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Selection of Trypanosoma cruzi Clonal Genotypes
(Clonet 20 and 39) Isolated from Bolivian Triatomines
Following Subculture in Liquid Medium
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Previous studies showed that two groupsToefpanosoma cruzatlonal genotypes named clonet 20
and clonet 39 were predominantTniatoma infestanghe unique vector of Chagas disease in Bolivia.
These groups of clones correspond to distinct genetic clusters. These clonets were d@teofestans
and Rhodnius pictipedecal samples before isolation and after culture by kDNA PCR (polymerase
chain rreaction) and hybridization of the amplified products with clonet specific KDNA probes named
20 and 39 as previously reported. Forty eighinfestansand threeR. pictipesinfected insects captured
at random in different Bolivian departments were proceeded. As previously reported the direct identi-
fication of the two major clonets in fecal samples allowed the detection of abundant mixed infections:
41% in the original sample, however after culture, only 6% of mixed infections were detected. Among
the 21 parasite stocks isolated from digestive tracts where mixed infections were initially detected
(clonet 20 + 39) clonet 20 alone was detected in 81% of them. This result clearly showed that the
culture step selected clonet 20 parasites over those belonging to clonet 39. The taxonomic status of the
isolated stocks was also confirmed by isoenzyme typing, and correlation was observed between cluster
ing topology and hybridization patterns with the probes 20 and 39.

Key words:Trypanosoma cruziTriatoma infestans Bolivia - clonal genotypes - culture - selection

Natural populations ofrypanosoma cruzthe the digestive tract of insect vectors, and from blood
agent of Chagas disease, have basically a clordlinfected mammals and patients by haemoculture,
population structure (Tibayrenc & Ayala 1988) anckenodiagnosis and inoculation of blood into mice.
consist of heterogeneous mixtures of cloneshein vitro culture step is always necessary and
Moreover, population genetic studies showed thaturing this amplification, a selection of clones may
T. cruzitaxon appears to be composed of two majarccur (Miles & Cibulskis 1986, Breniere et al. 1989).
phylogenetic clusters (Souto et al. 1996, Nunes &he direct identification of. cruziclones or groups
al. 1997, Bastrenta et al. 1999) each extensivetf clones genetically related (clonet), in feces and
variable and probably subdivided in smaller clusterslood, provided a tremendous contribution to
(Tibayrenc 1995, 1998). confirm the heterogeneity within an infecting

The genetic characterization by isoenzymes ambpulation (Avila et al. 1991, Veas et al. 1991).
DNA analysis requires a substantial quantity oPreviously, the direct detection of clonet 20 and 39
parasite. Parasite stocks are isolated directly fromsing poymerase chain reaction (PCR) and clonet
specific kinetoplast DNA probes, showed that these
groups of clones, which are genetically very differ-
ent, are major in the domestic Bolivian cycle
(Breniére et al. 1995, 1998). Each clonet 20 and 39,
belong to a different lineage of. cruzi,named
This work was supported by a grant from the World=irst and Second major clades (Tibayrenc 1998) or
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*Corresponding author. Fax: +52-5 622 3369. E'ma”ihfestans(the principal vector) and are frequently

breniere@servidor.unam. at Instituto de Investigacione . - . N
Biomédicas, Ciudad Universitaria, UNAM. Departa_a§SSOC|ated in a single vector (Breniére et al. 1995,

mento de Inmunologia, AP 70228, CP 04510, Méxicgosseno etal. 1996). In contrast, clonet 39 is more
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The purpose of this work was to compareylucose-6-phosphate dehydrogenase (G6PD, EC
clonets 20 and 39 frequencies in vectors before addl.1.49), glucose phosphate isomerase (GPI, EC
after isolation and mass culture of parasites, in 06.3.1.9), glutamate dehydrogenase NAD+ (GDH
der to measure the magnitude of clonet selectiddAD+, EC 1.4.1.2), glutamate dehydrogenase
during culture. The two clonets were first detectelADP+ (GDH NADP+, EC 1.4.1.4), isocitrate
in feces by PCR (amplification of the hyper variablelehydrogenase (IDH, EC 1.1.1.42), malate
regions of kDNA minicircles, HYRm) and hybrid- dehydrogenase (MDH, EC 1.1.1.37), malic enzyme
ization of the PCR products with clonet specifiqME, EC 1.1.1.40), peptidases (substrates: L-leucyl-
kDNA probes. Then, clonets 20 and 39 were simieucine-leucine and L-leucyl-L-alanine) (PEP, EC
larly identified in the isolated stocks. Additional3.4.11 or 13.*), 6-phospho-gluconate dehydro-
isoenzyme typing of the different stocks providedyenase ( PGDH, EC 1.1.1.44), and phospho-
complementary information. glucomutase (PGM, EC 2.7.5.1). Jaccard’s distances

(Jaccard 1908) were used to estimate the phenetic

MATERIALS AND METHO.DS divergence between the stocks. The UPGMA

. Samples A total of 48T. qru2|§tqcks froml.  method [unweighted pair-group method with
infestansand three frorRhodnius pictipesaptured  arithmetic averages, Sneath and Sokal (1973)] was
in various Bolivian areas in domestic andysed to cluster the zymodemes according to their
perldomestlc sites were isolated. The dlgestlve traghccard’s distances. The dendrogram was obtained

of each insect was placed in NNN biphasic mediurgising the Mac Dendro software computer program
supplemented with 1.5 ml of LIT medium and(Thioulouse 1989).

incubated at 28 without shaking. Then

subcultures of parasites were processed in small RESULTS
volumes of LIT medium (3 ml) until their adaptation. ~ Table | summarized the results of clonet

Mass cultures were obtained by subcultures ientification in feces before culture and in the

higher LIT medium volumes (10 to 50 ml) aP28 corresponding stocks after mass culture. The
without shaking. Finally, the adequate quantity ofamples (51 feces extracts and 51 DNAs from
parasites for isoenzyme electrophoresis (20-50 mayltivated parasite) gave a PCR major band of 270
of parasite pellet) was obtained after 4 to 6 weekbp, previously demonstrated to be specific for the
The genetic characterization of the stocks by. cruzispecies (Veas et al. 1991). Four different

isoenzyme and PCR/hybridization was done frorhybridization patterns, identical to those previously

the same collection of cultured parasites. illustrated (Veas et al. 1991, Breniéere et al. 1995,

All fecal samples presented flagellates (diredBosseno et al. 1996), were observed: (1) hybridiza-
microscopical observation) and before isolation ofion with only probe 20 or 39, (2) hybridization with
the stocks, a drop of feces from each insect wdmth probes (mixed infections), (3) absence of hy-
collected in appropriate PCR conditions andridization by both probes suggesting the
preserved at -AC for further determination of the presence of other clone genetically unrelated to
clonal composition by PCR/hybridization. clonet 20 and 39.

Identification of clonet 20 and 39 by PCR/ Clonet distributions before and after culture
hybridization- The procedures for feces collectionwere radically different = 23.7; df = 3p < 0.001).
extraction and PCR were according to Breniére dthe frequency of clonet 39 was 0.72 in fecal samples
al. (1992, 1995), using primers (Genset, Paris, Franca)d lower after culture (0.35). The frequency of
chosen to amplify the hyper variable region of thelonet 20 was identical before and after culture
kinetoplast minicircles (HVRm). After electrophore-(0.55), but only three mixed infections were detected
sis the PCR products were transferred on to merafter culture in contrast to the important number of
branes and successively hybridized with the speaixed infections observed in feces (41%).
cific clonet probes 20 and 39 (Veas et al. 1991, After culture, 11 samples exhibited clones dif-
Breniére et al. 1992). Total DNAs were purified byferent from those detected in the feces. This result
phenol/chloroform extraction from parasite pelletsndicated additional mixtures of clones in the origi-
of each stock and similarly, the clonets were deaial populations with as many as 60.8% of mixtures
tected by hybridization of the PCR products amplibeing present. Among 21 stocks isolated from
fied from total DNASs. triatomines with mixed infection, one gave another

Isoenzyme characterizationThe electro- clone, unrelated to clonet 20 and 39 after culture,
phoretic study was carried out on cellulose acetaghowing the presence of at least three different
plates, according to Ben Abderrazak et al. (1993%)Jones in a single vector. As previously reported,
with slight modifications. Twelve enzymes systemslonets 20 and 39 were frequently detected in the
were surveyed (13 enzymatic loci): glutamatdeces, but in the majority of the cases, only clonet
oxaloacetate transaminase (GOT, EC 2.6.1.120 was identified after culture (76% of cases). The
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agreement of the clonal composition before antified. Table Il shows the genetic composition of the
after culture was only 41.2%. The discrepancy istocks. Only one stock presented a superposition of
principally caused by the deficiency of mixture deenzyme pattern for GPI compatible with a mixture of
tection in the isolated stocks. Moreover, a largelones and the other patterns were identical to
majority of the stocks isolated from insects withzymodeme 4; the PCR/hybridization of the DNA was
mixed infection was clonet 20; this clonet wasnly positive with probe 20. The majority of the stocks
particulary selected by the culture step. presented the same or a very close zymodeme as the
The 51 isolated stocks were analyzed by isoemeference stocks (SO34 cl4 =Z1 and MN=Z11). The
zymes (13 loci) and compared with two refence stockdendrogram (Figure) constructed from the matrix of
S034 cl4 and MN, belonging to clonets 20 and 39accard’s distances showed that the stocks were
respectively. Twenty different zymodemes were iderelustered in two upper branches, each including a

TABLE |

Modifications of Trypanosoma cruzlonal composition before and after isolation and culture of stocks isolated
from vectors

Clonets identification, no.

Before culture After culture (stocks)
(feces) Clonet 20 only Clonet 39 only Clonet 20 + 39 Other clones
Clonet 20 only 7 5 1 1 0
Clonet 39 only 16 3 10 1 2
Clonet 20 + 39 21 16 3 1 1
Other clones 7 1 1 0 5
Total 51 25 15 3 8
Z
Zymodemes I — —
recognized by_'
probe 20
7 ]
g — |
9 —————

- 1
10

Zymodemes_y|
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19
20

0.1

Dendrogram constructed using the unweighted pair group method with Jaccard’s phenetic distance matrix based on a multi
locus enzyme electrophoresis on 12 polymorphic loci. Reference stocks SO34 cl4 (clonet 20) and MN (clonet 39) are
zymodemes 1 and 11 respectively.



TABLE I
Multilocus genotypes of the 20 zymodemed nfpanosoma cruzsolated from Bolivian vectors and identified with 13 polymorphic loci
Zymodemes Number of Host G6pd Gpi GdNad GdNadp Got Idh Mdh Me 1 Me 2 Pep 1 Pep 2 PgréPgdh
stocks

1 14 T. infestans 2 3 4 2 2 1 1 2 1 2 2 1,4 2,3

2 3 T. infestans 2 3 4 2 2 1 1 1 1 2 2 1,4 2,3

3 1 T. infestans 2 2 4 2 2 1 1 1 1 2 2 1,4 2,3

4 6 T. infestans 2 3 4 2 2 1 1 2 1 2 2 1,4

5 1 T. infestans 2 3 4 2 2 1 1 1 1 2 1 1,4 2,3

6 1 T. infestans 2 3 4 2 2 1 1 1 1 2 1 1,4 3

7 1 T. infestans 2 3 4 2 2 1 1 2 1 3 3 1,4 3

8 1 T. infestans 2 3 3 2 2 1 1 1 1 2 2 1,4 3

9 3 R. pictipes 2 3 4 2 2 1 1 2 1 1 4 1,4 3
10 1 T. infestans 2 3 4 2 2 1 1 2 1 3 3 1,4 3
11 1 T. infestans 1 1,2 2 2 1 2 1 1 2 4 3 2,5 1,3
12 9 T. infestans 1 1,2 2 2 1 2,3 1 1 2 4 3 2,5 1,3
13 1 T. infestans 1 1,2 2 2 1 2,3 1 1 2 4,5 3 2,5 1,3
14 1 T. infestans 1 1,2 2 2 1 2,3 1 1 2 3 3 2,5 1,3
15 1 T. infestans 1 1,2 2 1 1 2,3 1 1 2 4 3 2,5 1,3
16 1 T. infestans 1 1,2 2 2 1 2,3 1 1 2 4 2 2,5 1,3
17 1 T. infestans 1 1,2 2 2 1 2 1 2 2 4 3 2,5 1,3
18 1 T. infestans 1 1,2 2 1 1 2 1 2 2 4 3 2,5 1,3
19 1 T. infestans 2 2 1 2 1 2 1 1 2 4 3 1,4 3
20 1 T. infestans 2 2 2 2 1 2 1 1 2 5 3 2,3,6 3
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reference stock. All the stocks in which DNA wasculture. This long lasting culture step should ex-
only recognized by probe 20, belonged to Z1 throughlain the drastic selection observed.
Z6, which together integrate the same sub-division T. cruziconsists of a pool of clonal populations
of the first group (upper part of the dendrograngirculating among humans, domestic and sylvatic
Figure). Similarly, the stocks in which DNA was onlyvectors and mammalian reservoirs, which have
recognized by probe 39 belonged to Z11 througbvolved in a great diversity with distinct biologi-
Z18 and appeared clustered together in another sudad, immunological and biochemical characteristics
division belonging to the second group (lower parfDvorak 1984, Sanchez et al. 1990, Andrade 1990).
of the dendrogram). The other stocks unrecognizddentification of strains or clones is indispensable
by the two probes were zymodemes Z7 through Z10y order to study the variable characteristics of the
Z19 and Z20. The hybridization patterns of the isgpopulations. Genetic intrinsic characteristics at the
lated stocks correlated with the general topology oholecular level which are not influenced by hand-
the dendrogram (Figure). ing of strains in the laboratory, are the most suit-
Three stocks presented a positive hybridizaable for identification. Nowadays the most usual
tion with the two probes (Table 1), but in these casanethods are isoenzyme electrophoresis and ge-
the hybridization was intense with only one of thenomic DNA analysis (Miles & Cibulskis 1986, Mo-
probes, and the zymodeme identified correspondedl et al. 1980, 1986, Tibayrenc & Ayala 1988,
to the major clonet. Steindel et al. 1993, Brisse et al. 1998). Genotype-
DISCUSSION qlepende;nt differences have been identified in rela-
. ) _ tion to biological characters, and these results are
Natural mixtures of. cruziclones were previ- g clear demonstration of the practical importance
ously evidenced by observation of mixed isoenof genetic characterization of populations (Gonzalez
zyme profiles and by isolation of differentetal. 1995, Laurent et 4997, Revollo et al. 1998).
zymodemes from a single host (Tibayrenc et afrhe current results show that during the classical
1986, Breniere et al. 1989). More recently, the dire¢lylture procedure, one of the major clonets circu-
identification ofT. cruziin fecal samples by clonet |ating in Bolivia is preferentially selected, demon-
specific DNA probes, showed that population mixstrating that direct identification of populations is
tures in BolivianT. infestanwectors are more fre- necessary in order to avoid culture selection bi-
quent (Bosseno et al. 1996) than those detected §¥es. In contrast, the direct identification failed to
isoenzyme typing (10%). The current work extendgjentify the clonal heterogeneity of the samples in
this result and demonstrates that clonet 20 is prefgos of the cases: e.g. clonet 20 alone was detected
erentially selected over clonet 39 from an heterogen seven feces samples before culturing, but in two
neous population during culture. Previous workstocks isolated from these feces after culture, clonet
clearly established that clones have differengg alone or associated with clonet 20 were detected.
growth rates in culture and according to computerhis confirms that the natural populations &f
mpdels, rapld_ clonal selection should occur fron@ruzi are frequenﬂy Composed of a p00| of clonal
mixed populations (Engel et aB82, Dvorak 1984). populations. In both cases, before and after cul-
Laurent et al. (1997) compared groups of clonegire, the clones were detected by PCR, a very sen-
belonging to clonet 20 and 39 and showed thaftive technique; this implies that the absence of
those of clonet 20 have a faster growth rate igetection of a particular clone corresponds to the
monophasic LIT medium. This is in full agreementbsence of this clone in the sample, or either its
with our results and explains the selection of C|0nq;resence isin a very low quantity to be detected
20 when the two clonets are present in the vectqsy PCR. In several cases the direct identification of
Pinto Da Silva et al. (1998) studied experimental incjones in the feces before culture, failed to detect
fections ofT. infestanswith mixtures of different clones which were in a very low quantity, there-
genotypes; after vector infection, each stock wafgre, we cannot exclude the intervention of a natu-
isolated and cultured for further genetic charactefal selection that might take place in the digestive
ization by isoenzymes typing and RAPD. The autract of the insect. Possibly, each life medium of the
thors observed the maintenance of the mixtures fsurasite interacts differently over the pool of the
the majority of cases. This resultis in apparent cofratural clonal population, and this helps to main-
tradiction with ours, however the authors reporteghin the large clonal diversity observed in the
that the clonal genotype 39 (corresponding to clongtyzitaxon.
39), mainly appeared in trace quantities whenitwas Several problems must be solved to develop
initially mixed with clonal genotype 20. Indeed thisthe direct genetic characterizatiorTotruziin bio-
discrepancy could depend on culture time and it iggical samples: (1) a high sensitive detection is
worth noting that in the present work, all stocksieeded because parasites are scarce in mammalian
were characterized after at least one month of subtood:; (2) appropriate genetic markers presenting
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a variability linked with genetic clustering must beBreniére SF, Carrasco R, Revollo S, Aparicio G, Desjeux
used; (3) the development of the new tools must be P, Tibayrenc M 1989. Chagas disease in Bolivia:
adapted to the geographical diversity oftheruzi C””.icﬁ!lfi“d ?PTidemb'Ogini' featu.fets and ?ynlﬂotdzme
; i, variability of Trypanosoma cruzistrains isolate
genqtypes and (4) thg techniques mus'g b-e easny from patiyentsAr¥1pJ Trop Med Hygd1: 521-529.
applied to large sampling for further statistical in-, . ) .
terpretation. The correlation obtained between thEeazrlsse S, Barnabe C, Tibayrenc M 1938/panosoma
clustering topology of the isolated stocks and the gﬁ‘ﬂggﬁ’g&“;?;ggﬁ'%%“;ﬁﬂy '1"798?2‘53‘_: subdivisions
hybridization patterns of HVRm kDNA-PCR prod- pyorak JA 1984. The natural heterogeneitjigipano-
ucts (Figure) confirms and extends the interest of soma cruzibiological and medical implications.
the HVRm regions for direct genetic identification  Cell Biochen®4: 357-371.
of stocks. Nevertheless, the domestic Bolivian cyclengel JC, Dvorak JA, Segura E, Crane MS 198%a-
may present a particular profile of the genetic di- nosoma cruzbiological characterization of 19 clones
versity of T. cruziclones. A similar approach in  derived from two chronic chagasic patients. |. Growth
distinct endemic areas using kDNA probes, muz%o kinetics in liquid mediumJ Protozool9: 555-560.
be based on previous genetic diversity studies néalllez J.’"M“rl:/?ZNS'.O”I'ZSS' AnaE'onSa |D' .SZ'%%‘; S,
local T. cruzipopulations in order to evaluate ge- aleguiios 1, fneira 1, sagua =, soiarl §

; . X Biochemical, immunological, and biological charac-
netic relationships between stocks and to be able qisation ofTrypanosomaruzi populations of the

to provide a genetic base to develop DNA probes. andean North of ChileExp ParasitoB1: 125-135.
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