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A puzzle in Chagas disease research has beeq of isolates (Macedo & Pena 1998). Indeed the
to correlate molecular markers with epidemiologyemarkable genetic diversity ®f cruzi(Morel et
since isolates ofrypanosoma cruaxhibit a broad al. 1980, Henriksson et al. 1990, Macedo et al.
host range, induce distinct clinical presentation$992) initially identified could be somewhat orga-
in patients and show great diversity in biologicahized (Henriksson et al. 1993, Tibayrenc 1995).
and biochemical characteristics. Early studies oHowever, analyses of these fast evolving genetic
population genetics revealed substantial isozymimarkers could not clearly show defined clusters.
variability among isolates dt cruzidefining three  +vpinG OF T CRUZI ISOLATES BASED ON A RRNA
major groups or zymodemes named Z1, Z2 angkQueENCE
Z3 (Miles et al. 1978, 1980). Further analysis of In contrast to the diversity suggested by former
15 gene loci disclosed a greater heterogeneity de- h | f y K 99 ith | y
termining the distribution of 12T. cruziisolates approaches, analyses o markers with fower evo-
into 43 zymodemes that could not be grouped ﬁtlonary rate such as multigenic families suggested
the authors in few natural clusters (Tibayrenc ichotomy withinT. cruziisolates. PCR amplifi-

- : ._cation of a sequence from the D7 divergent do-
Ayala 1988). The main conclusion of these studie - .
was that the population structure of this parasite ain of the 245a rRNA (LSU) gene indicated di-

clonal rather than sexual, and, as a consequen orphism among. cruziisolates and allowed the
the present genetic and biological variabilityTof Wision of 16 parasite stocks into two groups
cruziis resultant from the independent evolutiordS°Ut0 & Zingales 1993). This observation was
of clonal lines (Tibayrenc & Ayala 1988). Accep-confirmed by others following riboprinting analy-
tance of clonal propagation ©f cruziimplies that sis in 18 isolates from North America (Clark &
the classical definition of species is not fully adrUng 1994). Subsequently, a variable spot in the
equate to this parasite. It has been proposed tHAACe" r%g_mon of tr;f rr?lnll-exohn ger:jed\{vas fo#nd In
each distinct genotype should be studied individLF-f:amS OR. CI’UZl'If\(V Ich alSo showe | imorp ISm
ally and special attention given to the most repré® erh CR amplification r(]Soutt)o eté’" 996). g
sented ones (Tibayrenc 1995). On the other hand, The typing approaches based on rRNA an
other groups still believe that it is worth searchin ini-exon sequences were used to analysd.88

for genetically and ecologically coherent groupCrtZiStocks from humans, insects and sylvatic ani-
mals from several Latin America countries. Am-

plification of these sequences originated 125 or
110bp products for rDNA and 300 or 350bp prod-
ucts for the mini-exon. Within individual isolates,
one of the three associations was observed: the
This work was supported by Fundacdo de Amparo #25pp rDNA product with the 300bp mini-exon
Pesquisa do Estado de S&o Paulo (Fapesp) and Consg{pgquct (defined as group 1), the 110bp rDNA
Nacional de Pesquisa (CNPq). product with the 350bp mini-exon product (defined
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bszodnas@gquim.iq.usp.br as group 2), and the presence of both rDNA am-

+Present address: Department of Biochemistry, Bostdi1ication products with the mini-exon group 1
University School of Medicine, 80 East Concord St.Product (defined as group 1/2) (Fig. 1) (Souto et
Boston, MA 02118, USA al. 1996). RAPD analysis showed variability be-
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branches. Interestingly, the group 2 isolates correpecific control (Sollner-Webb & Towers 1986).
lated precisely with one branch of the tree, and plasmid construct bearing the promoter sequence
group 1 and group 1/2 isolates correlated with thigom the rRNA cistron of the CL strain drove the
other branch (Fig. 1) (Souto et al. 1996). Our studexpression of chloramphenicol acetyl transferase
ies clearly indicate that cruziisolates can be par- (CAT) when transfected into epimastigotes of some
titioned into two major Lineages, which we named'. cruzistrains, but surprisingly, was inactive in
Lineage 1 and 2 (Fig. 1) (Souto et al. 1996). In thaithers (Tyler-Cross et al. 1995). We examined the
study several isolates classified as Z1 and Z2 weaetivity of the same construction in isolates belong-
analyzed and it was concluded that Z2 stocks beig to the two major phylogenetic lineages. It was
long to Lineage 1, while stocks classified as Zbbserved that CL strain (Lineage 1) rRNA pro-
fall into Lineage 2. The position of Z3 was furthemmoter drove high CAT activity in Lineage 1 iso-
investigated based on mini-exon sequence analigtes, but essentially no activity in Lineage 2 strains.
sis and it was concluded that it constitutes a di§hus, the CL rRNA promoter exhibited a clear
crete sub Lineage within Lineage 2 (Fernandes kineage 1-specificity (Floeter-Winter et al. 1997,
al. 1998a). This observation agrees with previousunes et al. 1997a).
conclusions indicating that Z3 although distinct In order to analyse the activity of Lineage 2
from, is related to Z1 (Miles et al. 1980). rRNA promoter, we cloned the corresponding seg-
The existence of these lineages can be noticedent from the Dm28 strain. Alignment of this se-
by detailed isoenzyme data (Tibayrenc 1995). Comuence (800bp) with rRNA promoters from other
cerning the major clones defined by Tibayrenc anstrains ofT. cruziindicated 98% and 82% identity
Ayala (1988), our typing assays indicate that clonesith sequences of Lineage 2 and Lineage 1 strains,
19/20 belong to Lineage 2, while clones 32 and 3@&spectively (Floeter-Winter et al. 1997, Stolf
belong to Lineage 1. It should be pointed out that999). These data indicate that the sequence ho-
clone 39 maintains heterozygosity at several loehology in this region also reflects the division into
and is classified as group 1/2 (Souto et al. 1996)wo lineages. We have also analysed the rRNA
More recently, the bi-polar groupingBfcruzihas promoter sequences from group 1/2 isolates, which
been supported by riboprinting analysis (Stothardontains two types of ribosomal RNA cistrons. It
et al. 1998), rRNA and mini-exon (spliced-leaderjvas observed that the type 1 promoter sequence of
promoter sequences and activities (Floeter-WintéMR cl3 clone (group 1/2) has 96% identity with
et al. 1997, Nunes et al. 1997a, b), microsatellitdat of CL Brener clone (Lineage 1, group 1) and
markers (Oliveira et al. 1998) and structure of ri80% identity with that of Dm28 strain (Lineage 2,
bosomal spacers (Fernandes et al. 1999a). group 2). On the other hand, the type 2 promoter
Presently, several laboratories are involved isequence of NR cI3 clone has 82% identity with
the definition of the relevance of the two lineageghat of CL Brener clone and 90% identity with that
and their sub-groups with respect to the epidemi@f Dm28 strain (Stolf 1999).
logical and biological properties @f cruzi These The activity of Lineage 1 and Lineage 2 pro-
studies as well as the analysis of the evolutionaryoters was investigated by transient expression of
origin of the two Lineages should indicate whetheCAT reporter gene in differenk. cruziisolates
each Lineage constitutes, according to the modetyped as rDNA group 1, group 2 and group 1/2 (cf
concept of species, an ecological and a genetic unitFig. 1). It was observed that Lineage 1 promoter
(Macedo & Pena 1998). is expressed in both group 1 and group 1/2 strains,
THE RIBOSOMAL RNA CISTRON but shows no activity in group 2 isolates. On. the
, other hand, Lineage 2 promoter is expressed in the
_ Southern blot analysis (Souto et al. 1996)nree groups of isolates (Nunes et al. 1997a, Stolf
riboprinting (Clark & Pung 1994, Stothard et al.1999). |n the specific case of group 1/2 it was ob-
1998) and restriction profiles of internal transcribedeaped that the expression of CAT driven by L2
spacers (ITS) from the rDNA cistron (Fernandegromoter was higher than that driven by the L1
et al. 1999a) clearly indicate that the overall StruGromoter. Interestingly, RT-PCR experiments con-
ture of the ribosomal RNA cistron differs betweerycted with total RNA extracted from group 1/2
isolates of Lineage 1 and Lineage 2, supportingo|ates allowed to conclude that only the rRNA
this division. It has also been shown that group ¥istron of type 2 is transcribéuvivo(Stolf 1999).
2 isolates have both types of rRNA cistrons, with  Taken together, our data indicate that there are
eight to ten-fold greater copy number of group 2¢jear differences in the sequence and activity of
rDNA genes relative to group 1-rDNA genesyne rRNA promoter regions in the representatives
(Souto et al. 1996). , of the two major lineages. The specificity of the
Previous studies in different organisms haveomoter activity is not mutually exclusive, since
shown that rRNA gene promoters exhibit speciegyroup 1 and group 1/2 strains express promoters
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ME rDNA HOST

CL 1 1 bug
B167 1 1 human
CAl 1 1 human
B147 1 12 human
SC43¢cll 1 2 bug
Bug 1 1/2  bug
NR cl3 1 1/2  human
S03cl5 1 1/2 bug
Esmer. 1 1 human
Y 1 1 human
LINEAGE 1 Basileu 1 1 human
A138 1 1 human
1023 1 1/2 bug
115 1 12 human
— 226 1 1/2  human
G 2 2 opossum
Dm28 2 2 opossum
Tulahuen 2 2 bug
Silvio 2 2 human
YuYu 2 2 bug
1017 2 2 human
1001 2 2 opossum
1004 2 2 bug
LINEAGE 2 1009 2 2 bug
1018 2 2 bug

Fig. 1: UPGMA tree based on the proportion of bands not shared among the isolates. For each isolate the corresponding rDNA anc
mini-exon groups as well as the host from which it was derived are indicated (after Souto et al. 1996).

from both groups, but group 2 strains only expred§ngd to this Lineage (Fernandes et al. 1998b,
group 2 promoters. The reasons for these obsen/iNgales et al. 1998). On the other hand, Lineage
tions are unclear but might be related to the chafWas isolated from very few human seropositive
acteristics of the components of the transcriptioR@Ses in Amazonas whefe cruziis enzootic
machinery in theT. cruzi groups Nevertheless, (Zingales et al. 1998). _

since it has previously been shown for many eu- These observations concerning the general
karyotes that the rRNA promoter activity is spePehaviour of the two lineages in chagasic patients
cies-selective (Sollner-Web & Towers 1986) thd" Brazil agree with data regardlng the dlstnbutl_on
observation thal. cruzirRNA promoters show ©Of two major clones: 20 (Lineage 2) and 39 (Lin-
group-specificities supports the conclusion tha@de 1) in children and vectors from a Bolivian

these groups could be considered discrete taxa.€ndemic area (Breniere et al. 1998). It was con-
cluded that clone 39 is prevalent in patients, while
EPIDEMIOLOGICAL DISTRIBUTION

in vectors Triatoma infestanjsclones 20 and 39
We have analysed by the 24Sa rRNA and/care found with comparable frequencies. These re-
mini-exon typing methods more than 200 isolatesults suggest a limited selection in the transmis-
from triatomine species and mammalian hosts frosion of the two clones and a drastic control of clone
the domestic and sylvatic cycles originating fron20 parasitemia by the immune system of children
12 Brazilian states. Data provide evidence for patients.
strong association df. cruziLineage 1 with the Analysis of 68T. cruzistocks from mammals
domestic cycle, while Lineage 2 is preferentiallyand triatomines of the Atlantic Coast rainforest in
encountered in the sylvatic cycle (Fernandes et dhe State of Rio de Janeiro suggests a preferential
1998h, 1999b, Zingales et al. 1998, cf also Fig. 1adaptation of Lineage 1 to primates and Lineage 2
Data also suggest that Lineage 1 has properties thatopossums (Fernandes et al. 1999b), as has also
favour human infections, possibly due to highebeen concluded from studies conducted in Geor-
parasitemia, since all parasites isolated from segia State (USA) (Clark & Pung 1994, Pung et al.
ropositive individuals from endemic regions be-1998).
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BIOLOGICAL EVIDENCE divergence betweeh cruzilLineages 1 and 2 oc-

Several biological evidence also support theurred before the divergence of the extant strains
conclusion that the two phylogenetic lineages hav@d separat&. cruziinto two groups in 100% of
different characteristics. Experimental infection ofoootstrap replicates (Fig. 2). Also a third group
marsupials with strains of Lineages 1 and 2 indiS€€mSs to be present which corresponds to group
cates the elimination of type 1 strain from the host/2, where the presence of two types of rDNA cis-
while the type 2 strain promotes a permanent arf§Pns has been shown. Alignment of the sequence
very mild infection (Carreira et al. 1996 vivo Of type 1 D7 region of SO3 (group 1/2) places this
andin vitro experiments suggest that the two liniSolate among Lineage 1 strains (Fig. 2) while type
eages differ markedly in infectivity to mammals.2 D7 sequence does not allow the establishment of
In fact, it has been shown that tWocruzistrains @ clear position in the tree. In fact, depending on
Y and CL (Lineage 1) are highly infective to mice the algorithm parameters used (parsimony, differ-
while strain G (Lineage 2) does not produce par&nt models of maximum likelihood and gamma
sitemia (Yoshida 1983). This observation agreedistribution), group 1/2 in some trees seems to be
with data derived from the analysis of isolates fronf0re related to Lineage 1 and in other trees to Lin-
human chagasic patients (Fernandes et al. 199@§ge 2. Sequence comparisons of small subunit
Zingales et al. 1998). It has also been reported thdNA (SSU) and faster evolving genes will prob-
Lineage 1 strains are four times more infective tgly help to determine whether group 1/2 is more
HeLa cells than Lineage 2 strains. These resulfd0sely related to Lineage 1 or 2 or if it really is a
have been correlated with the expression of glycébird lineage of strains.
protein gp90 which seems to inhibit calcium mo-

bilization required for cell invasion and is present Lineage 1 strains
in the eight analyzed strains of Lineage 2 but not LV

in Lineage 1 isolates (Ruiz et al. 1998). Regarding l-___'rCL

the parasite-triatomine vectors interaction, it is BaF;A

known that growth and metacyclogenesis of dif: 100 SO3 - type 1 D7 rRNA
ferentT. cruziisolates in the insect depend on the e

strain of the parasite (Garcia & Azambuja 1991, ‘E Lineage 2 strains

Lana et al. 1998). For example, it has been shown Ma26

that infection oDipetalogaster maximusith two NR .

different clones off. cruzishowed that only one [1 §as; TP 7 RNA " Group 172 strains

clone underwent metacyclogenesis. Similar results T. rangeli

0.1

were seen when different strains and clon€g. of
cruzi infectedRhodnius prolixuslt was also ob- Fig. 2- y

. ig. 2: phylogeny of severdtypanosoma cruisolates based
served that clone Dm28c (Lineage 2) was tWO 9y’ b7 region of the LSU rDNAT. rangeli was used as an
three orders of magnitude more resistant to a lytisutgroup. The scale bar indicates the number of substitutions
agent purified from the crop d®. prolixusthan per sequence position and the number “100” above the node

the Y strain (Lineage 1). Resistence to lytic activdiVidiQ%'—i{‘g&ge; L and 2 indicates tha ihis t".p?"’g)é"gasMS“P'
. o P . . ported by o bootstrap replicates. This tree inferred by Maxi-
ity, as well as reactivity to specific lectins found mﬁmm likelihood has the same topology observed when Parsi-

the .digestive tract of triatomines may provide S@mony methods were applied but differs from Neighbor Joining
lective advantages for the development of certairees. In most reconstructions the clade representing group 1/2
strains ofT. cruziover other strains (Cf Garcia & could not be resolved. (Bas, Basileu strain; Tul, Tulahuen strain).
Azambuja 1991).

EVOLUTION OF T. CRUZILINEAGES Phylogenetic reconstructions using the SSU

Comparative sequence analysis of the variablgene indicate that divergence between the Two
region D7 within the LSU rRNA was used to checkcruzilineages is greater than the distances separat-
whether the divergence betwekrcruzilineages ing four species dfeishmaniaand comparable to
1 and 2 occurred before the divergence of the edistances among trypanosomatid ger@ithidia,
tant strains as suggested by RAPD (Souto et aleishmania, Endotrypanurand Leptomonas
1996) and also to verify whether the lineages af@riones et al. 1999). Using patristic distances (sum
truly monophyletic. Therefore, sequences of thef branch lengths) of the maximum likelihood tree
D7 region were determined for rangeliand 14 and the evolutionary rates of 0.85% sequence di-
strains ofT. cruziand aligned. This alignment wasvergence/100 million years and 2% sequence di-
used to build maximum likelihood trees using difvergence/100 million years (Escalante & Ayala
ferent transition models and rooted by outgroup995) we estimated the divergence time of the two
(T. rangel). The tree presented suggests that thfheages to be 88 to 37 million years, respectively.
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Because the rate of 2% sequence divergence/100 and triatomines classified into two lineages using
million years for the SSU rDNA might reflect the ~ mini-exon and ribosomal RNA sequencés J Trop
evolution of faster evoling segments of the mol- Med Hyg58: 807-811. _

ecule we believe that 88 million years of sequendgéMandes O, Santos SS, Junqueira ACV, Jansen AM,

. . Cupolillo E, Campbell DA, Zingales B, Coura JR
?Avergi".nce moreélkely reﬂ?Ctls Je-lggzverage rate for 1999a. Population heterogeneity of Brazilitny-
e entire gene (Briones et al. )- panosoma cruzsolates revealed by mini-exon and

CONCLUDING REMARKS ribosomal spacerdlem Inst Oswaldo Crthis vol-

Evi . h . f ume.
. vidence s_upportlng the ems’_tgnce of two M3termandes 0O, Mangia RH, Lishoa CV, Pinho AP, Morel
jor phylogenetic lineages ih cruziis accumulat- CM, Zingales B, Campbell DA, Jansen AM 1999b.

ing from independent genomic markers, DNA se-  The complexity of the sylvatic cycle dFypano-
quence comparison, population genetics and pro- soma cruzin Rio de Janeiro state (Brazil) revealed
moter activity from multigenic families. Data in- by the non-transcribed spacer of the mini-exon gene.
dicate that these lineages are distinct evolutionary Parasitology118 161-166.

units. In addition, epidemiological and biological Floeter-Winter LM, Souto RP, Stolf BS, Zingales B,
studies suggest that these lineages have different Buck GA 1997. Can activity of the rRNA gene pro-
characteristics. Therefore, the divisionTofcruzi rg:rt:;tgleg 55293‘12 3246‘ marker of speciatiéxp
lmc.’ two major groups 1S e_wdent H.Ot.only geno_Garcia ES, Azambuja P 1991. Development and inter-
typically bgt also phyS|oIo_g|caIIy. Itis time for the action of Trypanosoma cruziithin the insect vec-
re-evaluation of th&@. cruzitaxon anq to work out _tor. Parasitol Today7: 240-244.

a common nomenclature for these lineages that Willenriksson J, Aslund L, Macina RA, Franke de Cazzulo
serve not only taxonomists but the general com- BM, Cazzulo JJ, Frasch ACC, Pettersson U 1990.
munity of researchers working with cruzi Fur- Chromosomal localization of seven cloned antigen
ther genetic characterization of the subgroups genes provides evidence for diploidy and further
within these lineages is a fundamental step towards demonstration of karyotype variability firypano-

the understanding of the complex epidemiological Soma cruzil990 Mol Biochem Parasitol 42213-

and clinical manifestations of Chagas disease. ‘ )
9 Henriksson J, Pettersson U, Solari A 1988panosoma

cruzi: correlation between karyotype variability and
REFERENCES isoenzyme classificatiofxp Parasitol7 7: 334-348.

Breniere SF, Bosseno MF, Telleria J, Bastrenta B, Yacsikana M, Silveira Pinto A, Barnabe C, Quesnay V, Noel
N, Noireau F, Alcazar JL, Barnabé C, Wicker P, S, Tibayrenc M 1998lrypanosoma cruzcompared

Tibayrenc M 1998. Different behaviour of tWoy- vectorial transmissibility of three major clonal geno-

panosoma cruzinajor clones: transmission and cir-  types byTriatoma infestans. Exp Parasitol 920-

culation in young bolivian patient&xp Parasitol 25.

89: 285-295. Macedo AM, Pena, SDJ 1998. Genetic variability of
Briones MRS, Souto RP, Stolf BS, Zingales B 1999. The  Trypanosoma cruzimplications for the pathogen-

evolution of twoTrypanosoma crugubgroups in- esis of Chagas diseafarasitol Todayl4: 119-124.

ferred from rRNA genes can be correlated with theéjacedo AM, Martins MS, Chiari E, Pena, SDJ 1992.
interchange of American mammalian faunas in the DNA fingerprinting of Trypanosoma cruzia new
Cenozoic and has implications to pathogenicity and tool for characterization of strains and clorids)
host specificityMol Biochem Parasito{in press). Biochem Parasitol 55147-154.
Carreira JCA, Jansen AM, Deane MP, Lenzi HL 1996Miles MA, Souza A, Povoa M, Shaw JJ, Lainson R,
Histopathological study of experimental and natu-  Toye PJ 1978. Isozymic heterogeneityTofpano-
ral infections byTrypanosoma cruzin Didelphis soma cruziin the first autochtonous patients with
marsupialis Mem Inst Oswaldo Cru2l: 609-618. Chagas disease in Amazonian Brakifture 272
Clark CG, Pung OJ 1994. Host specificity of ribosomal  819-821.
DNA variants in sylvaticTrypanosoma cruZrom  Miles MA, Lanham SM, De Souza AA, Pévoa M 1980.
North AmericaMol Biochem Parasitd6: 175-179. Further enzymic characters dfypanosoma cruzi
Escalante AA, Ayala FJ 1995. Evolutionary origin of  and their evaluation for strain identificatiofrans
Plasmodiunand other apicomplexa based on rRNA R Soc Trop Med and Hygk 221-242.
genesProc Natl Acad Sci 925793-5797. Morel C, Chiari E, Camargo E, Mattei D, Romanha A,
Fernandes O, Sturm NR, Derré R, Campbell DA 1998a. Simpson L 1980. Strains and clone3yfpanosoma
The mini-exon gene: a genetic marker for zymodeme cruzi can be characterized by restriction endonu-
Il of Trypanosoma cruziMol Biochem Parasitol clease fingerprint of kinetoplast DNA minicircles.
95: 129-133. Proc Natl Acad Sci US88: 1469-1473.
Fernandes O, Souto RP, Castro JA, Pereira JB, Fernangigges LR, Carvalho MRC, Shakarian AM, Buck GA
NC, Junqueira ACV, Naiff RD, Barret TV, Degrave  1997a. The transcription promoter of the spliced
W, Zingales B, Campbell DA, Coura JR 1998b. Bra-  |eader gene froffirypanosoma cruziGene 188157-
zilian isolates offrypanosoma cruzirom humans 168.



164 T cruzi Lineages Based on Ribosomal RNA Sequence * Bianca Zingales et al.

Nunes LR, Carvalho MRC, Buck GA 1997lvypano- Cistron de RNA Ribossdmico em Duas Linhagens
soma cruzistrains partition into two groups based  Filogenéticas de Trypanosoma crukiSc Thesis,
on the structure and function of the spliced leader Universidade de Sdo Paulo, S&o Paulo.
and rRNA gene promotersiol Biochem Parasitol Stothard JR, Frame IA, Carrasco HJ, Miles MA 1998.
86: 211-224. On the molecular taxonomy dfypanosoma cruzi
Oliveira RP, Broude NE, Macedo AM, Cantor CR, Smith  using riboprinting Parasitologyl17: 243-247.
CL, Pena SDJ 1998. Probing the genetic populatiofibayrenc M 1995. Population genetics of parasitic pro-

structure ofTrypanosoma cruzivith polymorphic tozoa and other microorganisn#dv in Parasitol

microsatellitesProc Natl Acad Sci USA5; 3776- 36: 48-115.

3780. Tibayrenc M, Ayala F 1988. Isoenzyme variability in
Pung OJ, Spratt J, Clark CG, Norton TM, Carter J 1998. Trypanosoma cruzithe agent of Chagas disease:

Trypanosoma cruznfection of free-ranging lion- genetical, taxonomical and epidemiological signifi-

tailed macaquesMacaca silenusand ring-tailed canceEvolution 42:277-292.

lemurs Lemur cattd on St. Catherine’s Island, Geor- Tyler-Cross RE, Short SL, Floeter-Winter LM, Buck GA

gia, USA.Zoo Wildl Med 2925-30. 1995. Transient expression mediated byTihga-

Ruiz RC, Favoretto Jr S, Dorta ML, Oshiro MEM, nosoma cruzirRNA promoter.Mol Biochem
Ferreira AT, Manque P, Yoshida N 1998. Infectivity Parasitol 72: 23-31.
of Trypanosoma cruztrains is associated with dif- Yoshida N 1983. Surface antigens of metacyclic
ferential expression of surface glycoproteins with  trypomastigotes offrypanosoma cruzinfect Im-

differential C4Z2 signaling activityBiochem B30 munity40: 836-839.

505-511. Zingales B, Souto RP, Mangia RH, Lisboa CV, Campbell
Sollner-Webb B, Tower J 1986. Transcription of eukary- DA, Coura JR, Jansen A, Fernandes O 1998. Mo-

otic ribosomal RNA genesAnn Ver Biochem 55 lecular epidemiology of American trypanosomiasis

801-830. in Brazil based on dimorphisms of rRNA and mini-

Souto RP, Zingales B 1993. Sensitive detection and strain exon gene sequencést J Parasitol28; 105-112.

classification ofTrypanosoma cruzby amplifica- . . . . .
tion of a ribosom)a(FRNA sequencbflyol Bizchem Note added in proofluring this Symposium it

Parasitol 62 45-52. was recommended to adopt a common nomencla-
Souto RP, Fernandes O, Macedo AM, Campbell DAtUre to name the two principal groupsioypano-

Zingales B 1996. DNA markers define two majorsSoma cruzitrains — TC1 and TC2n this direc-

phylogenetic lineages dfrypanosoma cruziMol  tion, Lineage 1 and Lineage 2 referred in this pa-

Biochem Parasitol 83141-152. per correspond to groups TC2 and TC1, respec-
Stolf BS 199%Caracterizagdo da Regido Promotora dotjvely.



