and IV were first detected by Western 
blot analysis at about six hours after transfer to 26 'C in procyclic 
cutture medium. The amounts of these two subunits increased 
over 96 h at a rate approximately equal to that of spectrally 
detectable cytochrome levels. Because the steady state levels of 
cytochrome c reductase subunits were below the level of 
detection in bloodstream trypanosomes, we propose that 
expression of functional cytochrome c reductase is not strictly 
regulated at the level of complex assembly but rather involves the 
coordinate regulation of the expression of the individual subunit 
proteins. 

C 141 APPLICATION OF THE POLYMERASE CHAIN REACTION 
TO THE DETECTION OF PYRIMETHAMINE AND 

PROGUANIL RESISTANT PLASMODIUM FALCIPMUM. 
David S. Peterson', Frederick N. Gyang', Thomas E. Wellems', 
'Laboratory of Parasitic Diseases, National Institute of Allergy and 
Infectious Diseases, National Institutes of Health, Bethesda MD 
20892; 'Department of Biochemistry, University of Ghana, Post 
Office Box 54, Legon, Ghana. 

All naturally antiiol resistant isolates of Plasmodium 
#a/ciparum have been found to contain point mutations in the 
active site of the dihydrofolate reductase of the parasite. Dierential 
resistance to pyrimethamine and cycloguanil, the active metabolite 
of the antifolate antimalarial proguanil, is linked to specific point 
mutations. A single point mutation (Ser-108 - Asn-108) in the 
DHFR active site has been linked to pyrimethamine resistance, but 
has lile affect on the sensitivity of the parasite to cycloguanil . 
Parasites with paired mutations at the active site of the enzyme 
(Ser-108 .+ Thr-108 and Ala-16 -+ Val-16) have been found to be 
resistant to cycloguanil, but exhibit only a small decrease in 
sensitivity to pyrimethamine. Addfiional point mutations increase 
the level of pyrimethamine resistance and can provide cross 
resistance to cycloguanil. Mutation specific primers capable of 
discriminating between wild type and mutant in the PCR have been 
developed and tested for each of these loci. These primers along 
with a simple procedure for isolating parasite DNA allow the rapid 
analysis of parasites from small volume blood samples. We will 
present details on the design of mutation specific primers, as well 
as the analysis of samples collected from the Brazilian Amazon. 
The incidence of the Ser-108 + Asn-108 point mutation in these 
samples (90%) correlates well with Fansidar failure rates reported 
from certain states in Brazil. 

C 143 CHARACI'ERIZATION OFBabesia bigeminn rRNAGENES 
AND UTILIZATION OF OLIGONUCLEOTIDE PROBES 

COMPLIMENTARY TO THE SMALL SUBUNIT rRNA FOR 
ITS DETECTION IN BOVINE BLOOD, G. Roman Reddy and 
John B. Dame, Department of Infectious Diseases, College of 
Veterinary Medicine, University of Florida, Gainesville, FL 32611. 

Babesia bigemina and Babesia boviv are tick-borne, protozoan 
hemoparasites responsible for bovine babesiasis in tropical areas of 
the world. Detection of this parasite is routinely done by light 
microscopy which lacks sensitivity. After acute or primary infections, 
recovered animals may sustain a subclinical infection which is 
microscopically undetectable. These animals, known as carrier 
animals, serve as reservoirs for disease transmission. In an attempt 
to develop a test sufficiently sensitive to detect parasites in carrier 
animals as well as patent infections, we have cloned the ribosomal 
RNA gene units from this parasite. Three distinct ribosomal RNA 
transcription units designated A, B and C were identified. The 
complete nucleotide sequence of the small subunit rRNA (SSrRNA) 
coding region were determined. Units A and B bad identical 
sequences but unit C differs from units A and B at two adjacent 
positions. The RNA of both sequence types is transcribed in parasites 
from erythrocyte culture, at a ratio of AIB to C of approximately 4:l. 
Three synthetic oligonucleotide probes complementary to unique 
regions of the SSrRNA were identified for its sensitive detection. In 
about 20 hours, these probes specifically detected as little as 20 pg of 
total RNA isolated from cultured parasites or total RNA isolated 
from 100 infected erythrocytes mixed in 20 pl of bovine blood. The 
parasitemia under these conditions is equivalent to 5 x 10" %. These 
probes did not bind to total RNA or genomic DNA isolated from B. 
bovir, or to bovine leukocyte RNA. The sensitivity was increased to 
detection of a single parasite when the target SSrRNA was amplified 
in ntro. This work was supported by USAID Grant DAN-4178-A-00- 
7056-00 
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C 144 A TOXOPLASMA GONDll RHOPTRY PROTEIN (ROP1) WITH 
HOST CELL PENETRATION ENHANCING ACTIVITY 

INCREASES ADHERENCE OF TACHYZOITES TO FIBROBLASTS 
~ ~~~ 

Joseph D. Schwartzman and Linda D. Saffer. Department of Patho&: 
University of Virginia School of Mebane, Charlonesville, VA 22908 
ROPl is a rhopry protein of the protozoan parasite Toxoplasma gondii 
that is recognized by the monoclonal antibody TG49. This Mab inhibits 
the phenomenon of host cell penetration enhancement, and ROPl has 
therefor been implicated in host cell invasion. The major component of 
ROPl has an apparent mobility of 60 kDa on SDS-PAGE as recognized 
by immunobbt. but a 75 kDa precursor and numerous smaller proteolytic 
fragments are also detected. We purified ROPl by means of several 
chromatographic techniques and assayed the resultant fractions in a 
bioassay for penetration enhancement, which relies on the specific 
incorporation of tritiated uracil into parasites which have successfully 
invaded host cells Purification of ROPl by affinity chromatography with 
Mab TG49 produced relatively pure antigen that induced a small (-2 fold) 
but reproducible increase 01 host cell penetration. More impressive 
quantitative increases in host cell penetration (4-8 fold) were induced by 
ROPI -containing high molecular weight fractions that were prepared by 
rapid size exclusion chromatography on a Superose-12% column 
(Pharrnaaa). These fractions contained numerous proteins, and we have 
shown that similar fractions have phospholipase A activity. which has 
penetration enhancing activity separale from ROPl . However, Mab 
TG49 inhibited the penetration enhancement induced by these high 
molecular weight fractions. implying that ROP1, perhaps in concert with 
other factors, is involved in the process 01 host cell penetration. 
Superose-l 2N fractions which demonstrate penetration enhancement 
increase adherence of J. gondii to host cells in parallel with the increase 
of intracellular parasites, as measured by recovery of radioactivity 
associated with pre-labeled parasites from extensively washed 
monolayers of fibroblasts. This adherence is temperature dependent, 
occurring at 25 OC (a temperature at which J gondii does not invade host 
cells, and adherence can be distinguished from invasion) but not at 0 "C . 
ROPI appears to enhance host cell penetration by increasing the 
adherence of tachyzoites to host cells, which may be of importance in 
parasite motility and invasion. 

C 146 A NEW RETROPOSON-LIKE SEQUENCE IDENTIFIED 
UPSTREAM OF VSG f3PRESSION SITES IN T. 
BRUCE/. 

Bob L Smiley, Michael J. Lodes, Andrew W. Stadnyk, Peter J. 
Myler and Kenneth D. Stuart, Seattle Biomedical Research 
Institute, 4 Nickerson Street, Seattle, WA 98109-1651. 

The VSG expression site in African trypanosomes 
consists of a long (>SO kb) coordinately expressed region. The 
transcripts which characterize the expression site are stage and 
VAT specific, and are =-amanitin sensitive. A promoter region for 
this transcriptional unit has been proposed. Upstream of the 
pufative VSG expression site promoter we have identified a new 
retroposon-like sequence which shares 55% homology to  other T. 
bnrcei retroposon-like sequences (Ingi/TRS). On  one megabase- 
sized chromosome (M4), copies of this sequence have been found 
upstream of the proposed VSG promoter region on both telomeric 
ends. Probes which can differentiate between the two copies each 
hybridize to  multiple copies in the genome. Two additional 
genomic copies have been isolated and sequenced. There do not 
appear to be  sizable open reading frames in any of the four 
sequenced copies. The significance of these sequences will be  
discussed. 

c 145 A NUCLEIC ACID BASED TEST FOR 
DETECTION OF Fasciola heparica. Catherine Shubkin, 

Michael W. White, Mitchell Abrahamsen, and Stuart Knapp, 

Veterinary Molecular Biology, Montana State University, 

Bozemaii, MT 59717. 

parasitic infection has become increasingly widespread. These 

techniques were used to generate an oligonucleotide probe for 
detection o f  Fasciola hepatica, the common bile duct fluke, in its 

snail intermediate host, Pseudosuccinea colwnella. Total RNA 
isolated from whole liver flukes was used in a polymerase chain 

reaction (PCR) to isolate and amplify a region of approximately 

650 base pairs in the small-subunit ribosomal RNA gene. T h i s  
portion of the rRNA gene, which contains both highly conserved 

regions, as well as variable regions, was subcloned and sequenced. 

In comparison to known small subunit rRNA sequences, a 

sequence unique to F. heparicu was identified. 

to specifically hybridize to F. heparica 18s rRNA and not to rRNA 

of the snail or other unrelated RNAs tested. As few as 5 miracidia 

may be detected by direct hybridization of the CS4 probe without 

the need for amplification by the polymerase-chain-reaction. 

Preliminary studies in  infected snails have shown that CS4 i s  able 

to detect infected snails by a simple one-step extraction procedure 

despite the large excess of snail nucleic acid material. Currently, 

we are undergoing quantitative evaluation of this probe for future 

use in  tracking the course of F. heparicu infection in the snail 

vectors. 

The use of nucleic acid techniques in the diagnosis of 

The F. hepatica DNA probe, designated CS4, was shown 

c 147 CONTRIBUnON OF INTEREUKLN-~, TNF-a AND m - y  TO 
INDUCTION OF ANTI-LEISHMANIAL MACROPHAGE ACTIVATION. 

Werner SoIbach, Steffen Stenger, Martin Rollinghoff and *Christian 
Bogdan. Institute for Clinical Microbiology, University Erlangen, Ger- 
many and *Cornell Univ. Med. Center, New York, N.Y. 10021. 

Destruction of intracellularly living Leishmania major amastigotes is 
achieved by activated macrophages. We have investigated the conmbution 
of IL-4, TNF-a and I M - y  to the induction of antileishmanial macmphage 
activation. I t  was found that as single lymphokine only IFN-y led to 
amastigote elimination by peritoneal exudate macrophages. Neither IL-4 
nor TNF-a or the combination o f  both cytokines led to antimicrobial 
activation. When the macrophages were incubated with concentrations o f  
IFN-y that by themselves were insufficient for maximum cell activation. i t  
was found that both IL-4 and TNF-a very effectively synergized with 
IFN-1 for induction o f  antiparasitic activity. The activation which was 
achieved when IFN-7 was combined with ILL-4 could be blocked not only 
with antibodies to either of the lymphokines, but also with an antiserum 
specific for TNF-a, suggesting the involvement of endogeneously gene- 
rated TNF-a. Th is  was indeed the case, since IFN-7 and IL-4 synergistic- 
ally induced the endogenous production o f  TNF-a. Any of the synergistic 
activities observed presumably lead to the activation o f  the L-arginine 
dependent pathway used by the cell for the production of nitrogen oxides 
as effector molecules for parasite killing since NG-monomethyl-L-arginine 
(L-NMMA), a specific inhibitor of this pathway, completely blocked the 
killing of intracellular parasites. 
We conclude that macrophage activation for antiparasitic activity i s  
directed by a complex network of cytokine-interactions, i n  which IL-4 and 
TNF-a very effectively synergize positively with low levels of EN-(. 
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C 148 THE LRI VIRUSES OF LEISHMANA ENCODE AN RNA 
DEPENDENT RNA POLYMERASE. 

K. Stuart, R. Weeks, L. Guilbride, and P. Myler, Seattle Biomedical 
Research Institute, 4 Nickerson St., Seattle, WA 98109-1651. 

We have found RNA viruses (LRI) in Leishmania 
guyanensis and L. brziliensis from the Amazon river basin. Most 
of the viral RNA is double stranded and contained in 32 nm 
particles. A small fraction of the RNA is single stranded, present in 
less dense particles. Analysis of cloned LR1 sequences indicated 
that this RNA corresponds to the (+) strand, suggesting a 
replication cycle like that of the yeast ScV viruses. Determination 
of the complete nucleotide sequence has identified two major 
ORFs that encode the presumptive viral coat protein and the RNA 
dependent RNA polymerase (RDRP). The RDRP has significant 
homology to that of the yeast ScV RDRP. In addition, a portion of 
this ORF is highly conserved among viral strains. The two ORFs 
overlap and have characteristics suggesting production of a 
coat/RDRP fusion protein. The 5' end of the viral RNA lacks the SL 
sequence that is present at the 5 end of all Leishmania mRNAs. 
The 5' 450 nts of the viral RNA contains an ORF that could encode 
a 72 amino acid protein. However, the lack of the SL sequence 
and the high conservation of this sequence among viral strains 
suggests that this region may be involved in initiation of translation, 
rather than having protein coding function. 

~ 1 5 0  IDENTIFICATION, CLONING AND SEQUENCING 
OF TWO CYSTEINE PROTEINASE GENES FROM 
LEISHBANIA PIFANOI, Yara M. Traub-Cseko, 

Linda K. Boukai, Ricardo W. Almeida and Diane 
McMahon-Pratt*, Fundagao Oswaldo Cruz, Departamen- 
to de Bioquimica e Biologia Molecular, P.O.Box 926 
Rio de Janeiro, RJ, 21045, Brazil, *Yale Univer- 
sity School of Medicine, Department of Epidemio- 
logy and Public Health, 60 College Street, New 
Haven, CT, 06510. 
Leishmania are parasitic protozoa that cause 
a broad spectrum of disease, that range from cu- 
taneous to visceral leishmaniasis. Cysteine pro- 
teinases are believed to be involved in the sur- 
vival of the parasites within the macrophage, and 
so provide a useful target for therapeutic attack. 
We have amplified cysteine proteinase gene frag- 
ments from L-pifanoi through PCR, utilizing active 
sites as degenerate primers. and cDNA. Two genes 
were isolated and sequenced, Lpcysl and Lpcys2, 
that were shown to be quite different at the level 
of copy number. genomic organization, chromosome 
location and level of expression. A genomic libra- 
ry from L-pifanoi was screened using the Lpcysl 
and Lpcys2 500bp fragments cloned into pUCl8. In 
the case of Lpcysl, that has few gene copies, the 
clones obtained were characterized by the search 
Of diagnostic fragments seen in genomic Southern 
blots. PstI and KpnI fragments. that should con- 
tain the whole gene, were subcloned into pUC, 
mapped, the location of the genes established, 
and sequencing is now in progress. Three positive 
clones were obtained for Lpcys2, that is known to 
belong to a gene family. The repeat unit was clo- 
ned into pUC and M13, for mapping and sequencing. 
Partial sequencing of the M13 clones confirmed the 
presence of the cysteine proteinase genes. The pUC 
clones were mapped and some heterogeneity was ob- 
served mostly in intergenic regions. Sequencing 
is being carried on with the intent of obtaining 
the complete genomic and intergenic sequences, 
and of understanding the possible implications of 
the observed heterogeneities. 

C 149 IDENTIFICATION AND TRANSCRIM?ONAL 
ANALYSIS OF THE GENES FOR HSP60 AND 

HSF90 IN PLASMODIUM FALCIPARUM, Chiang Syin, Teh- 
Yung Liu and Neil Goldman, Division of Biochemistry and 
Biophysics, Center for Biologics Evaluation and Research, Food 
and Drug Administration, Bethesda, MD 20892 
The malaria parasite has a complex life cycle which includes 
dramatic changes in its environment during transition 
between the vertebrate host and the invertebrate vector. 
Recent findings in Plasmodium falciuarum, the most deadly 
strain of human maiaria, indicate that heat shock proteins 
(hsps), i.e. hsp70, may play a role in the parasite's survival and 
development. To study the function of other hsps in these 
parasites, we set out to identify two major proteins, hsp60 and 
hsp90, in Plasmodium falciuarum. Genes for both hsp60 and 
hsp90 have been isolated from a lgt l l  genomic library, and the 
deduced amino add sequences show a high degree of 
homology with hsps from other sources. Northern blot 
analysis indicates that the transcript for Pfhsp90 is about 3.5 kb 
and that for Pfhsp60 is about 2.6 kb in size. The level of 
expression of each of these hsps during different stages of 
development is being determined. 

C 151 PHYSICAL AND TRANSCRIPTIONAL ANALYSIS OF A 
CIRCULAR, MULTICOPY DNA IN LEISHMANM. 

Cynthia Tripp and Kenneth Stuart, Seattle Biomedical Research 
Institute, Seattle, WA 98109-1651 

Leishmania DNA 1 (LDI) is a 27.5 kb sequence that 
occurs in one of three genomic arrangements in all Leishmania 
stocks (> 100) that we have examined. We have characterized the 
structural and transcriptional organization of LDl in L. infanturn 
ITMAP 263. In this stock, the lD1 sequence occurs in a tandem 
array integrated into a 1.52.0 megabase chromosome and also in 
a rnulticopy, circular DNA which contains two copies of the 27.5 kb 
sequence arranged as an inverted repeat. The 27.5 kb sequence 
and the junctions of the inverted repeats have been cloned 
mapped. Northern blot analysis indicates that LD1 transcripts are 
polyadenylated and contain the 35 nucleotide spliced leader 
sequence at the 5' termini. An initial transcription map of the 
circular molecule suggests that transcription of LDI is potycistronic 
and nine abundant transcripts, which may represent mature 
messages, are transcribed from adjacent regions of one strand of 
the 27.5 kb repeat. Several antisense RNAs are encoded on the 
opposite strand. 

131 



Molecular a n d  Cellular Biology of Host-Parasite Interactions 

C 152 
LYMPHOCYTES TO PROLIFERATE AND PRODUCE 

CYTOKINES Wesley C. Van Voorhis and Lynn Barrett, 
Division of Infectious Diseases, Department of Medicine, 
University of Washington, Seattle, WA 98195. T. cruzi has 
been shown to cause non-specific polyclonal proliferation of 
lymphocytes after infection in viva Co-culture of human 
peripheral blood mononuclear cells (PBMC) with T. cruziCL strain 
leads to proliferation of lymphoblasts, which peaks on days 5 to 7 
after infection. Approximately 15% of lymphocytes in culture 
undergo blast transformation. The proliferative response of 
lymphoblasts can be measured by 3H thymidine uptake, because 
the parasites appear to incorporate little thymidine, or by FACS 
analysis of lymphoblasts. By FACS analysis, lymphoblasts from 
these cultures are (mean % +): 33% B cells (CD19+); 51% T cells 
(CD3+); 25% CD4+; and 20% CD8+. A mean of 68% of 
lymphoblasts express MHC class I I  and IL-2R p55. suggesting 
both B and T lymphoblasts express these molecules. Anti-MHC 
class II inhibits the proliferative response of PBMC to T. cmzi by 
>95% and anti-IL4R p55 mAb inhibits the response by 70%. The 
mRNA for cytokines IL-10, IL-2, IL-5, IL-6, IFN-y, and TNF-a are 
detected by cDNA PCR after T. cruzico-culture with PBMC, 
peaking on day 3. No IL-4 or IL-10 mRNA are detected. 85,000 U 
of 11-1 and 60,000 U of IL-6 are found in the supernatents T. cruzi 
stimulated PBMC by bioassay, but none from unstirnulated PBMC. 
Monocytes, infected in the absence of apparent lymphocytes, 
assume activated morphology and accumulate mRNA for IL-10, 
TNF-a, and IL-6. T cells require accessory cells to proliferate and 
produce cytokine mRNA. A trypsin sensitive activity in lysates of T. 
CNZ; stimulates lymphocyte proliferation with similar kinetics to 
whole T. cruz;. Thus, T. cruzi co-culture with human PBMC leads 
to lymphocyte proliferation, rnonocyte activation, and cytokine 
production. This in vitro model will be useful in the study of the 
immune aberrations that occur in the acute infection and the 
molecule(s) of T. cruzi that are involved in stimulating this 
response. 

TRYPANOSOMA CRUZl STIMULATES HUMAN 

C 154 IDENTIFICATION OF SUBGROUPS OF GIARDIA LAMBLIA 
BASED WON 18s RIBOSOMAL RNA SEQUENCE. 

Judith B. Weiss, Roche Diagnostics Research, Alameda CA 94501 
Ginrdin lamblin, a parasitic intestinal protozoan, is an important cause 
of diarrheal disease worldwide. Speaation of the genus Giurdin has 
been the subject of much research and controversy over the years. 
Recent studies have supported the concept of a single grouping or 
species of Ginrdin that is capable of being transmitted to humans 
and causing disease therein despite being present and viable in 
many mammalian hosts. A sensitive and specific PCR-based assay 
has been developed to detect and analyze G. lnmbiin DNA from fecal 
specimens. The oligonucleotide primers amplify a 182bp segment 
of the 18s ribosomal RNA gene. Effiaent amplification required the 
inclusion of cosolvents (glycerol and dimethylsulfoxide) in the 
reaction. Following the optimization of conditions for amplification 
and hybridization of radiolabekd oligonucleotide probe with the 
amplified products, a sensitivity of less than one organism's worth 
of DNA was achieved. Thirty-five different G. lamblin strains 
obtained from various animal hosts and geographic locations were 
detected by this method. By more detailed analysis, the G. iambliu 
isolates could be divided into three subgroups based upon rRNA 
sequence. A substantial fraction of formalin-fixed fecal speamens 
obtained from patiens suspected of having gastrointestinal parasites 
were shown to contain G. Iumblia DNA sequences, including the 
"variant" sequences. These findings strongly corroborate the notion 
of a limited polymorphism and number of lineages within the 
species G. Inmblia. Additional probes differentiated G. murk and G. 
nrdeae isolates (the rRNA gene from these non-human Giurdin 
species were amplified with the same primers). 

C 153 CLONING OF THE HYPOXANTHINE-GUANINE 
PHOSPHORIBOSYL TRANSFERASE GENE FROM 

T. GONDII, Geetha Vasanthakumar and Gregory E. Parish, 
Molecular Biology Section, Department of Biochemistry, 
Southern Research Institute, Birmingham, AL 35255. 
Since hypoxanthine-guanine phosphoribosyl transferase 
(HGPRT) plays a key role in salvaging preformed purines for 
T. gondii, which cannot synthesize purines de novo, 
development of specific inhibitors for this enzyme should be 
an effective method of chemotherapy. To provide sufficient 
quantities of the enzyme for detailed biochemical and 
crystallographic analysis, we have attempted to clone the gene 
encoding for T. gondii HGPRT and express it into E. coli. 
We report the cloning of the HGPRT cDNA by means of PCR 
using degenerate primers. Degenerate oligonucleotide primers 
based on conserved regions of the HGPRT amino acid 
sequence at phosphoribosylpyrophosphate binding site were 
used for PCR amplification of T. gondii cDNA. The PCR 
product of size -500 bp was cloned into PCRlOOO and 
sequenced. The sequence was compared with the available 
known HGPRT sequences. Southern blot analysis shows that 
this sequence is homologous to human, mouse, and 
P. falcipancrn HGPRT. Further isolation of the complete 
cDNA sequence and characterization of T. gondii HGPRT will 
be discussed. 

Supported by NIH\NIAID Grant No. UOlAI30279. 

C 155 IMMUNIZATION WlTH PUSMODIUM BERGHEI 
SPOROZOITES INDUCES THI T CELL SUBSET. 

Katherine L. White and Urszula Krzych Department. of 
Immunology,Walter Reed Army Institute of Research, Washington, 
DC 20307 and Depamnent. of Biology, The Catholic University of 
America Washington, DC ux)64 
Protective immunity against P.berghei malaria induced by 
immunization with irradiated sporozoites (SPZ) requires both 
humoral and cellular responses. Previously, we demonstrated that T 
cell proliferative reactivity to SPZ antigens does not conelate with 
protection against malaria. Balb/c (H-2d) mice were protected 
following a single dose of 75,000 SPZ, but required two boosting 
immunizations of 20,000 SPZ to elicit anti-SPZ proliferative 
activity. The opposite was seen in C57BV6 (H-2b) mice where the 
priming dose elicited SPZ specific T cell reactivity but two boosts 
were necessary to render protection. Protective immunity against 
malaria was difficult to achieve in C3H/HeN (H-2k) mice, and anti- 
SPZ proliferative T cell responses were evident only after the 
removal of CD8+ T cells. These observations suggested not only 
swain associated differences in response to SPZ antigens, but also 
that protective immunity may be multi-factorial involving 
functionally diverse T cell subsets. Therefore, in the present study 
we investigated the discordance between proliferative responses to 
SPZ antigens and protective immunity by evaluating T cell subset 
induction through lymphokine analysis of splenic cultures. The 
levels of L - 2  and IL-3 accompanied the proliferative reactivities in 
both Balb/c and C57B1/6 mice, however, in C3H/HeN mice high 
levels of L-3 were detected after the priming dose but decreased 
upon boosting, when 1L-2 and proliferative reactivity was 
uncovered. IL-4 was not detected in any of the three strains 
following the priming or boost immunizations, although all strains 
produced specific anti-circumsporozoite (CS) IgG antibody. Levels 
of IL-6 that correlated with the levels of antibody were measured in 
the three strains suggesting that IL-6 may drive anti-CS antibody 
production. Finally IFNy was present in unprimed mice and 
increased significantly in all strains upon boosting. Based on these 
findings we conclude that immunization with irradiated SPZ induces 
Thl T cell subpopularion. The precise function of these T cells in 
anti-malaria immunity is currently under investigation. 
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C 156 AMPLEICATION OF THE IMP DEHYDROGENASE 
GENE IN MYCOPHENOLIC ACID RESISTANT L. 

DONOVANI AND T. BRUCEI, Keith Wilson, Randy Berens', and 
Buddy Ullman, Department of Biochemistry and Molecular 
Biology, Oregon Health Sciences University, Portland, OR, 97201 
and 'University of Colorado Health Sciences Center, Denver, CO, 
80262 To analyze mechanisms by which parasitic protozoa develop 
resistance to drugs, strains of Leishmania dono vani promastigotes 
and m a n o s o  me brucei procyclic forms were generated by their 
ability to proliferate in incrementing concentrations of 
mycophenolic acid (MPA), an inhibitor of IMP dehydrogenase 
(IMPDH) activity. Genes encoding the L.. donovm' and T. brucei 
IMPDH proteins were isolated and sequenced from genomic 
libraries and exploited to evaluate drug resistance mechanisms in 
the MPA-resistant strains. Southern blot analysis demonstrated 
that both MPA-resistant cell lines have amplified their IMPDH 
gene copy number 10 - 15 fold over that of parental strains. The 
MPA-resistant L. donovani cell line also expressed augmented 
amounts of IMPDH transcripts. Separation of chromosomes by 
pulsed field gel electrophoresis revealed that the amplified copies 
of the IMPDH gene in the MPA-resistant L donovoni could be 
localized to a linear extrachromosomal element of 280 kb. This 
multicopy extrachromosomal DNA, as well as the drug resistance 
phenotype, is stable in the absence of selective pressure for over 18 
months. These data support a novel amplification of a linear DNA 
element in drug-resistant Leishmania and provide the first evidence 
for gene amplification events in Trypanosoma. 

Gene Regulation and RNA Metabolism 
C 200 IDENTIFICATION OF POSSIBLE TRANSCRIPTION 

Ajioka, J . Y . .  Hariharan, S. and Swindle, J.; Dept. of 
Microbiology and Immunology, University of Tennessee, 858 
Madison Ave. Memphis, TN 38163. 

Transient and stable transformation systems have been 
developed for m a n o s o m a  m. Both systems have been 
used to study the expression of the calmodulin-uhiquitin 
associated (m) and ubiquitin-fusion (m) genes. The 
CUB2.61 and a genes are tandemly arrayed and separated 
by an intergenic sequence of approximately 400bp. 
Expression of the chloramphenicol acetyl transferase 
(m) gene from the potential g B 2 . 6 5  promoter is 
dependent on both the potential promoter sequence and a 
proper 1. 3' sequence. Similarly, the possible 
promoter is capable of driving W gene expression in the 
transient transfection system. To determine if the 
possible promoter identified in the transient system 
functions on the chromosome, tandem gene replacement 
experiments were carried out. Stable transformants of I. 
cruzf have bean isolated in vhich the tandemly arrayed 
CUB2.65 and genes have been simultaneously replaced 
by the neomycin phosphotransferase (m) and genes 
respectively. Tha regulation of expression of the 
and genes during the developmental cycle is being 
investigated and vill be compared vith that of the 

PROMOTERS IN TRYPANOSOMA CRUZI 

and genes. 

C 157 CELLULAR IMMUNE RESPONSES IN H U M  
LYMPHATIC FILARIASIS, Maria Yazdanbakhsh, 

Yvonne C. Kruize, William Paxton, Erliyani Sartono, Murray E. 
Selkirk, Rick M. Maizels and Felix Partono, Department of 
Parasitology, University of Leiden, The Netherlands. Depatment 
of Biochemistry and Biology, Imperial College, UK Department 
of Parasitology, University of Indonesia, Jakarta, Indonesia. 
Residents of 8 villages in an area endemic for Brugian lymphatic 
filariasis in Sumatra, Indonesia were examined parasitologically 
and clinically for signs of infection. Peripheral blood was obtained 
from 170 volunteers. Cellular and humoral responses were 
characterized in these individuals who were also typed for HLA 
class I and 11. The antibody IgG4 responses to Brupia a 
antigens were elevated in individuals harbouring active infection. 
T cell proliferative responses to adult Brueia rnalayi extracts were 
significantly higher in individuals with high IgG4 compared to 
people with low anti-Brugia IgG4 antibodies. In addition, 
individuals with high anti parasite IgE showed increased T cell 
proliferative indices. Seventy five percent of the latter group was 
comprised of elephantiasis patients. The release of IFN7 and IL4 
were measured in supernatants of peripheral blood mononuclear 
cells stimulated with anti-CD2 and rIL.2. It was apparent that 
there was a parasite density-dependent inhibition of IFN? produc- 
ing cells and expansion of IL4 secreting cells. This was confmed 
in experiments where T cell lines and clones were generated to 
total parasite extract as well as recombinant antigens. T cell lines 
generated from individuals harbouring light infection released 
higher amounts of IFN7 compared to people with heavy infections. 
In a cloning experiment, we found that 90% of the T cell clones 
had a cytokine secretion patlern consistent with TH2-type cells, 
10% with TH@type pattern and none with TH1 pattern. The 
HLA analysis revealed a link between class I1 DQ and DR loci 
and pathology in our study population. There was a significant 
increase in an epitope present on DQWl, 8 and 9 antigens in 
individuals protected from developing pathology. There was also 
an increase in frequency of DRW13 in patients that mounted a 
high IgE responses to parasite antigens. This is of particular 
interst with respect to pathology. 

C 201 DIFFERENTIAL SPLICING EFFICIENCY OF 
GROUP I INTRONS SITUATED IN THE 16s-LIKE 

RIBOSOMAL RNA GENES OF TWO P N E U M O C Y S T Z S  
CARINII  ISOLATES. J.W. Anderson and P.A. Liberator. 
Department of Animal Biochemistry and Molcculp Biology. Merck 
Sharp & Dohme Research Laboratories, Rahway. NJ. 07065 

Steroid-induced immunosuppression of rodents initiates the expansion 
of a latent Pneumocystis carinii (P.c.) infection in the lung. The 16s- 
like ribosomal RNA (rRNA) genes from P.c. prepared from both 
immunosuppressed rats and mice have been cloned using the 
polymerase chain reaction (PCR). Nucleotide sequence of multiple 
clones indicates that the rRNA genes from the two isolates arc not 
identical to one another. Each of the clones and each of the rRNA 
genes in the respective genomes does however contain a characteristic 
group I intervening sequence (IVS). The group I IVS' arc n d y  400nt 
in length and are similarly positioned very close to the 3-end of the 
gene. 

IVS' from both isolates undergo accurate and efficient autocatalytic 
splicing in vitro without protein assistance or energy consumption. 
Recombinant plasmids containing the respective introns have been 
constructed so as to be able to also assess splicing activity in bacteria. 
Specifically, accurate splicing of the intron from the construct 
reconstitutes beta-galactosidase activity. Splicing of both introns does 
occur in bacteria and is orientation dependent. The mouse-derived 
P. carinii intron splices much more efficiently than the rat-derived 
counterpart. Site-directed mutagenesis indicates that a "G" residue at 
nucleotide position -1 from the %end of the intron is an undesirable 
substitution. The splicing efficiency of the rat-derived intron in 
plasmids containing nucleotides "A" or "C" in addition to the wild type 
"U" at this position is equivalent. Conversely, a "U" at position -1 in 
the mousederived intron is clearly the most efficient representative. 
Curiously, only two group I inmns in a recenf compilation of 87 had 
nucleotides other than a "U" at this position. 
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C 202 USE O F  PCR AMPLIFICATION O F  TRYPANO- 
SOMA CRUZI MINICIRCLE DNA FOR DIAGNOSIS 

OF CHRONIC CHAGAS DISEASE, Herbert Avilal, Otavio 
Thiemann', Wim Degrave3, Jose Borges4, Carlos Morel3 and 
Larry Simpson2, lDepartment of Biology and 2Molecular 
Biology Institute, University of California Lns Angeles, CA 
90025. 3Department of Biochemistry and Molecular Biology, 
4Department of Tropical Medicine, FIOCRUZ, Rio de Janeiro, 
Brasil. 
A variety of biological specimens, including whole blood, tissue 
biopsies and fecal material, can be stored as a lysate in 3M 
guanidine HCI/O.IM EDTA (GE). DNA stored in these lysates 
remains undegraded for 1 month at 37OC. Human, animal and 
insect specimens have been stored in GE buffer and analyzed 
for the presence of Trypanosoma cnui. T. cruzi kinetoplast 
kDNA in GE lysates can be cleaved using the chemical 
nuclease, 1 , l O  phenanthroline-copper ion. This procedure 
liberates linearized minicircle molecules from network 
catenation, distributing them throughout the lysate, and 
allowing a small aliquot of the original lysate to be analyzed by 
PCR amplification of minicircle-specific sequences. This 
increases the sensitivity of the method dramatically for the 
detection of small number of trypanosomes in a large volume of 
blood. A panel of over 100 blood samples from chronic chagasic 
patients and healthy individuals, was screened using the 
GE/PCR method. The test showed a sensitivity of 100% and a 
specificity of 90% as compared to serological tests. In addition, 
the GE/PCR method proved to be twice as sensitive as 
xenodiagnosis. This PCR-based test should prove useful as a 
replacement and/or complement for xenodiagnosis and 
serology in clinical and epidemiological studies of chronic 
Chagas' disease. 

C 204 KINETOPLAST GUIDE RNAS ARE ASSOCIATED 
WlTH A 13s COMPLEX WHICH CONTATNS 

TERMINAL URIDYLYL TRANSFERASE AND SEVERAL 
OTHER PROTEINS, Andreas Bakker, Agda M. Simpson and 
Lany Simpson, Department of Biology and Molecular Biology 
Institute, University of California, Los Angeles, CA 90024 
The mitochondrial M a s e  activity in Leishmania tarentolae 
separates in gel filtration and sedimentation analysis into three 
fractions: 30S, 13s (330 kd), and 8s. The 30s fraction probably 
represents nonspecific binding to mitochondrial ribosomes. The 
leading edge of the 13s peak contains all the mitochondrial 
gRNAs. The endogeneous bound gRNA is a substrate for the 
13s TlJTase activity. UV crosslinking and gel retardation 
experiments showed that 6-8 proteins of this complex interact 
with the U-labeled 3' termini of the gRNA. Incubation of the 
endogeneous gRNA-labeled 13s complex with heparin 
decreases the size of the labeled complex to 8S, possibly by 
releasing several proteins. We suggest that the 13s M a s e -  
gRNA complex represents a component of the enzymatic 
machinery involved in RNA editing of maxicircle transcripts. 

C 203CHARACTERlSATlON OF THE TRYPANOSOMA 
BRUCE1 gGAPDH PROMOTER, Norbert Bakalara, 

Gilles Kendall, Fred Opperdoes. ICP-TROP. 74/39, 
Universite catholique de louvain, Bruxelles 1200. 
Regions 5' of the glycosomal glyceraldehyde-3- 
phosphate dehydrogenase (gGAPDH) gene from 
Trypanosoma brucei were tested for their ability to 
promote chloramphenicol acetyl-transferase (CAT) 
expression on introduction by electroporation into the 
parasite. Deletion analysis mapped the gGAPDH 
promoter to within 403 nts of the start of 
transcription . A transcription initiation site was 
mapped at approximately -190 nts from the ATG start 
codon by RNaseA protection and by primer extension. 
Two additional transcription initiation sites were 
mapped by protection experiments at positions -282 
and -352 nts. The higher expression of gGAPDH in 
bloodstream T.brucei, compared to procyclic (insect) 
forms, was largely attributed to differences in 
promoter activity. The glycosomal promoter gave rise 
to relatively high CAT signals upon transfection into 
bloodstream form and relatively low signals in 
procyclic, compared with levels resulting from 
transfection with the procyclin acidic repetitive 
protein (PARP) promoter. In addition, RNase protection 
data showed a higher level of gGAPDH primary 
transcripts in bloodstream T brucei. The PARP mini- 
exon addition region abolished transient CAT 
expression directed by either the gGAPDH or PARP 
promoters in bloodstream T.brucei implying that 
trans-splicing can be a point of stage-specific gene 
regulation. 
The gGAPDH promoter was also. able to promote CAT 
activity in Leshmania mexicana and Crithidia lucillae. 

C 205 HEAT-SHOCK REGULATES THE POOL SIZE OF THE 
SURFACE ZINC-PROTEINASE (GP63) TRANSCRIPTS 

OF LEISHMAKIA PROMASTIGOTES. Chaudhuri, Gautam, Division 
of Biomedical Sciences, Meharry Medical College, Nashville, TN 
37208. 
The major surface glycoprotein, gp63, of the parasitic protozoan, 
Leishmania is a unique zinc-proteinase with potential roles in parasite 
uptake by macrophages, in digestion of medium proteins for numtional 
pufposes and in the evasion of the cytolytic action of the phagolysosom- 
a1 hydrolases by the parasite inside the macrophages. Heat-shock is 
associated with the developmental changes of the parasite from 
promastigores to amastigotes. Amastigotes of L. mexicana amazonensis 
apparently have 2-5 fold higher concentration of gp63 mRNA than that 
of the promastigotes. These amastigotes were isolated from the infected 
cultured J774G8 macrophage-like cells which were grown at 30-33°C. 
When the cultured promastigotes, which grow in axenic culture medium 
at 2 5 T ,  were heat-shocked at 30°C for 2 h, the steady-state 
concentration of gp63 mRNA was increased 2-3 folds. Increase in the 
temperature of heat-shock to 37OC caused 10-20 fold decrease in that 
mRNA level. Similar effects of heat-shock was also observed with L. 
donovani promastigotes. The negative effect of heat-shock ar 37OC on 
the pool size of gp63 mRNA may not be due to impairment of the 
processing of the pre-mRNA. No high molecular size gp63-specific 
RNA was found to be accumulated in heat-shocked cells. Although, the 
cells heat-shocked at 37OC for 2 h grew normally at 2 5 T  afterwards, the 
gp63 mRNA pool size was not regained within subsequent 4 h 
incubation at 2YC. The pool size became normal after 16-20 h posi- 
heat-shock incubation at 2YC. Incubation of the promastigutes at acidic 
pH (pH 4-5) or under hypoxic conditions also led to decrease in the 
pool size of gp63 mRNA. Heat-shock of the promastigotes at 37°C 
under those insults accelarated the decrease of this pool. Alterations in 
the steady state concenration of a potential virulent factor mRNA in 
Leishmania under several insults that the cells normally experience 
during their usual developmental process, suggests the possibility of 
similar regulations in the expression of this parasite surface 
metalloproteinase gene under natural conditions. Supported by National 
Science Foundation Minority Research Center for Excellence in Cell and 
MoIecuIar Biology Grant # R118714805. 
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C 206 CR3 AND CR4 ARE HIGHLY EDITED CRYPTOGENES 
THAT ARE EDITED IN DIFFERENT DEVELOPMENTAL 
STAGES OF TRYPANOSOMA BRUCB 

Robert A. Corell, Peter J. Myler, and Kenneth D. Stuart, Seattle 
Biomedical Research Institute, Seattle, WA 98109-1651 

kRNA editing is a post-transcriptional process that 
inserts and more rarely deletes uridines from primary kinetoplast 
transcripts. In the most highly edied genes over 50% of the final 
transcript is created by editing. These genes have the general 
characteristic of being GC rich with a strong G vs. C strand bias. 
We have investigated the transcripts from two such regions of the 
T. brucei kDNA, CR3 and CR4. CR3 and CR4 are transcribed into 
highly edited, polyadenylated, mRNAs. Although CR3 is 
abundantly transcribed in both bloodstream and procyclic life cycle 
stages, CR3 is edited to only a limited degree in the procyclic 
stage, while it is extensively edited in the bloodstream stage. In 
addition the editing which does occur in the procyclic stage differs 
substantially from that in the bloodstream stage. CR4 on the other 
hand is extensively edited in the procyclic stage. We have isolated 
several CR4 cDNAs which may represent truncated S molecules, 
predicted by the transesterification model. These molecules are 
unedited at their 5 ends but partially edited at their 3 ends, and 
many of the molecules end in runs of uridines. The results suggest 
that edting does not occur in a strictly 3 to 5' direction. 

C 208 MECHANISM OF SUPER-INDUCTION OF 
PROCYCLIN (PARP) RNA, Patricia L. Dorn and John C. 

Boothroyd, Department of  Microbiology and Immunology, Stanford 
School of  Medicine, Stanford CA. 94305-5402 
Procyclin RNA,  which encodes the major surface protein of the 
insect form trypanosome, is rapidly and abundantly induced during 
differentiation from thc mammalian bloodstream form to the insect 
form trypanosome. Expression of procyclin RNA appears to be 
under negative control in the bloodstream form trypanosome, 
mediated by a labile protein, since treatment with a variety of  
protein synthesis inhibitors results in super-induction of  procyclin 
R N A  even in the absence of  signals that trigger differentiation. The 
mechanism of this super-induction does not appear to be at the level 
of transcription initiation since no differences in the amount of 
procyclin RNA were observed in nuclear run-on assays under 
conditions which showed super-induction of  procyclin RNA by 
Northern blot analysis. Other mechanisms for the super-induction 
such as  stability of the message are being investigated and will be 
discussed. 

C207 ANTIGENIC VARIATION OF A -OR 
M R O Q O I T E  SURFACE XOLECULE I N  TEEILERIA 
ANNULATA, Joanne Dickson and Brian R. 

shiels. Wellcome Unit of Molecular Parasitology, 
Glasgow University, Bearsden Road, Glasgow, 
Scotland, U.K. 
Monoclonal antibody 5E1 recognises a 30kDa 
major polypeptide on the surface of merozoites 
(J.Glascodine '90). serum from animals 
immune to the Ankara strain of Theileria 
annulata also recognises a 3okDa molecule and 
immunoprecipitation experiments indicated that 
this molecule is identical to that recognised by 
5E1. 
Analysis by Western blotting, of merozoites 
from cloned cell lines of Theileria annulata 
(Ankara) showed that the 30kDa molecule is 
polymorphic. This was characterised by a shift 
in the molecular mass of the 30kDa molecule to 
32kDa. 
In addition, 2-D gel electrophoresis, Western 
blotting and peptide mapping of the antigen has 
shown that the two forms of the molecule are 
closely related but are likely to have 
differences in polypeptide sequence. 
Furthermore, stocks of piroplasm from different 
geographical regrons can be distinguished on 
Western blots on the basis of the polymorphism 
of this antigen. 
These results implicate this molecule as a 
potential candidate for use as a component of a 
sub-unit vaccine, and as a marker for stock 
characterisation. 

C209 Identification of a Neutral Surface 
Metalloprateinase on 13 spedes of 

Leishmania promastigotes isolated from humans, 
Crithidia fasciculata, and Herpetomonas 
samoelpessoai. Robert Etges, lnstitut de Biochimie, 
Universit6 de Lausanne, Ch. des Boveresses 155, 
CH-1066 Epalinges, Switzerland 

Promastigotes of thirteen species of Leishmania 
isolated from human patients, as well as Leishmania 
enriettii, Crithidia fasciculafa and Herpe tom ona s 
samoelpessoai, were examined for the expression of an 
amphiphilic, surface-oriented neutral 
metalloproteinase by surface radioiodination of living 
cells, fractionation by Triton X-114 extraction and 
phase separation, and zymogram analysis by 
fibrinogen-SDS-PAGE. In all species of Leishmania, and 
the two monoxenous trypanosomatid parasites of 
insects, an ectoproteinase similar to the Promastigote 
Surface Protease, or PSP ("gp637, was observed. In 
contrast. neither Phytomonas sp. nor 'Leishmania 
tarentolae" (reclassified as Trypanosoma plafydactyh) 
express a detectable surface metalloproteinase. The 
presence of the functionally conserved 
metalloproteinase at the surface of Crithidia and 
Herpetomonas, which never encounter a mammalian 
macrophage during the course of their life cycles, 
suggest the the enzyme may not be involved in the 
infection of the mammalian host by Leishmania, but 
rather contributes to the survival of the protozoan in 
the environment of the insect midgut. 
call into question the vast amount of attention devoted 
to the promotion of PSP as a vaccine component to 
protect the mammalian host from infection. 

These findings 
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c 210 DNA POLYMORPHISMS IN FILARIAL 
SUSCEPTIBLE AND REFRACTORY STRGINS OF 

AEDES AEGYPTI USING RAPD-PCR, S.W. Gordon, S.E. 
Brown, R.B. Grieve, and D.L. Knudson, Departments of 
Microbiology, Entomology, and Pathology, Colorado State 
University, Fort Coilins, CO 80523 
The random amplified polymorphic DNA polymerase 
chain reaction (RAPD-PCR) is based upon the 
amplification of genomic DNA using a single primer, 10 
nt of arbitrary sequence. These primers detect 
polymorphisms in  the absence of specific genomic 
nucleotide sequence information. The polymorphisms 
function as genetic markers and can be used to 
construct genetic maps. The RAPD-PCR technique has 
been applied to detecting DNA polymorphisms in 4 
strains of A e d e s  a e g y p f i .  which are susceptible 
(Liverpool and 7D) and refractory (Rexville D and 
Liverpool R) to infection with Dirofilario imrniris. Forty- 
two primers were screened using genomic DNA from 
individual mosquitoes of the four strains. Genotype 
specific patterns of bands ranging in size from 0.5 to 2.0 
Kbp were observed in ethidium bromide stained 1.4% 
agarose gels. Nine primers distinguished all four strains. 
Banding patterns were inherited equally in F1 offspring 
of a cross between susceptible and refractory parents. 
The utility of these primers for genome mapping will be 
discussed.(Supponed by the MacAnbur Foundation) 

AfriCOan irypanosomes first express the variant surface 
glycoprotem (VSG) coat at the metacyclic stage in the 
tsetse fly using a system ve different from that used in 
bloodstream anosomes. %nly a small, s cific subst  
(<=27,1-2%)3VSG genes are expressed at metacychc 
stage. We have shown that metacyclic VSG genes occu y 
s p c t u d y  distinct telomeres and have.a stage-s 
activation mechanism: the are achvated m gfl; 
There are a number o r  distinctwe features of these 
telomeres - they contain ve short 70 bp repeat regions; 
they comprise lo? copy num2$r sqpence; they mco 
very short transcnpDon w t s  contamm onl the V S E i i E  
We have found that two metac d c  &G genes are 
transcribed sta e specifically. b e  promoters for 
bloodstream VSb-genes are active throughout the parasite 
l i e  cycle, the metacyclic VSG gene promoters appear to be 
active .o@y at the metacyclic sta e. Because absolute 
transcnpuonal control has not yet %em observed for any 
other Tanosome gene, we are undertaking a detailed 
study o the promoter regions. We have mapped and 
sequenced transcription &itlaDon sites and are testing 
putative promoter regions 111. 

iF 

C 21 1 THE CHARACTERIZATION OF MITOCHONDRIAL 
RIBONUCLEOPROTEIN (RNP) COMPLEXES 
INVOLVING GRNAS IN TRYPANOSOMA BRUC€/. 

H. Ulrich Gbringer, Donna J. Koslowsky, Tony H. Morales and 
Kenneth Stuart, Seattle Biomedical Research Institute, Seattle, WA 
98109- 1651 

The expression of a number of mitochondrial genes in 
the parasitic protozoa Trypanosoma, Leishmania and Crithidia 
requires a post-transcriptional RNA-processing event termed RNA 
edaing. During editing pre-mRNA molecules are converted into 
translatable messages by the insertion and deletion of multiple 
uridine residues. A key component of the mitochondrial machinery 
that provides at least part of the information for editing, is a new 
class of small, stable RNA molecules, so-called guide RNAs 
(gRNAs). These molecules are complementary to edited domains 
of the mature mRNAs and contain oligo(U) tails at their 3-ends. 
The present paradigm for the mechanism of editing requires a 
gRNA/pre-mRNA hybrid to perform a set of subsequent 
transesterifcation reactions with the terminal U residue of the 
gRNA serving as the nucleophile. A nearly ubiquitous feature of 
RNA molecules involved in a plethora of complex biological events 
is their association with proteins to form functionally active RNP 
particles. By using a gel mobility-shift assay we were able to 
identify four different mitochondrial RNP complexes involving 
gRNA molecules under in vitro conditions. The formation of the 
complexes is dependent on the input of mitochondrial lysate in a 
manner that correlates with theoretical binding curves. We present 
the kinetics of complex formation, temperature and ATP 
requirements as well as monovalent and divalent ion 
dependencies.Labe1 transfer experiments identify a minimum of 
five different protein components as direct binding partners in the 
complex formation. The data provide first evidence for an 
"editosorne" RNP particle and are suggestive of a sequential 
assembly of the editing machinery. 

C 213 RNA EDITING: IDENTIFICATION OF A PRI- 
EDITED mRNA SPECIFIC ENDORIBONUCLEASE 

AND ITS ROLE IN FORMATION OF CHIMERIC GUIDE 
RNA/mRNA MOLECULES IN VITRO, Stephen L. Hajduk, 
Victoria W. Pollard and Michael E. Harris. 
Deptartment of Biochemistry, schools of Medicine 
and Dentistry, University of Alabama at 
Birmingham, Birmingham, AL 35294 

RNA editing of trypanosome mitochondrial 
W A S  results in the addition of uridines not 
encoded in the DNA which alters the protein 
coding information. We have examined this novel 
RNA processing event in vitro. we have chosen to 
examine in detail the edited region located at 
the 5' end of cytochrome b (CYb) mRNA where the 
added U's create an AUG initiation codon for this 
W A .  Incubation of synthetic pre-edited CYb 
mRNA with trypanosome mitochondrial extracts 
results in endoribonuclease cleavage at the 3' 
portion of the pre-edited region. where editing 
is thought to commence. The edited version of 
CYb RNA is not cleaved. Addition of synthetic 
gRNA to the reaction results in the formation of 
a chimeric molecule containing the gRNA and the 
3' cleavage product of the CYb substrate RNA. In 
addition, uridines from the synthetic gRNA appear 
to be transfered to the chimeric product and to 
the CYb substrate RNA. 
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C214 TREILERIA ANNULATA MEROZOITE ANTIGEN 
GENE, Xhalid Eussain, Susan McXellar, 
N o m a  Buchanan, Andrew Tait and Brian 

Shie l s ,  Wellcome Unit of Molecular Parasitology, 
Glasgow University, Scotland, U.K. 
Tropical theileriosis is a disease of cattle 
caused by the tick-borne protozoan parasite, 
Theileria annulata. The two invasive stages are 
potential targets for a protective immune 
response and thus molecules from these stages 
could be possible components of a sub-unit 
vacclne. We have cloned several copies of a 
merozoite surface antigen gene (mag) which show 
stage specific expression. Sequence analysis of 
a 3kb fragment of 384 shows three distinct 
regions: a 5' unique sequence, a bank of direct 
repeats and a 3' unique sequence. The bank of 
repeats 1243bp in length and is made up of 3 
different types of repeats: a 14bp repeat, a 
73pb repeat (Z) and a 76bp repeat (K). Each Z 
and K repeat is enclosed at the 5' and the 3'  
ends by a 14bp repeat. The repeats are 
manifested at the protein sequence level and 
represent the greatest cell surface probability. 
At the point of termination of the repeats the 
sequence is virtually homologous to the E.coli 
chi sequence, hence implicating a possible 
recombination event at the site. A summary of 
Southern hybridisation using 384 as a probe is 
as follows: (i) piroplasm genomic DNA digested 
with EcoRI shows a complex pattern with a low 
level of variability between stocks. (ii) Cloned 
macroschizont cell line genomic DNA digested 
with EcoRI shows segregation of the parental 
pattern, with at least two copies per clone. 
(iii) PFGE of a cloned macroschizont cell line 
shows that the 2 copies reside on 2 different 
chromosomes. (iv) In a piroplasm genomic DNA 
digest with EcoRI sequences are revealed which 
only hybridise with (a) 5' unique sequence, (b) 
5' and 3' unique sequences and (c) 3 '  and repeat 
sequences. These results will be discussed. 

C216 CROSS-SPECIES PROTECTION WITH A PURE PROTEIN FROU 
U&WXANIA WNOVAN1,Charles L. Jaffe and Nurit 
Rachamim, Dept. Uembrane Research & Biophysics- 

MacArthur Center for Tropical Medicine, Rehovot, Israel. 
Preliminary studies shoved that a pure protein, dp72, from 
L.donovani could reduce liver parasite burden in BALB/c 
mice (Jaffe d, 1990). The mechanism of this protection 
was examined. Uice immunized with dp72 (5pg)  and C. 
produce high antibody titers, >1/500, to this protein. 
Hovever, the parasite burden, measured by both limiting 
dilution assay and tissue biopsy, at 1 day post-infection 
(p.i.) with lo7 promastigotes (Khartoum) was similar in 
both the control and immunized mice. This suggests that the 
protection is not due to antibody mediated killing 
immediately following infection. By 20 days p.i. the liver 
parasite burdens were 60% lover in the immunized mice and 
by 108 days p.i. the burden was further reduced to 78% of 
the control mice. Antigen specific T-cell proliferation to 
dp72 was abolished with either anti-CD4 or anti- 
CD4 and -CDB antibodies. However, treatment with anti-CDB 
antibodies, alone, enhanced antigen specific proliferation 
to dp72. Depletion in vivo of either CD4 or CD8 T-cells 
abolished protection, suggesting that both T-cell subsets 
are important in preventing disease. Passive transfer of 
antibodies to IW-gamma also prevented the protection of 
immunized mice. A 60 kDa antigen which cross-reacts with 
monoclonal antibodies to dp72 is present in L.maior. 
L.aethioDica and L.tr0Dic.a. Lymphocytes from mice immunized 
with dp72 also proliferated when stimulated with total 
freeze/thav homogenates from L.donovani, J..maior. 
LeDtomonas and Crithidia. No proliferation to other pure 
antigens such as gp63 or lipophosphoglycan from L.maior, or 
gp70-2 from L.donovani was observed. The ability of dp72 
from L,donovani to protect immunized BALB/c mice against 
L.maior which causes cutaneous leishmaniasis was examined. 
Lesions were apparent in t p  controJ mice 34 or 5 0  days 
after challenge with 10 or 10 L.maioc promastigotes 
(Fredlin), respectively. Even after 90 days no leisons were 
evident in the immunized mice. This is the first report of 
a pure protein which protects against Leishmania species 
causing different diseases. Jaffe CL. etal. (1990) J- 
Immunol. &: 699. Supported by the UNDPporld BankpH0 TDR 
Programme, the John and Catherine T. UacArthur Foundation 
and the U . S .  - Israel A . I . D .  Programme. 

C 215 BACTERtAL EXPRESSION, PURIRCATION Ah'D 
IMMUNOGENICITY OF THE PLASMODIUM 

FALCIPARUM MEROZOITE SURFACE ANTIGEN, MSA-2 
David 0. Irvingl, Shanny L. Dyer], Neil H. G o d ,  Graeme c. 
Wwdrowl, David Pyez and.Robin F. Anders.3 IBiotech Australia, Pty 
Ltd, Sydney, Australia and 2The Commonwealth Serum Laboratories 
and 3The Walter and Eliza Hall Institute of Medical Research, 
Melbourne, Australia. 
Studies on a glycoprotein expressed on the merozoite surface of 
Plarmodiwnfalciparwn have shown that it could be used as a component 
antigen in a vaccine against malaria. This protein, t m e d  MSA-2, has 
been characterized from several different isolates and has an isolate- 
specific Mr that ranges in size from 35 - 50 m a .  Comparison of the 
MSA-2 molecules from the isolates so far described, reveals highly 
conserved amino and carboxy terminal sequences flanking a variable 
region which includes both repetitive and non-repetitive sequences The 
molecules characterid from all isolates can be broadly grouped into two 
allelic families. 
The majority of the coding sequence of the MSA-2 gene isolated from a 
cloned line of P. fakiparum (3D7) was expressed in a bacterial 
expression system. The recombinant protein was expressed as a soluble 
protein in which six histidine molecules were appended to the amino 
terminus of the protein. This facilitated purification away from bacterial 
contaminants using metal affinity chromatography. Further purification 
was achieved using anion exchange chromatography followed by reverse 
phase HPLC. This resulted in the high purity required for clinical 
testing. 
The immunogenicity of purified recombinant MSA-2 was tested in 
several strains of mice and in rabbits. Responses were measured by 
ELISA against peptides or various recombinant MSA-2 proteins and by 
immunofluorescence on fixed smears of parasitised red blood cells. 
Immune responses varied depending on the species and strain of mouse. 
High antibody titres were measured in sera from H-Zk and outbred mice. 
Responses to both variable and conserved regions of the molecule were 
detected although these varied depending on the strain of mouse. 
Antibody responses in rabbits were generally low. 

C217 DEVELOPMENT OF AN IN VlTRO RNA EDITING 

Donna J. Koslowsky, Tony H. Morales and Kenneth Stuart, Seattle 
Biomedical Research Institute, Seattle, WA 98109-1651 

ASSAY IN TRYPANOSOMA BRUCE/. 

We have developed an assay system to monitor the 
association of specific mitochondrial proteins and RNAs on 
exogenous messages. Following inahtion in mbchondrial 
fysata. sP-labeled pre-edited mRNA transcripts assemble into 
several stable ribonucleoprotein particles which can be d&ected 
using gel electrophoresis in low percentage native @yaay&nide 
gels due to their retarded mobility. The protein assodation 
requires Mg+2, and is transcript-speatic as cbnmstmd by 
competition with homologous RNA (and not heterologous RNX). 
Complex formation shows distinct temperature optima for two 
different mRNAs tested. ATPase 6, which is edited in both lie 
forms, has a temperature optimum at 37%. while CYb, which is 
predominately edited only in procyclic forms, has a temperature 
optimum at 27%. Using conditions which show optimal RNP 
formation, we have detected gRNA/mRNA chimeric molecules, 
where :he gRNAs are covalently linked to the exogenousiy added 
mRNA transcripts. These molecules provide the first evidence for 
in vifro trans-esterification of gRNAs to mRNAs. The development 
of this assay system will allow us to characterize the factors 
involved in RNA editing in T. bNCei. 

137 



Molecular and Cellular Biology of Host-Parasite Interactions 

C 218 IMMUNIZATION WITH IRRADIATED Plarmodiwn 
fulcipurwn SFQROZOITES INDUCES T CELLS SPECIFIC 

FOR SFOROZOITE-, LIVER- AND BLOOD-STAGE ANTIGENS. 
Urszula Krzych, Jefkey Lyon, Teresa Jareed, Matthew Seguin, Michael 
Hollingdale, Carmen Rodriguez, and W. Ripley Ballou. Dept. of 
Immunology, WRAIR, Washington, DC 20307 and BRI, Bethesda, 
MD 20850 
Immunization with irradiation-attenuated Plasmodia sporozoites induces 
protective immunity characterized by both humoral and cellular 
responses. Although the majority of antibody responses are directed 
against the circumsporozoite (CS) protein antigen, it remains unknown 
whether T cell involved in protective immunity are directed against 
determinants on the CS protein or against other antigens associated with 
the preerythrocytic or erythrocytic stages of malaria. Using P.  
fulcipurum-immune peripheral blood lymphocytes obtained from 
volunteers vaccinated with irradiated sporozoites, we analyzed T cell 
responses against a panel of antigens representing the sporozoite, liver 
and blood stage antigens. The proliferative and cytolytic (510 release) 
analyses identified T cells recognizing parasite antigens, antigens 
expressed by live vectors or as recombinant proteins or synthetic 
peptides. Responses were analyzed at different times during 
immunization, including pre-immunization, pre- and post-challenge. 
The results demonstrate the presence of T cells with specificities not 
only to the sporozoite sfage antigens, but also to antigens representing 
the other two stages of malaria. Therefore, these studies suggest that 
protective mechanisms induced by irradiated sporozoities might be 
generated during coexpression of the different stage antigens by the liver 
schizonts. The implications of these findings for vaccine development 
will be addressed. 

C 220 SP70 c;ENEs IN S c H I S " 4  W " I :  RELXUTION EX 
STRESS AM) EX DEVEKOFKEHFAL PRXXAM. 

R. L e v y - I l o l ~ ,  S. NXnMnn and 1. Schechter. %&. UHlli- 
cal kmrnlcgy, The W e i m  Institute of Science, Reixuot 

c l d  fron adult 
76100, Israel. 

cnstrate that -70 gene(s) are regulated by bm mechani sn. 

The CDNA and genes enwdirg m 7 0  - and sequenced. Northern blots ar!d 0- Studies dem- 

skess i d u c t i c m  is specific to hsp70 and refers to tran- 
sient and high level of hsp70 transcription dur- cenaria 
- -a transfomtim, a d  after heat skck (42OC) 
of adult mm. Developwntal prcgr an camm to -70 as 
well  as to Farmin ,  rnycsin and O t h r  geces, refers to 
mnstitutive transcriptirm at  certam ' developwntalstages 
(miracidia+, sp31ocyst+, cercaria -, adult worm+), & to 
the tenninatim of tx-iption du?=- s p x c c y s t  - cerca- 
r ia  transf-ticn. ?he latter findings raise the p i -  
bility that the omdma . ted expmsicm of large sets of 
different genes d u r i q  schistosane metamqtnsis  may be 
regulated by similx 5' DNA a x s e m u s  seqw?xe(s). 
A r ~ A y s e ~  of several -70 genes reveal txm types of ~y11- 

The praroter of 
the fuwtim gene ccpltains txm heat shock respznsive ele- 
m e n t s  (HSE) that differ fran the cznsmsm sap-,  --. (HSEI) or three (HSEII) base 
changes. s p - 2  3elabe l& HSEI and S E I I  reacted with 
schistcsaw errtracts - analyzed by the gel r e t a d a t i c m  
assayto- 'gate heat six& transcripticn factors 
(HSTF) in relaticn to the pattern of -70 gene expression. 
Active factors that can bind HSEI or HSEII were rot f d  
in adu l t  w o r n  in w h i c h  -70 mRNA is Constitutively 

(42OC) and y c a q  schistosormla ( 4  hr after transformatirm) 
untain (prtatiVe) active HSTF b a  w i t h  HSEI, tut rot 
w i t h  HSEII. Ihe HSEI-HSTF iriteractim is specific becmw 
it is inhibited by mld HSEI a d  mt by HSEII or other DNA 
f rapmts.  W e  tentatively m l u d e  that HSEI plays a major 
rule in the regulation of hsp70 by stress, and that other 
5' DNA elements are -1ved in hsp70 regulatim by the 
develcp~~~tal pmgran. These issues ard fumticx?al evalua- 
ticm of the parasite -70 proroter in eukaryotic cell 
lines, are studied. 

fumtialal genes and cne funzticxlal gene. 

expressed. €kxeVer, adlllt WXlTs exposed to b a t  shxk 

C 219 DNERSITY IN POLYMORPHIC ANTIGENS OF 

FROM KENYA, Susan Kyes, Kevin Marsh and Chris I. 
Newbold, Molecular ParasitoIogy Group, Institute of 
Molecular Medicine, John Radcliffe Hospital, Oxford OX3 
9DU, UK 
Antigenic diversity is thought to allow pathogens the ability to 
evade host immune recognition. We are studying diversity in 
field isolates of P l a s m o d i u m  fa l c ipa rum by a comparison of 
three single-copy genes encoding polymorphic proteins. Genes 
for S antigen (SAg), merozoite surface protein 1 (MSP-1) and 
merozoite surface protein 2 (MSP-2) are characterized by blocks 
of non-conserved tandem repeats, flanked by conserved or 
semi-conserved regions. Polymerase chain reaction (PCR) 
was used to amplify tandem repeat regions of DNA prepared 
from blood samples. PCR product size variation was found for 
each gene. Multiple PCR products from single DNA samples 
may be indicative of multiple infections; this was supported by 
cloning and sequencing of different-sized MSP-1 products. 
Initial sequence data show tha t  MSP-1 and  MSP-2 
polymorphisms are consistent with previously published allele 
sequences. In contrast, SAg has proved difficult to amplify in 
quantity sufficient for sequencing, possibly due to the large 
number of repeats (20-100 repeats in SAg, as opposed to 2-20 
repeats in MSP-1 and MSP-2). Application of this type of 
analysis to field samples collected with regard to  time and 
geographical location will help describe development and 
maintenance of diversity in P. falciparum. 

PLASMODIUM FALCIPARUM IN FIELD ISOLATES 

C 221 QUANTITATIVE AND SPECIES-SPECIFIC 
EVALUATION OF INFECTIVITY FOR SEVEN 

CHICKEN E I M E R I A  SPECIES. P.A. Liberator.  -~~~ - -. 
J.W. Anderson, P.R. Chakraborty, M. Dashkevicz, S.D. Feighner 
and H. Profous-Juchelka, Department of Animal Biochemisuy and 
Molecular Biology, Merck Sharp & Dohme Research Laboratories, 
Rahway, N.J. 07065. 

Infection by protozoan parasites of the genus Eimeriu causes 
coccidiosis, a disease which is a major problem to the poultry indusny. 
Trickle infection with any of the seven species of chicken Eimeriu leads 
to protection against reinfection, but there is no cross-protective 
immunity between different species. Accordingly, an efficacious live 
vaccine to protect against coccidiosis in the field must be composed of 
viable organisms from each of seven species. We have developed an 
assay to predict, in species-specific fashion, the relative viability of 
Eimeriu spp. in chickens which have received a low level mixed 
infection. The ability to detect parasite in the intestinal epithelia and 
mucosa of vaccinated birds, the target tissue for these protozoa. verifies 
that the organisms are capable of penetrating the intestinal epithelium 
and initiating intracellular development. Nucleic acids are prepared 
from these parasitized host tissues and used as a substrate in the 
polymerase chain reaction (PCR). The PCR products are immobilized 
on a nylon membrane and serve as a target for species-specific 
radiolabeled oligonucleotide hybridization probes. Quantitative 
estimates of infectivity for each species are generated by scanning the 
membrane and relating the output to the hybridization signal from a 
tination of amplification standards The assay is sufficiently sensitive to 
detect an infection resulting from as few as 1oOoocysts. At this level of 
infection, the parasite component of the intestinal scraping is 
considerably less than 1% of the total mataial. 
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C 222 AN INTERGENIC G-RICH REGION IN KINETO- 
PLAST MAXICIRCLE DNA REPRESENTS A PAN- 

EDITED CRYPTOGENE ENCODING S12 RIBOSOMAL 
PROTEIN, Dmitri A. Maslov, Nancy R. Sturm, Betina M. 
Niner, Eileen S. Gruszynski, Marian Peris and Lany Simpson, 
Department of Biology and Molecular Biology Institute, 
University of California, Los Angeles, CA 90024 
Six short G-rich intergenic regions in the maxicircle of 
Leishmania tarentolae are conserved in location and polarity in 
two other kinetoplastid species. We show that the G6 region 
represents a pan-edited cryptogene which contains at least two 
domains edited independently in a 3' to 5' manner connected by 
short unedited sequences. In the mature edited RNA, 117 
uridines are added at 49 sites and 32 uridines are deleted at 13 
sites, creating a translated 85 amino acid polypeptide. Similar 
poiypeptides are probably encoded by pan-edited G6 transcripts 
in two other species. A minicircle-encoded gRNA overlaps 12 
editing sites in G6 mRNA, and chimeric gRNA/mRNA 
molecules were shown to exist in agreement with the 
transesterification model for editing. The G6 polypeptide has 
limited but significant homology with a hydrophobic region of 
S12 ribosomal proteins. It is likely that regions G I G 5  also are 
pan-edited cryptogenes, indicating that pan-editing is not 
limited to the African trypanosome, but occurs throughout the 
kinetoplastidae. 

C 224 REQUIREMEXTS FOR 1'KI;CISE Ah[) COS1I'I.CS 
POST-TR AXSCR IPTl O N  A I, PROCESS I N G  OI- 

BIZARRE r R N A  PlECES EXCODED H Y  T t l C  6 h h  
MITOCHONDRIAL DNA OF MALARIA PAR,\SITES. Mich;icI T. 
Mclntosh. Joanne Morri\ey. ALhi l  B. L;iid!a. M;il;iri:i Kewiirch 
Group. Department of' Microbiology and Irriinuncilogy. i f;ilincni;inn 
University, Philadelphia, PA 19102-I 192 
We have previously reported the dixwerv :rid \equr.nce o f  ;I Okh 
tandemly arrayed exaachronmsonial DNA hi nuluri;tl p;irnsitc\. The 
6kb DNA appears to br a highly compreswd mitochondrinl genome 
encoding three open reading franies correzpondiiig to cox I. cox3.  
and cytochronie b. In addition to thew electron ir;in\pori gene\. 
highlv complex and fragmented arr;iv\ of r R h 4  piece3 are 
rrani&brd from both strands of the bhb D N A .  horthcrii bloi ;tnd 
primer exlension analyses shou that these rKhAI ;ire prscwnt a\ 
tranicripis ranging i n  aize from ahour i 0 n t  t o  2(Klnt i n  Iengli 
Funhemiore. the rRNA picces are foiind ;I, l q c  riInmuc1c:ir prorcirr 
complexes in vivo. The scrambled rRNA gene fragiiient\ appear to 
encode i i ioz t  of the core r R N A  dom;iins oi 1x)tIi i l ic i;irge ;+lid ~iiliill 
subunit rRNAs inipiic;ited in  v;irioii\ biixlisiiiicill xiivit ic ,  01 ihe 
riboaonie. Since the fragmented gene\ aIipc;ii- tc i  1;ic.L indiridu;il 
promoter,. generation of the pisces uill reqriirc precizc. .tnd winp ie \  
po~t-transcriptional procc\\iiig. f'ollou ell  I.! t r ~ i i i ~ - , i \ ~ ~ ~ c i ~ i i i ~ i i i  i o  
forin ii functional rihosonic. \he .lie ci i r ic i i i l~  iIi\c\tIg:iiiiig i l ic 
mechanisms lor \itch prtxcasirrg i n c  ludiii; ihc po~uh lc  cxi\i. i i iw o f  
self cleming R h A  riiolecuf /\I prc\cni tlicrc I\ no ~ipp~!rc i i i  
similarity to group I o r  2 sei plicing iniioii\ 1101 d e ~ \  wqiicnce 
analybia shou the po\\ihlc fornxmon o i  li.ininici tic:id ~ i r ~ i ~ ' i i i r c \  
The possibilities of' traiis-;Izi~i~itic)ii  ;tiid . iiitw.ii.iI! iii o r  piotciii- 
assisted posi-iraii~cripiio~i~il procc\\iiig u ill Ix d i ~ ~ r i ~ ~ c d  Thi, 
r R N A  gene fraginent distribution rcprcwii\ ;I iiin cI i ~ I ( ~ c \ \ i i i g  
system aiid po\\ihly unique tTiin\laiiclil;i i ~ i i . i c I i ~ i i c i ~  m d  i i ici II\ 
funher stud) 

C 223 THE ROLE OF INTERGENIC SEQUENCES IN THE 
RESOLUTION AND REGULATION OF TRYPANOSOME 

POLYCISTRONIC TRANSCRIPTION UNITS. Keith R.Matthews. 
Christian Tschudi and Elisabetta Ullu. MacAthur Center for 
Molecular Parasitology. Depts. of Internal Medicine and Cell 
Biology, Yale University, New Haven.CT. 06510. 
The genmic organisation of African trypanosomes is unusual in 
that their genes are clustered into long polygenic transcription 
units driven by a distant upstream promoter. One consequence of 
this organisation is that the emphasis of the control of messenger 
RNA production is shifted from the activity of the promoter to RNA 
processing. This processing entails cleavage of the long precursor 
RNA into individual gene transcripts by trans-splicing and 
polyadenylation. To understand how these processes can 
regulate message production we have constructed a number of 
synthetic polycistronic transcription units containing two assayable 
marker genes separated by several distinct trypanosome 
intergenic regions. When transfected into trypanosomes the 
different intergenic regions result in very different levels of marker 
gene expression. We have begun dissecting the signals for this 
differential omut by examining the the 3' end processing 
effiaencies of deletion mutants with and without the downstream 
signals for trans-spliang. We have found that the extent of these 
deletions can have severe effects upon marker gene expression 
and we are investigating the basis for this in detail. Additionally. 
we are complementing these studies by examining the RNA 
processing reactions on nascent RNA derived from pemeablised 
trypanosomes. Preliminary experiments indicate a potential for 
interaction between trans-splicing and polyadenylation. 

C 225 Analysis of polymorphism in the merozoite 
surface 
chabaudi chabaudi. Paul McKean, Kieran O'Dea 

and K. Neil Brown. Division of Parasitology, National 
institute for Medical Research, Mill Hill, London 

Previous studies in this laboratory identified a 
monoclonal antibody specific for the MSA 1 of the 
rodent malarial parasite P. c. chabaudi AS which, in 
passive transfer assays, could partially protect 
recipient hosts against a challenge infection with 
P. c. chabaudi AS. This same monoclonal antibody 
could not protect against a challenge infection with 
P .c . chabaud i  CB strain parasites, nor did the 
monoclonal antibody recognise other P.c.chabaudi 
s t r a i n s  i n  i m m u n o p r e c i p i t a t i o n  o r  
immunofluorescence assays. 
As a continuation of this work we have been 
attempting to identify the epitope recognised by the 
protective monoclonal antibody on the MSA 1 
molecule and to identify sequence differences 
between the MSA 1 of P.C. chabaudi AS and CB strains 
for the region encoding this protective epitope. 
Epitope mapping studies have s h o w n  that the 
protective epitope resides near the C terminus of the 
MSA 1 protein, in a region predicted by nucleotide 
sequence analysis. of several P.c.chabaudi strains, to 
be a region of sequence diversity. 

antigen 1 ( MSA 1) of Plasmodium 

U.K. 
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C 226 

VACCINATED WITE KILLED M. LEPRAE VACCINE, 
Abu S. Mustafa and Fredrik Oftung, Lab for Immunology, 
Institute for Cancer Research N0310, Oslo-3, Norway and 
Dept of Microbiology, Faculty of Medicine, Kuwait University, 
P.O. Box 24923, Safat, Kuwait 
Mvcobacterium leprae, an obligate intracellular parasite of 
cells of monocytehacropbage lineage is the causative oragnism 
of leprosy. Cell mediated immunity (CMI) against M. leprae 
antigens correlates with resistance against the disease. The 
incubation period for leprosy ranges from 2 to 10 years, and 
therefore an effective human vaccine should induce long lasting 
CMI. Usually the immunity induced by killed vaccines is short 
lived, but the CMI induced by killed M. leprae is long lasting 
as demonstrated by our studies. Human volunteers were vaccinated 
with armadillo derived killed M. leprae in 1983. Activation of 
- M. 
points upto one year of vaccination. Now, when retested after 8 
years of vaccination, M. leprae reactive T cells, as demonstrated 
by lymphocyte proliferation assay, were still present in these 
volunteers. M. leprae specific CD4+ T cell clones were established 
and some of the antigens mognized by these T cell clones were 
identified from a recombinant DNA expression library. The specific 
epitopes were also mapped with synthetic peptides. These epitopes 
were recognized by relevant T cells in the context of DR MHC 
molecules. Some of the peptides were recognized in the context of 
only one DR haplotype or its subtype, whereas others were 
recognized in the context of multiple DR haplotypes. These 
epitopes may be useful in the development of specific diagnostic 
reagents and subunit vaccines against leprosy. 

INDUCTION OF LONG LASTING T CELL 
REAClTVTY IN HUMAN VOLUNTEERS 

specific T cells was demonstrated at different time 

C228 CR5 MANA IS EXTENSIVELY EDITED IN 

Laurie K. Read, Kenneth D. Wilson, and Kenneth Stuart. Seattle 
Biomedical Research Institute, 4 Nickerson St., Seattle, WA 

TRYPANOSOMA ERUCN. 

98109- 1651. 

Regions of the maxicircle genome encoding transcripts 
which undergo ANA editing can be predicted on the basis of G vs. 
C strand bias. Six small G vs. C biased regions of the T. brucei 
maxicircle have been identified and termed CR1-6. We report here 
the edited sequence of CR5 mRNA, which was determined from 
the consensus sequence of more than 70 cDNAs. CR5 RNA is 
extensively edited by uridine insertion and deletion, and fully edited 
CR5 transcripts are somewhat heterogenous at their 3 ends. 
Edited CR5 transcripts are more abundant in bloodstream form 
parasites than in procyclic forms, and the implications of this 
developmental regulation are discussed. We have identified a CR5 
gRNA from a gRNA-mRNA chimera which was generated by 
anchor PCR. In addition, several gRNA-mRNA chimeras from two 
regions of the ATPase 6 transcripts have been characterized and 
shown to be heterogeneous with regard to both and U tail and 
gRNA length. 

C227 RNA EDITING COMPLEXES: RIBONUCLEOPROTEIN 
PARTICLES CONTAINING GUIDE RNAS, PRE-EDITED 

WAS, RNA LIGASE AND TERMINAL URIDYLYLTRANSFERASE 
ACTIVITIES, Victoria W. Pollard, Michael E. 
Harris, and Stephen L. Hajduk, Department of 
Biochemistry, Schools of Medicine and Dentistry, 
University of Alabama at Birmingham, Birmingham, 
AL 35294 

RNA editing is a post-transcriptional 
process found in kinetoplastid mitochondria by 
which immature (pre-edited) mRNAS are converted 
ta mature (edited) mRNAs by the addition and 
deletion of specific uridine residues. The coding 
information transferred to these RNAs is thought 
to be specified by small anti-sense RNAs, called 
guide RNAs (gRNAs). Mitochondria1 extracts from 
TrVDa- brucel were fractionated on 10-30% 
glycerol gradients. Northern blot analysis 
indicates that guide RNAs and pre-edited RNAs co- 
sediment in a complex of -40s. The guide RNAS 
aiso exhibit a lesser peak at -19s. Treatment of 
the mitochondria1 extract with SDS and proteinase 
K abolishes this pattern, indicating that the 
complexes have protein components. Gradient 
fractions were assayed for endonuclease, terminal 
uridylyltransferase (TUTase), and RNA ligase 
activities, which have been proposed to 
participate in the editing process. The bulk of 
the endonuclease existed as free protein, 
indicating that it is not tightly associated with 
the complexes. TUTaSe and RNA ligase, on the 
other hand, peaked at -19s and shouldered into 
the gradient to -40s. Treatment of the extracts 
with micrococcal nuclease shifts the mobilities 
of these activities, indicating that they are 
complexed with nucleic acids. We propose that 
two complexes exist: Complex I, consisting of 
gRNA, TUTase, and RNA ligase, and Complex 11, 
consisting of gRNA, pre-edited RNA, TUTaSe, RNA 
ligase, and possibly other proteins. Complex I 
may be a precursor of Complex 11. 

C 229 MULTIPLE DRUG RESISTANCE (MDR) GENES IN 
TRICHOMONAS VAGINALIS. Beatrice L. Schuck. _ ~ ~ . ~  ~ . 

Patricia J. Johnson, Dept. of -Microbiology and Immunolo 
’ 

Molecular Biology Institute, UCLA, Lns Angeles, CA 9OOE: 
Trichomonas vugindis, a flagellated protozoan, is the etiologic 
agent of a common sexually transnutted disease presenting as 
vaginitis in women. Women who are refractory to treatment have 
been shown to harbor parasites which are resistant to the single 
drug used in the U.S. for therapy (metronidazole). One possible 
mechanism by which T-vugindis may achieve resistance is by 
overexpressing a P-glycoprotein-like membrane pump capable of 
decreasing intracellular drug concentration via ATP-dependent 
efflux of the drug from the cell. This mechanism of drug 
resistance has been found in several tumor types and over- 
expression of the P lycoprotein has been correlated with drug 
resistance in Plusmdum, Entumoebu, and LRishmuniu. We have 
cloned a T.vugindis P-glycoprotein gene using PCR. Northern 
analysis revealed that at least 4 of 7 resistant strains overexpress 
this d r - l i k e  gene w r ) .  Our analyses show that T.vuginuh 
contains two d r - l i k e  genes that are approximately the same size 
as prokaryotic homologues (e.g. U B ) -  .haLf the size of eukaryotic 
homologues (e.g. Pfasmodiwn d r ) .  Additionally, certain drug 
resistant T.vugindir strains appear to rearrange one of the &r 
genes. This rearrangement is not accompanied by DNA 
amplification. The rearranged gene appears to have a 
chromosomal location, rather than existin as an episome. 
Sequence analysis has shown vmd_r to be higfly similar to other 
genes in the P-glycoprotein family. Studies are underway to 
determine the relationship between a r  overexpression and 
gene rearrangement and to investigate the possible role of m r  
in metronidazole resistance and in multiple drug resistance. 
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C 232 REGULATORY ELEMENTS FOR TRANSCRIPTION OF 
THE U2 AND U6 snRW GENES IN TRYPANOSOMES, 

Christian Tschudil, Amos O.Dare1 and Elisabetta Ullu12, Yale 
MacArthur Center for Molecular Parasitology, 1Department of 
Internal Medicine and Cel l  Biology, Yale School of Medicine, 
New Haven, CT 06510 
The U2 and U6 small nudear RNAs. involved in trans-splicing of 
pre-mRNAs in Trmat?osFa U, are encoded by single copy 
genes. Inhibition studies witha-amanitin and tagetiioxin showed 
that both genes are most likely transcribed by RNA polymerase 
111. By introducing marked U2 and U6 genes into procyclic 
trypanosmes by electroperation, we have investigated the 
location of cis-acting regulatory elements. This showed that the 
U2 intragenic sequences are dispensaMe for efficient and 
accurate transaiption. Analysis of 5' deletion mutants of the U2 
gene revealed that constructs containing 174 or more base pairs 
upstream were transcribed, but a U2 gene with 5' flanking 
sequences up to -1 12 was inactive. We have previously shown 
that the -1 12 to -174 region contains a sequence element that is 
conserved both in sequence and position in the U2 genes of 
related Kinetoplastida. In addition, this conserved sequence 
element was shown to specifically bind protein factor(s). 
Preliminary experiments indicate that this element is orientatiort 
dependent and that point mutations in this element reduce 
transcription efficiency. The 5' flanking region of the T.brucei U6 
gene contains the same element. However, the region from the 
U6 gene cannot substitute for the U2 element. Experiments are 
in progress to investigate the existence of additional regulatory 
elements between -1 12 and the start site of transaiption. and to 
characterize the trans-acting factor(s) involved in U2 
transcription. 

C 231 DWELOPII'QIT OF A VACCIHX AGAINBT TEE 
CATTLE TICK BOOPHILUS l I C R  

Roseville, 2069, N.S.W., Australia. 

The blood-sucking cattle tick, Boophilus 
microplus transmits a number of protozoal 
diseases to cattle as well as having inherent 
debilitating effects associated with blood loss 
due to large infestations. Current methods Of 
control of the tick are heavily reliant on 
pesticides. However, resistant strains of the 
tick are becoming a problem. We are developing 
a vaccine which immunizes cattle against the 
tick. The strategy used for the identification 
of protective antigens from the tick involves 
successlve protein fractionations and 
vaccination trials. In particular, one antigen 
has been isolated, cloned and sequenced. The 
protein has 8 EGF-like modules and a 
hydrophobic region near the C-terminus. The 
latter region is involved in the addition of a 
glycosyl phosphatidyl inositol group which is 
responsible for the anchorage of this protein 
to the extracellular surface of the tick digest 
cells. Recombinant forms of this protein have 
been expressed in E .  coli and insect cells and 
shown to be protective in vaccination trials. 
The locations of some of the protective 
epitopes in this protein have been defined by 
the expression of a series of recombinant 
proteins truncated from the C-terminus. The 
type of immunity developed in response to the 
vaccination is an example of vaccination with 
'concealed' antigens. 

c 233 THE EFFECT OF FLY-TRANSHISSION ON THE 
RATE OF ANTIGENIC VARIATION IN 

TRY PA NO SO^ BRUCEI. C. nichael R. Turner, 
Laboratory for Biochemical Parasitology, 
Department of Zoology, University of Glasgow, 
Glasgow 612 8QQ. UK. 

The frequency with which Trypanosoma brucei 
parasites undergo antigenic variation is 
controversial. Low per capita switching rates 
(approximately ) have been observed in 
extensively syringe-passaged trypanosomes which 
contrast to the much higher rates 
observed in cyclically-transmitted infections. 
These differences could be (1) intrinsic to the 
trypanosome genotype, (2) due to methodological 
differences between studies or (3) an artefact 
resultant from laboratory adaptation of 
parasites. To determine whether this laboratory 
adaptation of trypanosomes forms the basis for 
the variation in switching rates an assay has 
been developed, modified from a classical method 
for the determination of bacterial mutation 
rates. This assay permits determination of the 
rate of switching in vivo over a wide range of 
frequencies- 7 x lo-' - 4 x switches cell-l 
generation-'. Using this assay, the rate of 
switching has been measured in a laboratory 
adapted cloned line of trypanosomes and compared 
with the rate in the same line after fly- 
transmission. The results showed that before 
fly-transmission the per capita rate of 
switching was approximately 2 x lom6 whereas 
after fly-transmission the per capita rate was 
greater than 4 x Extensive syringe- 
passaging of trypanosomes appears, therefore, to 
lower the rate of antigenic variation by some 
four orders of magnitude. In fly-transmitted 
infections antigenic variation occurs at a very 
high rate; approximately 1 in 25 cells switches 
VAT every generation. 
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c 234 "EXPRESSION OF WEIERIA A C E R W  ANTIGEN IN E- 

IlMUNIZATION IN CHICXENS, Paul van den Boopaart, &no N. 
Venueulen-, Joe Panhuyzen-, Alidd Groenink-, Han J. xok, 
and Fiona n. Tomley'. Organon Int. BV nept. of Biochemistry 
and Biotechnology. P.O. BOX 20, 5340 BH Oss, The 
Netherlands and -1ntervet Int. BV, Dept. of Parasitology, 
P.O. BOX 5830 AA Boxumer, The Netherlands. AFRC Institute 
fOt Animal Health, Houghton Laboratory, Houghton. 
Huntingdon, PE17 2DA. United Kingdom. 

The Eimerk derived antigen EalA (1269 bp OW, 
partial gene) was expressed in different vectors. 1. ~ o l i  
HClO61 was transformed with plasmid pHLBlIl3(his) in order 
to produce a fusion-polypeptide with a 23 amino-acid 
N-tenBinal leader which contained six histidine reeidues to 
facilitate subsequent purification by chelate affinity 
chromatography as described initially by Hochuli et al. 
(1988) Biotechnology 6, 1321-1325. Using ~almonella 
qpllinsrum 9 R  as a host different E .  coli derived plasmids 
were tested. The pl4I.B vector described above demonstrated 
good expression in Salmonella, although quantitatively less 
than in w. 
For expression in powlwx the EalA gene was fused to the 
N-terminal ledder of the Newcastle Disease HN protein. The 
fusion protein was synthesised AS an 81 kLI unit. 
Immunization of chickens with either the subunit or the 
live vectors resulted in a moderate protection of 30 to 70 
e reduction in oocyst output. This antigen has a very 
homalogous counterpart in 5 .  tenella and possibly in other 
species as well, being present on the refractile body 
membrane. Crossprotection was indeed found against lesion 
scores caused by E.tenella. Other species will be tested 
after the full length gene has been cloned. 

-, AND EQYLZQX AND TNE EFFECT OF 

Mokcular Bioiogy - If and Host-Parmite Interactions - I 
C 300 ISOLATION AND CHARACTERIZATION OF A 

T R Y P A N 0 S 0 M E 
SUBPELLICULAR MICROTUBULE ASSOCIATED 
PROTEIN, Naomi Balaban* and Rachel Goldman, 
Department of Membrane Research, The Weizmann 
Institute of Science, Rehovot, Israel. *Department of 
Radiation Oncology, Memorial Sloan-Kettering Cancer 
Center, 1275 York Ave. New York, NY 10021. 
Trypanosome subpellicular microtubules form a cage-like 
structure of crosslinked microtubules underneath the 
plasma membrane. Because mammalian microtubules do 
not crosslink with one another, the crosslinked structure of 
the subpellicular microtubules is probably due to unique 
trypanosome microtubule associated proteins (MAPS). We 
have purified a 15kDa protein (p15) from Trypanosomu 
brucei subpellicular microtubules by tubulin affinity 
chromatography. p15 binds tubulin in tubulin overlay 
experiments, p15 promoted the in vitro polymerization 
(and bundling) of purified calf brain tubulin, and 
immunolabeling localizes p15 along microtubule polymers 
comprised of p15 and tubulin, as well as on the 
subpellicular microtubules of cryosectioned trypanosomes. 
Antibodies directed against p15 do not crossreact with 
mammalian microtubules, suggesting that p15 is a unique 
trypanosomal MAP. Thus, it appears that p15 is a 
component of the subpellicular microtubules and may be 
one of the elements that gives them their unique stability 
and structure. The uniqueness of pi5 to the trypanosome 
and the importance of the integrity of the subpellicular 
microtubule to the parasite, make this protein a good 
candidate for therapeutic attack. 

UNIQUE 15KDA 

C235 TRANSCRIPTIONAL LINKAGE OF THE GENES FOR 
CALMODULIN, EF-HAND 5 PROTEIN AND UBIQUITIN- 

EP52 IN TRYPANOSOMA BRUCEI, Sandy Wong, Tony H 
Morales, Joseph E Neigel and David A Campbell, 
Department of Microbiology and Immunology and 
Molecular Biology Institute, University of  California, 
Los Angeles, California 90024 We have identif ied the 
genes f o r  a pair  of tandem, identical ubiquitin-EP52 
genes and a novel EF-hand superfamily member (EFH5) i n  
T brucei. These genes are located downstream from a 
cluster of calmodulin (A,B, and C) genes Using a PCR 
assay, we demonstrate the presence of RNA moieties 
that span the intergenic regions o f  1 )  the UbEP52/ 1 and 
UbEP52/2 genes, 2) the EFH5 and UbEP52/ I genes, and 
3) the calmodulin C and EFH5 genes Results from a 
kinet ic analysis of nascent RNA synthesis by UV- 
inact ivat ion provide evidence that the EFH5 and UbEP52 
genes are contained in the same polycistronic 
transcription unit as calmodulin Together, these data 
conf i rm transcriptional linkage of these adlacent genes 
and suggest tha t  non-identical housekeeping genes are 
transcribed i n  a polycistronic Unit 

c 301 CHARACTERIZATION OF THE GENE FOR 
TRIOSEPHOSATE ISOMERASE OF P falci arum 

Hemalatha Balaram, Jamuna Ranie, Mdya P. *a 
Research Centre India, P.O. Box 359, Malleswaram, 
Bangalore 560 003, India. 

In intra-erythrocytic stages of Plasmodium falciparum 
glycolysis to lactate is a major energy producing pathway 
since the single mitochondrion does not have a functional 
Kreb's cycle. We have cloned and obtained the full length 
cDNA sequence of the glycolytic enzyme, triosephosphate 
isomerase (TIM) from P.fa1cipap-n. Complete cDNA and 
genomic clones have been obtained by PCR, using a series 
of degenerate oligonucleotide primers coding for highly 
conserved polypeptide stretches in TlMs from various 
species. A single inlron of = 300bp is present in the 
genomic clone. 

The P.falciparum TIM exhibits - 40% homology with the 
human enzyme. The catalytic residues Lys(l2), His(95) and 
Glu(165) are conserved. The polypeptide stretch from amino 
acids 95-1 05 containing the active site histidine shows 
significant variation from the human enzyme, an obvious 
difference being replacement of a totally conserved serine 
by phenylalanine (96) in the Pfalci arum enzyme. 
Variations in amino acid sequence a h i n t e r p h a s e  
between host and parasite TlMs are also observed. This 
variation could be exploited to design parasite specific 
molecules to disrupt TIM assembly leading to inactivation of 
enzyme. The strategy for cloning the Pfalci arum cDNA 

amino acid sequence and comparison with sequences from 
other species will be presented. 

and genomic TIM sequences, significant -+- eatures of the 
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C 302 mRNA CAP STRUCWRES OF TRYPANOSOMATIDS, 
James D. Bangs, Pamela F. Grain*, James A. McCloskey* 

and John C. Boothroyd, Departments of Microbiology and Immunol- 
ogy, Stanford University School of Medicine, Stanford, CA and 
*Medicinal Chemistry, University of Utah, Salt Lake City, UT. The 
5’ end of mature mRNA in trypanosomatids bears, as part of a con- 
served sequence (tbe mini-exon), an extensive cap structure (CAP-4) 
in which the first 4 nucleotides following the triphosphate-linked m7G 
are modified. Only a partial CAP4 structure is known but its se- 
quence and apparently its modlfifations are conserved among related 
species. We have compared [ PICAP4 from Trvpanosoma u i  
and Crithidia fasciculata, purified mass amounts of Crithidia CAP4 
and have identified the component nucleosides by mass spectroscopy. 

Poly A+ mRNA was decjifBed chemically and specifically 
labeled by recapping with alpha( ]GTP and anylyl-transferase. 
The label can be removed by pyrophosphatase (Base) or by RNase 
H/anti-sense mini-exon treatment indicating specific incorporation at 
ine 5- end of m R N k  Foliowing digestion .with RNaGs (4T1,T2), d 
labeled RNase-resistant s ecies was isolated by DEAEjj~romotog- 
ra hy This species is C.484 b the following criteria: 1)  [ PIGMP is 
rereied by PPase treatment 2r it has the expected charge of -9 rela- 
tive to standards on a MONO Q column 3) it can be generated by a 
rocedure that involves release of label from RNA with RNase 

RI anti-sense mini-exon treatment. Radiolabeled CAP-4 from 
Crithidia and T. brucei are identical in PPase sensitivity, charge, 
eIecuophoretic mobility (25% sequencing gels) and retention in C4 
reverse phase HPLC. 

Labeled RNA was mixed as a marker with 10 mg of Crithidia 
poly A+.  RNA, di ested with RNases and mass amounts of CAP4 
were punfied by DkAE chromatography and C4 RP-HPLC. Purified 
CAP4 was converted to nucleosides by sequential digestion with 
nuclease P1, nucleotide PPase, and alkaline phosphatase and analyzed 
by combined LC-tbermospray mass s ectroscopy. Samples prepared 
by omitting PPase digestion were L o  analyzed. Four previously 
deduced (Perry gt  d, 1983; Sutton and Boothroyd, 1988; Freistadt a 
- al, 1988) nucleosides (m G, 2’-0-mA; 2’-0-mC, A) and two novel 
nucleosides (m ,2’ 0 mA; m,2’-0-mU) were identified. Together “fh the known3’ ;q;ence these data indicate the cap structure to be 
m Gpppm+npAmpCmpmUmpAp. Model compounds afe being syn- 
thesizeu to aiiow asdgnmenr of ihe base methyiations in rhe novei 
nucleosides and CAP4 from T. brucei is also being analyzed. 

C 304 FASCIOLA HEPATICA: THE EFFECTS OF 
INFECTION ON THE BIOENERGEZlCS OF LIVER 

CELLS IN THE RAT, Carolyn A. Behm, Linda M. Lenton and 
Fyfe L. Bygrave, Division of Biochemistry and Molecular 
Biology, School of Life Sciences, Australian National 
University, Canberra, Australia 2601 
Mitochondria isolated at  4 weeks post-infection from the livers 
of rats infected with F. hepatica do not synthesise ATP in vitro, 
as shown by 32P incorporation experiments with succinate as 
oxidisable substrate. This observation correlates with the 
observations from our group (Rule et al. 1989 Biochem. 1. 260, 
517 and manuscript in preparation) that respiration in isolated 
mitochondria and in isolated hepatocytes is uncoupled at this 
stage of the infection, and confirms that bioenergetic 
metabolism in cells from infected livers is compromised. 
Treatment of infected rats with dexamethasone restores the rate 
of in vitro mitochondrial ATP synthesis to normal levels, 
indicating a possible role of the host’s cellular inflammatory 
response in the development of the bioenergetic lesions. 
FIFO ATP synthetase complex in the mitochondria from 
infected livers is abnormal. 
synthetase, assayed as ATPase activity, in isolated liver 
mitochondria does not change, the enzyme complex loses 
sensitivity to the proton transport inhibitors oligomycin, DCCD 
and diethylstilbestrol. The loss of sensitivity to oIigomycin and 
DCCD is maximal at at 3-4 weeks post-infection and diminishes 
thereafter to reach normal levels at I0 weeks post-infection. 
Loss of sensitivity to these inhibitors is evidence for a possible 
structural alteration in the complex or one of its subunits. 
Analysis of the subunit composition of the FIFO ATP 
synthetase from submitochondrial vesicles or from purified 
preparations of the complex is in progress. 

The 

Although the total activity of the 

C303 STAGE-SPECIFIC EXPRESSION OF NUCLEASES IN 
LEISHIlANIA IDXICANA. Paul A. Bates, Laboratory 

for  Biochemical Parasitology, Department of Zoology, 
University of Glasgov, Glasgov G12 BQQ, Scotland W. 

Promastigotes and amastigotes of Leishmania mexicana vere 
analysed for t h e  presence of 3’-nucleotidase/nuclease 
using subs t ra te  SDS-PAGE. Two forms vere observed: a 
40kDa band and a 29/31kDa doublet. Both vere capable of 
using 3’IvIp, 3 ’GKP,  and poly(A) as  substrates, but not 
5 ‘ m  or poly(G). Both were sensitive t o  inhibition vi th  
M P A ,  ZnCl7 and DTT, but unaffected by fluoride, t a r t ra te  
or molybdate. These s imilar i t ies  indicated that the tvo 
forms vere related, but the folloving differences vere 
observed. The 40kDa band vas confined t o  promastigotes 
and preferred 3 ’ A H P  a s  a subs t ra te  over poly(A). The 
29/31kDa doublet vas found a t  high levels i n  amastigotes. 
but vas a l s o  present i n  promastigotes and preferred 
poly(A) a s  a subs t ra te  over 3’AIIP. Cell f ract ionat ion 
into membrane and soluble components revealed the 40- 
band i n  t h e  former and t h e  29/31kDa doublet  i n  t h e  
la t te r .  Comparable resul ts  vere observed using Triton X- 
114 extraction, with the 4 k D a  band and 29/31kDa doublet 
fractionating into the detergent-rich and detergent-poor 
phases, respectively. The possibility that  the 29/31kDa 
doublet represented proteolyt ic  products of t h e  4OkDa 
form vas eliminated by tes t ing a variety of proteinase 
inh ib i tors  and by examining the e f fec ts  of mixing of 
amast igote  and promast igote  homogenates toge ther .  
Further, transformation experiments shoved that  the tvo 
forms v e r e  under  s t a g e - s p e c i f i c  r e g u l a t i o n :  t h e  
morphological d i f f e r e n t i a t i o n  of promastigotes t o  
amastigotes and vice-versa was accompanied by the loss of 
one form and increase of the  other  during grovth 9 e. The 40kDa band i s  l i k e l y  t o  be t h e  sur face-  
membrane enzyme described i n  promastigotes of other 
species with a presumed r o l e  i n  purine salvage. The 
29/31kDa doublet  has not  been repor ted  before  and 
probably represents a soluble, lysosomal homologue. I t  is 
expressed at higher levels in  amastigotes may play a role 
in  survival of these forms within the phagolysosome. 

AFFINITY PURIFICATION AND DO)IAIN 
ANALYSIS OF THE TRYPANOSOMA BRUCEI 

C 305 

SMALL NUCLEAR RIBONUCLEOPROTEINS (SNRNPS) 
A l b r e c h t  B i n d e r e i f ,  Mike C r o s s ,  A r t h u r  Gunzl ,  
Andreas  M i s s e l ,  and Z s o f i a  P a l f i ,  Max-Planck- 
I n s t i t u t  f u r  Molekulare  Genet ik ,  Otto-warburg- 
Laboratorium, Ll-1000 B e r l i n  33. 

W e  have  p u r i f i e d  each  of t h e  t r a n s - s p l i c e o s o m a l  
snRNPs (SL, U 2 ,  U4/U6) f r o m  T. b r u c e i  e x t r a c t s ,  
u s i n g  a f f i n i t y  s e l e c t i o n  w i t h  b i o t i n y l a t e d  a n t i -  
s e n s e  2’-OMe RNA o l i g o n u c l e o t i d e s .  A set of f i v e  
common and  s e v e r a l  snRNP-specif ic  p r o t e i n  
components w e r e  i d e n t i f i e d .  P o l y c l o n a l  a n t i b o d i e s  
were r a i s e d  a g a i n s t  each o f  t w o  U 2  snRNP-specif ic  
and a g a i n s t  f o u r  common snRNP p r o t e i n s .  U2- 
s p e c i f i c  a n t i b o d i e s  r e c o g n i z e d  o n l y  t h e  U2 snRNP, 
whereas t h e  a n t i b o d i e s  a g a i n s t  t h e  common snRNP 
p r o t e i n s  immunoprec ip i ta ted  SL, U2, U4, U 6 ,  and 
s e v e r a l  a d d i t i o n a l  RNAs.  N o  s i g n i f i c a n t  immunolo- 
gical r e l a t i o n s h i p  between the  T. b r u c e i  U 2  snRNP 
p r o t e i n s  and  human snRNP p r o t e i n s  c o u l d  be 
detected. 

snRNP p r o t e i n  b i n d i n g  sites have been mapped t o  
t h e  3 ’  h a l f  i n  each of t h e  SL, U 2 ,  and U4 SnRNAs 
by a combina t ion  o f  RNase H p r o t e c t i o n  and 
Nor thern  a n a l y s i s .  By i n  v i t r o  r e c o n s t i t u t i o n  and 
chemica l  m o d i f i c a t i o n - i n t e r f e r e n c e  a s s a y s  discrete 
p o s i t i o n s  w i t h i n  s tem-loop I V  o f  U2 RNA w e r e  iden-  
t i f i e d  t h a t  are e s s e n t i a l  fo r  p r o t e i n  b i n d i n g :  
these d a t a  s u g g e s t  t h a t  t h e r e  a r e  t r a n s -  
s p l i c e o s o m a l  s p e c i f i c  RNA-protein i n t e r a c t i o n s .  I n  
a d d i t i o n ,  based  on immunoprecipitation/RNase T1 
p r o t e c t i o n  a s s a y s ,  t h e  a d j a c e n t  s i n g l e - s t r a n d e d  
r e g i o n  a p p e a r s  t o  be i n v o l v e d  i n  p r o t e i n  b inding .  

Through t h e  u s e  of s p e c i f i c  a n t i b o d i e s  and 
p e p t i d e  s e q u e n c e s  w e  a r e  c u r r e n t l y  i s o l a t i n g  and 
c h a r a c t e r i z i n g  t h e  T. b r u c e i  g e n e s  for  U2 snRNP 
p r o t e i n s ,  which should  e n a b l e  a m o r e  d e t a i l e d  
comparison between cis- and t r a n s - s p l i c e o s o m a l  
snRNPs. 
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C 306PONTENTlAL HEXOSE TRANSPORTER GENES 
EXPRESSED PREDOMINATELY IN THE BLOODSTREAM 

FORM OF TRYPANOSOMA BRUCEI, Frederic Bringaud and 
Theo Baltz, Laboratoire d'lmmunologie et de 
Parasitologie Moleculaire, Universite de Bordeaux II. 
A cDNA cloned from Trypanosoma brucei brucei codes for 
a putative membrane protein which is homologous to the 
erythrocyte glucose transporter and several other sugar 
transporters from Escherichia coli, yeast, algae and 
Leishmania. This cDNA hybrizes to a 2,3 kb mRNA that 
accumulates to a much higher degree in the bloodstream 
mammalian form than in the procyclic insect form of the 
parasite. The correlation between the expression of this 
gene and the hexose metabolism of Leshrnania enrietti 
and T. brucei suggest that these two related genes 
probably encode hexose transporters. The gene encoding 
this mRNA is a member of multigene family. The 
putative hexose transporter gene is highly conserved 
among Kinetoplastidae, indicating an important role for 
this protein in the parasite life cycle. 

C 308 MOLECULAR CLONING AND CHARACTERIZATION OF 
A 42 KDA PROTEIN PHOSPHATASE OF LEISHMANIA 

CHAGASI. James M. Burns, Jr.. Marilyn Parsons, Donna M. 
Russo, Diane E. Rosman, and Steven G. Reed. Seattle 
Biomedical Research Institute, Seattle, WA 98109 and Cornell 
University Medical College, New York, NY 10021. 

This laboratory previously identified a 42 kDa glycoprotein 
of Leishmania chaaasi which consistently elicited strong 
proliferative responses as well as IL-2 and IFN7 production from 
T lymphocytes from leishmaniasis and Chagas' disease patients. 
A rabbit serum raised against purified Lc gp42 was used to 
screen a L. chaaasi genomic expression library. One of the 
isolated clones produced a 38 kDa fusion protein which was was 
purified by preparative isoelectric focusing and ammonium 
sulfate precipitation. The purified protein elicited strong in vitro 
proliferative responses from PBMC of patients with histories of 
leishman-iasis but not from normal PBMC. lmmunoblot analysis 
using a polyclonal rabbit serum raised against the recombinant 
antigen identified the native molecule as a 42 kDa protein 
present in L. chaaag and L. amazonensis promastigotes and 
amastigotes as well as T. cruzi epimastigotes. By Southern 
analysis, homologous sequences were detected in the genomes 
of L. chaoasi, L. amazonensis, L. braziliensis, L. donovani, and 
L. mgior. DNA sequence analysis of a clone containing the 
complete gene sequence revealed an open reading frame 
encoding 399 amino acids with significant homology to a 42 kDa 
rat type 2C protein phosphatase. Further characterization of 
human T cell responses to a full length recombinant gene 
product as well as the analysis of enzymatic activity of the 
recombinant protein are in progress. This work was supported 
by NIH grant Al25038. 

C 307 SECRETED AND SOMATIC PROTEJNASES OF THE 
BOVINE LUNGWORM I)ICTYOCAUI IJS VlVlPAqYS 

AND THEIR INHIBITION BY ANTIBODY FROM INFECTED AND 
VACCINATED CATTLE. Collette Britton' , David P. Knoxz, 
George M .  Urquhart3 and Malcolm W. Kennedy'. 
Wellcome Laboratories for Experimental Parasitology, 

University of Glasgow, Bearsden Road, Glasgow, G61 
1 QH., Scotland, U.K., *Moredun Research Institute, 
Edinburgh, Scotland, and 3Department of Veterinary 
Parasitology, University of Glasgow, Scotland, U.K. 

Stage-specific proteinase activities have been detected 
in extracts and excretory-secretory (ES) products of 
the infective and adult stages of the cattle lungworm, 
Dictvocaulus vivioarus. Multiple enzyme activities have 
been identified from each source, as defined by pH 
optima, substrate specificities, inhibitor effects and 
substrate gel electrophoresis. The antigenicity of these 
parasite proteinases was demonstrated by the 
inhibition of their enzymic activity by Protein G- 
purified serum antibody from infected and vaccinated 
hosts. The antibody response to these proteinases might 
be involved in protective immunity or limitation of 
tissue damage by materials released from the parasite. 
Work is currently underway to clone gene fragments 

polymerase chain reaction (PCR) amplification using 
oligonucleotides complimentary to the conserved amino 
acid sequences around the catalytic site. 

. .  
encoding cysteinyl proteinases of D. v i v i o ~  by 

C 309 ISOLATION OF A CDNA FOR NUCLEOSIDE- 
PHOSPHATE KINASE FROM SCHISTOSOMA 

MANSONI, Ming cao, Robert Akridge, Dave Weston, 
Walter M. Kemp and Barbara L. Doughty, 
Department of Veterinary Pathobiology, College 
of Veterinary Medicine and Department of 
Biology, College of Science, Texas A&M 
university, College Station, TX 77843 
Nucleoside-phosphate kinases catalyze the 
reversible phosphorylation of nucleotides 
according to the equation NTP+NMP=NDP+NDP. They 
are involved in a variety of functions such as 
maintenance of metabolic energy sources and 
biosynthesis of ribonucleotides. A CDNA 
encoding for part of the nucleoside phosphate 
kinase was cloned from a S .  mansoni egg cDNA 
expression library constructed in lambda ZAP I1 
vector by using a polyclonal antiserum specific 
for S .  mansoni egg antigens. The restriction 
enzyme EcoRl and EcoRV fragment from the insert 
of this clone was radiolabeled and used as a 
probe to rescreen the egg and adult worm cDNA 
libraries. This procedure yielded 12 positive 
clones with sequences extending from both the 
5' and 3' end of the original clone. The 
longest sequence generated from these clones 
has 1238 base pairs(bp) containing a 582 bp 
coding region, a 89 bp 5' and a 558 bp 3' non- 
coding regions with a poly A tract. The deduced 
peptide has a molecular weight of 2 2  
kilodaltons. It shows a higher degree of 
homology (67-69%) with mammalian adenylate 
kinase l(AK1) than with AK2 and UMP-CMP 
kinases(51-61%). It also lacks the insertion of 
about 30 amino acids that is found in the 
middle of the AK2 and AK3. This fact suggests 
that this gene encodes a AK1 from S .  mansoni. 
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C 310MOLECULfiR STUDIES ON THE ROLE OF ICAM-1 AS A 
RECEPTOR FOR PLASMODIUM FALCIPARUM- 

INFECTED ERYTHROCYTES. Alister G. Craig, Anthony R 
Berendt, *Alison McDowall, *Paul A. Bates 'Nancy Hogg and 
Christopher I. Newbold, Molecular Parasitology Group, Institute 
of Molecular Mediane, John Raddiffe Hospital, Oxford, OX3 
9DU, U.K. *Macrophage Laboratory,ICRF Laboratories, P.O. 
Box123, London, WC2A 3PX, U.K. 

The intercellular adhesion molecule-1 (ICAM-I) is one of 
three putative endothelial receptors which mediate in nitro 
cytoadherence of Pfasmodiurn fakiparum -infected erythrocytes. 
As cytoadherence to post-capillary venular endothelium is 
thought to play a major part in the virulence of P. fakiparum 
malaria, we have examined the interaction between ICAM-1 and 
the infected erythrocyte. Three anti-ICAM-1 mAbs which block 
in nitro binding of infected erythrocytes to ICAM-1 have no 
effect on the interaction between LFA-1 and ICAM-1 suggesting 
that the binding sites on ICAM-1 for these two ligands are 
distinct. Mapping of one of these blocking mAbs to an 
octapeptide together with expression of domain-deletion 
constructs and homologue-scanning mutagenesis have shown 
that a region of domain 1 of the ICAM-1 molecule is a critical 
part of the P. fakiparum -infected erythrocyte binding site. 
Modelling the two N-terminal domains (based on an alignment 
of the ICAM-I sequence with that of the RE1 kappa light chain 
and the second domain of CD4) has suggested that this region is 
on the side of domain 1 opposite to that involved in the 
interaction with LFA-1. Furthermore, we have made a soluble 
ICAM-I-Fc chimera for further studies on the interaction in- 
vitro with laboratory-adapted and fiefd isolates. These findings 
have implications in relation to the nature of the interaction 
between the infected erythrocyte and post-capillary venular 
endothelium and for the development of therapeutic reagents 
which may block the adhesion of P .  fakiparum -infected 
erythrocytes but not affect LFA-l/ICAM-1 mediated immune 
functions. 

C 312 

EXPRESSED IN X E N O P U S  OOCYTES INJECTED WITH 
mRNA FROM THE NEMATODE C A E N O R H A B D I T I S  
ELEGANS,  Doris F. Cully, Philip S. Paress, Ken K.Liu, and 
Joseph P. Arena, Biochemical Parasitology, Merck & Co., 
Rahway, NJ 07065 
The avermectins (AVM) are a family of macrocyclic lactones 
with anthelmintic and insecticidal activity. To investigate the 
site and mechanism of action of these compounds we have 
used as  a model the free living nematode Caenorhabditis 
elegans. C. elegans is highly sensitive to the AVMs and 
contains a membrane associated high affinity AVM binding 
site ( K ~ = 0 . 2  nM). We have used the X e n o p u s  oocyte for 
expression of C. elegans mRNA and have identified a 
glutamate and AVM-sensitive membrane current. The 
current was unchanged in oocytes injected with EGTA and 
exhibited a reversal potentiai of -19 mV that shifted in low 
chloride solutions as predicted for a chloride channel. When 
maximal concentrations of AVM and glutamate were used the 
response was less than additive, suggesting they both activate 
the same channel. Both the glutamate and AVM-sensitive 
channels were blocked by picrotoxin but insensitive to the 
neurotransmitter GABA. Size fractionation of C. elegans 
mRNA on agarose gels showed that RNA encoding the AVM 
and glutamate-sensitive channel was found in the 1.8-2.0 Kb 
mRNA class. A cDNA library will be synthesized and used to 
screen for depletion of AVM-sensitive current in oocytes. 

IDENTIFICATION OF A GLUTAMATE AND 
AVERMECTIN-SENSITIVE CHLORIDE CHANNEL 

C 311 THE f W N  H Y P O X A " E - G U A " E  
PIIOSPHORIBOSYLTRANSFEERASE W R T )  AND THE 
TARGETED INHIBITlON OF PARAsmc E . m S  

Sydney P Craig ml. Ling Yuanl .  Chnstopher BystrofV, Pamela Facial, 
Roben Flencnckz and Chmg C. Wangl, Dcparunents of Pharmaceuncal 
Chern.1 and Biochern. & Biophyslcsz, UCSF, San Francisco, CA 94143 
Bccause the majority of parasi:es examined lack de MVO pathways for the 
synthesis of p m e  nuclcotides. these organisms arc forced lo rely 
exclusively upon the salvage of exogenous purine bases or nucleosides to 
supply purine nucleotidcs essential for cellular metabolism The enzymes 
respnsiblc for punne salvage have been proposed as targets for the 
chemotherapeunc trcamKnt of a number of parasitic d~seases including 
malaria, leishmaniasis. giardiasis, Chagas' msease. and schistosomiasis 
[see Craig er al. (1991) in Molec. & Immunol. Aspecrs ofParunfisrn, cd 
by C.C Wang, A.A.A.S., Washington, D. C., 123-1381. Fortlus 
reason, DNA's encoding the purine salvage enzymes of sevcral different 
parasites have been cloned and a few have been expressed m bacteria with 
the objecnve of discovering differences ktwccn the parasitic and human 
enzymes that might be exploited i~ the design of drugs targeted to the 
enzymes of the parasites. With his goal m mind as It applies to 
schistosomiasis, we have cloned, expressed, purified and crysrallizcd the 
schisrosomal HPRT. and have measured X-ray diffraction data to 2.9 A 
resolution. However, a missing clement for these studies has k n  a 
comparable expression sysum for the human HF'RT; one that could be 
used for drug scncning as well as for the generation of large quantities of 
cnzymc for crystallizaoon and the d*crmination of three dimensional 
smctJ.UC. Thus, rccombinant expression of the human enzyme has been 
considemi essential for both the rational design and screening of dnrgs 
specifically targeted to parasitic HPRT. Henin, using the pBArc vcctor 
[Chug ef al. (1991) Proc. Narl. A c d .  Sci. 88.2500-2504)we rrpon the 
successful high level expression in €scherichia co/i of soluble, e h d y  
active human HPRT (%O mg or >l.OOO,OOO units pcr hmof cu lw) .  
Using a cmbmation of heat ucament and HPLC chromatopphy in 
m n o Q  and monoP columns h m  Pharmada, the rccombinant human 
cnzymc has becn purified to homogenicty. and crystals have alrcadv been 
generated in preparation for x-ray crysta~~ographic andysis. ~n &tion u) 
facltating smctural s t d e s  for the human €PRT, the continued 
availabihty of an abundant wurce of the human enzyme will enable 
extensive steady state h e t i c  studies and the rapid screening of subsnate 
analogs as prospective drugs for the trcaanent of parasinc discasc. 

C 313 

L12el ACIDIC RIBOSOMAL PROTEIN IN A CATTLE 
VACCINATION TRIAL, Brian P. Dalrymple. Donald A. Berrie. 
Jenny M. Peters, Christine Dimmock. David J. Waltisbuhl. 
Graham Leach, Kurts Rode-Bramanis and Ian G. WrigM. CSlRO 
Division of Tropical Animal Production, PO Box #3, Indooroopilly, 
Queensland. 4068, Australia. 
A cDNA clone encoding a Babesia bovis ribosomal protein was 
isolated from a Xgtl l  expression library. The 112 amino acid 
protein has all the features of the L12el group of acidic ribosomal 
proteins. A recombinant glutathione-S-transferase (GST-L12el) 
fusion protein of the complete amino acid sequence has been 
expressed and purified. Using rabbit antiserum raised against 
this protein the native 8. bovis protein of apparent mw 17,000 
has been identified. The gene encoding this protein has been 
designated L12elA. A closely related gene, probably encoding a 
second L12el protein homologue (LlPelB), and two more 
distantly related genes have also been identified. One of the 
latter genes appears to correspond to a previously described B. 
bovis recombinant cDNA clone, KABbl. This gene has now been 
identified as encoding a putative LlOe ribosomal protein 
homologue. The fourth gene identified probably encodes an 
L12ell acidic ribosomal protein homologue. Analysis of genornic 
DNA and clones of genomic DNA suggests that the members of 
this family of genes are not directly adjacent in the genome. 

An ELlSA assay using the GST-L12el fusion protein has 
been developed. Forty steers previously unexposed to B. bovis 
were assayed before and after infection with B. bovis. More than 
half of the animals had significant antibody binding to the 
recombinant fusion protein after infection. Five steers previously 
unexposed to B. bovis were vaccinated with the recombinant 
fusion protein. The animals were challenged with a heterologous 
virulent line of 6. bovis parasites. No significant difference in 
PCV falls and temperature rises were observed between the 
controls and the vaccinated animals. However, a significant 
reduction in parasitaemias in the vaccinated group was 
observed. 

ANALYSIS OF A FAMILY OF RIBOSOMAL GENES 
IN BABESIA BOWS; USE OF A RECOMBINANT GST- 
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C 314 THE CHARACTERIZATION OF THE SMALL HEAT 
SHOCK COGNATES IN THE MlCROFllARlAE OF 

5RUGIA PAHANGI. E. Devaney, R. Jecock, E. Lewis and A. 
Egan. Department of Parasitology, School of Tropical Medicine, 
Liverpool, L3 5QA. 

The first stage larvae or microfiilariae (m9 of the filarial nematode 
5. pahangi are a developmentally arrested life cycle stage, 
circulating in the mammalian host. The developmental cycle is re- 
initiated only after ingestion by an appropriate mosquito vector. 
Comparison of the profile of proteins synthesized in rnf cultured 
under mammalian (37%) and mosquito (28OC) conditions 
demonstrated that mf synthesize a set of polypeptides 
homologous to the small heat shock proteins (hsps) described 
from other other organisms only at 37'C. These molecules are 
synthesized in rnf cultured under non-stress conditions and are 
therefore referred to as heat shock cognates (hscs). They are a 
major protein product of the mf at 37OC and are irnmediateiy 
repressed upon transfer of the mf to mosquito culture conditions 
(28%). Their synthesis appears to be under strict developmental 
control as they are not observed in the mature adult female, 
where much of the protein synthesis is destined for the rnf 
developing in utero. A possible link between the expression of 
the small hscs and the re-initiation of rnf development is 
suygested by the observation that in infected mosquitoes held at 
37 C, development of the mf beyond the late first larval stage is 
inhibited. 

C 316 ROLE OF METACESTODE-DERIVED PROTEIN(S) IN THE 
HOST ANTIBODY RESPONSE, D. Mark Estes and Judy M. Teale, 
Department of Microbiology. University of Texas Health Science 
Center, San Antonio, TX 78284-7752 
Mice infected with the cestode parasite Mesocestoides wrti 
develop severe hypergammaglobulinemia. Previous studies have 
shown that the antibody response generated as a result of 
infection is restricted to IgM and IgGl isotypes and is T cell 
dependent. To test the role of the parasite antigens themselves in 
the isotype restricted response, mice were immunized with intact 
but nonviable organisms. In this case, it was found that multiple 
isotypes were produced including IgG2a indicating that the viable 
organism and an active infection were critical to the isotype 
restricted response. These findings and others suggested that the 
parasite sheds or secretes molecules that are essential to the 
selective induction of IgM and lgGl antibodies. Two proteins 
isolated from M. corticulture supernatants were found to be 
homologous to the 70kD heat shock proteins (hsp70) and E. coli 
GroEL families of stress proteins. Lymphocytes from infected mice 
prolierate in response to complete supernatatant and both the 
isolated p60 and p70 stress protein homologues. In addition, 
stress protein containing supernatant from M. wrti cultures 
stimulates an in vitro antibody response restricted to IgM and lgG1; 
the same isotypes induced during infection. These resub suggest 
that stress proteins play an integral part in the immune response to 
M. wrtiand the associated isotype restriction. 

C 31 5 

PARVUM ANTIGEN RECOGNIZED BY HYFERIMMUNE 
BOVINE COLOSTRUM, Patricia S. Doyle, Jiri Gut, Richard G. 
Nelson, James H. Leech, Joseph H. Crabb and Carolyn Petersen. 
Parasitology Laboratory, San Francisco General Hospital and 
Departments of Medicine and Pharmaceutical Chemistry, 
University of California at San Francisco, San Franasco, 
California and ImmuCell, Portland, Maine. 

limited diarrhea in immunocompetent persons and life- 
threatening dehydration and cachexia in persons with AIDS. 
Hyperimmune bovine colostrum (HBC) IgG raised to 
Cryptosporidium oocysts has been reported to cure some A I D S  
patients and protects against sporozoite challenge of calves. 
However, sufficient quantities of effective HBC IgG have not 
become commercially available for treatment of patients with 
ayptosporidiosis. 

As a preliminary step in characterizing the protective 
antigens of Cryptosporidium recognized by HBC IgG and 
expressing them in sufficient quantities to serve as specific 
immunogens, we have identified 12 major proteins of oocysts 
and sporozoites on Western blot with HBC IgG. The 
dominant antigen is a M, >500 kD protein. Cross 
immunoprecipitation/competition experiments using HBC 
IgG and monoclonal and polyclonal antibody to the M, > 500 
kD protein indicate that this protein is a Triton X-100 soluble 
glycoprotein of sporozoites and merozoites previously 
identified and characterized in our laboratory. N-glycosidase F 
treatment of the glycoprotein indicated that the protein is 
heavily N-glycosylated and that the M, of the protein portion 
is <ZOO kD. The gene for the glycoprotein has been cloned and 
partially sequenced. 

IDENTIFICATION AND MOLECULAR CLONING 
OF THE GENE FOR THE MAJOR CRYPTOSPORIDIUM 

Crypfosporidium parvum, a parasitic protozoan, causes self- 

C317 IDENTIFICATION OF A CUTICULAR SURFACE 
ANTIGEN CONSERVED IN A RANGE OP 
NEMATODES OF VETERINARY IMPORTANCE, 

John S.Gilleard, Andrav Tait and James L.Duncan. 
Department of Veter inary Pa ras i to logy ,  Glasgow 
Universi ty ,  Glasgow, Scot land,  U . K .  
The bovine lungworm Dictyocaulus v iv ipa rus  
induces a highly e f f e c t i v e  immune response and 
an i r r a d i a t e d  l a r v a l  vaccine has been i n  use f o r  
30 years .  S t u d i e s  have been i n i t i a t e d  t o  
i d e n t i f y  t h e  an t igens  involved i n  immunity. 
These have shown t h a t  sera from immune c a t t l e  
have a s u r p r i s i n g l y  high t i tre of antibody t o  
t h e  r e t a i n e d  L2 c u t i c l e  s u r f a c e  bu t  only a low 
t i t r e  t o  t h e  i n f e c t i v e  L3 c u t i c l e  su r face .  I n  
o rde r  t o  d e f i n e  and i d e n t i f y  t h e  an t igens  
concerned s i x  monoclonal an t ibod ie s  w e r e  
generated a g a i n s t  t h e  r e t a ined  L2 c u t i c l e  
su r face ;  a l l  recognise  a smear between 29-45kDa 
on Western b l o t s .  Immunoblotting and immuno- 
p r e c i p i t a t i o n  s t u d i e s  w i t h  immune bovine sera 
show t h i s  t o  be the most immunodominant so lub le  
an t igen  i n  t h e  L3. The exposure of t h e  an t igen  
on the  c u t i c l e  su r face  is e n t i r e l y  s t a g e  
s p e c i f i c  whereas its presence i n t e r n a l l y  is not .  
Immunofluorescence s t u d i e s  show the  monoclonal 
an t ibod ie s  bind t o  t h e  su r face  of t h e  r e t a i n e d  
L2 c u t i c l e  ( w h i c h  covers  t h e  i n f e c t i v e  L3) i n  
a l l  nematodes examined w h i c h  possess  such a 
s t r u c t u r e .  These include ruminant nematodes such 
a s  Haemonchus con to r tus ,  Trichostrongylus  
colubri-formis ,  Os te r t ag ia  c i rcumcincta ,  O s t e r -  
t a q i a  o s t e r t a g i ,  Cooperia oncophora, Nematodirus 
b a t t u s  and Cyathastomum s p e c i e s  of horses .  The  
number and molecular weights of t h e  polypept ides  
on Western b l o t s  v a r i e s  between t h e  d i f f e r e n t  
spec ie s .  These r e s u l t s  i n d i c a t e  t h a t  w e  have 
i d e n t i f i e d  a c u t i c u l a r  su r f ace  an t igen  which is 
immunodominant i n  Dictyocaulus v iv ipa rus  
i n f e c t i o n  and is conserved in a s t a g e  and s i t e  
s p e c i f i c  manner i n  numerous d i f f e r e n t  nematode 
spec ie s .  
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C 318 Cryptosporidium paruum: 

ANTIGENS WITH MONOCLONAL ANTIBODIES. Jiri Gut, 
Patricia S. Doyle, Carolyn Petersen, Richard G. Nelson, and 
James H. Leech. Parasitology Laboratory, Departments of 
Medicine and Pharmaceutical Chemistry, San Francisco General 
Hospital and the University of California, San Francisco, CA. 

C .  poruum is an  intracellular coccidian parasite that infects the 
microvillous border of intestinal epithelial cells and causes 
diarrhea. Most previous studies of C. pnrvurn biology have 
focused on the readily accessible extracellular stages (oocysts and 
sporozoites). However, intracellular stages (trophozoites and 
meronts) may have a greater role in the pathogenesis of disease 
and may be important targets of host immune responses. 

As a first step in the investigation of intracellular parasite 
biology and immunology, we  report the production of 
monoclonal antibodies (Mabs) to trophozoite and meront 
antigens of C. paruum. We used C .  poruum cultured in Madin- 
Darby canine kidney (MDCK) cells as the immunogen and 
screened the hybridomas by immunofluorescence with fixed, 
infected MDCK cells. Seven Mabs that react specifically with 
structures of intracellular trophozoites and/or  meronts have 
been isolated. Five Mabs recognize meront antigens that cross 
react with sporozoite/oocyst antigens as determined by their 
reactivity with oocyst/sporozoite Western blot proteins of Mr 
>500 kD (MAbs M2, MIS), 300 kD (MAb M6), 50 kD (MAb 20) and 
14/35 kD fMAb 9). Two MAbs (MAbs M8 and M24) do not react 
with oocyst and sporozoite proteins and therefore appear to be 
specific for intraceltular stages. 

oocysts/sporozoites as immunogens, to a Mr  >SO0 kD sporozoite 
glycoprotein. The MAbs to the >SO0 kD sporozoite glycoprotein 
reacted on fixed IFA with intracellular parasites. It appears that 
we have developed more reagents, using intracellular parasites 
as immunogens, to this highly immunogenic glycoprotein 
which is shared by sporozoites and intracellular parasites. 

IDENTIFICATION OF 
INTRACELLULAR TROPHOZOITE AND MERONT 

In previous work we have deveioped 3 MAbs, using 

C 320 BIOCHEMICAL ASPECTS OF T H E  INHIBTION OF 
POLYCLONAI. MOUSE n CELL ACI~VATION BY 

PHOSPHORYLCHOLINE (PC)- CONTAINING FILARIAL 
EXCUETORY-SECKETORY ANTiGENS. W. Hamctt. Department of 
Immunology, University of Strathclyde 

E-S 62, the major excretory-secretory product of the rodent filarial 
parasite, Acanrhorhei/oneina v'rteae. is a member of the PC- contairung 
family of filarial E-S. 11 is particularly suitable for analysis of the 
properties of these molecules. as  it can be readily obtained in relatively 
large amounts in purified form. In view of the current suspicion that PC 
may act as an immunosuppressive agent in filariasis. E-S 62 has been 
investigated for immunomodulatory activity. It was observed that E-S 62 
was able to inhibit activation of small resting murine B cells by F(ab)Z 
fragments of rabbit antibodies directed against the Fab region of mouse 
IgG. Such fragments interact with the Fab region of immunoglobulin (Ig) 
on the B cell surface, and hence can be considered as  a model form of 
antigen. Experiments in which E-S 62 was substituted by PC bound to 
BSA (PC-BSA) or PC alone demonstrated that these molecules also 
possessed inhibitory effecw. This indicates that it is hkely to be the PC 
group of E-S 62 which is rcsponsible for inhibition. 

Murine B cells can a l so  be act ivated polyclonally by 
lipopolysaccharide, but PC is unable to interfere in this system. LPS does 
not activate cells via surface Ig receptors. which suggests that these may be 
important In relatior. 10 the inhibJtory effect. One of the earliest  
biochemical events following ligation and cross-linking of surface Ig 
recepton: o n  H cells is the hydrolysis of phosphatidylinusitol bisphosphate 
to generate the second messengers inositol trisphosphate (IP3) ar.d 
diacylglycerol (DAG). IF' mobilises infracellular stores of calcium and 
DAG is an activator or Pro& Ktnase C (PKC). It has been found that PC 
does not inhibit the generation of IP3 associated with ligation of the surface 
Ig receptors. This result suggests that PC IS likely to be acting downstream 
of these early events. 

?he effect of PC may in fact focus on PKC. PKC activtry witfun B 
cells is increased, following engagement of surface Ig receptors but, 
interestingly, this appears to be much reduced in the presence of PC. It has 
also heen observed tha t  resting cells ciiltured with PC alone demonstrate 
reduced PKC activity. PC-mediated downregulation of PKC levels will 
probably result in the inhibition of further events mediated by this 
mpoltant regulatory enzyme, and this may explain the inhibition of B cell 
proliferation induced by PC. The mechanism by which PC downregulates 
PKC levels remains to he established. 

C 319 LYSIS OF BY A 
TOXIC SUBSPECIES OF HUMAN HIGH 

DENSITY LIPOPROTEIN REQUIRES RECEPTOR 
MEDIATED ENDOCYTOSIS, Kristin Hager, Mark Pierce, 
Ray Moore, Ewan Tytler, Jeff Esko and Steve Hajduk, 
Department of Biochemistry, University of Alabama a t  
Birmingham, School of Medicine, Birmingham, AL 35294 

Trypanosoma brucei brucei, the- causative agent of 
Nagana in cattle in sub-Saharan Africa is not pathogenic to 
humans due to its sensitivity to lysis by human serum. This 
serum sensitivity may be the principle phenotypic difference 
between T. 6. brucei and the human sleeping sickness 
parasites T. b. rhodesiense and T. b. gambiense. The lytic 
activity in human serum was associated with high density 
lipoprotein (HDL) (Rifkin, M. R., 1978). The Trypanosome 
Lytic Factor (TLF) is a minor, heterogeneous and very dense 
subclass of HDL which is characterized by the presence of two 
unique disdphide-linked apoproteins apo LI and LIII. TLF 
activity can be thermally inactivated or abolished by trypsin 
treatment. Detergent-mediated reconstitutions with TLF 
components show that LIII is the required toxin and 
implicate LI as the putative ligand for binding. We present 
evidence that lysis of T. b. brucei occurs via receptor-mediated 
endocytosis and present a model for the lytic pathway. Lysis 
is temperature dependent and there is a lag period before the 
onset of lysis. 125 I-TLF binds to 2'. b. brucei in a saturable 
and biphasic manner. Binding is competed by excess cold 
TLF and by non-lytic HDL. Au-conjugated TLF concentrates 
in the flagellar pocket and is subsequently endocytosed in 
vesicles in close proximity to the flagellar pocket. We propose 
that cell lysis requires the uptake and fusion of endocytic 
vesicles with lysosomes. Treatment of the cells with 
lysosomotropic amines prior to incubation with TLF 
completely protects the cells from lysis as does incubation of 
the cells with TLF at  17oC. The endocytic pathway will be 
biochemically defined by cell fractionation t o  better 
understand the mechanism of TLF lysis. 

C 321 DEMONSTRATION OF A CAPPMG-LIKE 
PHENOMENON ASSOCIATED WITH T H E  

TEGUMENTAL SURFACES OF ADULT MALE 
SCHISTOSOMA W S O  Nl, W. M. Kemp*, R. E Alaidge'. A. 
Goes-, and B. L. Doughty-, Departments of Biology' and 
Veterinary Pathobiology', Texas A&M University, College 
Station, Texas 77843. 
A time and temperature d e t  lateral movement of 
immunocompromised tegumental surface assuciatd antigens was 
documented and partiauy characterized by immunocytochemical 
techniques. Compromised antigens were translocated in a highly 
organized manner to the apex of the dorsal tubercles on adult male 
S. mensoni immediately prior to the expulsion of these antigens 
from the parasite. This translocation process was blocked by 
vinblastin, cytochalasin B, calmodulin inhibitors (R24571 and 
trifluorope-e) and the ionophore, monensin. Ptaziquantel 
accelerated the capping process, but inhibited the shedding of the 
capped antigens. The binding of a human monoclonal antibody 
(BlO), which is specific for a 28 kDA adult male surface antigen, 
did not initiate either the translocation or the shedding 
mechanisms. (Supported by NIH, MAID Grant #Au6505 and 
Texas Advanced Research Program Grant #010366-100) 
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C 322 RAPID TRANSFORMATION OF NEMATODE SURFACE LIPID AFTER 
EXPOSURE TO MAMMALIAN TISSUE CONDITIONS. 

Maicolm W. Kennedy, Lorna Proudfoot. Huw V. Smith, William Harnett. 
Michael J. Worms and John R. Kusel. Wellcome Laboratories for 
Experimental Parasitology and Department of Biochemistry, University 
of Glasgow, Bearsden, Glasgow G61 lQH, Scotland, U.K. 

The surface lipid of mammalian-parasitic stages of nematodes is unusual 
in that it is highly selective to the insertion of fluorescent lipid 
analogues. To date, only 5-N-(octadecanoyl)aminofluorescein (AFI 8) 
and nitrobenzoxadiazole-cholesterol (NBD-chol) have been found to 
insert in a surface-restricted manner. Infective larvae, however, appear 
to be radically different in that they label with none of the probes tested, 
and this applies to both free-living or vector-borne larvae (Brugia 
pahangr, Acanthocheilonema vireae, Strongyloides raft;, 
Nippostrongyloides brasiliensis, Trichinella spiralis and Ostertagia 
osferfagr). The change to a lipophilic surface can occur in as little as 
10 min for vector-borne larvae. and in a matter of hours for the others. 
During this transition, lateral mobility of AF18 is detectable by 
Fluorescence Recovery After Photobleaching (FRAP) in infective larvae 
of A. vifeae, but not in later developmental stages or microfilariae. In 
larvae of S. rani, the acquisition of affinity for AF18 is accompanied by 
the rapid shedding of an anionic surface coat. The stimuli for the in vitro 
induction o l  the transformation include pH, temperature and sodium ion 
concentration in the medium. Modifiers of second messenger signalling 

pathways have been used to provide evidence that the Na+/H+ antiport 
system, changes in intracellular calcium, CAMP and cGMP are involved in 
mediating the transformation. 

C324 A ROUGH GUIDE TO DIFFERENTIATION FROM 
XACROSCBIQONT TO EXTRACELLULAR 
PlEROZOITE IN TREILERIA ANNULATA, Jane 

xinnaird, Joanne Dickson, Susan ncxellar, 
Lawrence Tetley, Andrew Tait and Brian R.Shiels. 
Wellcome Unit of Molecular Parasitology, Glasgow 
Universitv. Glasaow. Scotland, U.K. ~~~~ ~~ 

Theileria- ' annuiata is a tick transmitted 
uarasite which infects cattle in many parts of 
Africa, Asia and Europe. In the intra-leukocytic 
stage the parasite exists as a multinucleate 
macroschizont which can undergo differentiation 
to produce numerous extra cellular merozoite 
particles which invade red blood cells. 
Differentiation to the merozoite can be induced 
in vitro by culture at 41OC. Our experiments 
are directed towards an understanding of the 
regulation of this process at the molecular 
level. From a low passage mixed stock we have 
derived cloned cell lines, some of which differ 
in their abilities to differentiate. In clones 
D7 and C9 >90% of the cells undergo 
differentiation with a high level of merozoite 
production after 8-10 days of culture at 41OC. 
Using polyspecific antisera and monoclonal 
antibodies, novel polygeptides are found from 
day 4 of culture at 41 C. A major protein of 
30kd is observed early on and is expressed on 
the surface of the developing macroschizont. 
This protein is also present on the surface of 
the mature merozoite. Another major antigen of 
llOkd is expressed later in differentiation and 
has been found by immunoelectron microscopy to 
be localised in the rhoptry. Using these 
proteins as markers we have found that 
differentiation to the merozoite is a two-phase 
process. By inducing the culture at 41°C for 
defined periods of time followed by continued 
culture at 37OC w e  find that the first stage is 
reversible. However, after 4 days of culture at 
41°C some form of 'committment' occurs and 
differentiation is no longer reversible. 

C 323 CHARACTERIZATION OF A TOXOPLASMA MUTANT 
WITH DECREASED VIRULENCE. Kami Kim, 

L.David Sibley, Christine Pouletty, Roland Buelow, 
Lloyd Xasper*, John C. Boothroyd. Dept. Micro. b 
Immunology, Stanford University, Stanford, CA 
94305-5402 and +Dept. of Medicine (Neurology), 
Dartmoiith University, Hanover, NH 03756 
A Toxoulasma surface antigen (p30 or Sag 1) mutant 
was generated by ethylnitrosourea mutagenesis of 
tachyzoites and selection with complement and a 
monoclonal specific for p30 (2F2). The resulting 
mutant, sagl-3, was cloned twice by limiting 
dilution before further analysis. This mutant 
expressed an altered p30 with significantly reduced 
mobility compared with wild-type p30 on unreduced 
gels probed with polyclonal rabbit p30 antisera and 
p30-specific monoclonals. The difference in 
mobility was less pronounced on reduced gels. p30 
was no longer detectable on the parasite surface 
when IFA was performed on live parasites with 
polyclonal rabbit sera and monoclonal antibodies. 
Fixed permeabilized parasites, however, were 
positive by IFA with polyclonal sera and monoclonal 
2F2 confirming that p30 is expressed in sagl-3. 
Approximately 30% of mutants passaged in HFF 
developed a grossly abnormal open rosette 
configuration within the parasitophorous vacuole. 
The mutant a l s o  grew more slowly in HFF than its 
parent strain when growth was measured by uracil 
uptake. sagl-3 was significantly less virulent than 
its parent; its LD50 in inbred and outbred mice was 
100-1000 fold greater than that of wild-type. 
Further studies are in progress to establish the 
role that the altered p30 expressed by sagl-3 has 
upon the observed decreased growth rate and 
virulence of the mutant. 

C 325 CHARACTERISATION OF THE SCHfSTOSOMA MAN- 
SON/ CATHEPSIN B IN THE BACULOVIRUS EXPRESS- 

ION VECTOR SYSTEM, Mo Klinkert and Bernhard Gotz, Institute 
for Cell Biology, Consiglio Nazionale della Ricerche, Rome. 
Italy 
In schistosomes a variety of proteinases are thought to be 
involved in the degradation of host haemoglobin for nutrition. 
The major activity has been defined as that of a cathepsin B-like 
protease. Using an in vitro transcription and translation system, 
we have previously shown that the 37.5 kd preprocathepsin B of 
Scbistosoma mansoni i s  autocatalytically cleaved into an active 
enzyme of 28 kd. To further characterise its enzymatic activity, 
we engineered the entire S. mansoni cDNA sequence into the 
genome of the Autograph californica nuclear polyhedrosis 
virus. Both the precursor protein and the mature enzyme are 
expressed in the lysates of insect cells infected with the recom- 
binant virus, as analysed by western blotting using sera raised 
in rabbits against the schistosome cathepsin B. In addition, 
proteolyhc activity was demonstrated in extracts containing recom 
binant cathepsin B but not in extracts of uninfected cells in  direct 
fluorometric assays using peptide subtrates specific for thiol 
proteases. We are working towards the purification of the 
recombinant antigen from insect cell lysates. This will help in 
further elucidating the role of cathepsin B in the parasite's 
metabolism. 
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C 326 EXTENSIVE EDITING OF THE CYTOCHROME c 
OXIDASE 111 TRANSCRIPT IN  T H E  

HERPETOMONAS GENUS: THE EVOLUTION OF RNA 
EDITING, Laura F. Landweber and Walter Gilbert, 
Department of Cellular and Developmental Biology, Harvard 
University, Cambridge, MA 02138 
We have identified the gene and transcript for cytochrome 
oxidase subunit 111 (COIII) in four species of Herperomonas by 
direct PCR sequencing of the maxicircle COIII gene and RNA 
PCR analysis of the edited mRNA. In each of the four species 
examined, H .  mariadeanei, H .  samuelpessoae, H .  muscarurn 
muscarurn, and H .  megaselrae, nearly 60% of the COIII 
transcript is created by RNA editing, with the DNA sequence 
matching the COIII cDNA sequence at every position except 
for numerous runs of thymidines. The highest degree of 
sequence conservation is observed at the mRNA and protein 
level. but there has been sequence compression up to 40% and 
drift at the DNA level. The low levels of protein similarity, 
however, in some comparisons are probably due to frameshift 
mutations that are compensated by editing at another site, as 
well as a high ratio of replacement to silent nucleic acid 
substitutions. A peculiar feature of the editing in the COIII 
gene has been that the L .  tarentolae and C .  fasciculata 
transcripts are edited only at the 5' end, whereas the T. brucei 
transcript is edited along its entire length. Editing of the 
COIII transcript in Hcrpetomonas also occurs along its entire 
length. This monogenetic genus, may be older than the more 
advanced digenetic species, T. brucei and L. tarentolae, which 
would suggest that extensive editing of the COIII gene is an 
ancient phenomenon that was recently lost in L. tarentolae. 

C 328 ANTIBODY BINDING TO AND INHIBITION OF SECRETED 
ENZYMES OF DICTYOCAULUS VIVIPARUS: Jacqueline B. 

McKeand, '*David P. Knox. James L. Duncan and *Malcolm W. 
Kennedy. Department of Veterinary Parasitology and *WLEP, University 
of Glasgow. and **Department of Biochemistry, Moredun Research 
Institute, Edinburgh. 

DicryocairlLrs viiiipanu, the pulmonary nematode of cattle. is an important 
cause of morbidity and mortality in many temperate areas. Good immunity 
is induced post infection and a successful vaccine comprising 
gamma-irradiated infective 3rd stage larvae has been used for thirty years. 
Over this penod, there has been a disnnct lack of interest in this parasite and 
the aims of this work were to identify important protective antigens present 
in the various stages of this nematode and to investigate parasite:host 
relationships in this unusual host environment. Adult parasites cultured irr 
i ' i t r ~  produce large quantities of excretory/secretory (E/S) produco which, 
in variotis guinea pig strains, induce up to 85% protection to reinfection. 
The E/S contains a heterogenous mixture of polypeptides as shown by 
radio-lodination and SDS-PAGE. Studies indicate that these ES products 
contain distinct enzyme activities which were characterised according to 
substrate and inhibitor specificitles. The enzymes include various 
proteinases and esterases. including acetylcholine esterase (AChE). 
Immunoglobulin from infected and vaccinated definitive and laboratory 
hosts binds to and/or inhibits these enzymes. Secretory AChEs were 
purified by affinity chromatography to permit further characterisation of 
these enzymes and rhe host immune responses to them. The information 
gained from this study provides us with interesting insights into both the 
induction of protective irnmunisation with secretory products and the 
interacnons between the host and parasite In this unusual location. 

C 327 STUDIES ON IMMUNODOMINANT ANTIGENS 

MANSONI 
Markus Maniak, Jutta Schmitz and Werner Kunz, lnstitul fur 
Genetik, Universitatsstr. 1, W-4000 Dusseldorf, FRG 

The close relationship between myosin and 
paramyosin and their related functions in the composition Of 
the muscle fiber of invertebrates prompted us to apply 
molecular biology techniques to the study of these 
molecules in schistosomes. A differential screen of a cDNA 
library identified partial clones. displaying significant 
homologies of both gene products to sequences obtained 
from Caenorbabditis. Affinity-purified antibodies against the 
expressed gene products were employed to study the 
distribution of the proteins histologically. 

Anti-myosin antibodies reacted with the more 
pronounced muscle layer of the male worm, but did also 
detect the musculature of the female. Correspondingly, 
Western blots normalized to equal amounts of protein 
showed an enrichment of myosin in the male. In principle, 
the same was true for Northern blots but the ratio of mRNA 
between the sexes was higher than expected, possible 
explanations for which are currently under investigation. 

Although myosin, as expected, was restricted to the 
muscle layer of adult worms of both sexes, paramyosin, on 
the contrary, was predominantly localized in the tegument 
of male and female worms. The low level of staining in the 
muscle layer, as well as complementary findings of other 
groups indicate that paramyosin might serve a non-muscle 
function in schistosomes. Preliminary evidence suggests 
the existence of isoforms, which might explain the 
unexpected distribution of paramyosin in the tissue 
sections. Studies on the mechanism of its well-known 
immune-dominance in the infected host are under way. 

This work was supported by a grant from the 
Deutsche Forschungsgemeinschafl (KU 282/13-1). 

AND MUSCLE PROTEINS IN SCHlSTOSOMA 

C 329 MOLECULAR ANALYSIS OF ASCARIS 
SECRETEDlEXCRETED ANTIGENS: Joyce Moore, Karen 

J. McCurrach and Malcolm W. Kennedy. Wellcome Laboratories 
of Experimental Parasitology, University of Glasgow, Glasgow, 
G6 1 1 QH, Scotland, UK. 

The outcome of a parasite infection is influenced by two general 
factors. On the one hand, the genetic constitution of the parasite 
determines the range and nature of antigens to which the host wilf 
be exposed. Of particular importance in this respect are the 
antigens positioned at the host-parasite interface, namely surface 
and excretedlsecreted (ES) antigens. On the other hand, the 
genetic constitution of the host determines the nature 2nd 
specificity of the immune response elicited by infection. A 
molecular study of the ES antigens of the nematode Ascaris suum, 
has been initiated. The first approach has been to use a 
PCR-based method to clone genes encoding proteases, since it is 
known that the ES material of both infective stage larvae (L2) and 
lung stage larvae (L3/4) is rich in these enzymes. The second 
approach has involved the construction of cDNA expression 
libraries from L2 and L3/4 stages. Characterisation of these 
libraries and their screening with antibodies raised against ES 
material will be described. 
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C 330 CLONING OF SCHISJOSOMA MANSON1 ADULT 
WORM PROTEINS WITH POTENTIAL USE FOR 

PREPATENT IMMUNODIAGNOSIS, Guilherme Oliveira and Walter 
M. Kemp, Department of Biology, Texas A&M Universfty, College 
Station, TX 77843. 
An adult worm cDNA library was constructed from adult S. 
mansoni and screened with serum from mice infected for 4 weeks 
with S. mansoni. Seven positive clones were isolated, purified, 
and partially characterized. Insert sizes ranged from 350 to 1600 
base pairs. Five of the seven clones have been partly sequenced 
and two were completely sequenced. Homologous sequences 
were sought in GeneBank and EMBL databases. One of the 
completely sequenced clones presented an almost 80% 
homology to chicken type 5 actin, but the other 6 clones appear 
unique. Immune mouse serum from 8 week infecfions also 
recognized these 7 purified clones. The clones were probed with 
a tropornyosin labeled insert, but none of the clones were 
positive. The reactivny of the fusion protein to immune serum 
and complete cDNA sequence of the individual clones are 
currently under investigation. 
(Supported by NIH Grant # Al 26505 and ARP Grant # 010366- 
1 W) 

C 332 A MAJOR SUBSTRATE FOR STAGE-REGULATED 
TYROSINE PHOSPHORYLATION IN 7. BRUCEI IS A 

PROTEIN KINASE. Marilyn Parsons', Jeffrey A. Ledbette?, 
Andre Ne13, Gary Schieven', and Steven Kanner? 'Seattle 
Biomedical Research Institute, Seattle, WA 98109; 
2Pharmaceutical Research Instiute, Bristol-Myers Squibb, 
Seattle, WA 98121, and 3Dept. of Medicine, UCIA, Los Angeles. 
CA 90024. 

Tyrosine phosphorylation modulates the function of a 
number of key regulatory proteins in higher eukaryotes. We 
previously found a set of tyrosine-phosphorylated bands around 
44 kDa in T. brocei procyclic forms and stumpy bloodforms. but 
not in slender bloodforms. We have now generated two 
monoclonal antibodies which react with these tyrosine- 
phosphorylated proteins. Each antibody detects a doublet at 44 
kDa and a minor band at 46 kDa. lmmunoprecipitations of 32P- 
labelled cells reveals that the major phosphoaminoacid in the 44 
and 46 kDa species is phosphoserine, but that approximately 5% 
is phosphotyrosine. lmmunokinase assays and renaturation of 
protein kinase activity following immunoprecipitation and SDS- 
PAGE demonstrates that both the 44 and 46 kDa proteins are 
themselves protein kinases. The features of these kinases are 
similar to those of the MAP2 kinases (erks) of mammalian cells, 
which are important in transducing signals from growth factor 
receptors. The 44/46 kDa substrate/kinases are found in 
slender bloodforms as well as stumpy forms. These data 
suggest that there is a family of related protein kinases which are 
constitutively expressed, but which are differentially tyrosine- 
phosphorylated during the trypanosome life cycle. Thus 
tyrosine-phosphorylation has the potential of modulating key 
downstream events mediated by these protein kinases at a 
critical point in the lie cycie. 

C 331 BIOSYNTHESIS. GLYCOSYLATION AND SURFACE EXPRESSION 
OF THE E S  ANTIGENS OF TOXOCARA CANIS LARVAE, Antony 

P. Page and Rick M. Maizels. Wellwme Research Centre for Parasitic 
Infections. lrrperial College, London. UK. 
The infective larvae of the tissue migratory nematode Toxocara canis infect a 
wide host range imiuding humans. These infective larvae can also survive 
indefinitely in serum-free tissue culture media, during which they secrete 
Copious quantities of the diagnostically valuable ES antigens. The 
biosynthesis, glycosylation and routes of surface expression of these 
antgens were analysed. These antigens are synthesized within 10 minutes, 
and glycosylated within 30 minutes, but are only released into the culture 
media afler a 24 hour delay. The ES antigens are serine and threonine-rich 
heavily glycosylated glycoproteins, the lower molecular weight forms being 
glycosylated via N-linkages and the higher molecular weight forms 
predominantly Olrnked. The most dOmiMn! ohgosaccharide associated with 
these antigens is an 0-linked trisaccharide with homology to the human 
blood group H antigen. The sites of antigen synthesis and subsequent routes 
of release of these antigens were examined by applying ES-specific 
monoclonal antibodies to ultrathin sections of larvae by immuno-electron 
microscopy. Various organs were associated with antigen synthesis. including 
the oesophageal glands and the excretory cell, and it is envisaged that the ES 
antigens reach the surface of the parasite via the mouth, the excretory pore 
and through the hypodenis. These antigens were not detected on the 
parasite surface by mnventional immuno-EM. but surface expression was 
observed by cryo-immuno-EM. being bcalised in the electron dense "Fuzzy" 
surface coat. This antigenic surface coat is carbohydrate-rich. negatively 
charged, has muco-polysaccharide staining characteristics and is very 
sensitive to dehydration procedures. being sequentially stripped from the 
surface during the alcohol dehydration procedures. The exposed antigens of 
T. canis are therefore not associated with the cutiilar surface of this parasite, 
but with an extracuticular surface coat, which has rapd shedding capabilities. 

C 333 STRUCTURE & IMMUNE RESPONSE TO A SURFACE- 
ASSOCIATED POLYPROTELN OF FILARIA, 

William A. Paxton', Maria Yazdanbakhshz, Susan Tweediel, Lisa 
Ingram', Yvonne Kmize2, Lany McReynolds3 and Murray E. Selkirk' 
'Dept. of Biochemistry, Imperial College, London SW7 2AZ; *Depi of 
Parasitology, University of Leiden, Netherlands; 3New England 
Biolabs, Beverly, MA 01915-5510. 
The gene encoding a protein of Brugia pahangi which had previously 
been defined by surface labelling has been cloned and characterised. The 
protein, termed p15/200, is constitutively expressed in all life-cycle 
stages, and is composed predominantly of approximately 20 tandemly- 
repeated domains of 15 kDa. It is synthesised as a large (over 400 kDa) 
precursor which is progressively processed into the repeat domains 
which presumably constitute the functional mature product Gene 
segments encoding these domains have been cloned via PCR from B. 
malayi and Wuchereria bancrofri, and sequence analysis indicates 
complete and considerable homology respectively between species. 
Although no function can be infened from database searches, it is 
homologous 10 the predominant protein in the body fluid of Ascaris, a 
molecule which has been implicated as a major allergen. Expression of 
p15/200 in E.  coli has confirmed that it is allergenic in Indonesian 
filanasis patients, and human T cell lines and clones have been 
generated to i t  which demonsmate a TH2 profile of cytokine release; ie. 
High IL4 and no IFNy. 
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C 334 A SURFACE PROTEIN OF FASZIOLA HEPATICA 
EXHIBITS HOMOLOGY TO THIOREDOXIN. A.C. 

Rice-Ficht' and C.D. Richardson. Department of 
Medical Biochemistry and Genetics, College of 
Medicine, Texas A&M University. College Station. 
Texas 77843. 

Fosciola hepatica, a hermaphroditic trematode 
which primarily infects sheep. cattle, and humans, 
produces a surface antigen which exhibits homology 
with the active site of the protein thioredoxin. 
Thioredoxin is a small protein (12kDa) involved in 
oxidation-reduction reactions and is hi hly 
conserved throughout evolution. A clone FH2820) 
representin approximately half of this surface 
protein hasseen isolated from a cDNA library with 
rabbit antiserum directed against the tegument of 
the liver fluke. Antiserum from a rabbit immunized 
with recombinant protein recognized a native 
Fasciola protein of approximately 31 kDa. 
lmmunohistochemical studies with the same antisera 
confirmed the location of the protein to the 
tegument covering surface spines. Sequence data 
of the Fasciola gene revealed a high homology 
with the active site of thioredoxin. The Cys-Gly-Pro- 
Cys sequence of the active site has also been 
documented in other proteins and classes of 
proteins Involved in protein folding and 
posttranslational processing. 

C 336 

ASE GENE. Philip J. Rosenthal, Fidel Salas, Jenny Fichmann, 
and Richard G. Nelson, Parasitology Laboratory, Depts. of 
Medicine and Pharmaceutical Chemistry, San Francisco 
General Hospital and U. California, San Francisco, CA 94143. 

Intraerythrocytic malarial trophozoites degrade 
hemoglobin to provide free amino acids for parasite protein 
synthesis. Hemoglobin degradation is blocked by inhibitors of 
the cysteine class of proteinases, suggesting that a cysteine 
proteinase is required for this process. We previously identified 
an Mr 28,000 cathepsin L-like cysteine proteinase of P. 
fakiparum trophozoites (TCP) as a putative hemoglobinase. To 
identify the gene encoding TCP, we performed FCR with P. 
fakiparum genomic DNA and degenerate oligonucleotide 
primers based on sequences of cathepsin L that are well 
conserved among papain-family proteinases and amplified a 
549 base pair cysteine proteinase gene fragment. The fragment 
was used as a probe to isolate a 1.8 kb done from a P. fakiparum 
genomic DNA library. The clone encoded a 68.8 kD protein that 
contained a typical hydrophobic signal sequence, a large pro 
sequence, and a 26.9 kD mature proteinase that had 37% amino 
acid identity with cathepsin L. Fragments amplified from 
genomic DNA and reverse transcribed RNA were of identical 
size, indicating that the gene contains no introns. In Northern 
blots, the clone hybridized most strongly with RNA from rings, 
the life-cycle stage immediately preceding trophozites. The 
portion of the 1.8 kb clone predicted to encode mature TCP was 
subcloned into a PET (l7 promoter) expression vector. E. cofi 
transformed with this vector produced an abundant Mr 32,000 
recombinant protein. In immunoblots, both antisera directed 
against the recombinant protein and antisera directed against a 
peptide encoded by the 1.8 kb done recogruzed an Mr 28,000 
trophozoite protein. Our results suggest that the proteinase 
gene we have characterized encodes TCP. 

CLONING AND CHARACTERIZATION OF A 
PLASMODIUM FALClPARUM CYSTEINE PROTEIN- 

c 335 P FALCIPARUM UNDERGOES CLONAL ANTIGENIC 
VARIATION I N  VITRO David J Roberts, Gerrad 

Nash',Alister G Craig, Anthony R Berendt, Kevin Marsh, 
Chnstopher I Newbold, Molecular Parasitology Group, Inshtute 
of Molecular Mednne, John Radcliffe Hospital, Oxford OX3 9DU 
UK and 'Dept of Haematology, University of Birmingham, 
Birmingham B15 2TT U K  

Clonal antigenic vanation in parasite denved red cell surface 
antigens has been demonstrated for many Plasmodium sp /F 
knowef5l, P fragdc and P chabaudz) The wide serological 
diversity of these anhgens for P taftcpamrn suggests this may 
also be true for the human paraslte We have investigated the 
potential for clonal antigenic vanation in P faftcIprurn by 
examining the phenotype of cloned lines derived by 
micromanipulation 

A endothelial binding line was cloned by minomanipolatlon 
Four clones were obtained Three of these clones had a Similar 
antigenic type to each other and the parental line One of these 
antigenical similar dones was recloned by micromanipulatlon 
yielding 20 subclones Approximatley half of these subclones 
expressed neoanhgens at the PRBC surface indistingutshable 
from the parental clone However the remaining clones 
expressed different neoantigens at the PRBC surface from the 
parental clone At least 5 different anhgenic types emst among 
these non parental clones Funchonal studies revealed that these 
5 anhgenicalIy vanant clones showed similar binding to CD 36 
but F a t l y  reduced binding to ICAM 1 Fc when compared wth 
the parental clone Contamlnahon of cultures was eliminated by 
the use of polymorphic DNA probes and PFGE 

We conclude that clonal anngenic vanahon in 18 fafcpdmm 
takes place rapidly in v~tro in the absence of selechon, a clone 
can give nse to more than one vanant type and provide strong 
ewdence that the expessxon of vanant anhgen is assonated with 
the cytoadherence phenotype 

C337 ISOLATION OF A 5PECIFIC RECOMBINANT 
DICmCCAULLJS V N I P A R U S  ANTIGEN WITH 

IMMUNODIAGNOSTIC POTENTIAL, Thomas Schnieder,  
I n s t i t u t e  of Parasi tology,  School of Veterinary 
Medicine, W-3000 Hannover 71 ,  FRG 
A spec ie s  s p e c i f i c  ant igen of a d u l t  D. viviparus  
has been i d e n t i f i e d  and cha rac t e r i zed  by SDS-PAGE 
and immunoblotting ana lys i s .  Rabbits have been 
immunized w i t h  a g e l  cut-out of the specific 
ant igen t o  produce a r a b b i t  anti-Dictyocaulus 
serum. A h ZAP XI cDNA l i b r a r y  has  been 
constructed f r o m  D. v iv ipa rus  a d u l t  worm mRNA 
gene ra t ing  4 . 4  x 105 recombinant primary c lones  
( r ep resen t ing  88 % of the  t o t a l  number of 
c lones ) .  A f t e r  immunoscreening of the  D. 
v iv ipa rus  a d u l t  worm cDNA l i b r a r y  with t h e  r a b b i t  
immunserum, eight p o s i t i v e  c lones  have been 
picked and a l l o c a t e d  t o  t h e  same an t igen ic  family 
by s i b l i n g  ana lys i s .  The recombinant c lones  hsve 
been subcloned i n t o  the plasmid vector  pGEX-2T 
and expressed i n  E. col i  as g lu t a th ion  S- 
t r a n s f e r a s e  (GST) fusion p ro te in  or, a f t e r  
cleavage w i t h  thrombin, as pure recombinant 
p a r a s i t e  p ro te in .  The clone w i t h  t h e  h ighes t  
expression y i e l d s  has  been s e l e c t e d  f o r  f u r t h e r  
i n v e s t i g a t i o n s .  The n a t i v e  p a r a s i t e  ant igen coded 
f o r  by t h e  c lone has been i d e n t i f i e d  a s  a 
Hr 18,000 s t a g e  s p e c i f i c  a d u l t  worm ant igen.  The 
immunodiagnostic p o t e n t i a l  of the  recombinant 
p r o t e i n s  has  been assessed by immunoblotting and 
enzyme-linked immunosorbent assay. I n  immunoblots 
t h e  thrombin cleaved recombinant p ro te in  has  been 
recognized by 100 % of the  Dictyocaulus p o s i t i v e  
s e r a  and no t  by negat ive s e r a  or s e r a  from o the r  
nematode in fec t ions .  I n  the ELISA only p o s i t i v e  
sera have shown high absorbance values.  
S e n s i t i v i t y  and s p e c i f i c i t y  have been ca l cu la t ed  
as 93.5 % / 93.5 % for t h e  thrombin cleaved pure 
recombinant p r o t e i n  and 87.1 % / 96.6 % f o r  t h e  
GST fus ion  p ro te in .  The recombinant ant igen w i l l  
be assessed f o r  its p ro tec t ive  p o t e n t i a l .  
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Murray E. Selkirk, Edith Cookson and Liang Tang, Department of 
Biochemisuy, Imperial College of Science & Technology, London SW7 
2AZ, England. 
The nematode cuticle is an extracellular matrix which acts as  an 
exoskeleton, but also represents the main body of tissue in contact with 
the immune system of the mammalian host. I t  is composed 
predominantly of 2 classes of highly cross-linked structural proteins, 
collagens and 'cuticlins'. In addition, a small number of soluble proteins 
with a degree of stage- or species-specificity can be identified by surface 
labelling. We have recently cloned and identified the major soluble 
cuticular protein of adult B r q i a  pahangi. B. maiayi and Wuchereria 
bancrofti as a secretory form of glutathione peroxidase (GSHPx) 
which shows approximately 43% homology to mammalian cytosolic 
enzymes. Subcloning of full length cDNA into an SP6 vector and 
subsequent translation in viuo indicates that the clone represents a true 
secretory protein, as i t  is translocated into pancreatic ER preparations 
and glycosylated following cleavage of the signal peptide. Other 
differences with mammalian GSHPx include the presence at the active 
site of a UGC codon rather than the UGA which typifies selenocysteine 
Selenium is incorporated into the protein, however, suggestive of a 
novel mechanism for selenocysteine synthesis. Possible biological 
functions for such a secretory enzyme in filariae include inhibition of the 
oxidative burst of host leucocytes. potentially limiting cytotoxic effector 
mechanisms. Another possibility is that the enzyme catalyses the 
formation of tyrosine-derived cross-links known to exist i n  nematode 
cuticular proteins, and we are attempting to address these two 
alternatives. Genes for another anti-oxidant, superoxide dismutase, have 
been isolated, and we are raising antisera to see if this enzyme co- 
lccalises with GSHPx i n  the cuticle. 

CUTICLE STRUCTURE AND ANT-OXIDANT 
ENZYMES OF LYMPHATIC FILARIAL PARASITES, 

c340 CHARACTERIZATION OF A cDNA ENCODING THE 
GP63 MAJOR SURFACE PROTEIN OF LEISHMANIA 

GUYANENSIS. Holly B. Steinkraus and Pamela J. 
Langer, Department of Molecular Biology, 
University of Wyoming, Laramie, WY 82071. Data 
have suggested that gp63 is highly conserved among 
diverse Leishmania species. To analyze gp63 gene 
homologues in the L. braziliensis complex, a full 
length L. auvanensis stationary phase promastigote 
cDNA clone was isolated and sequenced in its 
entirety. The predicted sequence of  the mature L. 
auvanensis gp63 is somewhat longer than previously 
reported gp63 sequences, containing 523 amino 
acids as compared with 502 in L. chaaasi and in t. 
&. Although there is a high sequence identity 
between I-. maior and L. chaaasi (88%), the L. 
auvanensis gp63 sequence shares only 73% sequence 
identity with L. chaaasi and 7 4 %  with L. & on 
the DNA level. On the amino acid level, these 
homologies drop to 64% and 66%, respectively. L. 
auvanensis gp63 possesses a putative signal 
sequence cleavage site between Ala-37 and Gln-38, 
a potential propeptide cleavage site between Val- 
98 and Ala-99, and a putative zinc binding region 
between Ala-256 and Thr-273. Northern blot 
analysis of total RNA revealed a broad band of 
hybridizing RNA ranging in size from approximately 
2.6 to 3.0 kB suggesting substantial gp63 gene 
transcript size heterogeneity in L. suvanensis 
stationary phase promastigotes. A minor transcript 
of 6.1 kb was also detected at approximately 1% 
the level of the collective major transcripts. 
Gp63 sequence heterogeneity in L. auvanensis is 
presently being examined. We have identified at 
least five unique L. auvanensis stationary phase 
promastigote gp63 cDNA clones sharing as little as 
62% sequence identity with each other. One clone 
in particular is more similar to t. chaaasi gp63 
than to any other L. auvanensis gp63 cDNA clone. 

C 339 CLONING AND CHARACTERIZATION OF TRYPANOSOMA 
CRUZl ANTIGENS THAT SHARE HOMOLOGY WITH 

HUMAN RIBOSOMAL P-PROTEINS. Yasir A.W. Skeiky, Darin R. 
Benson, Marilyn Parsons and Stwe G. Reed. Seattle Biomedical 
Research Institute, Seattle, WA. USA. 

We have cloned and characterized two full length cDNAs 
from Trypanosoma cruzi encoding proteins TcPO and TcP2 
homologous to the human ribosomal phosphoproteins HuPO and 
HuP2. TcPO is transcribed as a - 1.3 Kb message and expressed as 
a 45 kDa protein at all stages of the life cycle. Both TcPO and TcP2 
are present in multiple copies. The T. crun' P- proteins show a 
clustering of residues that are evolutionarily conserved in higher 
eukaryotes. This includes a Ala-,Gly-,Pro- rich region adjacent to a 
highly charged C terminus. This domain is the "hallmark" of the 
eukaryotic P-protein family and is the basis of their immunological 
cross-reactivity. However, the C-terminal 11 amino acids of TcPO 
shows a variation from that of HuPO while TcP2 is more 
homologous to HuP2. A subset of patients with systemic lupus 
erythematosus (SLE) possess autoreactive antibodies directed 
against the ribosomal P-protein family. We found that all Chagas' 
patients tested had antibodies reacting with recombinant TcPO. 
Deletion of the six carboxyl-terminal amino acids abolishes the 
reactivity of Chagas' sera with TcPO. In addaion, sera from SLE 
patients that reacted with human P-proteins also showed reaction 
with TcPO as well as with T. CNZ~ proteins with MW characteristic of 
TcPO, TcPl and TcP2. T. cruzi P- proteins may therefore contribute 
to the development of autoreactive antibodies. This work 
supported by NIH grants Al-22726 and Al-16282. Y. Skeiky is a 
fellow of the Medical Research Council of Canada. 

c 341 THE I " C E  OF h4HC HAPLOTWE IN 
IMMUNE LIVER TRAPPING OF TOXOCARA 

C A N I S .  V.A. Stewart, J.C. Parsons, and R.B. Grieve, 
Department of Pathology, Colorado State University, Fort 
Collins, CO 80523 
~- Toxocara canis embryonated eggs can infect a number of 
paratenic hosts, and the larvae, after penetrating the intestine 
and passing through the portal system, usually disseminate 
widely in various tissues. A specific immune response 
generated by primary exposure to live T. cani? larvae results in 
a proportion of larvae from subsequent exposure being 
retained within the liver. The proportion of larvae retained 
varies with the inbred mouse strain. C57B1/6 and C57B1/10 
strains of mice, both H-2b, retain large numbers of larvae in the 
liver upon second exposure (challenge). DBA/2 and BALB/c 
mice, both H-Zd, retain relatively few larvae. Other strains are 
intermediate. MHC recombinant strains of mice were 
compared with parerr strains of both low and high trapping 
response phenotype to determine the relative involvement of 
the MHC loci in the phenomenon of immune liver trapping. 
The influence of MHC genes was found to be minimal 
compared to the influence of the genetic background of the 
strains examined. (Supported by a grant from the College Research 
Council, College of Vetennary Mediane and Biomedical Sciences, Colorado 
State Univerrity.) 
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C 342 A SEREPIDEMIOLOGICAL STUDY OF 
ONCHOCERCA VOLVULOUS IN ECUADOR USING 

SPECIFIC RECOMBINANT ANTIGENS, Katharine R. 
Trenholme, Andrew J. Gillespie, Timothy I. M. Tree,  Ron 
Guidenia a n d  J a n  E. Bradley, Department of Biology, 
Imperial College, Prince Consort Road, London SW7 288 
U.K. 
Three recombinant Onchocerca volvulus antigens 
( OVMBPIO, OVMBP 11, OVMBP 29 ) were selected for their 
specificity a n d  sensitivity, primarily for use as diagnostic 
probes. However the availability of these defined antigens 
also c r e a t e s  n e w  opportuni t ies  for exploring t h e  
seroepidemiology of 0. vo/vu/ous infections. The prevalence 
of IgG antibody subc la s ses  to t h e  3 antigens,  u sed  
individually a n d  in combination, was determined using an 
Enzyme  Linked lmmunosorbent  Assay  (ELISA) in 
microfilaremic and  amicrofilaremic individuals from a reas  of 
Ecuador with high transmission rates of O.vo/vu/us , The 
factors influencing immune responses to these antigens was  
examined a n d  differences in responsiveness  between 
racially distinct groups was  observed. 

C 344 SECRETORY ACEnLCHOLINESTERASES OF 

Susan A. R. Tweedie, Michael E. Grigg, C. Clare Blackburn and 
Murray E. Selkirk, Department of Biochemistry, Imperial College of 
Science & Technology, London SW7 2AZ, England. 
Many nematode parasites of the gastrointestinal tract secrete enzymes 
which have been defined as acetylcholinesterases (AChEs). 
Nippostrongylus brasiliensis secretes multiple electrophoretically 
distinguishable forms of AChE, which can be resolved into 2 major 
classes via their affinity for enzyme inhibitors, and are expressed 
differentially during the life cycle. We have purified secretory AChEs 
from the adult stage of this parasite and raised polyclonal and 
monoclonal antibodies in order to address the relationship between the 
enzyme isoforms. These data suggest that there are 2 active subunits, 
with molecular weights of 74 kDa and 39 kDa. In vitro translations, 
metabolic- and active-site labelling and peptide mapping demonstrate 
that the AChEs derive from a single pnmary translation product of 59 
kDa which is  glycosylated to produce the higher molecular weight 
subunit, which is in turn processed differentially during the life cycle 
resulting in  the smaller protein. Following secretion, a proponion of the 
enzyme becomes bound to the cuticular surface, as evidenced by 
immunoelecton microscopy and surface-labelling studies. We are now 
attempting to isolate cDNA clones in order to investigate the structure, 
processing and physiological acnvity of these enzymes 

NIPPOSTRONGYLKJS BRASILIENSIS, 

C 343 SELECTIVE SCREENING AND CLONING OF 

Christopher B.Tume', Eugene Sun , Gabri; Lando'. 
Ian Bathurst? Philip J. Barr 3, J a m e s  H. McKerrow* and 
Jacob L. Ngu! 
1. Immunology service, CUSS, University of Yaounde 

Cameroon. 
2. Dept. of Pathology, University of California 

S a n  Francisco, School of Medicine, CA 941 43-0506. 
3. Molecular Biology Dept., Chiron Corporation, Emeryville, 

California 94608-291 6 
Monoclonal antibodies (Mabs) were produced against 
somatic antigens of Onchocerca volvulus infective larvae 
(L3) and extensively characterised vis a vis their IgG 
subclasses,  antigen localisation on worm cross sections, 
apparent binding affinities to their respective epitopes, 
Western blot analysis,biochemical nature of epitopes 
eliciting their production, and their abilities to mediate 
antibody-dependent mechanisms of leucocyte adherence 
and cytotoxicity to microfilarial targets. These Mabs were 
then used to immunoscreen Q. yolvulus adult and 
libraries to isolate DNA fragments of interest. These were 
subcloned and sequenced to allow identification of 
predicted gene  products. Clones of interest as potential 
vaccine components or as key functional parasite proteins 
were subcloned into a yeast expression system for large 
scale production. 

ANTIGENS OF Qnchocercyolvulu LARVAE. 

cDNA 

C345CLONING OF ANTIGENS SHARED BETWEEN 
SCHISTOSOMA W S O N i '  AND ITS INTERMEDIATE 

HOST ElOMPfUL4RIA GIALiRATA, David S. Weston and W. M. 
Kemp, Department of Biology, Texas A&M University, College 
Station, Texas 77843 
Schistosoma mansoni and its intermediate host Biomphaloria 
glabrara share antigenic epitopa but the degree of similarity 
between these shared antigen molecules is unknown. In an attempt 
to further characterize these shared antigens an adult S. manwni 
Lambda ZAP expression library was constmdcd and screened with 
rabbit anti-uninfected snail hep tqanmms  bomogenate. out of 
1.8 x lv reaimbinants saeened. 34 positives were obacrval. 
Differential hybridizations performed on meSe pxifiws defiacd 
three distinct subpopulations, one of WW rqwrfficalIy Irgbridized 
to the schistosome tropomyosin clone, pSMTM S u  et al. (1989) 
Exp. Parasit., 69:3731. DNA sequence analysis identified the 
remaining two categories as schistosome myosin heavy chain 
@SMmhc), and a second schistosome tropomyosin isoform 
(pSMTMl3). A 3. glabrara cDNA library was constructed and 
screened with the pSMTMB insert at low stringency yielding a 
snail  tropomyosin isoform (pBGTMB) different from the 
tropomyosin isoform (BG39) pissous et al. (1990) Mol. Biol. 
Parasit. 43:245]. The two snail tropornyosin isofoms have very 
high (97%) amino acid homology with one another, the difference 
being due to a region corresponding to a.a. 189-213. In other 
organisms this region corresponds to exon 6 which undergoes 
alternative splicing. This putative exon gives pBGTMB higher 
(81%) homology with pSMTM than BG39 has with pSMTM 
(75%). Whether this is due to molecular mimcry or conserved 
housekeeping function is under investigation. (Supported by Office 
of Naval Research; NIH XAI-26505; Texas Advanced Research 
Program #01036&100) 

153 



Molecular and Cellular Biology of Host-Parasite Interactions 

C346 CLONING AND SEQUENCING OF THE 93 KDA PLASHODJUH 
CHABAUDI ACIDIC PHOSPHOPROTEIN, Mark F. Yiser', 

Gregory J .  Jenninas'. Willv Deleersniider' and Jean M. 
Lockyd ,  DepartmGnt. of f ropical  Medicine' and Human 
Genetics Program', Tulane University Medical Center, New 
Orleans, LA 70112 and Vrije Universi te i t  Brussel', I n s t i t uu t  
voor Molecul a i  r e  Biol ogie,  Belgium. 

A 93 kOa P.  chabaudi protein,  referred t o  a s  Pc(em)93, 
t ha t  i n t e rac t s  with the cytoplasmic face of t he  erythrocyte  
membrane has been previously characterized (1 ) .  A recom- 
binant lambda g t l l  expressing a protein recognized by a 
monoclonal antibody (Mab-13.5) against  Pc(em)93 was iso- 
la ted.  The 2.3 kb in se r t  was subcloned in to  pBluescript  and 
sequenced by preparing nested delet ions.  The cloned gene 
contains a block of 75 nucleotides tha t  i s  repeated 7 times 
i n  tandem followed by a very s imilar  block of 72 nucleotides 
(one codon missing) repeated twice. Mab-43, prepared 
against  t he  recombinant protein,  a l so  recognizes a protein 
referred t o  as  Pchl05/RESA (2) which a l so  i s  equivalent t o  
a protein referred t o  as  Pc96 (3) suggesting t h a t  a l l  t h ree  
of these P .  chabaudi proteins a r e  the  same. Although 
imunof 1 uorescence using Mab- 13.5 and gl  u taraldehyde fixed 
ce l l s  r e s u l t s  in a fluorescence of the erythrocyte membrane 
s imi l a r  t o  RESA/Pfl55, Pc(em)93 is  d i s t i n c t  from RESA/Pfl55. 
In contrast  t o  RESA/Pfl55, Pc(em)93 i s  synthesized by the  
ring-stage pa ras i t e  and rapidly transported t o  the ery- 
throcyte  membrane. In addition Pc(em)93 p e r s i s t s  on the 
erythrocyte membrane throughout t he  intraerythrocyt ic  cycle.  

1. Wiser et  a7., Mol.  Biochem. Parasi t .  27,11 (1988) 
2. Holmquist et a7. ,  Exp. Parasi tol .  70,436 (1990) 
3. Wanidworanun et a l .  Mol. Biochem. Parasi t .  25,195 (1987) 

Purasite Bioclrentisrq Genonre Orgunization 
and Host-Parasite Inreructioiis - I1 
C 400 EXPRESSION CLONING OF A DEVELOPMENTALLY 

REGULATED SURFACE PROTEN OF Eimeria bovis. 
Mitchell Abrahamsen, Rhonda Tintzman, Mark A. Jutila, C.A. 
Speer and Michael White, Veterinary Molecular Biology, Montana 
State University, Bozeman, MT 59717 

A cDNA clone from partially sporulated oocysts of Eimeriu 
bovis was isolated using monoclonal antibody (2.4) generated against 
E. bovis sporozoites. Immunoblotting demonstrated that 2.4 
recognizes multiple surface antigens of sporozoites which are absent 
on merozoites. Immunofluorescence analysis by microscopy or flow 
cytomeuy of intact E. bovis sporozoites and merozoites revealed 
exclusive and abundant expression of the antigens in the sporozoite 
stage. Northern blot analysis of sporozoite and merozoite RNA with 
the identified cDNA clone revealed a single mRNA species whose 
expression was consistent with the developmental regulation of the 
surface antigens recognized by 2.4, indicating that the multiple 
antigens arise from posttranslational modifications of a single 
protein. DNA sequence analysis revealed an open reading frame of 
127 amino acids which shows little homology to any known 
sequence. 

C401 ACTIVITY OF A DIVERGENT TRYPANOSOMA BRUCE/ 
PHOSPHOGLYCERATE KINASE EXPRESSED IN 

f. COLI. Keith Alexander and Marilyn Parsons, Seattle 
Biomedical Research Institute. 4 Nickerson St., Seattle, WA 
98109 

The phosphoglycerate kinase (PGK) gene complex of 
Trypanosoma brucei contains three tandemly linked related 
genes. One gene encodes a cytoplasmic PGK, while another 
encodes a PGK isozyme localized to glycosomal microbodies. 
We have recently shown that the 56-kDa protein, encoded by the 
5 most gene in this complex, is also localized to the glycosomal 
core. Interestingly, it lacks the C-terminal extension found in the 
glycosomal PGK, thought important for targeting to the 
glycosome. This protein shows amino acid sequence idenity 
with many of the residues, that are believed necessary for PGK 
activity, although the overall homology with the other two PGKs 
from Z bnrcei is only -80%. In addaion there is an 80 amino 
acid insertion near the N-terminal of the 56-kDa protein, which is 
lacking in other PGKs (T. brucei, yeast or mammalian) and is 
thus of unknown function. We have expressed this protein in 
&. coli both as a fusion protein containing an extra 23 amino 
acids at the N-terminal and in its native form. Both proteins 
exhibit PGK activity in the standard enzyme assay (3- 
phosphoglycerate + ATP to 1,3-diphosphoglycerate + ADP) 
and both proteins complement a pgk- strain of E. coli. They 
have been partially purified from E. coli extracts by ion exchange 
chromatography and can be identified by western analysis using 
polyclonal sera raised against the glycosomal form of PGK. 
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C 402 CYTOKINE PRODUCTION IN BALB/c MICE IMMUNISED 

OF BRUG,'A PAHANGI. A.Bancroft, E.Devaney, K.Else and 
R.Grencis . Department of Parasitolgy, Sch?ol of Tropical 
Medicine, Pembroke Place, Liverpool. L3 5QA. Department of 
Cell and Structural Biology, Stopford Building, Oxford Road, 
Manchester M13 SPT. 
Radiation attenuated third stage larvae (h) of filarial parasites are 
known to stimulate good protective immunity in a variety of animal 
models. Much of the earlier work in rodent models suggested 
that the basis of this immunity was cell mediated. In order to 
further our understanding of the control of immunity in BALB/c 
mice immunised with radiation attenuated 4 of B.pahangi we 
have examined cytokine production in supernatants of spleen 
cells from control and immune mice. Spleen cells were stimulated 
with either Con A or adult antigen and levels of IFN-y and 11-5 
were measured. These experiments demonstrated that spleen 
cells from immunised animals secreted high levels of IL-5 and 
negligable levels of IFN-y in response to either stimulus. Further 
confirmation of the induction of cells of the TH2 subset was 
obtained by analysing supernatants for two further TH2 specific 
cytokines, lL-6 and IL-9. No difference was observed in the ratio 
of CD4+/CD8+ cells in spleens of control and immunised mice 
when analysed by FACS. The pattern of cytokine secretion 
cannot, therefore, be explained by alterations in the ratio of T cells 
from immune mice. 

WITH RADIATION ATTENUATED THIRD STAGE LAFVAE 

C 404 

I, 11. AND 111. David J. Bzik, Wu-Bo Li. Barbara A. Fox, 
Manami Tanaka, Haoming Gu, and Joseph Inselburg. 
Department of Microbiology, Dartmouth Medical School, 
Hanover, NH 03756. 
The genes encoding the largest subunits of Plasmodium 
falciparum RNA polymerase I, II, and 111 were cloned, 
sequenced, and characterized. Data for the chromosome 
assignment and for the mRNA expression pattern will be 
presented. We demonstrate here that the Plasmodium 
subunits are the largest largest RNA polymerase subunits 
yet characterized from any lower or higher eukaryote. 
The Plasmodium subunits contain remarkable enlarged 
variable domains that separate conserved domains in 
these subunits. Analysis of the enlarged variable domains 
has revealed some interesting amino acid sequences. 
Although a definate role for these unique enlarged 
variable domains has not been elucidated, the presence of 
amino acid motifs and the large size of the variable 
domains suggest that the variable domains play some 
novel role in transcription in Plasmodium. We will 
discuss some potential roles for these enlarged variable 
domains, which include the possibility that they may in 
part regulate the switch from synthesis of A-type 18s 
rRNA to C-type 18s rRNA by Plasmodium RNA polymerase 
I that contributes to the development of stage-specific 
ribosomes in this genus. Elucidating the potential roles 
of these variable domains remains an interesting 
biological problem, and we further suggest that these 
unique RNA potymerase subunit variable domains may be 
potential targets for development of specific 
antimalarial drugs. 

CHARACEREATION OF M E  LARGEST SUBUNITS 
OF PLASMODIUM FALCIPARUM RNA POLYMERASE 

C 403 IN HOT PURSUIT OF THE Lsh GENE, Jenefer M. Blackwell, 
Tamara LA. Roach, Sara E. Atkinson, James W. Ajioka, 

C. Howard Barton and Marie-Anne Shaw. Department of Medicine, 
University of Cambridge Clinical School, Addenbrooke's Hospital, 
Cambridge UK CB2 2QQ. 
The macrophage resistance gene LrNIty/Bcg, fvst described almost OVO 
decades ago, regulates the host response to Leishmania donuvcd, 
Salmonella typhimwim and a range of species of Mycobacterim 
including the vaccine strain BCG. Working in viro with resident 
peritoneal, liver (Kupffer cells) and bone marrow derived macrophages 
from congenic B10 (Mi') and BIO.Lhh' mice we have shown that the 
final effector mechanism for the gene in regulating mtileishmadal 
activity involves production of reactive nitrogen rather than nactive 
oxygen intermediates. This in turn is dependent upon 
priming/activation of macrophages for enhanced TNF-a release which 
acts back on the macrophage in an autocrinc manner to increase nitric 
oxide production. The precise point at which Lsh acts to control 
macrophage primimg/activation has not been identified but Studies Of 
early response gene expression show differences in KC mRNA levels 
at 2 hours after LPS stimulation. and in c-fos mRNA as early as 20 
minutes after stimulation with PMA plus ionophore, in peritoneal 
macrophages from congenic hlt and hh' mice. Data available suggest 
that both negative and positive signals may be involved in macrophage 
priminp/activation, with kh' macrophages down regulating their 
capacity for continued response to the autocrine loop. Work in 
progress will examine the role of P A  and CAMP response element 
binding pmteins in regulating gene expression in LFh congenic mice. 
A major new initiative has also c o m m e n d  to clone the Lsh gene. by 
reverse genetics using yeast artificial chromosomes to walk towards 
Lsh from the closest proximal and distal markers on mouse 
chromosome 1. Family linkage analysis using resmction fragment 
length polymorphisms for marker genes on human chromosome 2q has 
begun to provide some evidence that a human homologue for Lsh may 
regulate resistance and susceptibility D leprwy and tu- in 
man. 

C 405 IMMLTNOCHEMICAL AND BIOCHEMICAL CHARAC- 
TERIZATION O F  THE GLYCEROPHOSPHATE 

OXIDASE FROM THE BLOODSTREAM FORM O F  
TRYPANOSOMA BRUCEI BRUCEI.. Chaudhuri. Minu. and Hill. ~, ~ ~~ ~, ...~~, 
George, C., Division of Biomedical Sciences, Molecular Parasitology 
Training Program, Meharry Medical College, Nashville, TN 37208. 
Glycerophosphate oxidase (GPO) system, unique to the bloodstream 
forms of nypanosomes, consists of two components: a FAD containing 
sn-glycerol-3-phosphate dehydrogenase and a cyanide-insensitive, 
SHAM sensitive oxidase. These two components are linked via 
ubiquinol. Glycerophosphate oxidase has recently been solubilized and 
partially purified from mitochondria of bloodstream forms of 
Trypanosoma brucei brucei. Further characterization of this enzyme is 
necessary since due to its absence in the mammalian host, this vital 
parasite enzyme may be used as a chemotherapeutic target. 
Cytochemical localization and other biochemical studies of this enzyme 
suggests that it has some similarity with terminal alternative oxidases 
present in some plants and higher fungi. We found thar monoclonal 
antibody (AOA) developed against Sauromarum gurratum altemat: $e 
oxidase detects two groups of bands of about 58 kDa and 30 kDa in 
SDS-PAGE and western blot analysis of total mitochondrial protein 
from the bloodstream forms. These proteins are apparently absent in the 
mitochondria1 extract of the procyclic forms. Further denaturation with 
urea reveals that the 58 kDa band may be the dimer of the 30 kDa 
protein. Polyclonal antisera raised against Sympiocarpus foeridur 
(skunk cabbage) alternative oxidase also recognized the same group of 
bands in the mitochondria1 extract of the bloodstream trypanosomes. 
AOA inhibits the glycerophosphate oxidase activity of the detergent 
solubilized mitochondria of the bloodstream trypanosomes. The 30 kDa 
protein is being purified from rhe detergent extract of the purified 
mitochondria from the bloodstream trypanosomes by immunoaffiniry 
chromatography using the polyclonal antibodies raised against skunk 
cabbage alternative oxidase. The irnmunopunfied protein is being used 
for microsequencing and raising nypanosome GPO-specific monoclonal 
antibody. The polyclonal antibodies against the skunk cabbage 
alternative oxidase is also being used to screen a cDNA expression 
hbrary of the bloodstream trypanosomes. Supported by N M  grant #A1 
21 159 and USAID contract #DAN5053G. 
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IMMUNITY AND PATHOLOGY, Ian A. Clark, Kirk A. Rockett, 
Karen M. Gray, Elizabeth J. Rockett and William B. Cowden, 
Department of Biochemistry and Molecular Biology, Australian 
National University, Canberra, ACT 2601, Australia 
TNF and related cytokines have been implicated in cell-mediated 
immunity and pathophysiology in malaria, but their mechanisms 
of action are yet to be elucidated. We have examined the ability of 
TNF, IL-1 and LT (three cytokines increased in human malarial 
serum) to induce nitric oxide (NO) in the plasma of malaria (E 
vinckei)-primed and normal mice. Plasma was exposed to a 
copper/ cadmium/zinc catalyst to convert nitrate to nitrite, then 
to Greiss reagent, and the product measured colorirnetrically. 
TNF, IL-1 and LT all increased the generation of products of NO, 
more so in mice carrying sub-clinical infections than in control 
animals. In contrast, 1FN-y and IL-6 induced negligible NO 
products in vivo. N6-methyl-L-arginine inhibited in vivo 
generation of these products, demostrating their arginine origin. 

NO moves freely across membranes, and has recently been 
recognized as  a major second messenger in excitatory synaptic 
neurotransmission. Therefore the capaaty of TNF, IL-1 and LT to 
induce NO inside blood vessels allows a new model of human 
cerebral malaria, in which cytokine-induced NO mingles with NO 
of neuronal origin, thus interfering with orderly cell-to-cell 
signalling in the brain. In particular, NO has been shown to 
inactivate the binding protein of glutamate receptors, thus 
reduang exatatory synaptic transmission. This proposal explains 
several key features of human cerebral malaria, such as an intact 
blood-brain barrier, and the rarity of residual neurological deficits, 
that are inconsistent with the current models for this disease. 

Cytokine-induced generation of NO is also consistent with new 
data on the susceptibility of both the liver and blood forms of 
malaria parasite to this mediator. 

IN VNO INDUCTION OF NITRIC OXIDE BY TNF, LT 
AND IL-1 HAS IMPLICATIONS FOR MALARIAL 

C 408 THE MITOCHONDRION OF PLASMODIUM 

ACTIVE DRUGS. Sandra I. Darkin-Rattray and Thomas C. 
Rowe, 
University of Florida, Gainesville, Florida 32610. 

understood. It has received only scant attention from 
researchers over the years, primarily because the 
organelle is atypical and difficult to study by 
conventional means. However, despite these constraints 
recent data suggest that possible new chemotherapeutics 
may be obtained by further. investigations of this 
organelle and its genome(s). 

In a preliminary study, the mitochondrion of 
P.fulciparurn has been investigated as a target for 
antimalarial drugs and the promise of topoisomerase II- 
active drugs as a class of novel antimalarial agents has 
been explored. We have observed that ciprofloxacin, a 4- 
quinolone drug known to inhibit the bacterial type I1 
topoisomerase causes a selective and dose-dependent loss 
of the 6kb mitochondria1 DNA (mtDNA) from P.fulciparurn 
(Dd2 : Chloroquine resistant) grown i n  vitro. The loss of 
mtDNA was associated with a decrease in parasite 
viability. Ciprofloxacin at 32pglml (7.6pM) resulted in a 
loss of approximately 506 of 6kb DNA, correlating with 
levels of cytotoxirity achieved with a 48h drug treatment. 
The effect of this drug on the integrity of the 6kb mtDNA 
is being tested. 
the second organellar genome, the 35kb DNA, found in 
P.falcipurum is also being examined. 

Our preliminary findings suggest that the 
mitochondrion of P.fulciparum may possess a 
topoisomerase I1 enzyme that has potential as a target 
for novel antimalarial therapeutics. 

FALCIPARUM - A TARGET FOR TOPOISOMERASE 11- 

Department of Pharmacology and Therapeutics, 

The mitochondrion of malarial parasites is poorly 

Furthermore, the levels and integrity of 

C 407 PLASMODIUM f a l c i D a r u E  -INDUCED MODIFIC- 
ATIONS OF BAND 3 PROTEIN ARE INVOLVED I N  

CYTOADHERENCE, I a n  C r a n d a l l  and I . W .  Sherman, 
Department of Biology,  U n i v e r s i t y  of C a l i f o r n i a ,  
Riverside,  Ca., 92521. W e  deve loped  murine 
monoclonal Mabs ( d e s i g n a t e d  4A3, 1 C 4 ,  2B3, 3E12, 
4F4. 3B3, and 5H12) a g a i n s t  t h e  s u r f a c e  of l i v e  P. 
fa lc iparum-  i n f e c t e d  e r y t h r o c y t e s .  None of the Mabs 
r e a c t e d  (by s u r f a c e  immunofluorescence) w i t h  either 
u n i n f e c t e d  red cells o r  red cells b e a r i n g  r i n g - s t a g e  
p a r a s i t e s .  By p e p t i d e  mapping and immunoblot t ing 
t h e s e  membrane a n t i g e n s  w e r e  shown t o  be modi f ied  
forms of band 3,  and i n c l u d e d  p r o t e i n s  w i t h  M r s  of 
>240,  85, 65,and 55Kda. These p a r a s i t e - i n d u c e d  
n e o a n t i g e n s ,  w e r e  n o t  found i n  u n i n f e c t e d  
e r y t h r o c y t e s ,  aged red cells, o r  r i n g  i n f e c t e d  
e r y t h r o c y t e s .  The n e o a n t i g e n s  are exposed on t h e  
o u t e r  s u r f a c e  of t h e  i n f e c t e d  r e d  cell s i n c e  l i ve  
cel ls  b i n d  a n t i b o d y ,  t h e y  are t r y p s i n  and i o d i n e  
s e n s i t i v e ,  and some of t h e  Mabs (4A3,  1C4 and 3H3) 
d i r e c t e d  a g a i n s t  t h e m  i n h i b i t  c y t o a d h e r e n c e  i n  a 
dose- respons ive  f a s h i o n .  The band 3-related 
n e o a n t i g e n s  a p p e a r  t o  r e s u l t  from t r u n c a t i o n  and 
c o v a l e n t  m o d i f i c a t i o n  of t h e  n a t i v e  form of t h e  
p r o t e i n .  The inmunoblot  p a t t e r n s  produced by t h e  
Mabs allowed ass ignment  o f  t h e  Mabs t o  t w o  r e g i o n s  
o f  t h e  membrane spanning  r e g i o n  o f  the band 3 
molecule:  amino (1C4, 2B3 and 3 H 3 )  and c a r b o x y l  
(4A3, 3E12,  4F4, and 5H12). The l o c a t i o n  of t h e  
e p i t o p e s  t o  which t h e  Mabs b i n d  was deduced from t h e  
s i tes  of chymotrypsin and p r e d i c t e d  c a l p a i n  
c l e a v a g e .  The e p i t o p e s  of l C 4  and 3H3  a r e  l o c a t e d  
on  e x t e r n a l  l o o p  3 ( r e s i d u e s  541-575), whereas  t h e  
e p i t o p e s  of 4A3  and 5H12  are l o c a t e d  on e x t e r n a l  
loop 7 ( r e s i d u e s  807-860). S y n t h e t i c  p e p t i d e s  
c o r r e s p o n d i n g  t o  t h e s e  r e g i o n s  inhibited adherence  
o f  i n f e c t e d  r e d  cells  t o  a m e l a n o t i c  melanoma cells. 

C 409 INTERACTION BETWEEN MACROPHAGE PROTEIN 
KINASE C AND THE LEISHMANIA DONOVAN1 

LIPOPHOSPHOGLYCAN. Albert Descoteaux, Greg Matlashewski'. and 
Salvatore J. Turco, Department of Biochemistry. University of Kentucky 
Medical Center, Lexington, KY 40536, *Institute of Parasitology. McGill 
University, Ste-Anne de Bellevue, Qc. Canada 
The cell surface glycoconjugate lipophosphoglycan (LPG) of Leishmania 
promatigotes is a potent inhibitor of purified protein kinase C (PKC) 
activity in vifro. The present study was undertaken to investigate the 
effect of LPG on the activation process of PKC in murine hone marrow- 
derived macrophages (BMM). Activation of PKC is a two-step process: 
(i) a priming step, which requires the translocation of the enzyme from 
the cytosol to the membrane, and (ii) binding of diacylglycerol or phorbol 
esters, which fully activates PKC in the membrane. Association of PKC 
with the membrane was first compared in untreated, LPG-treated, and 
L donovani-infected BMM. In response to the calcium ionophore 
A23187, the kinetics and the extent of phorbol dibutyrate (['HIPDBu) 
binding were similar in the three groups. Since ['HlPDBu specifically 
binds membrane-associated PKC, these results indicate that LPG, either 
exogenously added or naturally presented, did not interfere with the 
translocation of PKC to the membrane. PKC activity was then assayed in 
situ in digitonin-permeabilized BMM in the presence of the peptide 
substrate VRKRTLRRL. which is specific for PKC. Preincubation of 
BMM with 1 uM LPG did not affect the basal level of VRKRTLRRL 
phosphorylation. On the other hand, PMA-stimulated phosphorylation of 
the peptide was reduced by >50%. indicating that LPG inhibited PKC 
activity. Therefore, the inhibitory effect of LPG on PKC-dependent 
processes in macrophages may reflect an inhibition of the activity of 
membrane-associated PKC, inasmuch as the association of the enzyme 
with the membrane takes place normally. The intracellular growth of L. 
donovani was compared in normal and PKC-depleted BMM. While the 
initial uptake of parasites was similar for both groups, depletion of PKC 
resulted in a two-fold increase in the number of amastigotes 48 h post- 
infection. Therefore, inhibition of PKC-dependent events during the early 
stage of infection may be critical for the successful growth of L donovani 
in macrophages. 
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C 410 THE EXTRACHROMOSOMAL DNAS OF PLASMODIUM 
FALCIPPRUM, Jean E. Feagin', Malcolm J. Gardnes, 

Donald H. Williamsor?, and Robert J.M. Wilsor?, 'Seattle 
Biomedical Research Institute, Seattle, WA 98109-1651, 
*National Institute for Medical Research, Mill Hill, London, NW7 
IAA, U.K. 

Plasmodium lalciparum has two extrachromosomal 
DNAs, a 35 kb circular DNA and a tandemly repeated 6 kb DNA. 
The 35 kb DNA encodes large and small subunk rDNAs, tRNAs. 
a ribosomal protein gene, and subunits of RNA polymerase. The 
rRNAs are duplicated as an inverted repeat which, with the 
polymerase genes, is more characteristic of plastid than 
mitochondrial genomes. The function of the 35 kb DNA remains 
enigmatic; it has been suggested to be part of a bipatiie 
mitochondrial genome. The 6 kb element encodes protein 
coding genes characteristic of mitochondrial genomes and 
fragments of rDNA sequence; despite its small size, it is probably 
(part 09 the mitochondrial genome. Cross-hybridization 
between the two extrachromosomal DNAs appears confined to 
rDNA sequences. The 35 kb DNA rRNAs are similar to 
eubacterial rRNAs and appear to be cotranscribed with flanking 
tRNAs. The rRNA fragments from the 6 kb element are 
scrambled in order and much smaller in total than expected for 
rRNAs. Comparison of corresponding rDNA sequences from 
the 6 kb and 35 kb DNAs show that the regions conserved are 
core regions common to most rRNAs. The rRNAs from the 6 kb 
element contain predominantly core sequences. The lack of 
conservation between the extrachromosomal DNAs outside the 
rDNA core sequences suggests that they are not closely related. 
rDNAs from both appear more closely related to E. coli rDNAs 
than to each other, further suggesting the two molecules have 
no recent common ancestor. The extrachromosomal DNAs 
appear unlikely to have derived from a single mitochondrial 
precursor and probably have relative@ unrelated functions. 

~ 4 7 2  A MALARIA PARASITE MOLECULE, ~ ~ - 1 7 5 ,  
BINDS TO SIALIC ACID ON ERYTHROCYTES WITH 

A FINE SPECIFICITY CORRELATING WITH INVASION, J D  
Haynes, FW Klotz, PA Orlandi, G Reuter, SJ Cohen, 
R Schauer, RJ Howard, P Palese, and LH Miller, 
Walter Reed Army Institute of Research, Washing- 
ton, DC 20307, Christian-Albrechts U., Germany, 
DNAX Res. Institute, Palo Alto, CA 94304, Mount 
Sinai School of Medicine, New York, NY 10029, and 
National Institutes of Health, Bethesda, MD 20892. 
Plasmodium falciDarum malaria parasites can invade 
sialic acid bearing erythrocytes (E) by means of 
the 175 kDa E binding antigen (EBA-175). Several 
approaches were used to establish that the type 
and linkage of sialic acid on E, and not just its 
charge, were important. Both binding of EBA-175 
to and invasion by parasites into inbred mouse E 
were inversely correlated with the proportion of 
9-0-acetylated sialic acid (Neu5,9Ac2) on the E ,  
without changes in charge. Conversely, both 
binding and invasion were increased by enzymatic 
removal of the 9-0-acetyl group to give more N- 
acetyl neuraminic acid (Neu5Ac). Another approach 
used the knowledge that NeuSAc is linked a2,3 and 
a2,6 on human E. Soluble oligosaccharides with 
Neu5Ac linked only a2,3 to galactose strongly 
inhibited binding of EM-175 to human E. In 
contrast, similar oligosaccarides with only a2,6 
linkages were much less effective, and free NeuSAc 
was ineffective. EBA-175 bound tightly enough to 
glycophorin A on E to allow, after solubilization, 
their precipitation as a complex by an anti- 
glycophorin A monoclonal antibody. Purified 
glycophorin A from human E inhibited both binding 
and invasion; cleavage of a2,3-linked Neu5AC from 
the 0-linked tetrasaccharides clustered at the N- 
terminus of glycophorin A markedly reduced its 
ability to inhibit both binding and invasion. In 
conclusion, efficient binding and invasion both 
require sialic acid without 9-0-acetylation and in 
an a2,3 linkage to galactose, such as that located 
on the 0-linked tetrasaccharides of glycophorin A. 

C411 THE GENOMIC ORGANIZATION AND 
CHROMOSOMAL LOCALIZATION OF GP63 GENES 

OF LEISHMANIA GUYANENSIS. JOY M. Greer, Holly B. 
Steinkraus, and Pamela J. Langer, Department of 
Molecular Biology, university of Wyoming, Laramie, 
WY 82071. The major surface protein of Leishmania 
(gp63) is encoded by multiple gene copies in 
several Leishmania species. These genes appear to 
be located on a single chromosome in L. e, L. 
aethio ica, and members of the L. donovani 
complez, but are found on more than one chromosome 
in 4. tropica, L. amazonensis, and members of the 
- L. braziliensis complex. Others have reported 
that many of the gp63 genes are arranged in 
tandemly linked repeated units in L. u, L. 
chasasi, and L. mexicana. We have examined the 
genomic organization of gp63 genes in a cloned 
strain of 4. suvanensis. Restriction enzyme and 
Southern blot analysis of cosmid clones has 
revealed at least three non-identical gp63 gene 
clusters. There are three 3.0 kB Apa I, at 
least two 4 . 4  kB Cla I, and four 2.85 kB Bgl I 1  
repeat units. Hybridization analysis of these 
three clusters suggests the presence of at least 
twelve 9p63 genes. The clusters may be contiguous 
thereby generating a large gp63 gene locus 
spanning approximately 65 kB. However, a L. 
cruvanensis gp63 gene probe hybridizes to two 4. 
suvanensis chromosomal DNAs of approximately 730 
and 680 kB in a ratio of 3:l. Using contour 
clamped homogeneous electric field gel 
electrophoresis (CHEF) we are currently 
determining the chromosomal localization of each 
of the gp63 gene clusters. 

KINETIC ANALYSIS OF ANTIGEN SPECIFIC 
LYMPHOKINE RESPONSES IN RESISTANT AND 
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SUSCEPTIBLE MICE DURING INFECTION WITH TRYPANOSOMA 
CRUZI, D F  Hoft, RG Lynch, and LV Kirchhoff, 
University of Iowa College of Medicine and VA 
Medical Center, Iowa City, I A  52242. 
The Tulahuen strain of Trypanosoma cruzi causes 
higher parasitemias and greater mortality in 
Balb/C relative to C57B1/6J mice. 
this study was to compare Balb/c and C57B1/6J 
lymphokine responses to parasite antigens during 
T. cruzi infection to determine if different 
cytokine patterns correlate with susceptible and 
resistant phenotypes. 
after initial infection with insect-derived 
metacyclic trypomastigotes lymph node and spleen 
cell suspensions were prepared from animals of 
each murine strain. 
were stimulated with antigen prepared from total 
parasite lysate and culture supernatants were 
tested for levels of IFN7, IL4, I L 2  and IL5. 
Lymphocytes from C57B1/6J mice produced tenfold 
more IFNl than Balb/c lymphocytes. However this 
differential response occurred only for a limited 
time immediately preceding peak parasitemias. 
Balb/c lymphocytes secreted increasing amounts of 
IL4 with increasing duration of infection. Most 
culture supernatants derived from C57B1/6J cell 
suspensions did not contain detectable levels of 
IL4. Lymphocytes from both murine strains 
produced IL2 and IL5 levels not different from 
uninfected controls. 
increased numbers or potency of antigen specific 
IFN7 producing T lymphocytes are present in 
resistant mice during T. cruzi infection. This 
phenomenon may be responsible for the lower 
parasitemias and lower mortality seen in C57B1/6J 
mice. These data also indicate that IL4 
production is a marker f o r  the T. cruzi 
susceptible phenotype. Finally, differential 
production of IL2 or IL5 was not found, suggesting 
that these lymphokines are not important factors 
in T. cruzi resistance or susceptibility. 

The goal of 

At several time points 

These lymphocyte suspensions 

These results indicate that 
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C414 PROTECTION OF AOTUS MONKEYS FROM MALARIA 
INFECTION BY RECOHBINANT HYBRID PROTEINS, 

Erika Hundt, Bernhard Knapp, Burkhard Enders and 
Hans A. Kiipper, Research Laboratories, Behring- 
werke AG, Marburg, F.R.G. 
Based on investigations on the malarial blood 
stage antigens SERP, XRPII and USA1 from Plasmo- 
dium falciDarum we have expressed two hybrid 
proteins in E. coli containing selected partial 
sequences Of these antigens. Antibodies raised 
against b o t h  hybrid proteins in rabbits and AOtus 
monkeys recognize the corresponding P. falciDarum 
polypeptides. In two independent trlals using 13 
animals we could show that immunization of AOtus 
monkeys with either of the two hybrid proteins 
administered in an oil-based well tolerated 
formulation can protect the animals from an 
experimental P. falciuarum infection. 

C 416 DNA AMPLIFICATION IN a-DIFLUOROMETHYL 
ORNlTHlNE RESISTANT LEISHMANIA, 

K. Katakural), S. Miyajiz) and A. Kobayashil). 
11 Department of Parasitology, Jikei University 
School of Medicine, Tokyol05. Japan and 
21 Department of Surgery, Teikyo University School of 
Medicine, Tokyo1 73, Japan. 

Gene amplification is one of major mechanisms of 
drug-resistance in Leishmania. We selected a- 
difluoromethylornithine (DFM0)-resistant variants of 
Leishmania donovani by increasing in the drug 
concentration up to 30 mM in culture. Amplification 
of extrachromosomal circular DNA molecules was 
detected in the resistant cells. Size of the amplified 
DNA appears about 40 kb, although the precise size 
has not determined yet. The amplified DNA may 
contain a gene of ornithine decarboxylase (ODC), a 
target molecule of DFMO. In addition, amplification of 
linear DNA about 200 kb was found in some variants 
undergoing DFMO selection. However, occurrence of 
amplification of the linear DNA was not associated 
with the degree of DFMO resistance. The amplified 
linear DNA may be related with small linear DNAs 
(SLDs) or LD-1 reported previously by others. No cross 
resistance of the variants was observed with other 
drugs so far examined and the resistance was not 
reversed by verapamil. 

C415 STABLE TRANSFORMATION OF TRYPANOSOMA 
B m  WITH THE PHLEOMYCIN RESISTANCE 

GENE AND CYCLICAL TRANSMISSION THROUGH THE 
VECTOR GLOSSINA. Jefferies D., Tebabi P . ,  
Pays A . ,  Aerts D.. LeRay D., Pays E. Dept of 
Molecular Biology, University of Brussels, 67 
Rue des Chevaux, 1640 Rhode-St-Genese, 
Belgium. 
The neomycin phosphotransferase gene has 
already been used to stably transform 
brucei by homologous recombination (1,z). 
Further selectable markers are needed for the 
genetic analysis of T. brucei, but few have 
been identified. We report here the stable 
transformation of T. brucei with a second 
antibiotic resistance marker, the phleomycin 
resistance gene ( 3 ) .  A plasmid containing in 
sequence: the VSG gene promoter ( 4 ) ,  the 
phleomycin resistance gene and the 3 '  
extremity of the tubulin gene locus, was 
introduced into procyclic trypanosomes by 
electroporation. Linearisation in the tubulln 
portion of the plasmid allowed integration 
into the tubulin locus of the trypanosome 
genome by homologous recombination. Southern 
analysis and cloning of genomic fragments 
showed that insertion was specific for the 
site of linearisation. Northern analysis and 
cDNA cloning indicated that the phleor gene 
was transcribed into a 1.3kb RNA which was 
transspliced and polyadenylated. Analysis of 
bloodstream transformants generated by 
cyclical passage through the tsetse fly 
showed that the inserted plasmid had been 
retained and that the phleomycin gene was 
expressed in bloodstream forms. References: 
(1) Lee & van der Ploeg (1990) Science 
- 250,1583-1587. (2) ten Asbroek et a1 (1990) 
Nature 348,174-175. (3) Drocourt et a1 (1990) 
NAR 18,4009. (4) Jefferies et a1 (1991) Mol. 
Cell. Biol 11,338-343. 

C 417 ACETYL CHOLINESTERASE HISTOCHEMISTAY 
OF NERVOUS SYSTEM OF CYSTICERCUS 

CELLULOSAE, B.V. Ravi Kumart, S. Vasantha*, S.D. 
Roopashreet, V. Suryanarayanat and S.K. Shankaf 

t Astra Research Centre India, P.O. Box 359, 
Bangalore 560003, India. * National Institute of Mental 
Health & Neurosciences, Bangalore 560 029. 

Cysticercus cellulosae (a cestode larva) preferentially infests 
excitable tissues (muscle & brain) of pigs and humans. 
Being a multicellular organism it possesses a nervous system 
(N.S.). We initiated a study on the pathogenesis caused due 
to interference in host neurotransmission by the parasite 
neurotransmitters and neuropeptjdes. Towards !his we 
delinested the N.S. of Cxellulosae using Acetylcholine 
esterase (AchE) histochemktry. The central N.S., situated in 
scolex, consisted of cerebral ganglia, circumcerebral nerve 
ring, rostellar nerve ring and its branches. Peripheral N.S., 
situated in strobila and bladder wall, consisted of a 
parenchymal (iargely motor in function) and a subtegumental 
(sensory) network. Probably it is also excretomotor and richly 
innervates excretory ducts. AchE is present in excretory- 
secretory products of Cxellulosae which may be responsible 
for morphological changes suggestive of denervation 
supersensitivity in !he porcine muscles, We detected the 
presence of Adrenocorticotropic hormone like 
immunoreactivity in peptide extracts of C.cellulosae. We 
suggest that this neuropeptide may modulate host immune 
responses. 
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C 4 1 8 A  NOVEL EPITOPE FOR P L A S H O D I W  F A L C I P A R W  

Isabelle Ploton', Benjamin Wizel', Pietro Alano', Richard 
TRANSMISSION BLOCKING VACCINE, Nirbhay Kumar', 

Carter2 and Gary Koski'. 'Immunology and Infectious 
Diseases-SHPH, Johns Hopkins University, Baltimore, UtI and 
'University of Edinburgh, Edinburgh. 

Transmission of malaria from one infected individual, via 
the mosquito, to another individual involves the sexual 
stages of the parasite. Gametocytes and other early 
developmental stages in the mosquito midgut represent 
targets for Plasmodium falciDarum vaccine. Immunity 
against these stages uhich is largely antibody mediated, 
is known as transmission-blocking immunity (TBI), and 
operates in the mosquitoes either during fertilization of 
gametes or during transformation of zygotes into 
ookinetes. TBI could thus play a central role in reducing 
transmission and impede selection and spread of vaccine as 
well as drug-resistant parasites. Target antigens of TBI 
include gamete surface proteins (230 kDa and 48/45 M a )  
produced in the vertebrate gametocyte etages, and a 2 5  kDa 
protein produced predominantly after initiation of 
gametogenesis in the mosquito midgut. The genes for gamete 
surface antigens have not yet been cloned and the 
development of a transmission blocking vaccine has been 
hampered largely by the fact that epitopes recognized by 
antibodies are reduction-sensitive (conformational in 
nature). We have identified a non-conformational epitope 
(designated the c'-epitope) recognized for the first time 
by transmission blocking monoclonal antibodies. This 
linear epitope is shared among 230 kDa, 4 8 / 4 5  m a ,  and a 
2 1  kDa protein in the gametocytes, and conserved in 
various geographical isolates (Wire1 and Kumar, PNAS, 1991 
In Press). Cloned cDNA for the 2 7  M a  protein and various 
fragments generated by the polymerase chain reaction were 
expressed in E. u. Using recombinant products and 
overlapping synthetic peptides we have mapped the c'- 
epitope. Nice immunized with one of the immunoreactive 
fragments developed antibodies capable of reducing 
infectivity of p. falciDarum gametocytes in the 
mosquitoes. Studies are in progress to produce T cell 
clones specific for the 2 1  kDa protein for mapping helper 
T epitopes in the target antigen. These studies provide a 
rationale for the development of P. falci arum 
transmission blocking subunit vac;ine baszd on the c'- 
epitope and helper T epitope ( 9 ) .  

(Supported by research grants from the NIH, WHO and John 
D. 6 Catherine T. NacArthur foundation] 

C 420 PLASMODIUM BERGHEI CIRCUMSFQROZOITE REPEAT- 
SPECIFIC T CELL CLONE: RECOGNITION OF THE 

INDUCING CRYPTIC EPITOPE VS. SPOROZOITE NATIVE 
ANTIGEN. Heidi T. Link and Urszula Krzvch. DeDt Bioloev; The 
Catholic University of America, Dept. -Immunology, fRAIR,  
Washington D. C. 20003. 
The molecular context of the priming antigen plays a role in determining 
the hierarchy of T cell epitopes. The dominant effect that certain sites 
have over others in addressing T cells has been the subject of many 
investigations. Epitope mapping studies of circumsporozoite 
(CS) protein showed a limited number of helper and proliferative T cell 
sites, but a dominant T cell epitope has not been uncovered. In this study 
we asked whether cryptic T cell sites could be found on the CS protein 
and if the corresponding T cells play a role in protective immunity. 
Overlapping 20-mer peptides, representing the entire CS protein, were 
emulsified in Complete Freunds Adjuvant and administered peripherally 
to different mouse suains. Peptide primed lymph node (LN) cells were 
analyzed 10 to 12 days after immunization for reactivities to the priming 
and overlapping peptides. Surprisingly, nearly identical cryptic e itopes 
were mapped in the strains tested, except that only C57BI/6 (H-29) mice 
responded to the repeat sequence, DPAPPNAN. As expected, 
DPAPPNAN-induced LN T cells responded to the priming peptides and 
peptides containing similar motifs, but not to the native sporozoite antigen. 
After cloning by limiting dilution, a single clone, 14D7, recognized not 
only the DPAPPNAN peptide, but also the native sporozoite antigen, thus 
we called it  "pseudocrypac" epitope. Although the clone recognized both 
antigens in a class II resmcted manner, it also showed cytolytic activity 
against target B cells pulsed with sporozoites or the repeat peptide. 
Lymphokine analysis demonstrated that reactivity with DPAPPNAN 
peptide induced IL-4. while stimulation with sporozoites induced IL-2. 
These observations suggest that T cells capable of recognizing the native 
sporozoite antigens are induced, however, they are not expanded 
sufficiently upon sporozoite immunization. Moreover, the unique 
reactiviries with the native sporozoites vs the peptide antigen imply that a 
single T cell clone may perform several immune functions depending upon 
the signaling mechanism involved in T cell activation. 
This work was supported by a WHO Grant. 

The origin of tKe hydrogenosome, an u&suai organelle found 
exclusively in certain anaerobic eukaryotes which lack 
mitochondria, is unknown. It is possible that hydrogenosomes are 
degenerate mitochondria or that the two organelles arose from a 
common pro enitor. Alternatively, hydrogenosomes may have 
arisen via enfosymbiosis with an anaerobic bacterium. The goal 
of this research is to examine the biogenesis of this unusual 
organelle. Our focus of investi ation is on targeting and 
incorporation of proteins into i e  hydrogenosome of the 
protozoan parasite, Trichomonas va 'nalis. Using enes we have 
isolated encoding two hydrogenoso:al proteins, krredoxin and 
the p-subunit of succinyl CoA synthetase (B-SCS), the 
identification of topogenic signals directin proteins to the 
hydrogenosome is currently being investigatef We have shown 
the genes encoding these proteins are synthesized on free 

01 somes and are thus post-translationally translocated into g i  y rogenosomes. We have also shown the genes encoding these 
two hydrogenosomal proteins contain short amino-terminal leader 
sequences which are absent from the mature proteins isolated 
from hydrogenosomes. The biochemical nature of these amino- 
terminal leader sequences are strikingly similar to each other, and 
to mitochondrial protein presequences. We propose that the 
amino-terminal leader sequences function as targetin signals for 
translocation into the hydrogenosomes. To examine tks, we have 
established an in vitro im ort assay which involves mixing purified 
h y d r o g e n o s o m a  ra$olabelled ferredoxin and determining if 
the protein is translocated into the organelle. Successful import is 
demonstrated by protection of the radiolabelled ferredoxin from 
added protenases, and cleavage of the amino-terminal leader 
sequence. Initial import assays show that the radiolabelled 
ferredoxin does associate with the hydrogenosomes. 
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C 422 TRANSLATION OF NEMATODE mRNA IN A HOMOLOGOUS 

Nilsen, Depamnent of Molecular Biology and Microbiology, Case 
Western Reserve University School of Medicine, Cleveland OH 44106 
Extracts prepared from 32-64 cell Ascaris lumbricoides embryos have 
previously been shown to catalyze transcription by RNA polymerase I1 
and 111 as well as both cis and trans-splicing. Here we describe 
modified whole cell extracts which are active in translation. The 530 
extracts are prepared in extremely low salt and show comparable 
reinitiation actnrity to in v i m  translation extracts prepared from mam- 
malian cells. The Ascaris extracts were rendered message dependent 
by microcOcuil nuclease treatment and programmed with Ascaris poly- 
adenylated RNA. Hybrid arrest experiments with an oligodeoxynucleo- 
tide complementary to the 22 nt SL sequence indicate that the majority 
of mRNAs are trans-rptrced. These results contrast with previous deter- 
minations of nemalode trans-splicing frequency derived from experi- 
ments using rabbit reticulocyte lysates. m e  underestimate of trans- 
splicing obtained from reticulocyte analyses probably results from the 
fact that reticuloeyte extracts translate trimethylguanosine capped RNAs 
(tr8ns-spliced messages in nematodes possess trimethylguanosine 
caps) very hef?idenily. Our results indicate that trans-splicing plays a 
much more important role in nematode mRNA metabolism than pre- 
viously suspected. 

CELL FREE SYSTEM. Patricia A. Maroney and limothy W. 
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and Richard Le Page, University of Cambridge Department of Pathology, 
Cambridge CB2 IQP, U.K. 
The use of RFLP and isoenzyme markers has established that genetic 
exchange readily occurs under laboratory conditions between 
Trypanosoma brucei sub-group organisms' during the course of their 
cyclical development in the tsetse fly vector. It is now apparent that 
trypanosome snains are widely inter-fertile, and that mating is an optional 
and not an obligatory process in relation to the growth and development of 
T. brucei in the tsetse fly hostz. However, the actual frequency of mating 
and recombination in the field remains unknown. When large samples are 
taken of trypanosome populations from wild caught tsetse flies the genetic 
markers present appear to reasson in every possible c~mbinat ion~.~.  The 
influence of genetic recombination on such aspects of the epidemiology of 
trypanosomiasis as the origin of new epidemic strains, host-preference, 
virulence, and the spread of drug-resistant traits needs to be better 
understood, and this calls for improved methods of strain characterisation. 
We are therefore developing chromosome-specific genetic markers. 
We have analysed the pulse field gel karyotypes of sets of parental and 
hybrid nypanosomes recovered from laboratory matings, and identified 
gel bands representing chromosomes in the size range 1-2Mb. Fragments 
of these chromosomes have been cloned into bacteriophage PI.  This 
library comprises contiguous and overlapping DNA fragments of 75- 
95kb. Additionally, randomly primed fragments of genomic DNA from 
the same defined chromosomes have been used to probe a trypanosome 
cDNA library. cDNA clones which hybridise to the random probes 
derived from a defined chromosome are being assigned to specific regions 
of that chromosome within our P1 library. Once sufficient cDNA clones 
have been isolated and mapped, we shall determine the positions of the 
cross-over and breakage events which occur during mating in the tsetse 
fly and estimate recombination frequencies and the physical and map 
distances between our markers. These studies will then extend to the 
comparison of marker distributions in field strains. References: 1. Jenni 
L. et al (1986) Nature 322. 173.175. 2. Tait A. & Turner C.M.R. (1990) 
Parasitology Today 6, 70-75. 3. Gibson W.C.(1990) Parasitology Today 
4,343.4. Mihok S .  et al(1990) Parasitology m, 219-233 

CHROMOSOME-SPECIFIC GENETIC MARKERS FOR 
TRYPANOSOMA BRUCEI, Sara Melville, Justin Sweeunan 

C 423 NON-CYTOCHROME MEDIATED OXIDATIVE 
PHOSPHORYLATION IN MITOCHONDRIA OF 

BLOODSTREAM FORM TRYPANOSOMA BRUCEI BRUCEI. 
Raj K. Maturi, E. Jay Bienen, Georgios Pollakis and AUen B. 
Clarkson, Jr., Department of Medical and Molecular Parasitology, 
New Ycrk University Medical Center, New York. N.Y. 10016. 
The mitochondria of bloodstream forms of Trypanosoma brucei 
brucei are highly active but have a reduced range of function. In 
contrast to the tsetse-infective procyclic form, they completely lack 
cytochromes and do not have a functional Krebs cycle. However, 
the intermediate and short stumpy bloodstream forms, the presumed 
bloodstream precursor to insect procyclic forms, have a 
mitochondnal electrochemical potential, an oligomych-sensitive 
ATPase, and an NADH dehydrogenase complex (site I of oxidative 
phosphorylation). These properties suggested the possibility of 
cytochrome-independent oxidative phosphorylation. We confirmed 
that the mitochondria1 substrate a-ketoglutaarate (a-KG) can support 
respiration (and motility) in the absence of other carbon sources. We 
find that this a-KG-supported respiration and motility is inhibited by 
oligoinycin indicatriig that the respiration is tightly coupled to 
oxidative phosphorylation. This is further suppomd by the 
observation that bongkrekic acid (an inhibitor of the mitochondnal 
adenine nucleotide translocase) also blocks respiration and motility. 
Neither of these inhibitors interfere with glycerol-3-phosphate 
supported respiration, as expected. We find that a-KG will maintain 
a constant whole cell ATP concentration in intermediate and short 
stumpy forms but the addition of either oligomycin or bongkrekic 
acid significantly reduces it. Oxidative phosphorylation in the 
complete absence of cytochromes is a unlque observatlon. Only one 
of the classic three sites of oxidative phosphorylauon is utilized, site 
1, and the reduced ubiquinol produced by site 1 is reoxidized by the 
trypanosome alternative oxidase (TAO). The TAO thus panially 
substitutes for the function of cytochromes that do not develop untd 
the parasite transforms into a procyclic form. 

C 425 LEISHMANIA DONOVAN1 ENHANCES MACROPHAGE 
V I A B I L I T Y  I N  THE ABSENCE OF EXOGENOUS 

GROWTH FACTOR, Kathryn J. Moore and Greg 
Matlashewski, I n s t i t u t e  o f  Paras i to logy ,  M c G i l l  
Univers i ty ,  ste. Anne-de-Bellevue, Quebec, Canada. 
Leishmania donovani is  an o b l i g a t e  i n t r a c e l l u l a r  
protozoan which  co lon izes  t h e  macrophage system of 
i ts  vertebrate h o s t  caus ing  v i s c e r a l  l e i shman ias i s  
i n  humans. w e  r o u t i n e l y  use  qu ie scen t  murine bone 
marrow der ived  macrophages (BMM) i n  ou r  s t u d i e s  on 
Leishmania-host cell  i n t e r a c t i o n s  and have 
c o n s i s t e n t l y  ObSeNed more BMMs i n  c u l t u r e s  
i n f e c t e d  w i t h  L. donovani t han  i n  c o n t r o l  
c u l t u r e s .  Normally, BMMs d i f f e r e n t i a t e d  i n  the  
presence  of CSF-1 undergo a d e c l i n e  i n  ce l l  
v i a b i l i t y  of approximately 90% wi th in  2 4  hours  
upon removal of t h i s  growth f a c t o r .  W e  have 
observed t h a t  3 day old BMMs c u l t u r e d  i n  CSF-1 
con ta in ing  media and then  subsequent ly  i n f e c t e d  
w i t h  &. donovani i n  t h e  absense  of growth f a c t o r ,  
exh ib i t ed  an approximate 50% a t t e n u a t i o n  of t h i s  
observed r ap id  dea th  of t h e  ce l l .  T h i s  imp l i e s  
t h a t  i n t r a c e l l u l a r  i n f e c t i o n  w i t h  L.  donovani is  
able t o  p a r t i a l l y  circumvent t h e  dea th  of i t s  hos t  
ce l l  i n  t h e  absence of s p e c i f i c  growth f a c t o r .  
T h i s  may r ep resen t  a mechanism i n  which t h i s  
p a r a s i t e  enhances i ts  own s u r v i v a l  o r  i n c r e a s e s  
its t a r g e t  c e l l  numbers wi th in  t h e  hos t .  W e  are 
c u r r e n t l y  i n v e s t i g a t i n g  t h e  effects of &. donovani 
i n f e c t i o n  on growth f a c t o r  product ion  i n  
macrophages . 
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FUNCTIONAL AND GENETIC SiMILARITIES TO THE 
W A N  COMPLEMENT REGULATORY PROTEIN, DECAY 
ACCELERATING FACTOR, Karen A. Noms', Bonnie Brad& 
and N. Coopers , *University of Pittsburgh School of 
Mediane, Pittsburgh, PA 15261 and * Research Institute of 
Scripps Clinic, La Jolla, CA 92034. 
Evasion of destruction by the host complement (C) system is 
an essential event in the establishment of infection by many 
microorganisms. In the case of Trypanosoma cruzi, lysis of 
the bloodstream forms requires antigen-specific antibodies 
and proceeds mainly via the alternative complement pathway 
(AP). One target for such antibodies is a 160 kDa surface 
glycoprotein, which we have purified and shown to be a C 
regulatory protein. Biochemical and genetic analyses of gp160 
reveal similarities to human decay accelerating factor (DAF). 
The T. cruzi gp160 protein restricts C activation by binding C3b 
and inhibiting AP C3 convertase formation and stability. The 
protein is anchored in the parasite membrane via a glycosyl 
phosphatidylinositol linkage, similar to DAF. Using anti- 
gp160 antibodies, we have isolated a portion of the gp160 gene 
and found that it shares significant DNA sequence homology 
with the human DAF gene. Anti-gpl60 antibodies which 
mediated C lysis of the parasites were found to inhibit gp16Ch 
C3b binding. Antibodies to unrelated T. cruzi surface 
glycoproteiw were not able to support C lysis or block C3b 
binding. Based on these results, we propose that the 
mechanism of antibody dependent, antigen speafic lysis of T. 
cruzi via AP is the result of speclfc anti-gpl60 antibodies 
which block the C regulatory activity of gp160 at the parasite 
surface. This allows unrestricted deposition and amplification 
of C on the parasite surface resulting in lysis. 

CHARACTERIZATION OF A Trypanosoma cruzi 
COMPLEMENT BINDING PROTEIN WITH 

C 428 METRONIDAZOLE RESISTANCE IN TRICHOMONAS 
VAGINALIS, D.V.K. Quon and PJ. Johnson, Department of 

Microbiology & Immunolo and Molecular Biology Institute, 
U C W  LOS Angeles, CA 9&4 
Trichornonar vugindk is a human infective, sexually transmitted, 
protozoan parasite which is a common cause of vaginitis. Drug 
resistant strains of trichomonads have been isolated from women 
who were refractory to treatment with metronidazole, the drug 
used for treatment of trichomoniasis. Metronidazole is 
administered as an inactive prodrug and is reduced to its 
form by the hydrogenosomal protein, ferrodoxin 
investigated a possible role for T. uugzndis ferredoxin in drug 
resistance. Western blot analysis has shown that the ferrodoxin 
Ievels in four drug resistant strains are decreased as compared to a 
drug sensitive strain. Similarly, Northern blot analysis has 
revealed that ferrodoxin mRNA levels are reduced by 50% in 
resistant strains. We have also shown, by nuclear run-on assays, 
that ferredoxin ene transcription is reduced by 4@60% in 
resistant strains. %he ferrodoxtn gene and its 5' upstream region 
have been sequenced and compared among drug sensitive and 
resistant strains. Two point mutations, at -178 and -239 nts 
relative to the start of transcription, have been identified in a 
resistant strain. Using nuclease protection and gel shift assays, we 
have shown that a protein of approximately 23 kDa binds to a 28 
b region that encompasses the mutation at -239 nt. The affinity 
orthe protein for this site is reduced in the mutant. These data 
correlate drug resistance with down regulation of ferredoxin gene 
transcri tion and suggest that the observed reduction in 
intracelhir ferredoxin limits the cell's ability to activate 
metronidazole. 

C 427AN ANTIFOLATE RESISTANCE DETERMINANT ON THE 
H CIRCLE OF LEISHMANIA, Barbara Papadopoulou, 

Gaetan Roy and Marc Ouellette, Laboratoire et Service 
d'lnfectiologie. Centre de Recherche du CHUL and Departement 
de Microbiologie, Universite Laval. Quebec, Canada. 
Amplification of H circles, already present in some wild type 
Leishmania, has been described in several Leishmania species 
selected for resistance to unrelated drugs. One of these drugs, 
the antifolate methotrexate (MTX). is also capable of inducing de 
novo generation of H circles. Vinblastine and arsenite resistant 
Leishmania mutants having amplified H circles were found to be 
weakly cross resistant to MTX. Taken together these results 
suggest that a MTX resistance determinant is present on the 
circle. Fragments of an H circle isolated from a MTX resistant 
strain were subcloned in a vector suitable for transfection 
experiments in Leishmania. Several subclones. conferring high 
level MTX resistance were obtained, the smallest having an 
insert of 4.2 kb. This fragment was also capable of conferring 
low level cross resistance to trimethoprim and pyrimethamine, 
two other antifolates. Analysis of the nucleotide sequence of the 
4.2 kb fragment is in progress. Two putative genes have already 
been found to be encoded by this region. One is a homolog of 
arginine succinate synthetase, an enzyme involved in the 
penultimate step of arginine biosynthesis. A second open 
reading frame shows significant similarities with the superfamilly 
of short-chain alcohol dehydrogenases. This class of enzymes 
encompasses several different activities in a wide range of 
organisms. from prostaglandin dehydrogenase in human to 
polychlorinated biphenyl degradation in Pseudomonas. 
lntituively it is difficult to ascribe a role to either of these two 
genes in antifolate resistance. Transfection experiments of the 
isolated genes as well as further sequence analysis are in 
progress to identify the antifolate resistance determinant. As 
expected the arginine succinate synthetase was not related to 
MTX resistance. 

C 429 KARYOTYPEOFDIFFERENTGEOGRAPHIC ISOLATES 
OF BABESIA EOVIS AND BABESIA EIGEMINA, *Bimal 

K. Ray, "Craig W. Bailey, tJames B. Jensen and *C. Andrew 
Carson, 'Department of Veterinary Microbiology, College of 
Veterinary Medicine. Universty of Missouri, Columbia, MO 6521 1 
and tDepartment of Microbiology, Brgham Young Universty, 
Provo, Utah 84601 
Pulsed field gradient gel electrophoresis was used to compare 
chromosomes of Mexican, Costa Rican and Australian isolates of 
8. bovis and Mexican and Costa Rican isolates of 8. bigemina. 
Three molecular species ranging in size from about 1 .O to 3.0 Mb 
were present in each of the 8. bovis samples. A fourth 
chromosome (slightly smaller than 1.0 Mb) was present in the 
Mexican isolate, which had been passaged continuously in cell 
culture for nearly 10 years. There were four chromosomes, of 
approximately 0.7 to 4.5 Mb, in the 8. bigemina samples. 
Chromosomal polymorphism appeared to distinguish each 8. 
bigemina isolate. Eabesia species-specific probes were used to 
confirm the identity and purdy of samples. 
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ENCODE THE 3 . 4  AND 3.7 KB CLASSES OF W A S ,  
Barbara J. RUef and Jerry E. Manning, Department 
of Molecular Biology and Biochemistry, 
University of California, Irvine, CA 92717 
Trvnanosoma cruzi expresses a trypomastigote 
specific surface antigen whose gene, TSA-1, has 
been isolated and characterized from the Peru 
strain. TSA-1 1s a member of a multigene family 
(Peterson, et al, 1989) with multiple members 
being expressed simultaneously within a single 
parasite (Kahn, et al, 1990). TSA-1 is 
distinguished from other members of the family 
by harboring a 27 nt tanden repeat within the 
coding region of the gene. We have previously 
identified two classes of Poly A+ RNA of sizes 
3.7 and 3 . 4  kb that share sequence homology with 
this multigene family (Fouts, et al, 1991). In 
the Peru strain the 27 nt repeat unit is present 
only in the 3.7 kb class of RNA. In contrast, 
recent hybridization studies have revealed the 
presence of this repeat unit only in the 3 .4  kb 
class of RNA in the Silvio X10 strain. We have 
determined from Southern blot analysis of total 
genomic DNA that Silvio contains only one member 
in the subfamily defined by the 27 nt repeat 
unit, A Silvio cDNA, TSA-2, has been isolated 
and its nucleotide sequence determined. TSA-2 
is >go% homologous to TSA-1 beginning in the 5' 
UT region through the putative translational 
start site and continuing through the 27 nt 
repeat region with the notable exception of a 
deletion of the region in TSA-1 corresponding to 
the signal sequence. The 3' end of TSA-2, from 
the repeat region through the poly A tail, 
shares no significant homology with TSA-1. 
These results suggest the transport and 
cellular location of proteins encoded by the 3 . 4  
kb class of RNAs may differ from that of the 3.7 
kb class of RNAs. 

COMPARISON OF THE GENE SEQUENCE OF 
MEMBERS OF THE TSA GENE FAMILY WHICH 

C 432 GENE EXPRESSION BY BRUGIA MALAY1 L2s 
DURING DEVELOPMENT WITHIN THE INSECT 

VECTOR, Alan L. Scott and Ponvandee Yenburt. Department of 
Immunology and Infectious Diseases, School of Hygiene and Public 
Health, Johns Hopkins University, Baltimore, MD. 21205. 
Filarial nematodes undergo dramatic changes during their development 
within the insect vector. The transformation from a microfilariae to 
a L2 to a mature infective stage larvae is characterized by striking 
changes in the morphology of the larvae as well as changes in the rate 
and number of proteins being synthesized. The goal of this study was 
to begin to understand the patterns and regulation of protein 
expression by filarial larvae as the develop within the insect vector 
with special emphasis on investigating the expression of the antigens 
associated with the surface of L3 larvae. The results of surface and 
metabolic labeling experiments indicated that the major B. malavi L3 
surface-associated antigens are synthesized by late L2/early L3 
parasites and that the synthesis of L3 surface antigens ceases when the 
larvae exit the vector. An approach utilizing the polymerase chain 
reaction (PCR) was employed to amplify the mRNA/cDNA being 
produced by B. & larvae obtained after 8 days of development in 
the mosquito flight muscles. A sub-population of larval message was 
obtained by amplifying transcripts containing spliced leader (SL) 
sequences at their 5' ends. The SL-containing sequences were ligated 
into vectors and the B. g!&j L2 SL library was subjected to 
differential screening to identify genes that may be expressed in a 
stage-specific fashion. This approach resulted in the cloning of 
several SL-containing genes that are expressed by all stages of the 
parasite, such as g:yceraldehyde-5-phosphate dehydorgenase, as well 
as genes that are expressed only by the L2 or L3 stages. One such 
gene encodes for a 44 kDa protein that is expressed exclusively by B. 

L2s during development in the insect flight muscles. The 
method of using PCR to amplify complex populations of 
mRNA/cDNA obtained from a small number of larval parasites may 
find a general use in those situations where parasite or other tissues 
are limited. 

C431 MEMBRANE TRAFFICKING THROUGH THE 
PARASITOPHOROUS VACUOLE OF LfISHMANIA- 

INFECTED MACROPHAGES. David G.  Russell and 
Prasanta Chakraborty. Department of Molecular 
Microbiology, Washington University Medical School, St. 
Louis, MO 63110. 
lmmunoelectron microscopical characterization of the 
parasitophorous vacuole of macrophages infected with 
Leishmania mexicana indicates that the vacuole 
resembles a lysosome with respect to contents and 
membrane constituents. This presents problems for the 
parasite. with respect to survival, and the macrophage, 
regarding maintenance of this compartment. 
The parasitophorous vacuole of an established infection 
(>72hrs) appears to fuse readily with vesicles 
containing lysosomal hydrolases, but is reluctant to 
fuse with vesicles containing endocytosed material. 
Analysis of the trafficking of labelled ligands. both at 
the fluorescence and EM level, reveals that, although 
infected macrophages readily endocytose ligands. such 
as transferrin, b-glucuronidase, a-2macroglogulin, and 
fluid phase markers, little material enters the 
parasitophorous vacuole. In contrast, biottnylation of 
surface-exposed proteins on infected macrophages 
shows that constituents of the plasmalemma traffic 
through the parasite-containing compartment. This 
suggests that endocytosed material is likely dissociated 
from its receptor, or degraded prior to mixing of the 
endocytic network with the parasitophorous vacuole. 
The results indicate a flow of membrane components 
through the vacuole and studies with parasite specific 
antibodies are currently underway to describe egress 
pathways and their point(s) of intersection with 
potential antigen presentation pathways. 

C 433 IgG RESPONSES TO LEISHMANIAL A N D  

BCGLEISHMANIA VACCINATION TRIAL, Claire E. Sharples, 
Marie-Anne Shaw, Marianella Castes and Jenefer M. Blackwell, 
Depamnent of Medicine, University of Cambridge Clinical School, 
Addenbrwk's HospitaL, Cambridge UK CB2 2QQ and Instituto de 
Biomedicina, Apartado 4043, Caracas IOlOA, Venezuela. 
Previous work has shown that immunotherapy (BCG + killed 
promastigotes) is effective in the lratment of South American 
cutaneous leishmaniasis. In 1988 a vaccination trial was initiated to 
study the immune responses of normal volunteas receiving BCG plus 
killed promastigotes, to determine its potential as a prophylactic 
vaccine. Initially, 692  volunteer^ were screened for skin-test reactivity 
to mycobacterial p d ~ e d  protein derivative (PPD) and leishmanial 
antigen and a sample of 208 double negative w m m  induration) 
individuals entered into the aial. Four vaccine groups were established 
to receive: (A) BCG + killed promastigotes; (B) BCG alone; (C) killed 
promastigotes alone; and (D) placebo. Three vaccine doses were 
administered at -8 week intervals. Blood samples were taken for 
analysis of antibody and T cell responses prior to each vaccination and 
at a one year follow-up. We report here on the IgG responses of 
vaccinees to crude Ieishmanial and mycobacted antigens, measured 
by ELISA. Mycobacterial antigens used in ELISA included 
Mycobacrerim leprae soluble antigen (MLSA), PPD, and a crude 
sonicate of BCG. IgG levels to all three showed a signifkcant increase 
only in groups receiving BCG, which had begun to wane at the one 
year follow-up. Responses in the placebo group remained at 
background levels throughout the trial. Interestingly, gmup C receiving 
killed promastigotes alone, showed a signiftcant decrease. in anti-BCG 
response to below background levels following the third vaccination. 
Similarly, all groups showed a reduction in anti-leishmanial antibody 
responses following vaccination. Studies in progress will examine in 
more detail both h u m d  and cellular responses to defined specific 
(GP63) and cross-reacting (HSP70) antigens. 

MYCOBACERIAL ANTIGENS IN A HUMAN 

162 



Molecular a n d  Cellular Biology of Host-Parasite Interactions 

C 434 CALCIUM REGULATED SECRETION AND 
MODIFICATION OF HOST CELL ENDOCYTIC 
COMPARTMENTS BY TOXOPLASMA. 

LD. Sibley(ll, and J.C. Bwthroydl'1. [']Department of Molecular 
Microbiology, Washington University School of Medicine, St. Louis, 
MO, [*]Department of Microbiology and Immunology, Stanford 
University School of Medicine, Stanford, C A  

cells where it resides in a modified endocytic compartment that forms 
by i n v a r , o f  the host cell plasma membrane. This vacuole 
resists 
confocal immunofluorescence (IFA) to follow the distribution of 
membrane markers for early endosomes (transfemn receptors), late 
endosomes (Man6P receptors), and lysosomes (LAMPS). Toxopfasma- 
containing vacuoles in both pha ocytic and nonphagocytic cells also 
remain devoid of the vacuolar €!'/ATPase characteristic of 
endosomes and lysosomes, suggesting their failure to acidify is due to 
an exclusion of proton pumps. In contrast, antibody opsonized 
parasites entering macrophages are ra idly delivered to vacuoles that 
are H'fATPase positive, acidify, and l!se with other endosomes and 
lysosomes. This model is being used to examine the mechanism 
whereb Toxophma enters endocytic vacuoles that resist processing. 40 identify unique modifications of this compartment that may 
explain this resistance to normal processing, we have examined the 
kinetics and regulation of secretion of GRA2, a major Toxoplasma 

anule protein of 28 kD Mr. Following invasion, GRA2 is 
secretory? rapid re eased mto ' the vacuole by regulated exocytosis of secretory and= as determined by confocal IFA and immunoEM. Cell 
gadonation studies indicate that GRA2 occurs as both a soluble 
form within the vacuole lumen and as a membrane form that 
specifically associates with a membraneous network within the 
modified vacuole. Secretion of both soluble and membrane forms of 
GRA2 by extracellular Toxophma cells is inhibited in buffers that 
simulate extracellular calcium levels (1mM) and stimulated in low 
calcium buffers (l-lO#M), as.monitored miroscopically and by 
quantitative immunoassay. S d a r l y ,  secretion of GRAZ by 
intracellular Toxoplasma following invasion is both rapid and 
extensive witbin the initial 10 min of vacuole formation. These 
findings suggest that the free [Ca"] level in the newly formed vacuole 
may mediate exocytosis of Toxopllamta secretory proteins that 
contribute to modification of the vacuole. 

Toxoplasma actively invades a wide range of vertebrate host 

sion wtth other endosomes and lysosomes as shown using 

C436LIPOPHOSPHOGLYCAN IS NOT ESSENTIAL FOR 
VIRULENCE OF Leishmania major, Anita C. Skinner, 

Malcolm J. McConville and Jenefer M. Blackwell, Department of 
Medicine, University of Cambridge Clinical School, Addenbrooke's 
Hospital, Cambridge UK CB2 2QQ and Department of Biochemistry, 
University of D u n k ,  Dundee UK DD1 4HN. 
At 1 .25~10~ copies per promastigotc (PM), liphosphoglycan (LPG) is 
the major surface molecule of L. major. It has been propod as the 
principal determinant of virulence because (i) it is the major C3 
acceptor opsonizing metacyclic PM for entry into macrophages via 
complement receptors (J Immunol 1989 143:617); (ii) it prevents 
insertion of the membrane attack complex into the PM membrane (J 
Exp Med 1988 167387); (iii) it inhibits protein kinase C (Biochem 
Biophys Res Comm 1987 148:653) and scavenges reactive oxygen 
intermediates (PNAS 1989 862453); and (iv) it protects PM from 
degradation within the macrophage (1 Immunol 1986 137:3608). To 
evaluate the importance of LF'G in infectivity we have compared the 
standard L. major LV39 suain against a naturally isolated strain 6119, 
J Trop Med Hyg 1959 62158) deficient in LPG. 48 clones of L119 
were produced by limiting dilution analysis from PM transformed from 
amastigotes (AM) isolated from footpad lesions 8 months after 
inoculation of uncloned L119 PM. Ten clones have been analysed for 
infectivity in viuo and in vilro. and for ability to bind the lectin PNA 
and MAbs against common (45D3 and WIC79.3) and metacyclic 
(3F12) specific epitopes of LPG. None express WIC79.3 or 3F12 
epitopes at any stage of the growth cycle. Despite this, 8 are stabfy 
virulent and 2 avirulent Unlike LV39, virulent L119 clones produce 
large swollen footpads with no necrosis or tissue damage. Two clones 
bind 45D3, suggesting that its epitope may reside close to the GPI 
anchor of a truncated LPG, or on the terminal mannose cap common 
to both LPG and the glycoinositol phospholipids (GIPLs; J BioI Chem 
1990 265:7385). 45D3 expression does not correlate with infectivity. 
Uncloned LI 19 PM express GIPLs, and we are now analysing PM and 
AM of the clones in detail for polymorphism in carbohydrate/protein 
structure and/or expression of GIPLs, GP63 or HSP70. 

C 435 A RIBONUCLEASE ACTIVITY IN MITOCHONDRIAL 
EXIRACTS OF LEISHMANIA TARENTOLAE IS 

ACTIVATED BY DIGESTION WITH PROTEINASE K OR BY 
HEPARIN, Agda M. Simpson, Norbert Bakalara and h r r y  
Simpson, Department of Biology and Molecular Biology Institute, 
University of California, Los Angeles, CA 90024 
A ribonuclease activity in a lW,Ol%g supemate of a Triton lysate 
of a mitochondrial-kinetoplast fraction from Leishmania tarentolae 
is activated by incubation with heparin or by pre-digestion of the 
lysate with proteinase k or pronase. In vitro transcribed pre-edited 
cytochrome b mRNA is cleaved at several sites. With time, 
complete degradation of the RNA occurs. All cleavages occurred 
within putative single stranded regions of the RNA No cleavage 
was observed with 9s r R N k  The presence of a nonspecific 
nucleotide or nucleoside slows the rate of cleavage. The cleavage 
activity is inhibited by SDS or phenol/chloroform extraction, is 
retained by a 10 kd cutoff filter, and passes through a 30 kd filter. 
Micrococcal nuclease inhibits the proteinase-induced activity but 
not the heparin-induced activity. The role of this cleavage activity in 
RNA processing or turnover is unknown. A possible role of this 
activity is as a component of the enzymatic machinery for RNA 
editing. 

C437 A YAC BASED PHYSICAL MAP F THE UBIQUITIN- 
CAIWODULIN GENE COWEX. 'Svindle. 3. and 

'Ajioka. J.W. 1) Dept. of Microbiology and Immunology, 
University of Tennessee, 858 Madison Ave.. Memphis, TN 
38163. 2) University of Cambridge Clinical School, Dept. 
of Medicine, Level5, Addenbrooke's Hospital. Hills Road, 
Cambridge CB2 2QQ. UK. A yeast artifical chromosome 
(YAC) cloning system vas used to generate a non-rearranged 
Trvoanosoma GI!&& genomic library. Due to the repetitive 
nature of trypanosome genomes most genomic libraries gen- 
ereted using plasmid and phage based cloning systems con- 
tain large deletions and/or gene rearrangements, as a re- 
sult of recombination heween members of the tandemly re- 
peated gene families. Therefore ft is often difficult to 
ascertain vhether or not a clone of interest represents an 
accurate reflection of the genomic map. In an attempt to 
circumvent these problems a 1. GI!&& genomic library vas 
generated using YACs. High molecular weight genomic DNA 
was isolated and subjected to partial EcoRI digestion. A 
ZOOKbp to 300Kbp size fraction was isolated and lighted 
into the EcoRI site of pYAC4 (Burke, D.T., et al., 1987. 
Science =:806-812). e se=evisiae strain 
AE1830 was transformed- trp transformants 
isolated. Two thousand transformants, representing a ten 
fold library, were picked into an ordered array and 
screened using a I. cruri ubiquitin gene probe. Eight 
clones hybridizing to the ubiquitin probe vere isolated 
and five vere analyzed using chromosome gels, Southern 
blots and polymerase chain reaction. Three of the five 
clones displayed no rearrangements within a 30Kbp DNA 
sequence containing the linked ubiquitin and calmodulin 
genes. This region contains five calmodulin genes, five 
ubiquitin-fusion genes and five polyubiquitin genes 
represencing a total of approximately fifty copies of the 
ubiquitin coding sequence. Only one of the N o  calmodulin- 
ubiquitin loci vas represented in the library raising the 
possibility that the other is telomeric. An accurate 
physical map of a genome consisting largely of repetitive 
tandem arrays is dependent on obtaining long (>30Kbp) 
contiguous DNA fragments. Therefore the use of the YAC 
cloning system may greatly facilitate the generation of 
truly representative genomlc libraries from trypanoaomes. 
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C430 THE 85 kDa TRYPOMASTIGOTE SURFACE 
ANTIGEN FAMILY OF TRYPANOSOMA CRUZI: HOMOLOGIES 
AND DOMAIN STRUCTURE. Garrv B. Takle and George A.M. 
Cross, Laboratory of Molecular P&asitology, The RoFkefeller 
University, 1230 York Avenue, New York, NY10021. 
The sequence of a cDNA (Tt34cl) encoding a Trypanosoma cruzi 
nypomastigote specific 85 kDa surface glycoprotein indicates that the 
peptide contains two eight amino acid motifs, SXDXGXTW, that are 
characteristic of bacterial neuraminidases and that occur in other 
glycosidases and sugar-attachment proteins. The deduced peptide 
sequence of the N-terminal domain of Tt34cl is approximately 30% 
homologous to the complete sequences of neuraminidases from 
Clostridiwn perfringens and C.sordellii, and this domain may define 
the sugar-bindinglglycosidase functional region of the protein. Tt34cI 
is also highly homologous to other T.cruzi surface proteins, some of 
which contain extensive regions of C-terminal repeats, and alignment 
of available sequences indicates a highly conserved peptide motif 
(VTVXXVXLYNR) located just upstream of these repeats. The 
function of the C-terminal domain is unclear upstream of the 
hydrophobic C-terminus that is probably replaced by a glycosyl 
phosphatidylinositol membrane anchor, however, the polypeptide 
repeats may k used to extend the N-terminal functional domain from 
the surface of the membrane. Gp 85 is encoded by an extensive 
variant multigene family that is distributed throughout the genome, 
multiple copies of which are simultaneously transcribed, since gp85 
clones, PCR amplified from trypomastigote mRNA, contained 
sequences varying at insertions and point mutations. Using expression 
constructs, derived from the N-terminal and C-terminal domains of 
Tt34cl. in bacterial and mammalian systems, the activities of the 
different regions of the glycoprotein have k e n  Investigated, and these 
data will be reported. 

C 440 

Richard G. Titus and Cynthia M. Theodos, Department of 
Tropical Public Health, Harvard School of Public 
Health, Boston, MA 02115 
Leishmania major (Lm)-specific T cell clones were 
derived from the draining lymph nodes of Lm-infected, 
genetically-resistant C3H mice. FACS analysis 
revealed that the clones were CD4+ T cells which 
expressed the Vp8.l chain of the ap T cell receptor. 
Adoptive transfer studies demonstrated that one 
clone, 83, exacerbated cutaneous leishmaniasis, while 
a second clone, E l ,  had a protective effect. 
Lymphokine analysis of these clones revealed that B3 
produced interleukin 2 (1L-2) and interieukin 4 (IL-4) 
in response to Lm. In contrast, E l  produced IL-2, 
interferon gamma (IFN-y), tumor necrosis factor (TNF) 
and migration inhibition factor (MIF). Since IFN-y, TNF 
and MIF all play a protective role in cutaneous 
leishmaniasis, this suggests that protection against 
L m  involves several different cytokines. 
investigating the fine antigenic specificity of these 
clones are revealing that 83 is specific for the gp63 
surface glycoprotein of L m  and E l  is specific for a 
component of the lipophosphoglycan (LPG) surface 
molecule. 
recognizes the contaminating proteins that co-purify 
with LPG and not the LPG molecule itself. Currently, 
we are attempting to isolate the protein that E l  
recognizes within the LPG preparation. In addition, 
using a series of peptide fragments of gp63, we are 
determining the epitope of gp63 which is recognized 
by B3. Supported by NIH. 

LEISHMANIA MAJOR-SPECIFIC T CELL CLONES 
DERIVED FROM GENTICAUY-RESISTANT MICE, 

Studies 

Recent experiments suggest that E l  

c 439 THE FUNCIION OF CD4+ AND CD8+ T CELLS IN 
E X P E W N T A L  Tmanosorna c@ INFECIION, 

Rick L. Tarleton, T. Shields. M. Postan and M. Heiges, Department of 
Zoology, University of Georgia, Athens. GA 30602. 
We have used antibody depletion protocols and mutant mice which fail 
to express the normal beta-2-microglobulin gene to determine the 
contribution of CD4+ and CD8+ to immunity to 1. c d .  Treatment 
of the normally resistant C57BU6 mouse with antibody to either CD4+ 
or CD8+T cells resulted in high parasitemias and 100% mortality 
when the treatment was initiated at the time of infection. However if 
antibody treatment was delayed until day 15 of infection (for anti-CW) 
or day 30 (for anti-CDS), only moderate increases in parasitemia and 
uniform survival of infection were observed. Further examination 
revealed that antibody treatment failed to completely deplete the 
targeted cell population in T_ &-infected mice eventhough the same 
treatment was effective in normal mice. Increasing the amount of 
antibody administered or combining thymectomy and antibody 
treatment likewise failed to achieve total T cell depletion in T, c d -  
infected mice during the acute phase of infection. Nevertheless, these 
antibody-treated T_ a - i n f e c t e d  mice appeared to befunctiomlly 
depleted based on their decreased resistance to infection and decreased 
antibody response to T, g. T cell subset depletion in the post-acute 
and chronic stages of T_ infection neither exacerbates the primary 
infection nor compromises resistance to re-infection. Mice in which 
the beta-2-microglobulin (beta-2-M) gene had been dismpted by 
homologous recombination fail to express class I MHC gene products 
and lack mature CD8+ T cells. These mutant mice uniformly generate 
high parasitemias and die during the acute phase of T_ Cnrzi infection. 
Despite their increased susceptibility to T_ infection, beta-2-m -/- 
mice are more responsive in terms of lymphokine production, 
producing higher levels of both IL-2 and IFN-gamma in response to 
mitogenic stimulation. In addition, the beta-2-m f mice show 
essentially no inflammatory response in infected tissue. These results 
further support the conclusion that both C W +  and CD8+ T cell subsets 
are required for initial control but are expendable after the first 30 days 
of T, infection in the mouse. In addition, these results support the 
role of CD8+ T cells and/or class I expression in unmunoregulation and 
pathogenesis in the infection. 

C441 A SEQUENCE INSERTION TARGETING VECTOR FOR 
LEISHMANIA ENRIETTU. James F. Tobin and 

Dyann F.  Wirth, Department of Tropical Public 
Health, Harvard School of Public Health, Boston, 
MA 02115 
We have previously demonstrated that Leishmania 
enriettii contains the enzymatic machinery to 
mediate efficient interplasmidic homologous 
recombination. In this report we show that a 
sequence insertion targeting vector, pALT-Neo-Tub, 
can be inserted into the genome of L. enriettii by 
homologous recombination between a-tubulin 
sequences found in the plasmid and their homologs 
in the genome. pALT-Neo-Tub, a pBluescript 
derived vector containing the wr gene flanked by 
the a-tubulin intergenic and a-tubulin coding 
sequences, was used to transfect cells to G418 
resistance. Analysis of the DNA from the drug 
resistant clones indicates that all of the 
insertion events are restricted to the Q-tubulin 
gene repeats. As little as 200 base pairs of 
sequence homology between the plasmid and the 
genome is required for integration. Nonhomologous 
recombination events are not detected. These 
results indicate that exogenous DNA sequences can 
be integrated into the L. enr'et ' '  genome 
provided that the are flanked by ioni0":;gous DNA 
sequences. 
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C 442 MOLECULAR RECOGNITION OF Trvuanosoma 
cruzi TRYPOMASTIGOTES BY, HOST CELLS, 

Fernandomalta  and Maria F. Lima. Divlsion of Biomedical 
Sciences and Department of Microbiology, Meharry Medical 
College, Nashville, TN 37208. 
We have purified a membrane 83 kDa glycoprotein from 
trypomastigote forms of T. cruzi which binds to host cells in a 
ligand receptor interaction manner. This purified T. cruzi 
adhesion molecule binds to host cells and blocks the binding 
and internalization of tlypomasti otes into host cells in a con- 
centration dependent manner. '&is cell adhesion molecule is 
developmentally regulated in the cell cycle of the parasite, 
since it is expressed in invasive trypomastigotes, but not in 
non-invasive epimastigotes. The expression of this adhesion 
molecule is up- and down-regulated in T. cruzi tpomastigote 
clones of different invasive abilities, indicating that the 
mechanisms involved in the regulation of the expression of this 
adhesion molecule in the trypomastigotes may modulate 

arasite virulence and infection in the mammalian host. 
k-glycanase treatment of this purified adhesion molecule 
releases complex-type olygosaccharides. We have produced a 
battery of monoclonal antibodies against the native trypomas- 
tigote cell adhesion molecule which recognize the 83 kDa on 
the arasite surface. One of these monoclonal antibodies 
( k &  recognizes a cellular attachment domain in the 
trypomastigote cell adhesion molecule and inhibits the attach- 
ment and internalization of highly invasive trypomastigote 
clones into host cells in a concentration dependent manner. 
During the attachment of invasive t omastigotes to host 
cells, trypomasti otes bind to s u r z e  polypeptides of 
molecular weight 4f and 50 kDa on myoblasts. These polypep- 
tides may function as host cell receptors for the parasite. 
(Su orted by NlH grant AI 25637, AID grant DAN 5053-G- 
ol3&83,00 and NSF grant RII-9005826). 

C 444 Molecular Cloning and Sequencing of Giardia 
larnblia Virus Genornic cDNA. 
and Ching C. Wang. Department of Pharmaceutical Chemistry, 
University of Caiifomia, San Francsso, CA 94143-0446 

virus that belongs to the family of Totivituses. It has been found in 
approximately one-third of the isolates of G. lamblia and does not 
infect other protozoa tested. During replication, it generates a 7 kb 
single-stranded RNA transcript (ssRNA) that is the message as 
well as the replicative form of its double-stranded genome. Using 
gel-purified ssRNA as template to synthesize the cDNA, several 
partial GLV-cDNA fragments have been cloned into the 
pBluescript vector. Viral origin of these inserts are verified by 
Southem and Northern hybridizations. S1 nuclease protection 
reactions are further carried out to eliminate possible cloning 
artifacts or sequence rearrangements. Positive clones are 
subsequently bridged by a combination of primer-extension and 
polymerase chain reaction (PCR) to generate large dones of 
overlapping regions. Using this stiategy, we have obtained 
several larger clones and combined the nucleotide sequences into 
2 large discrete regions, consisting of respectively 2,814 and 
1.052 nucieotides (nt). Each of these regions shows one open- 
reading frame (ORF) throughout, of 938 and 350 amino acrds (aa) 
respectively. The ORF of 938 aa contains 15% basic amino acids, 
has an estimated pi of 9.7 and shows all consensus motifs of RNA- 
dependent RNA polymerases (RDRP). whereas the other ORF of 
350 aa has a predicted pi of 4.9 and shares limited homology with 
those of Kunjin virus polyprotein. 

Alice L. Wang, Kathy A. Shen. 

Giardia lamblia virus (GLV) is a non-segmented dsRNA 

C443CHROMOSOMAL AND EXTRACHROMOSOMAL 
VARIATION IN T.CRUZ1. Wilma Wagner and Magdalene 
So. Department of Microbiology and Immunology, 
Oregon Health Sciences University, Portland, OR 
97201. 
We examined genomic alterations that could reflect the 
broad spectrum of biological differences among T. cruzi 
strains. DNA mediated changes among four strains 
were indicated by variation in the size and number of 
chromosomes analyzed under pulsed-field conditions 
for the separation of linear DNA. When we modified the 
pulsed-field separation conditions for T. cruzi DNA we 
also identified a 75 kbp large e x t r a c h r o m o s o m a l  
circular DNA (LED) that is stable during developmental 
conversion of T. cruzi. LED contains rRNA, spliced 
leader (sl) sequences and about 50 copies of a 196 bp 
repeat encoded on all chromosomes of the T. cruzi Y 
strain. DNA structures similar to LED exist in other 
Kinetoplastida that do not contain minichromosomes. 
The sequences encoding rRNA, the sl and the 196 bp 
repeats vaned on LED from different J. cruzi stains and 
other Kinetoplastida. In T. cruzi Y trypomastigotes the 
amount of sI repeats in LED decreased over time. We 
previously observed changes in the chromosomal 
location of the sl clusters in epi- and trypomastigotes 
of the Y strain. Taken together, our data suggest that 
the sl clusters on the chromosomes as well as on LED 
undergo genomic rearrangements in T. cruzi. 

c 445 THE EFFECT OF PROTEIW -1s 
INHIBITORS ON GP63 RNAS, M.E. Wilson, KE. 

Paetz, and J.E. Donelson, De artments of Medicine and 
Biochemistry, Univ. of Iowa, fowa City, IA 52242 
The amount of the major surface glycoprotein gp63 expressed b 
kishmanin donovrmi chagusi (Ldc) promastigotes increases d o l d  
as the arasites develop from log to stationary phase in v h .  This 
coinciles with an increase in the virulence of the organism. We 
previous1 showed that RNAs transcribed from three different 
classes oJgp63 enes are expressed differentlally during 
development o f f &  promastigotes. 2.7 kb RNAs transcribed from 
Log class gp63 genes are expressed by promastigotes in log phase 
growth, whereas 3.0 kb RNAs transcribed from Sta class gp63 genes 
are expressed primarily by promastigotes in stationary phase growth. 
To begin investigating the regulation of these different gp63 gene 
transcripts, we incubated promastigotes in inhibitors of protein 
synthesis prior to extraction of RNA Northern blots showed that 
the steady state level of Log class gp63 RNAs increased 11 to 16 fold 
after incubation in cycloheximide, whereas the Sta class gp63 RXAs 
increased only 2-fold. Tubulin RNAs increased 2-3-fold after 
incubation in cycloheximide. The increase in Log gp63 RNAs began 
30 min. and was maximal 10.5 hrs. after the addition of 
cycloheximide. A similar superinduction of the Log 
caused by inhibitors that act at different steps in trasation, 
including pactamycin which inhibits initiation, puromycin that causes 
premature termination, anisomycin that inhibits peptide bond 
formation, and emetine that inhibits translocation. Thus the effect 
was not like1 due to specific degradation of Log RNAs during its 
translation. k e  increase in Log ~ 6 3  RNA was prevented by 
actinomycin D, a transcription inhibitor, suggesting the 
cycloheximide effect was observed only when the RNA was being 
actively synthesized. We measured the T of Lo gp63 RNAs in 
intact promastigotes after preincubation g tuf fe r  fcontrol) or 
cycloheximide. The of the Log gp63 RNA was 30 min. in 
control promasti otes, and lncreased to 4 hrs. after incubation in 
cycloheximide. 8ycloheximide did not prolong the T l2 of tubulin 
RNAs to a similar extent. Thus Log gp63 transcriptshave a short 

promastigote proteins. Highly labile negative regulatory proteins, 
such as RNases, may be responsible for specific degradation of Log 
gp63 RNAs. 

63 RNA was 

which is maintained only during ongoing synthesis 
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BURGDORFERi INFECTED MICE. Limine Yane. Barbara Aranea. Yme 

THE INVOLVEMENT OF A B CELL MITOGEN IN THE 
DEVELOPMENT OF ARTHIUTIS IN BORREUA 

~~~ 

Ma. R o b  Schoenfeld.-ana Jants Weis Div&on :i Cell Biolom and 
" 

&unology, Department of Pathology, University of Utah Sch& of 
Medicine. 
Initial studies on  the specific response in the mouse to the Lyme disease 
pathogen, B.  burgdorferi, revealed that lymphocytes from naive animals 
proliferated vigorously when incubated with a sonicated antigen 
preparation. This has been funher characterized as a B cell mitogen with the 
ability to srimulate proliferation and immunoglobulin production. The 
bacteria also possess potent L-6 stimulatory activity causing splenocytes 
and enhthelial cells to produce L-6. In order to determine if the B cell 
mitogen plays a role in the development of arthritis we have utilized the 
murine model of Banhold. et a l  (J Inf Dis, 162:133). After intradermal 
injection of spirochetes into the C3WHe strain of mice 100% of animals 
w i l l  develop arthritis in the rear ankles, beginning at 1C-14 days and 
peaking at 3 4  weeks. Histology indicates proliferating synovium and 
inflammation of tendons, with no breakdown of cartilage or bone. 
Concumnt with the joint swelling i s  elevation of serum L-6 and a IC-fold 
increase in IgG. In contrast, the BALB/c mouse, which is becomes infected 
but does not develop severe adwitis, also does not display an elevation i n  
IL-6 and has only a modest increase in IgG. Funher studies of the kinetics 
of arthritis development in the C3We muse have indicated that the 
arthritis is  always associated with elevation of L-6 and circulating IgG 
Furthermore, the enlarged lymph nodes associated with B. burgdoiferi 
infected animals primarily reflect expansion of the B cell population, with 
plasma cells observed in smears prepared from lymphoid tissues. The 
expansion of B lymphocytes and increase in total IgG levels are consistent 
with a B cell mitogen acting in concen with elevated IL-6. We hypothesize 
that self-reactive antibodies may be present in the population of expanded 
IgG and that these may play a role in the pathogenesis of arthritis. The host 
genes involved in the arthritis are not known, however, comparison of the 
C 3 W e  (H-2k) mouse with the congenic C3WSW (F-2b) has indicated 
than the MHC haplotype does not determine the development of arthritis. 
Th i s  suggests that genes outside the MHC, perhaps affecting L-6 levels, 
are involved. 

Late Abstracts 
IDENTIFICATION AND CHARACTERIZATION OF TRANS SPLICED 
GENES IN SCHISTOSOMA MANSONI Richard E Davis Sandy 

Koepf Hardeep Singh. Cara Stahlman and Lee Niswander. Department of 
Biology San Francisco State University, 1600 Holloway Ave San Francisco 
CA 94132 We recently demonstrated that a subset of mRNAs i n  
Schrstosoma contain a 36 nucleotide spliced leader (SL) at their 5 
termini (PNAS 87 8879 1990) The schistosome spliced leader RNA (SL 
RNA) IS unique exhibiting no sequence identity with trypanosome or 
nematode SL RNAs and contains only two rather than three computer- 
predicted stem loops cDNA libraries enriched for schistosome rnRNAs that 
contain spliced leaders have been constructed and several mRNAs and their 
genes are currently being characterized Two genes have been selected far 
in depth analysis as they are single copy genes which produce abundant 
trans-spliced mRNAs Full length adult cDNAs corresponding to these mRNAs 
(one cDNA encodes a protein homologous to the glycolytic enzyme enolase) 
have been sequenced and primer extension sequencing of the mRNAs has 
confirmed that the spliced leader 15 terminally located These mRNAs are alSO 
expressed and trans-spliced in cercaria Sequence analysis of these genes 
indicates that both cis and trans splicing occur within the same transcripts We 
previously have shown in HMG CoA redunase that an internal exon can act as 
a splice acceptor for either cis or trans splicing Analysis of sequences 
upstream from the acceptor site for trans splicing indicates that there is 
considerable putential for base-pairing (8/8) between sequences immediately 
3 of the SL RNA splice donor site and sequences 45 bases 5 of the trans 
splice acceptor site in both HMG CoA reductase and enolase genes that might 
be involved in mediating and facilitating interaction between the SL RNA and 
the primary transcript undergoing trans splicing Preliminary RNAase mapping 
and PCR analyses demonstrate RNA processing intermediates which Suggest 
that cis-splicing of several 5 introns in the enolase gene precedes trans- 
splicing of the spliced leader to the trans splice acceptor site In Situ 
hybridization analyses indicate that the expression of the schistosome spliced 
leader RNA likely occurs in all tissues but that expression is highest in 
reproductive organs and in discrete foci of cells in the parenchyma 
Expression of the trans-spliced enalase mRNA is highest in discrete foci of 
cells in the parerc9yma and unexpectedly is not expressed highly in muscle 
or regions associated with the tegument These studies may provide some 
insight into the function and biological significance of the spliced leader in the 
expression of these genes as well as the determinants mechanism. and 
regulation of trans splicing in schistosomes 

In contrast to nematodes we have been unable to demonstrate primary 
sequence conservation of the schistosome leader in several other flatworms 
including several other trematodes We are currently working on developing 
assay to identify and clone spliced leader RNAs from other invertebrates 
particular parasit~c flatworms 

PROTECTION OF AOTUS UONKEYS FROM HALARIA 
INFECTION BY RECOMBINANT HYBRID PROTEINS, 

Erika Hundt, Bernhard Knapp, Burkhard Enders and 
Hans A.  Kupper, Research Laboratories, Behring- 
werke AG, Harburg, F.R.G. 
Based on investigations on the malarial blood 
stage antigens SERP, HRPII and USA1 from Plasmo- 
dium falcivarum we have expressed two hybrid 
proteins in E. coli containing selected partial 
sequences of these antigens. Antibodies raised 
against both hybrid proteins in rabbits and Aotus 
monkeys recognize the corresponding P. falcirrarum 
polypeptides. In two independent trials using 13 
animals we could show that immunization of Aotus 
monkeys with either of the two hybrid proteins 
administered in an oil-based well tolerated 
formulation can protect the animals from an 
experimental p. falcivarurp infection. 
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CHARACTERIZATION OF A Trypanosoma cruzi 
COMPLEMENT BINDING PROTEIN WITH 

FIJNCTIONAL AND GENETIC SIMILARITIES TO THE 
HUMAN COMPLEMENT REGULATORY PROTEIN, DECAY 
ACCELERAmG FACTOR, Karen A. Norris", Bonnie Bradts 
and N. Coopers , *University of Pittsburgh School of 
Mediane, Pittsburgh, PA 15261 and * Research Institute of 
Scripps Clinic, La Jolla, CA 92034. 
Evasion of destruction by the host complement (C) system is 
an essential event in the establishment of infection by many 
microorganisms. In the case of Trypanosoma cruzi, lysis of 
the bloodstream forms requires antigen-specific antibodies 
and proceeds mainly via the alternative complement pathway 
(AP). One target for such antibodies is a 160 kDa surface 
glycoprotein, which we have purified and shown to be a C 
regulatory protein. Biochemical and genetic analyses of gp160 
reveal similarities to human decay accelerating factor (DAF). 
The T. cruzi gp160 protein restricts C activation by binding C3b 
and inhibiting AP C3 convertase formation and stability. The 
protein is anchored in the parasite membrane via a glycosyl 
phosphatidylinositol linkage, similar to DAF. Using anti- 
gp160 antibodies, we have isolated a portion of the gp160 gene 
and found that it shares significant DNA sequence homology 
with the human DAF gene. Anti-gpl60 antibodies which 
mediated C lysis of the parasites were found to inhibit gp160- 
C3b binding. Antibodies to unrelated T .  cruzi surface 
glycoproteins were not able to support C lysis or block C3b 
binding. Based on these results, we propose that the 
mechanism of antibody dependent, antigen specific lysis of T.  
cruzi via AP is the result of specific anti-gpI60 antibodies 
which block the C regulatory activity of gp160 at the parasite 
surface. This allows unrestricted deposition and amplification 
of C on the parasite surface resulting in lysis. 

SYNTHETIC BIOTIN LABELING OF 
OLIGONUCLEOTIDES FOR USE AS SPECIES-SPECIFIC 

PROBES FOR THE DETECTION OF FILARIAL PARASITES. 
SicvLn A Wtlliams2. Cdtherine Poolc 1, D a v i d  L a n d r y l .  
a n d  Ldrr) .  A McReynoldsl 'Neu E n g l d n d  Biolabs, 
Bcvcr ly  MA 01915 and  2 D e p a r t m c n i  of Biological 
Sc icncc \  S m i t h  College. N o r t h d m p i o n .  M A  01063 
We have developed a novel synthetic approach for t h e  
incorporation of biotin into a series of species specific 
oligon ~cleotide probes for the detection of filarial parasites The 
probes are designed to detect species specific regions of a 
highly repeated DNA sequence found in all sDecies of Brugca 
The synthetic method described in this paper was used to 

construct oligomer probes tailed on the 5 end with 30 to 46 
biotinylated uridine residues Probes with 46 biotins were found 
to be more sensitive than probes with 30 biotins We also found 
that alternating the biotinylated uridine residues with non- 
biotinylated thymidine residues improved the sensitivity of the 
probes Melting temperature studies indicated that the long tails 
(up to 91 nucleotides) had only a minimal effect on the Tm of the 
probes Conditions were found that optimized the sensitivity of 
the probes while maintaining their species specificity Using 
these conditions. individual parasites from blood were identified 
in sctu in a species-specific fashion using a chemiluminescent 
detection system This method of non radioactively iabeling 
oligonucleotides for the detection of infectious agents will enable 
the practical use of such probes in endemic regions in 
developing countries 

DETECTION OF ORNITHINE DECARBOXYLASE ACTIVITY IN RAT 
PNEUMOCYSTIS CARIN11 LYSATES 

Muhamed Sari6 and Allen B. C l a r b n ,  Ir., Department of Medical and Molecular 
Parasitology, New Yolk University Medical Center, New York, N.Y. 10016 
Although the specific ornithine decuboxylase (ODC) inhibitor odifluoromethylornithine 
(DFMO) has been successfully used as an anti-Pnemcqsfis carinii agent in both animals 
and humans, the activity of the enzyme target has been reported to be absent from the 
parasite. We have regxamined P. carinii and found ODC to be present. 

Using a novel isolation technique consisting of tissue homogenization, differential 
centrifilgauon and enzymatic digestion, we  first wparated P. cannii from the lungs of 
dexamethmne-treated Sprague-Dawley female rats. The pansite cells were then lyred and 
ODC aclivity measured upon the addition of cahoxyl carbon-labeled ornithine as a 
substrate. The enzymatic assay initially revealed only minor. sporadic and non- 
reproducible ODC activity. However, after removing low-molecular weight compounds, 
s igni f iwt  and reproducible ODC activity was present and amounied to 15.7 pmol 
"C0,img of proteinlhour. Moreover, the activity was linear with respect to protein 
concentration and was inhibitable by DFMO. 

Despite the fact that our lsolation procedure yielded unusually pure parasites. one 
could argue that the measured activity was due to the presence of the host ODC released 
from either lung or inflammatory cells. However, the finding that the activity in cytosoiic 
extracts of normal lilt lungs was only 15% of that in isolated parasites argues against 
contamination by the host enzyme. Funhermore, inflammatory response could not account 
for our m u l l s  since the activity in c ~ o s o l i c  extracls o f  whole, P. carinii-infected rat lungs 
was only one-third of that in isolated pansies. In conclusion. our work indicates that P. 
corinii has an acbve polyamine biosynthetic pathway and this has i m p o m t  implications 
for the development o f  anti-Pnewnocysris therapies based on polyamine biosynthesis 
inhibiton. 

THE EFFECT OF PROTEIN SYNTHESIS 
INHIBITORS ON GP63 RNAS, M.E. Wilson, ICE 

Paetz, and J.E. Donelson, De artments of Medicine and 
Biochemistry, Univ. of Iowa, Ewa City, IA 52242 
The amount of the major surface glycoprotein gp63 expressed 
Leishmunia donovmi chugm' (Ldc) promastigotes increases 10- old 
as the arasites develop from log to stationary phase in vitro. Tbis 
coincifes with an increase in the virulence of the organism. We 
previous1 showed that RNAs transcribed from three different 
classes oYgp63 enes are expressed differentially during 
development o f t d c  promastigotes. 2.7 kb RNAs transcribed from 
Log class gp63 genes are expressed by promastigotes in log phase 
growth, whereas 3.0 kb RNAs transcribed kom Sta class gp63 genes 
are expressed primarily by promastigotes in stationary phase growth. 
To begin investigating the regulation of these different gp63 gene 
transcripts, we incubated promastigotes in inhibitors of protein 
s thesis prior to extraction of RNA Northern blots showed that 
t E  steady state level of Log class gp63 RNAs increased 11 to 16 fold 
after incubation in cycloheximide, whereas the Sta class gp63 RNAs 
increased only 2-fold. Tubulin RNAs increased 2-3-fold after 
incubation in cycloheximide. The increase in Log gp63 RNAs began 
30 min. and was maximal 10.5 hrs. after the addition of 
cycloheximide. A similar superinduction of the Log 
caused by inhibitors that act at different steps in t r a a t i o n ,  
including pactamycin which inhibits initiation, puromycin that causes 
premature termination, anisomycin that inhibits peptlde bond 
ormation, and emetine that inhibits translocation. Thus the effect 

was not like1 due to specific degradation of Log RNAs during its 
translation. %'he increase in Log gp63 RNA was prevented by 
actinomycin D, a transcription inhibitor, suggestin the 
cycloheximide effect was observed only when the &A was being 
actively synthesized. We measured the TI/ of Lo gp63 RNAs in 
intact promastigotes after preincubation m iuffer $control) or 
cycloheximide. The T1/2 of the Log gp63 RNA was 30 min. in 
control promastgtes, aqd increased to 4 hrs. after incubation in 
cycloheximide. clohenmde did not prolong the T1l2 of tubulin 
RNAs to a similar extent. Thus Log gp63 transcripts have a short 
TI/% which is maintained only during ongoing synthesis 
promastigote proteins. Highly labile negative regulatory proteins, 
such as RNases, may be responsible for specific degradation of Log 
gp63 RNAs. 

P 

63 RNA was 
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REGULATION OF GENE EXPRESSION FROM THE 
HSP83 CLUSTER OF LEISHMANIA MEXICANA 

MZONENSIS IN TRANSFECTION STUDIES, M. Shapira, 
?I. Argaman, R. Ali and E. Pinelli. Department of 
Membrane Research and Biophysics, Weizmann 
Institute of Science, Rehovot 76100,  Israel 

Regulation of expression from the hsp83 gene 
Cluster of the digenetic parasite Leishmania 
wxlcana amazonensis was selected as a model for 
exploring temperature controlled gene expression. 
The first gene copy from this cluster along with 
10 kb of flanking sequences were cloned, and an 
intergenic region was found upstream to the 
cluster. A plasmid in which the chloramphenicol 
acetyltransferase (CAT) reporter gene was cloned 
inbetween two similar intergenic regions derived 
from an internal repeat unit of the hsp83 cluster 
was electroporated into Leishmania parasites, 
resulting in CAT enzymatic acgivity which was 
increased upon heat shock (35 C). The presence 
of intergenic sequences both upstream and 
downstream to the reporter gene was necessary for 
expression, and SV40 eukaryotic termination 
sequences could not replace the leishmania1 
intergenic region cloned 3 '  to the CAT gene. S1 
analysis of hsp83 mRNA showed that the major part 
of the intergenic sequences was transcribed, and 
mostly present as 3'  non translated extensions. 
Deletion analysis of intergenic sequences cloned 
upstream to the CAT gene showed that removal of 
the original AG splice acceptor site did not 
eliminate CAT expression, nor did it affect the 
temperature inducibility of CAT expression. 
Deletion analysis of the intergenic sequences 
cloned downstream to the CAT reporter gene showed 
that these 3' extensions were essential mainly 
for maintaining increased expression at elevated 
temperatures. The data presented indicate that 
temperature induced gene regulation in Leishmania 
may function by mechanisms other than control of 
transcriptional initiation. 
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