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In conclusion, a certain intra and interspecific variability in 
the heat shock response has been found at the puffing level. 
This does not agree with the conservative character of the 
response to temperature. Future molecular analysis will 
probably explain the unexpected heat shock puff differences 
found between both species. 
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Circulating Trypanosoma cruzi from the same cloned population show differences in the ability to infect 
cells and to cause lethal infection in mice I 
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Summary. Two subpopulations of circulating parasites displaying different abilities to infect mammalian cells and to cause 
lethal infection when inoculated into normal mice were demonstrated in the blood of mice acutely infected with T. cruzi. 
Parasites of one subpopulation rapidly penetrated mouse fibroblasts and were readily phagocytized by normal mouse 
peritoneal macrophages whereas parasites of the other subpopulation showed little ability to invade non-phagocytic cells and 
resisted phagocytosis. Inoculation of organisms of this latter population into mice resulted in infections with lower parasite- 
mias and longer time to death as compared to controls inoculated with organisms from a population containing both types of 
parasites. When a population of parasites containing both types of trypanosomes was cultured in acellular medium at 28 ~ 
a decrease in the number of parasites was noted to occur in the initial days of culture. This decrease was not noted when 
parasites of the subpopulation of trypanosomes resistant to phagocytosis were cultured similarly. 
Key words. Trypanosorna cruzi; Chagas' disease; macrophages; mouse fibroblasts. 

Heterogeneity in Trypanosoma cruzi, the causative agent of 
Chagas' disease or American trypanosomiasis, was first re- 
ported in the original description of the parasite as morpho- 
logically distinct 'broad' and 'slender' bloodstream forms 4. 
Since then, heterogenous populations of T. cruzi have been 
demonstrated in regard to biological, pathological, and anti- 
genic make-up s 7. Because of the suggestion that differences 
in infectivity might be associated with morphological varia- 
tions 6, a number of studies have been conducted using pa- 
rasites from isolates with predominance of either 'broad' or 
'slender' forms 8 11. These studies have been conducted with 
organisms from cell cultures submitted to different condi- 
tions of temperature, culture medium, and incubation peri- 
ods 8, 9 or with trypanosomes obtained by centrifugation on 
density gradients after passage of the organisms through an 
ion exchange column 10, a technique which has been shown to 
selectively deplete subpopulations of parasites H. In addition, 
organisms from cell cultures have been shown to be only 
partially equivalent to bloodstream trypanosomes12. 
In this work we used a biological system to separate subpo- 
pulations of blood trypanosomes from the same cloned 
population and examined them for their capacity to invade 
cultured cells, to cause lethal infection in mice and to mul- 
tiply in acellular cultures. 
Method~ and results. The Y strain of Trypanosoma cruzi, 
isolated in 1953 from a human case of Chagas' disease 13, was 
obtained from Dr Z. Brener (Centro de Pesquisas Rene Ra- 
chou, Belo Horizonte, State of Minas Gerais, Brasil) and 
cloned in our laboratory according to the technique de- 

scribed by Goldberg and Chiari ~4. Parasites derived from a 
single clone were obtained from the blood of adult, male, 
outbred, Swiss-Webster mice (Simonsen Laboratories, Gil- 
roy, CA) at the peak ofparasitemia (7 days after i.p. infection 
of the mice with l0 s blood-form trypanosomes). The organ- 
isms were purified by centrifugation in 3 % dextran as pre- 
viously described is, pelleted and resuspended at a concentra- 
tion of 2 x 106/ml in RPMI 1640 tissue culture medium 
(GIBCO Laboratories, Grand Island, NY) supplemented 
with 5% heat-inactivated (60~ fetal bovine serum. One 
half of this trypanosome suspension was kept at 37 ~ for 18 
h under tissue culture conditions (original population). The 
other half was distributed over monolayers of murine peri- 
toneal macrophages or monolayers of mouse fibroblasts 
(L929 cells, ATCC CCLI) on tissue culture slides (Lab-Tek 
Products, Napperville, Ill.) and cultured as previously de- 
scribed ~5. The organisms present in the supernatant of these 
cultures after 18 h of incubation (non entering subpopula- 
tion) were pelleted and resuspended in tissue culture medium 
as above. At least 80% of the organisms dispensed were 
recovered. The cell monolayers were washed, fixed with ab- 
solute methanol, stained with Giemsa stain and examined 
microscopically for intracellular parasites Is. 
The in vitro and in vivo infectivity of the parasites of the 'non 
entering subpopulation' was compared with that of the same 
number of organisms of the 'original population' which had 
been kept at 37 ~ 18 h. For the in vitro assay, monolayers 
of peritoneal macrophages or of L929 cells were infected with 
trypanosomes of the 'original population' or of the 'non 
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Infection o f  no rma l  mouse peri toneal  macrophages  and  L929 mouse 
fibroblasts with different subpopula t ions  o f  b lood t rypanosomes  of  
T. cruz• 

Parasites* Percent infected 
M L929 

re 
Fresh 49 • 3 18 • 5 O 
Original population 37 • 3 16 • 8 
Non entering subpopulation 9 • 1"* < 0.5 

* Fresh = Parasites used just after harvesting from infected mice; original 
population = after storage at 37 ~ non entering subpopulation = after 
exposure to cultured cell naonolayers. See text for details. Expressed as 
mean • SE. ** p < 0.001 as compared with both fresh and original popu- 
lation trypanosomes. 

entering subpopulation' .  The results (table) revealed that 
t rypanosomes from the 'non entering subpopulat ion '  were 
significantly (p < 0.001) less infective than parasites of  the 
'original populat ion '  to both macrophages and L929 cells. 
Differences in infectivity were not  related to age of  cultured 
host cells since similar results were obtained with freshly 
prepared or  with 24-h-old monolayers  (data not  shown). 
To further examine infectivity, blood trypanosomes were 
incubated with monolayers  of  L929 cells for 24 h at a ratio of  
100 parasites/cell. Thereafter, the 'non entering' organisms 
were recovered and added to fresh L929 cell monolayers.  
This procedure was repeated twice and at the end of  the third 
incubation period the recovered parasites were layered over a 
monolayer  o fmur ine  peritoneal macrophages and incubated 
for an additional 24 h. After  this period of  time slides were 
fixed, stained and examined for intracellular parasites. The 
results revealed that less than 1% of  L929 cells of  the second 
and third monolayers  had intracellular parasites, and less 
than 5 % of the cells of  the last monolayer  of  murine peri- 
toneal macrophages were parasitized. The rate of  multiplica- 
tion of  the interiorized parasites, however, was equal to the 
rate of  multiplication of  freshly isolated organisms (data not  
shown) suggesting that t rypanosomes maintained extracellu- 
larly for a prolonged period of  time (over 72 h in these 
experiments) retained the ability to transform into amas- 
tigotes and multiply upon becoming intracellular. 
For  the in vivo experiments, the same inocutum of  trypano- 
somes of  the 'non entering subpopulat ion '  or  of  the 'original 
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Figure 1. Paras i temia  and  survival in mice infected with 5 x 103 (O ,  0 )  
and  5 x 104 (El, m) t rypanosomes  recovered f rom the superna tan t  o f  
cultured cell monolayers of normal mouse peritoneal macrophages (non 
entering subpopulation, 0,  II, n = 6) or incubated in tissue culture me- 
dium for 18 h at 37 ~ C (original population, O, S, n = 4). Mean parasite- 
mia • SEM were calculated on the survivors at each time point. 
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Figure 2. M ultiplication of T. cruz• acellular cultm'e medium, l07 trypa- 
nosomes of the original population ([]) or of the 'non entering subpopu- 
lation' (0) were seeded into each of 3 tubes containing acellular growth 
medium. The multiplying organisms were counted at different periods of 
time and the bars indicate the range of the numbers in the 3 tubes. 

populat ion '  was injected i.p. in 6- and 4.4-week-old male 
mice, respectively. The results revealed that inoculation of  
5 x 103 organisms from the 'non entering subpopulation'  
resulted in significantly lower parasitemias (p < 0.01 at day 7 
p.i., p < 0.005 at day 14 p.i.; Student 's t-test) and signi- 
ficantly longer survival times (p < 0.005; Student 's t-test) 
than inoculation of  the same number  of  trypanosomes from 
the 'original populat ion' .  Significant differences in the sur- 
vival time (p < 0.01) were also noted after infection with 
5 x 104 parasites of  the 'non entering subpopulat ion '  (fig. 1). 
Because of  the above results, it was considered of  interest to 
determine whether trypanosomes of  the 'non entering subpo- 
pulat ion'  would show different rates of  multiplication and 
differentiation into epimastigote forms, as compared with 
organisms of  the 'original populat ion ' ,  when cultured in acel- 
lular medium at 28 ~ Thus, trypanosomes, collected from 
mice and exposed to normal mouse macrophages or incu- 
bated at 37 ~ as described above, were seeded into triplicate 
tubes containing epimastigote medium ~7 and cultured at 
28 ~ C. At different periods of  time, beginning 24"h after initia- 
tion o f  the cultures, an aliquot of  each triplicate tube was 
removed and motile organisms with intact morphology were 
counted in a hemocytometer.  Stained smears were also pre- 
pared to determine morphological  changes. The results are 
shown in figure 2. A decrease in the number  of  organisms of  
the ~ populat ion '  but not  of  the "non entering subpo- 
pulat ion'  was noted 24 h after the initiation of  the cultures. 
Transformation of  the trypanosomes into round or oval 
forms was noted to occur after 12 h of  culture. These forms 
became elongated and started to divide around 24 h. By 
72 96 h most of  the organisms had an epimastigote morphol-  
ogy. After  5 days of  culture, organisms from both popula- 
tions multiplied at the same rate. Multiplication, however, 
was not very active possibly because of  an early depletion of  
essential nutrients from the culture or  lack of  a multiplica- 
t ion-enhancing factor in the culture medium employed. We 
have noticed that active differentiation and multiplication 
occurs when, at least, 10% of blood is added to the culture 
medium. In this case, however, a lot of  clumping of  multiply- 
ing organisms occur and the counting is made difficult. 
Discussion. Our results revealed that, by using a cell culture 
system, bloodstream trypanosomes derived from a single 
cloned organism of  the Y strain of  T. cruz• could be separated 
into two subpopulations of  parasites expressing different 
biological characteristics. Organisms from a small subpo- 
pulation were able to penetrate non phagocytic L929 cells 
and were interiorized by phagocytes, whereas trypanosomes 
from another relatively large subpopulation ( 'non entering' 
trypanosomes) did not  penetrate L929 cells and apparently 
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avoided phagocytosis by normal  murine macrophages. Or- 
ganisms of this latter subpopulat ion remained in the super- 
natant  of cultures of L929 cells or macrophages for pro- 
longed periods of time and when inoculated into mice pro- 
duced infections with parasitemias and survival times that 
were significantly lower and longer than those noted in mice 
inoculated with preparations containing trypanosomes of 
both subpopulations.  This observation is in agreement with 
the report by Howells and ChiarP 7 who showed that mice 
inoculated with trypanosomes recovered from the blood of  
other mice inoculated with the organisms two days before 
had longer prepatent parasitemias and increased survival 
times than controls. In addition, when trypanosomes of the 
'non  entering' populat ion were added to acellular medium 
and cultured at 28 ~ they immediately started multiplying 
and a slight increase in the number  of organisms could be 
noted as early as 36 h of culture. In contrast, when a control 
preparat ion containing organisms of both populations was 
similarly cultured a decrease in the number  of organisms was 
noted at 36 h of culture. The decrease in the number  of 
organisms was not  statistically significant but  may have indi- 
cated death of those trypanosomes that were unable to dif- 
ferentiate into epimastigotes and multiply as such, possibly 
because they had been biologically programed to invade cells 
and maintain  the infection in the mammal ian  host. So far, 
attempts to identify a particular subpopulat ion of parasites 
responsible for maintenance of the infection in mammal ian  
hosts have not  been successfull. The clonal approach has 
revealed the existence of differences among individual pa- 
rasites in regard to invasiveness and pathogenicity 5. Compa- 
rison of trypanosomes obtained from insect vectors, from 
bloodstream of mammal ian  hosts, from cell cultures or from 
axenic cultures have also demonstrated differences in invasi- 
veness and in lethality TM 17 19. 
Long term maintenance of parasite strains in cultures or in 
laboratory mammal ian  hosts selects organisms with the 
highest ability to adapt to the culture conditions or to the 
experimental host but  do not  change the genetic make-up of  
individual organisms 2~ 21. Heterogeneity, however, has to be 
intrinsic to each organism and its expression genetically 
regulated since differences present in isolates kept in the 
laboratory for long periods of time were also demonstrated 
in parasites derived from a single clone. 

At the moment ,  lectins are being used in our laboratory to 
examine the changes that occur on the ceil membrane surface 
of trypanosomes following their retrieval from mammal ian  
hosts and culturing until  their final differentiation into epi- 
mastigotes. 
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Asymmetric suction feeding in primitive salamanders 
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Summary. During suction feeding, the primitive aquatic salamanders Cryptobranchus alleganiensis and Andrias japonicus 
frequently display asymmetric movements of the lower jaw and hyoid apparatus that have some similarity to working and 
balancing side kinematics of mammal ian  mastication. 
Key words. Salamander;  feeding; asymmetry. 

Previous detailed studies of suction feeding in vertebrates 
have demonstrated, or assumed,  that the right and left vis- 
ceral arch elements of the head (jaws, hyoid and branchial 
arches) move symmetrically 1-6. Suction feeding usually en- 
tails very rapid movements of the feeding apparatus 7, even in 
salamanders 5, 6, and is characterized by marked overlap in 
the activity of antagonistic muscles 1, s, 8, 9. We were therefore 
surprised to discover asymmetries in jaw and hyoid move- 
ments during rapid suction feeding in the large, primitive 
aquatic salamanders Cryptobranchus alleganiensis and An- 
drias japonicus. 

Cryptobranchus alleganiensis lives in unpolluted streams and 
rivers of the Appalachian and Ozark regions of the United 
States and feeds on a variety of aquatic invertebrates and 
small vertebrates 1~ Andrias japonicus inhabits montane  
streams of the Japanese island of Hondo and exhibits food 
and habitat  requirements similar to those of Cryptobran- 
chus 12. We here report the nature  of asymmetric movements 
of the feeding apparatus in these two species, the structural 
basis of these movements in Cryptobranchus, and the poten- 
tial relevance of our findings to ideas concerning the evolu- 
tion of  vertebrate feeding mechanics. 


