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Comparative Analysis by Polymerase Chain Reaction
Amplified Minicircles of Kinetoplast DNA of a Stable Strain
of Trypanosoma cruzi from São Felipe, Bahia, its Clones and

Subclones: Possibility of Predominance of a Principal
Clone  in this Area
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Molecular characterization  of one  stable strain of  Trypanosoma cruzi, the 21 SF, representative of
the pattern of strains  isolated from the endemic area of São Felipe, State of Bahia, Brazil, maintained
for 15 years in laboratory by serial passages in mice and classified as biodeme Type II and zymodeme 2
has been investigated. The kinetoplast DNA (kDNA)  of parental strain, 5 clones and 14 subclones were
analyzed. Schizodeme was established by comparative study of the fragments obtained  from digestion
of the 330-bp fragments amplified by polymerase chain reaction (PCR) from the  variable regions of the
minicicles, and  digested by restriction endonucleases  Rsa I and Hinf I. Our results show a high  percentual
of similarity between the restriction fragment lenght polymorphism (RFLP) for the parental strain and
its  clones and among these individual clones  and their subclones at a level of 80 to 100%.This homol-
ogy indicates a predominance of the same “principal clone” in the 21SF strain and confirms the homo-
geneity previously observed at biological and isozymic analysis. These results  suggest the possibility
that the T. cruzi strains with similar biological and isoenzymic patterns, circulating in this endemic
area, are representative of one dominant clone.

The presence of “principal clones” could be responsible for a predominant tropism of the parasites
for specific organs and tissues and this could contribute to the pattern of clinico-pathological manifes-
tations of Chagas’s disease in one geographical area.
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Trypanosoma cruzi strains are represented by
parasite populations  with different biological,  bio-
chemical and genetic  characteristics (Andrade
1974, Morel et al. 1980, Miles et al. 1981a). These
parameters have been used for classification of T.
cruzi  strains into biological types or biodemes
(Andrade 1974), different  zymodemes (Miles et
al. 1980) and schizodeme analysis of kinetoplast
DNA (kDNA) minicircles with restriction endo-
nucleases (Morel et al. 1980); this technique re-
veals polymorphic fragments of kDNA (RFLP).
The possibility of a clonal structure for T. cruzi
strains has been proposed by Tibayrenc et al. (1986)

and Tibayrenc and Ayala (1988), suggesting the
existence of clonal lines without sexual interac-
tions, separated  by a long evolutionary process.
The presence of principal clones may bear  influ-
ence on the biological behaviour and pathogenic-
ity of the strains. Clonal homogeneity (Dvorak et
al. 1980, Goldberg & Silva Pereira 1983, Gomes
et al. 1991) or heterogeneity (Engel et al. 1982,
Marques de Araujo & Chiari 1988, Lima et al.
1990) has been detected by the study of clones from
different T. cruzi strains.  Considering the stability
of  the biological characters of some laboratory
strains, it seems interesting to investigate the  ge-
netic patterns of their  clonal populations. With this
objective the 21 SF strain, isolated from one pa-
tient of São Felipe, Bahia, an endemic area of
Chagas’ disease representing the prototype of  17
isolates from this area, maintained in laboratory
for 15 years  with stable biological and biochemi-
cal characteristics, has been cloned . The clones
have maintained the same patterns   already de-
scribed for  the parental strain (Campos & Andrade
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1996). In the present study it was investigated if  a
correspondent  uniformity of the clones and sub-
clones could be demonstrated at a genetic level
through the analysis of the kDNA.  For molecular
characterization, the schizodeme pattern of the
clonal population was studied  by  polymerase chain
reaction (PCR) of the variable region of the kDNA
minicircle according to Avila et al. (1990) and by
analysis of restriction endonuclease digested frag-
ments. The degree of similarity between the pa-
rental strain, the isolated clones and subclones sug-
gests predominace of a “principal clone” in the 21
SF strain, responsible for the pattern of behavior
of this strain  and its pathogenicity.

MATERIALS AND METHODS

T. cruzi strain -  The 21 SF  strain has been
isolated by xenodiagnosis from a patient with the
acute form of the Chagas’ disease, from São Felipe,
Bahia. It was characterized as biodeme Type II
(Rocha Filho 1979) and zymodeme 2 (Miles et al.
1980). Since then, it  has been  maintained in the
laboratory by successive passages into mice and
by cryopreservation in liquid nitrogen.

Cloning and subcloning - As previously de-
scribed (Campos & Andrade 1996), blood from mice
infected with the 21 SF strain was centrifuged  at
900 g, the supernatant  diluted in PBS and distrib-
uted in multi-well microtiter culture plates and ex-
amined in an inverted microscope. Wells contain-
ing only one trypomastigote were filled with pH 7.2-
PBS, and  the suspension collected by syringe and
injected into one  newborn mouse.   Trypanosomes
isolated from infected mice were defined as clones
(Dvorak 1985). The first passage was performed by
collecting blood from the infected newborn mice
and inoculating it into suckling mice.

Five initial clones were  isolated and  identi-
fied as C1, C2, C3, C4, C5. By subcloning proce-
dures, 14 subclones were obtained: 3 from C1, 2
from C2, 3 from C3, 3 from C4 and 3 from C5.
Subclones were identified by the name of the pa-
rental clone plus the subclone name  R1, R2, R3,
etc. (for example, C1R1, C2R2).

Clones and subclones were  characterized ac-
cording to biological and biochemical behavior and
the data on the experimental groups  has been pub-
lished elsewhere (Campos & Andrade 1996).
Briefly, groups of 20 mice weighing 10 to 12 g
were infected with trypomastigotes from each clone
and subclone, in the 4th passage in mice. Biologi-
cal behavior has been evaluated by several param-
eters as described by Andrade (1974), including
parasitemic evolution, morphology in the periph-
eral blood and virulence.  Isozymic characters were
determined according to Miles et al. (1980).

Genetic characterization - Hemoculture in

axenic Warren medium was inoculated with the
blood of infected mice at the 5th passage,  and incu-
bated at 28°C. After washing in pH 7.2-PBS, the
culture forms ressuspended to a concentration of
1x109  parasites were cryopreserved in liquid ni-
trogen.

kDNA analysis - kDNA was extracted from the
21 SF strain, its clones and subclones according to
Gonçalves et al. (1984). Sample integrity was con-
firmed after being loaded in a 2% agarose gel elec-
trophoresis in TAE buffer (0.04 M Tris-acetate,
0.001 M EDTA) and UV light examined after
ethidium bromide staining. PCR was performed in
100 ml reaction mixtures containing 10 mM Tris-
HCl (pH 8.4), 50 mM KCl, 2.0 mM MgCl2, 200
mM of each  dNTP, 2 ml DNA (@ 0.5mg), 2.5 U of
Taq polymerase (Perkin Elmer-Cetus Corporation),
2 pmols of previously described oligonucleotide
primers  (Avila et al. 1990) (Table I). After  an
initial 5 min denaturation step at 94oC, 35 cycles
of amplification were performed  on DNA Ther-
mal Cycler (Perkin Elmer-Cetus gene Amp PCR
System 9600) with a step program consisting of
45 sec denaturation at 94oC, 45 sec annealing at
55oC and 1 min extension at 72oC.  Additional 10
min extension step at 72oC  was performed at the
end of reaction. Each PCR round had a negative
control and a DNA Leishmania control that were
used to test the purity and specificity of the reagents
and primers, respectivelly. In order to confirm the
results, PCR products of the predicted size (330
bp) were separated by electrophoresis in a 2% aga-
rose gel, transferred to nylon membrane (Hybond
N+, Amersham) by Southern-blot technique
(Southern 1975), hybridized with one oligonucle-
otide probe from different sequence of the
minicircle region (Avila et al. 1990) (Table I). The
oligonucleotide probe was 3’-end-labelled with
fluorescein -11- d UTP (Fl - d UTP) catalyzed by
terminal deoxynucleotidyl transferase (tdt), by the
enhanced chemiluminescence associated with
horseradish peroxidase catalyzed oxidation of
luminol, (ECL 3’oligolabelling and Detection Sys-
tems,  Amersham). Autoradiography was per-
formed using Hyperfilm b Max (Amersham) after
5 min at room temperature exposition.

Dot-blot (Mainfold-BRL) hybridization was
also performed, after PCR product denaturation in
0.4 M NaOH, 2.5 mM EDTA solution and nylon
membrane transference (Hybond N+, Amersham)
(10 mg of amplified DNA for each sample). The
oligonucleotide probe labelling and the hybridiza-
tion were performed using the same 3’-end-labelled
system above described (Amersham).

The kDNA analysis was performed by com-
parative study of the fragments obtained from the
digestion of amplified minicircle DNA variable
region by  Rsa I and Hinf I restriction endonu-
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cleases, according to the manufacturer’s procedures
(Gibco- BRL). The DNA fragments were separated
by electrophoresis in a 12.5% polyacrylamide gel
(Phast-System, Pharmacia Biotech), and  silver
stained (Pharmacia Biotech).

Statistical analysis - The determination of the
percentual of similarity  was performed by compar-
ing the RFLP  of variable region of minicircles of
the kDNA  in the schizodeme of  the parental strain,
its clones and subclones,  as described  by Solari et
al. (1992). For that it has been utilized  the formule:
2Nxy x 100/Nx + Ny, where Nxy represents the to-
tal number of common bands, Nx and Ny represent
the total number of bands in the stocks x  and  y.

RESULTS

 Data concerning the results of  biological and

isoenzymic  characterization of the several clones
and subclones  has been described in a previous
paper (Campos & Andrade 1996).  In summary
the biological characterization has confirmed all
the clones and subclones as biodeme Type II, simi-
lar to the parental strain, although  with a slight
variation in the parasitemic pattern of the clone C5
that determined the lowest levels and the latest peak
of parasitemia (Fig. 1).

In respect to the isozymic patterns, all five
clones and the subclones have been included into
zymodeme 2,  as well the 21 SF strain (Campos &
Andrade 1996).

Genetic characterization by a comparative
analysis of the kDNA minicircles variable region,
after Rsa I and Hinf I digestion, disclosed the re-
sults  that are summarized at Table II). (i) The

TABLE I

 Oligonucleotide primers and probe sequences used to perform polymerase chain reaction and hybridization of
the conserved region of the minirepeats of Trypanosoma cruzi kDNA minicircles

Oligonucleotides  Sequences 5’ ®  3’

P 35 (primer sense) AAATAATGTACGGG(T/G)GAGATGCATGA
P 36 (primer sense) GGGTTCGATTGGGGTTGGTGT
P 67 (probe) TGGTTTTGGGAGGGG(C/G) (G/C) (T/G)TCAA(A/C)TTT

P 35, P 36 and P 67: hibridize to the conserved region within the minirepeats of T. cruzi kDNA minicircles (Avila et
al. 1990).

TABLE II

Percentuals of similarity resulting from the analysis of the restriction fragment lenght polymorphisms of the
several schizodemes

Strain and
clones 21 SF C1 C2 C3 C4 C5

Clones and
subclones Rsa I Hinf I Rsa I Hinf I Rsa I Hinf I Rsa I Hinf I Rsa I Hinf I Rsa I Hinf I

C1 85 87
C2 93 83 96 61
C3 100 92 92 83 96 97
C4 82 100 94 82 83 88 92 89
C5 67 85 95 79 90 85 72 81 89 93
C1R1 82 100 90 96
C1R2 82 91 90 95
C1R3 82 100 82 96
C2R1 96 83 96 96
C2R2 92 92 93 100
C3R1 97 82 97 96
C3R2 94 96 100 96
C3R3 97 93 97 79
C4R1 78 92 96 96
C4R2 87 96 96 96
C4R3 82 62 82 79
C5R1 61 79 95 92
C5R2 64 79 91 92
C5R3 64 85 91 92

Analysis was performed among the parental strain, clones and subclones; between clones and between clones and
subclones (according to Solari et al. 1992).
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percentual of  similarity between the parental  strain
and the clones C1, C2, C3 and C4  varied from  82
to 100%  for the two enzymes, Rsa I and Hinf I,
(Fig. 4). For the clone C5 the percentual of simi-
larity with the parental strain was of 67% for the
enzyme Rsa I and 85% for the Hinf I; (ii) compari-
son between  the parental  strain and subclones
have shown similarity from 78 to 100%; C5R1,
C5R2, C5R3 subclones showed  similarity levels
varying from 61 to 64%; (iii) comparison between
the several clones have disclosed  indices of ho-
mology for the enzyme Rsa I from 70 to 97%; with
the enzyme Hinf I the homology varied from 76 to
100%; (iv) the homology  between each clone and
its subclone varied from 79 to 100%  (Fig. 4). PCR
amplification of the 330 bp has been detected in
parental strain, its clones and subclones (Fig. 2A).
All samples disclosed positive hybridization with
P67 (Fig. 2B).

DISCUSSION

 T. cruzi strains are stable populations that pu-
tatively represent the equilibrium of multiple
clones. The concept of strain  according to Thomp-
son and Lymbery (1990) could  not be based only
on   the genetical differences between populations
but also  in differences in one or more characters
of epidemiological importance. This view  is im-
portant when we consider T. cruzi strains  and the
correlations of the genetical patterns  with biologi-
cal behavior. The “stability” of  T. cruzi  strains
can be considered as the  possibility of maintenance
of its  populations in an equilibrium after several

laboratory passages in different conditions or
through different procedures such as axenic cul-
tures, animal passages, cryopreservation or vector
passages (Magalhães et al. 1985, Magalhães &
Andrade 1991). The clonal  homogeneity could be
considered as an important factor to this stability.
Gomes et al. (1991)  has observed the stability of
isoenzyme and kDNA patterns in four strains of T.
cruzi of different zymodemes, after successive
cloning; they have shown that in three of them there
were identical isoenzyme and kDNA patterns be-
tween themselves and their parental strains.

The predominance of a clone with well defined
characteristics in the constitution of a stable strain,
could be a key for the analysis of the  parasite popu-
lations that predominate in one endemic area. The
21 SF  strain of T. cruzi,  has been initially charac-

Fig. 2: A - Amplified  products (polymerase chain reaction) of
the 330bp DNA minicircles variable region from 21 SF (paren-
tal strain) its clones (C1 and C2) and respective subclones
(C1R1,  C1R2, C1R3, C2R1). Line M: marker. This represents
the pattern of amplification of the parental strain, all its clones
and subclones. B - Positive hybridization by dot-blot technique
present in all samples analyzed with the probe 67.

Fig. 1: parasitemia in  mice infected with the 21 SF strain and
derived clones and subclones.The parasitemic peaks of the 21
SF strain  and clones C1, C2, C3, C4 are irregular and ocurred
between 12 and 20 days; the clone C5 showed a delayed peak
at 21 days.
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Fig. 3: a schematic representation of the organization of the
minirepeat regions on an individual minicircle with the primer
sets 35 and 36, probe 67, and their amplification products, indi-
cated by dotted lines (Modified from Sturm et al. 1989).

terized as biodeme Type II (Andrade 1974) and
zymodeme 2 (Miles et al. 1980, Andrade et al.
1983), similar to a significant number of strains
from the same area of São Felipe. After a long pe-
riod of maintenance in laboratory since its isola-
tion, the  behavioral stability of this strain was re-
markable. After cloning  and the finding of    bio-
logical and biochemical  similarity between the
clones, subclones and the parental strain (Campos
& Andrade 1996), the molecular analysis was a
further  step  to characterize them at a genetic level.

Schizodeme  analysis of T. cruzi  has been
largely utilized to determine the molecular consti-
tution of strains  and to distinguish  strains with
close biological  characteristics. In comparison to
total  kDNA analysis, digestion patterns that result
from the amplification of the kDNA variable
minicircle region appear to discriminate more ac-
curately  strains from the same geographical area
which present the same biological and biochemi-
cal characteristics (Avila et al. 1990). Analysis of
the  variable region of the  kDNA minicircle has
been considered as a marker to determine species,
to distinguish the apparently similar strains and to
classify them as schyzodemes (Sturm et al. 1989,
Avila et al. 1990).

 In the present study , the specificity of the frag-
ments of minicircles of kDNA  for T. cruzi  was
confirmed using the probe 67 (Degrave et al. 1988,
Sturn et al.1989). It became clear that, by using
Solari’s numerical taxonomy (Solari et al. 1992),
the strain 21 SF discloses a high degree of similar-
ity between the  parental  strain and its clones,  as
well as between the several clones or between the
clones and subclones. To a lower percentual of simi-

Fig. 4: analysis of the 21SF strain schizodeme amplification
products by polymerase chain reaction. The 330 bp product was
digested by Rsa I and Hinf I, separated through 12.5% poly-
acrylamide gel and silver stained. The M band represents the
100 bp ladder DNA marker. A: 21 SF - parental strain; C4 -
clone; C4R1, C4R2, C4R3 - subclones (Rsa I). B: 21 SF - pa-
rental strain; C1 - clone;  C1R1, C1R2, C1R3 - subclones (Hinf
I). In both A and B: a high degree of similarity between the
RFLP patterns of the several schizodemes is shown.

larity, as observed with clone C5, also corresponds
a slight difference in the parasitemic pattern of this
same clone, with maintenance of other biological
parameters and isoenzymic profiles (Campos &
Andrade 1996). This also suggests that those last
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characteristics are genetically determined.
Further studies, including the genetical  se-

quences and the analysis of a higher number of
clones, will be necessary to confirm the degree of
homology found in this study. According to
Tibayrenc and Ayala (1988), well-adapted clones
can predominate and be selected by environmen-
tal conditions and circulate in different  areas. This
seems important  when we consider the possibe
influence of the parasite strain in the determina-
tion of the clinical presentations of  Chagas’ dis-
ease in different geographical areas, as previously
suggested (Andrade 1974, Miles et al. 1981b). In
the endemic area of  São Felipe, as well as in other
geographical areas, as Mambaí, GO, a predomi-
nance of strains with the same characteristics  is
well determined (Andrade & Magalhães 1997).
Considering the several aspects of the infection
with T. cruzi,  the presence of the same biological
and biochemical pattern of strain in one endemic
area could be important, not only considering  the
predominant type of clinical  manifestations  and
organs envolvement, but also  in relation to the
response to chemotherapy, as has been demon-
strated  (Andrade et al. 1992) for  strains isolated
from the endemic area of Montalvania, MG,  where
an agreement of 82% was seen between the ex-
perimental and clinical results of treatment with
benznidazole or nifurtimox. This means that the
correlations of the strain type and chemotherapy,
already  demonstrated for the experimental animals
also occurs in man.

The genetic evidence of a clonal homogeneity
in the parasite strains represents a tool for the un-
derstanding of different aspects of the disease in
different regions, and contribute to the molecular
epidemiology of Chagas’ disease.

The presence of a “principal clone” circulating
in one endemic area  can be responsible for the
predominance of the same pattern of strains iso-
lated from  patients of areas as São Felipe, all of
them included into  biodeme Type II  and
zymodeme 2. These “principal clones” could be
responsible for a predominant tropism of the para-
sites for  specific organs and tissues,  and this, cer-
tainly  will  contribute to the pattern of clinico-
pathological manifestations in one geographical
area.
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