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The microdistribution of isoenzymic strains of Trypanosoma cruzi in
southern Bolivia; new isoenzyme profiles and further arguments

against Mendelian sexuality
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132 Trypanosoma crazistocks were 
"ort.t.¿SiHil,?nry.rn 

Boüvia (99 stocks in Tupiza, 33 in Tariia),
and were characterized using five enzymes (six loci). From these 132 stocks, a sample of 2l was
studied using 10 enzymes (12 loci) to establish the-genetic distances between them. Only five different
isoenzymic strains were registered among the 132 stocks: the taxonomic status of these suains is
discussed. The distribution of the strains indicated that a Founder effect was not a constant fact at the
level of the house and of the slrburb, but that a Founder effect was more apparent for greater
geographical distances. All strains were transmitted sympatrically by the sarñé vector Tlianma
iyfestans. Genotype frequencigs demonstrated the lack of Mendelian sexuality among stocks of. T . cruzi
from southern Bolivia, confuming our previous results.

Introduction
The presence of different isoenzymic strains within

the taxon Trypanosoma cruzi was first demonstrated by
MII-Bs et al. (1977) using an intuitive interpretation of
zymograms. Rnaoy & Mtlss (1980) distinguished,
by numerical taxonomy, three main strains ("zymo-
demes") in Brazil.

The genetic interpretation of zymograms led us to
propose that I. cruzi was diploid (TmavRENC et al.,
1981a) and lacked present sexuality (TlsavRENC et
al., 1981b). These theoretical assumptions allowed
the use of genetic distances (Nu, 1972; TIBAvRENC,
1980) to classify isoenzymic strains of T. cruzi. The
geographical frequencies of the principal isoenzymic
strains in Bolivia were described in a previous study
(TmavRENC & Des¡eux, 1983).

In this paper we present a microgeographical study
of the Bolivian towns of Tupiza and Tarija, which
clarifies the distribution of the isoenzymic strains at
the level of the suburb and the house. The taxonomic
status of T. cruzi isoenzymic strains is again discussed
and the hypothesis of lack of mating in T. cruzi is once
more considered.

Material and Methods
All stocks were isolated from Triatoma infestans (Hemip-

tera, Reduviidae) using a method described elsewhere
(TmevnENC ¿, al., 1982). Triatomine bugs were collected in
Tupiza and Tariia in December 1981. 99 stocks af T. cruzi
from Tupiza were collected frorn 42 different houses and 16
different suburbs or near villages. 33 stocks of ?'. cruzi were
collected from 12 different houses and four different suburbs
or near villages (Table I; Figs. 1, 2 and 3).

All stocks were grown in GLSH monophasic medium.
Stocks were harvested by centrifugation and pellets were
stored, without washing, rt -70"C. Pellets were lysed just
before electrophoresis in an equal volume of hypotonic
enzyme stabilizers (dithiothreitol, e-aminocaproic acid,
EDTA, each at 2 mM) by standing for 20 min on ice,
followed by freeze-thawing. Single culture tubes were
sufficient to study the range of enzymes used.

Most of the 132 stocks were characterized using five
enzymes, namely, phosphoglucomutase (E . C . 2 .7 .5 .L . ,
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PGM), glucosephosphate isomerase (E.C.5.3. 1.9., GPI),
malate dehydrogenase (oxaloacetare decarboxylating
(NADP+) (E.C. l-.1.1 .40.,'ME), 6-phosphogluconate del
hydrogenase (E.C. I . I . I .44., 6PGD) and isocirrate dehy-
drogenase (8.C.1.1.1 .42.r ICD). These enzymes were suf-
ficient to determine the isoenzymic strain and to test the
hypothesis of lack of mating. A sample of 2l stocks (15 from
Tupiza, six from Tarija) was studied using l0 enzymes ro
examine phylogenetic relationships between the isoenzymic
strains. \ü7e used as reference stocks C8 clone I (Bolivian
zymodeme l), SC43 clone 2 (Bolivian zymodeme 2), üe
Tulahuen strain and Esmeraldo clone 3 (Brazilian zymodeme
2) (TBavRENC & Mlms, 1983). The additional five enzymes
used were: malate dehydrogenase (E.C. l. l. l.37 ., MDH),
glucose-6-phosphate dehydrogenase (E.C. l. l. 1 .49.,G6PD),
glutamate dehydrogenase (NADP + ) (E.C. | .4 .l .2 . , GD),
aminopeptidase (cytosol) (8.C. 3.4.11 . I . , PEP; subsrrare:
tquc¡r!-lqugyl-leuc_ine), and leucine aminopeptidase
(E.C.3.4.11., LAP; substrate: L-leucine B naphthyl amide).
All electrophoresis was carried out on cellulose acetate plates
(Helena' laboratories). The recipes used were adapted from
LeNHa¡u et al. (1981). Electrophoresis was performed at 200
volts for 30 min throughout and all tank buffers contained
20o/o sucrose. Tank buffer No. III of Sse,ur & Pnes,rD (1970)
was used for the enzymes GPI and 6PGD and the same
buffer diluted (1:10) for soaking plates. Buffer Helena' HR
made up to 750m1, plus l'0mM MgC12, was used 

- 
as tank

buffer for G6PD and GD. For GD, the developer solurion
consisted of: Tris 0'05 M, L-glutamic acid 0'l M, adjusted
to PH 7'0; with the quantities of NADP, NBT and PMS
given by LaNH AM et al. (1981). For LAP, the buffer was No.
II of Sue'tr¡ & PneseD (1970) and the developer solurion was
as they described (SHe'ur¡ & Pnesnp, 1970).

Genetic interpretation was based on previous assumptions
(TmavnENC et al., 1981a, b). Genetic distance calculations
used Nei's standard distance (Nu, 1972) with the modifica-
tions proposed ror asexual, diploid flagellates (TIBAvREñC,
1980; TlneyRENc et al., l98la) (Tables II and III). All
calculations were performed with a microcomputer Casio'
FX-702P. Computer programmes were composed for gene-
tic distance calculations, and for all statistical tests used in
this work.

Results and Discussion
Only five different isoenzymic strains were encoun-

tered among the 132 T. cruzi stocks examined. Two of
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treHtcd spü¡tcly (rGG tcl). §uburü Oplce w¡r rot ircludcd ia grcupc A ud B)
Isoenzymic strain:
Phce:
TUPIZA

Group A of suburbs:
Suburb Rencillas
House I

MICRODIS'|RIBUTION OF ISOENZYMIC STRAINS OF T. CTUZi IN BOLIVIA

Suburb Santa Rosa
House I
Suburb Zona Bolivar
House I

2
3

Suburb Deseada
House I
Subr¡¡b Villa Remedios
House I

2
3
4
5

Subu¡b Villa Betania
House I

Subu¡b Villa Fatima
House I

Total group A:

Group B of suburbs:
Subtub Suypacha
House I

2
3
4

Suburb Angostora
House I

2

Suburb Quebrada Seca
House I

2

Suburb Suycuchacra
House I

2
3
4
5

6

2

I

r

Suburb Pueblo Nuevo
House I
Suburb
House

3

I

Suburb Chacopampa
House I

2
3
4
5

6

I

l

2c

I
I

2t

l

Suburb Pdquiza
House I

2
3

I

Total sroup B:
Suburb Oploca
House I

TOTAL TUPIZA: (and percentage)

2
I
I
6

:

TARIJA:
Suburb Defensor del Chaco
House I

2
3

4

I
I

I

:
-

2

I

Suburb Tomatitas
House I

2
3
4

Suburb Villa Pisaro
House I

2
3

.

2

I
I

I
I

I
l

.
I

Suburb San Martin
House I

TOTAL TARIJA:
Percentage:

3

l

I

:

I

l

45

I

I
I

l
r

j
I

3l

l

I
I

Ij

t4

I

3

I
2

8

24

I

20
60

4
t2

I
0.03
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Fig. 1. General map of Bolivia, with the situations of Tupiza and
Tarija.
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Fig. 2. Outskirts of Tupiza, showing the suburbs and villages
studied (up to 20 km from Tupiza). See also Table I. Numbers refer
to suburbs and villages: I : Rencillas; 2 - Santa Rosa;
3 - Suypacha; 4--Zona Bolivar; 5: Deseada; 6 - Angostora;
7 - Villa Remedios; 3 : Quebrada Seca; 9 : Suycuchacra;
10:Pueblo Nuevo; ll:Oploca; L2:Tocloca;
13 : Chacopampa; 14 : Villa Betania; 15 : Palquiza; 16 : Villa
Fatima.

them have already been recorded in Bolivia
(TInevRENC & DesJEUx 1983). The three orhers were
observed in this country for the first time: 2a was
found in both Tupiza and Tarija; 2b (a single srock)
was found only in Tarija, and 2c only in Tupiza.
P hylogenetic relationships

Both intuitive interprerarion and genetic distances
(Tables II and.III, Fig. 5) show that the three new
lsoenzymic strains are more closely related to Bolivian

Fig. 3. Outskirts of Tarija, showing the suburbs and villages studies
(up to 8 km from Tarija). Numbers refer to suburbs and villages:
I - Tomatitas; 2 - Villa Pisaro; 3 - Defensor de Chaco; 4 - Sant
Martin.

zymodeme 2 than to Bolivian zymodeme
l(TmavRENC & MrLes, 1983). Strains 2a and 2b
differ from Bolivian zymodeme 2 than ro Bolivian
zymodeme 2 by one allele only. Strain 2c can be
related intuitively to Brazilian zymode me 2 because
they have several alleles in common. Nevertheless the
genetic distance between 2c and Braziltan zymodeme
2 is not negligible (0'34) and is comparable to the
genetic distance between 2c and Bolivian zymodeme 2
(0'41). In another paper (TmavRENC et al., 1983) we
discuss some taxonomic and termino-
logical problems concerning isoenzymic strains of f.
cruzi. Several genetic arguments (principally: lack of
continuum, lack of high heterozygosity, frequent
passage from a homozygote state to another) suggest
that "principal" isoenzymic strains can be the result
of real speciation (we refer to biological concept of
species), which would have occurred before the loss of
hypothetical sexuality of T. cruzi. Further investiga-
tions are needed to confirm the distinction between
"principal" and "lesser" isoenzymic strains and
intermediate cases are apparent (TmAvRENC &
Mtlrs, 1983). In previous papers (TmnvRENC &
Des¡eux 1983; TmnvRENC & Mlles, 1983), we used
the word "zymodeme" for "principal" isoenzymic
strains, as done by MIIES ¿r al. (1980) and Reaoy &
MIles (1980). But as the distinction between "prin-
cipal" and "lesser" strains becomes less clear, we
prefer for the moment not to use this word: each
strain defined by isoenzymes ("principal" or "lesser")
is called "isoenzymic strain" (IS) without considera-
tion of its taxonomic or medical importance. Only an
extensive survey of the total variability of T. cruzi
throughout its geographical range will allow the
definition of a more precise and rigorous terminology.
G eo graphical distribution

In Bolivia, IS 2a was only observed in the southern
part of the country (Tupiza, Tarija), at a frequency of
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Table ll-Genetic interpretation of the zymograms: allele frequencies. (22 = Brazilian zymodeme 2)

Locus
PGM

Isoenzymic strain:

GPI

Allele no.
I
2
3

6PGD

1

2
3

4
5

PEP

I
0
0

I
2
3

4
5

G6PD

0
0
0
0
I

0
0.5
0.5

ICD

I
2
3

4

2a

0
0.5
0
0.5
0

0
0
0
0
I

0
0.5
0.5

MEl

I
2
3
4

2b

MEz

0
0
0.5
0.5
0

0
0.5
0
0.5
0

I
0
0
0

0
0
I

MDHl

t
2
3

2c

MDH2

0
0.5
0
0.5
0

0
0
0
1

0
0.5
0
0.5
0

0
0
I
0

I
2

LAP

0
0
I

I
2

Z2

GD

0.5
0.5
0

0
0
I
0
0

0
0.5
0
0.5
0

0
0
I
0

0
0
I
0

1

2

0
0
t

0
I

Table III-Matrix of genetic distances

0.5
0
0.5
0
0

0
0
I

I
0
0
0
0

0
0
I
0

I
2

0
0
I
0

I
0

I
0

0
I

0
0
I

0
0
I
0

0
0
I
0
0

0
0
0
I

2a

0
t

1.7 |

2b

t
0

I
0

t.7 | 0.03

I
0

2c

0
0
1

0
I
0
0

r.73 0.03

0
1

0
0

0
1

22

2a

r.77 0.41

0
I

t
0

r.7 5 0.39

I
0

0
0
I

I
0
0
0

2b

0
1

0.05

0
t

I
0

I
0

2c

0-34

0
0
I

0
1

0.35

l4o/o ( 18 stocks out of 132). Although this strain is
closely related to IS 2 (genetic distance 0'03), it may
be epidemiologically significant because it has also
been found in French Guyana (Tibayrenc, in prepara-
tion), in Chile (the laborátory ieferénce sÍrain "i'ula-
huen") and in the USA (Tibayrenc & Le R.y, in
preparation). In Bolivia, IS 2c was only observed in
Tupiza. This town is a centre of migration between
Bolivia and Argentina. The relationships between IS
2c and Brazilian zymodeme 2 (genetic distance 0.34)
has to be studied more closely. Brazilian zymodeme 2
was recorded by Mllns et al. (1981a) in cenrral and
eastern Brazil. IS 2b, closely related to IS 2 (genetic
distance 0'03), was observed in Tarija, as a single
stock. IS 2 and IS t were observed both in Tupizaand

0
I

0.36

I
0

I
0

0.34

0
I

0
I

0.32

I
0

0
I
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Fig. 4. Dendrogram of genetic distances among the isoenzymic
strains, established using UPGMA cluster method.
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GPI

2a

groups are separated by 5 to 10 km, and a qatural
obstacle (a small mountain). §7e used a X' test,
grouping the data for IS 2a and IS 2c in order to
obtain sufficient expectgd values. The differences are
highly significant (X' - 2l'53 with degree of
freedom - 2). This indicates clearly that the
homogenization of the strain frequencies between the
two groups. is not .effective, unless the human
communications are important, and the ecological
conditions are similar. LeHaNE & ScuorlELD (1981)
indicated that flights of several kilometers were
possible for triatomine bugs. Nevertheless, our data
seem to indicate that the homogenization of strain
frequencies is not effective for relatively small dis-
tances, and that at this level, a Founder effect can be
supposed.

Vector specificity
Mlles et al. (1981b) have suggested that different

T. cruzi zymodemes may be adapted to particular
vector species. In Bolivia, that does not seem to be the
case, at least for the isoenzymic strains considered and
in domestic transmission cycles: different strains are
all transmitted by Triatoma infestans, including the
"principal" strains. This is obvious in Tupiza, where
we observed totally sympatric transmission by the'
same insect vector and twice recorded an apparently

I

-
I

2o

2a

2c

Fig. 5. Zymograms of the isoenzymic strains for üe enzymes GPI
and PGM (see also Table II: genetic interpretation of üe zJmograms,
and Fig. 6).

Tarija, and also in all the Bolivian towns we have
studied (TmnvRENC & DpsJEUx, 1983). It is interest-
ing to notice that the frequency of IS 2 is higher (60%)
in Tarija (altitude 1600 m) than in Tupiza (3lo/o,
altitude 2600 m). §üe have already pointed out
(TmavRENC & DpsIEUx, 1983) that IS I seems to be
more frequent at high altitude, and that IS 2 seems to
be more frequent at lower altitude. Further studies
are in hand to verify the correlation between altitude
and frequency of the isoenzymic strains.

Microdistribution
It is interesting to notice that it is easy to collect

different isoenzymic strains in the same suburb and
even in the same house, as seen previously
(TmavRENC & Des¡rux, 1983). For example, in
house No. I of Villa Betania (Table I), we collected
four different strains out of six stocks. On the
contrary, in house No. 4 of Suycuchacra, we collected
only one strain out of six stocks. These data indicate
that a Founder effect is not a constant feature of the
dispersal of the strains at the level of the suburb and
of the house. In Tupiza, of 44 houses, nine had two
different isoenzymic strains, two had three different
strains, and one had four different strains (the average
number of stocks collected per house was 2.25). This
may in fact suggest that the migration of triatomine
bugs from house to house is important as pointed out
by LeHANE & ScUoFIELD (1981). On the other hand,
we compared the strain repartition between two
groups of suburbs and villages. Group A: suburbs 1,
2, 4, 5, 7, 14, 16: 13 different houses, 37 stocks;
Group B; suburbs 31 61 8, 9, 10, L2, 13, 15: 30
different houses, 59 stocks (see Fig. 2). These two

I

-
-
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I

I

I

I

2c

I

-
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G,,F.I.

W ..,.$

34

Fig. 6. Zymogram of the enzyme GPI for different isoenzymic
strains. Samples L, 2, 5 & 8: Isoenzymic strain I (genotype 5/5);
samples 2 & 4: isoenzymic strain 2c (genotype 313); sample 6:
isoenzymic strain 2a (genotype 3/4); sample 7: isoenzymic strain 2
(genotype 214). See also Fig. 5 and Table II.

'Wit;i."a¡t



524 MTcRoDISTRTBUTToN oF rsoENzyMrc srRArNS oF T.

mixed infection with IS I and IS 2 in the same
triatomine bug. This lack of vector specificity among
the different T. cruzi strains in Bolivia is important
epidemiologically.

Lach of mating
Genetic arguments for this hypothesis were given

previously (TIBAvRENC et al., 1981b). Nevertheless,
we had not a sufficient number of stocks to test a
Hardy-§fleinberg equilibrium. In the present work,
we calculated Hardy-Weinberg genotype frequencies
based on the hypothesis of diploidy in T. cntzi (see
TBnvnENC et al. 1981a; LaNan et al. 1981). §üe
considered the following enzyme loci: PGM and GPI
(each locus being considered independently). Table
IV gives the observed and expected genotype num-
berJ in Tupiza. The X2 test shows clearly ihat the
results do not accord with genetic exchange between
the strains by means of_ Mendelian sexuality (for
example, locus GPI: X2 - 198, with degr-ee 

' 
of

freedom - 9). It is also interesting to notice the
frequent presence of different alleles between IS I and
IS 2 (for example in the cases of PGM and GPI)
without corresponding heterozygous patterns for
these different alleles: the genotypes PGM 1/2 and
GPI 4/5 were not encountered. This is a common
argument to prove lack of genetic exchange between
sympatric taxa. The observed and expected genotype
numbers in Tupiza may be calculated if we assume
that genetic exchange occurs only between IS2 ,2a and
2c, which are closely related. The results obtained
(fable V) also argue against this hypothesis (GPI:
X' - 66, with degree of freedom - 5). On the other
hand, one can see that IS 2 and 2a are constantly
heterozygous for PGM, GPI and 6 PGD (this was
previously noticed for IS 2: TlnavRENC et al., 198lb;
TIsaynENC & DesJEUx, 1983). This "fixed heterozy-
gosity" further suggests that there is no genetic
exchange within these strains. Finally, the patterns
for the six loci examined are constant within each
strain, with no recombination among the different
strains (that is GPI, PGM, MEl, ME2, ICD and
6PGD patterns are specific for each strain). This lack
of recombination is also observed with the sample of
2I stocks characterized using l0 enzymes (12 loci).
The only exception is the case of IS 2b in Tarija (a
single stock), which has all enzymic patterns of IS 2,
but with a PGM pattern of IS 2c. The unlikely
phenomenon of parasexuality in T. cruzi (TBnvRENC
et al., 1983) (see the common PGM pattern IS 2b and
IS 2c), with genetic exchange involving a small part of
the genome, might be considered. Mendelian sexual-
ity (with recombination of the whole genome) seems
to be exceptional or absent. This confirms our
previous data (TmnvRENC et al., 1981b) and shows a
situation that is quite different to the one observed in
Trypanosoma brucei (Tatr, 1980).

The present work makes clearer some points of the
distribution of Trypanosoma cruzi isoenzymic strains
and allowed us to verify the hypothesis of lack of
mating at present. In the field of taxonomy, for the
moment, more data are required to estimate the real
genetic variability of T. cntzi and to establish reliable
correlations between biochemical taxonomy and
medical data (TtnavRENC et al., 1983, BAnNABE et al.,
I 984.

Table lV-Observed and expected numbers of
genotypes among the isoenzymic strains 1, 2, 2a and
2c in Tupiza

cruzi

Enzyme GPI
Genotypes:

3t3

IN BOLIVIA

5t5

2t4

Observed

9

314

212

4t4

45

2t3

Expected

2.5

31

2t5

T4

3t5

2r

Enzyme PGM
Genotypes:

Ul

4t5

6.8

7.2

2.3

3t3

5.3

2t3

4.8

2t2

13.6

45

u2

14.6

y3

20.9

Table V-Observed
genotypes among the
2c in Tupiza

45

20.9

Enzyme GPI
Genotypes:

3t3

10.1

13.9

."trd expected numbers of
isoenzymic strains 2, 2a and

4-9

20.1

2t4

29.1

3t4

Observed

9

2t2

4t4

Enzyme PGM
Genotypes:

3t3

2t3

31

Expected

4'9

t4

2t3

t2.8

2t2

13.2

4.6

9.1

45

23.r

18.2

26.3

9.5
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