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ABSTRACT

The infectivities of four specics of human parasitic hemoflagellates to a mosquito ovary cell line, ATO. were
studied in vitro. Promastigotes of Leishmania donovani, Leishmania major, and Leishmania tropica as well as
epimastigotes of Trypanosoma cruzi were cultivated with a liquid metacyclic culture (LMC) medium at 27 °C.
Approximatelly 2 x 10 ATO cells in 1 ml Hink's insect tissuc culture (HHIITC) medium were sceded onto a 13 mm
diameter coverslip in each well of 24-well tissue culture plates. Promastigotes of ieishmanias or cpimastigotes of
trypanosomes were washed and 100 organisms in 1 ml HITC medium were added into cach well. The coverslips
were removed from the well at 24-hr intervals for examination. The percentage of ATO cells infected and
intracellular multiplication of the parasite were monitored by examining 3 repeats of 100 randomly sclected cells.
After 1 day of incubation, all infected ATO cells contained 1 to 2 amastigotes. Number of intracellular parasites
increased gradually during the incubation. An average of approximately 5 to 7 amastigotes per infected cell was
observed at the end of the third day. The highest percentage of infection was observed in L. donovani (2.3%). L.
tropica (5.7%), or L. major (12.3%) at I, 2, or 3 days after incubation, respectively. Two days later, at most 16
amastigotes could be found in one L. tropica infected cells and 4 to 8 in L. donovani or L. major infected cells. After
3 days of incubation, 32 amastigotes were detected in one L. major infected cells. The differcnces in infectivity and
intracellular multiplication in ATO cells among different parasite species needs further investigation.
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Introduction Schizotrypanum multiply as epimastigotes tn the midgut
of Reduviid bugs. They have to transform into
Parasitic flagellates of the Order Kinetoplastida trypomastigotes to be infective to their hosts. In the

vertebrate hosts both leishmanias and Schizotrypanum
(Trypanosoma  brucei  spp.), Chagas'  disease tryp.anosomes fieveloped intracellularly.asj amastigote.s.
(Trypanosoma cruzi), kala-azar (Leishmani donovani), An lmportapt feature of the pathogenes.ls in the host is
and dermal leishmaniasis (Leismania spp.) in humans the destruction of macrophages or other infected cells by
and many diseases in animals (Vickerman, 1976).  these amastigotes (Ash, 1_991)' . ‘
Although efforts for the -control of these parasitic _ Most in vitro studies on the interactions between
infections have been tried for more than half a century, lelshman.las and host cells have been perform_ed in the
these diseases are still the major public health and mammalian ma_crophages (Handman and Goding, 1985;
economical problems in many countries throughout the Russell a“{‘ Wllhelm., 1986;'Cha.o et al., 1991). The
world (Gibbons, 1992). entrance of leishmania parasites into macrophages was
suggested by phagocytosis rather than by penetration
(Lewis and Peters, 1977). In addition to macrophages,
many other vertebrate cells could be entried by 7. cruzi,
and many factors have influences on their interaction
(Dvorak and Howe, 1976; Liao and Chao, 1986).
Invertebrate cell lines have becn established mostly

include the organisms causing African sleeping sickness

Leishmania parasites multiply as promastigotes in
the midgut of female phlebotomine sandflies. Infection
of a mammalian host occurs when these promastigotes
are passed to the host through the mouthparts of the
sandflies (Zuckerman and Lainson, 1977).

Trypanosomes, such as 7. cruzi, of the Subgenus
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Figure 1. Photomicrograph of infected A 1u ceits snowing intracellular amastigotes (arrow heads) of Leishmania major (A) and

Trypanosoma cruzi (B). Giemsa stained. Scale bar = 10 um.

for the studies of viruses (Igarashi, 1978; Eckels ef al.,
1989). Compare to the in vitro studies performed in
vertebrate cells, the employment of invertebrate cells in
the studies of leishamnias and trypanosomes has been
hindered. Only triatomine cells have been used in the
cultivation of 7' ¢ruzi (Pudney and Lanar, 1977; Lanar,
1979). In the present study, the infectivities of four
species of protozoan, Leishmaniu donovani, Leishmania
major, and Leishmania tropica as well as epimastigotes
of T cruzi to a mosquito ovary cell line, ATO, were
investigated in vitro.

Materials and Methods

Parasites

The parasites used in this investigation were
Leishmania donovani and Leishmania tropica obtained
from Dr. W. P. Carney, Naval Bioscience Laboratory,
Naval Supply Center, Oakland, CA, U.S.A., Leishmania
major isolated from a clinical patient with cutaneous
lesion in Taipei (Lin ef al., 1986), the Tulahuen strain of
Trypanosoma cruzi obtained from Dr. D. G. Dusanic,
Department of Life Sciences, Indiana State University,
Terre Haute, IN, U.S.A.. In virro cultures were
established as previously described (Chao et al., 1986).

Liquid metacyclic culture (EMC) medium (Dusanic,
1980) was used for the weekly passages and for the
production of the promastigotes of each species of
Leishmania and epimastigotes of 7. cruzi in large
quantities. They were cultivated at 27 °C , harvested
during the late log phase of growth, washed twice in
phosphate  buffered-saline  (PBS, pH 7.2) by
centrifugation at 1,500 g for 20 min, and resuspended in
LMC medium to a concentration of 1 x [0
organisms/ml until use.

ATO cells

The invertebrate cell line employed in this study
was originally isolated from the ovary of a normal
female mosquito, Aedes togoi. It was obtained from Dr.
C. M. Ho, Department of Parasitology, National
Yangming Medical College, Taipei and has been
maintained in  Hink's insect tissue culture (HITC)
medium containing 10% FCS in tissue culture flasks.
Approximatelly 2 < 105 ATO cells in 1 ml HITC
medium were seeded onto a 13 mm diameter coverslip in
each well of 24-well tissue culture plates. They were
incubated at 27 °C overnight to allow the cells to scttle
and adhere to the cover slips. Non-adherent cells were
removed by dipping the cover slips into HITC medium
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Table 1. /n vitro infectivities of human

hemoflagellates in mosquito ATO cells

parasitic

Parasite Pereentages of cells infected after
species 1d 2d 3d
L. donovani 2.3 4 8.3
L. major 1.0 2 12.3
L. tropica 1.0 5.7 4.3
T. cruzi 1.3 2.3 7.0

three times. The coverslips with adherent cells were then
transferred to new plates with fresh culture medium for
infectivity tests.

Infectivity test

Motile leishmanial promastigotes or trypanosomal
epimastigotes were washed as described above and 100
organisms in I ml medium were added into each well of
ATO cell cultures. The coverslips were removed from
the well at 24-hr intervals for examination. They were
washed by dipping the cover slips into PBS (pH 7.2)
three times, air dried, fixed with 100% methanol, and
stained with Giemsa solution. The percentages of ATO
cells infected by each species of these parasites were
examined by observing 3 repeats of 100 randomly
selected cells. Intracellular multiplication of parasites
was monitored for 3 days by averaging the numbers of
amastigotes found in parasite-containing cells of each

group.

Results

Both promastigote stage of Icishmanias and
epimastigote stage of trypanosomes exhibited infectivity
for ATO cells. Figure 1 shows that the infection with
either stage resuited the development of intracellular
amastigotes. The ATO cells were thus considered
susceptable to all four different species of
hemoflagellates examined.

The percentages of infected ATO cells increased
along with incubation except a decline was detected in
cells reacted with L. tropica on the third day (Table 1).
The highest percentage of cell infection was observed in
L. major (12.3%) at three days after incubation. While at
one or two days after incubation, the highest percentage
was found in L. donovani (2.3%) or in L. tropica (5.7%),
respectively. The percentages increased and reached to
83 and 7.0 at the end of three days of infection in L.
donovani and in T. cruzi, respectively.

Figure 2 shows intracellular multiplication of these
flagellages in ATO cells. All infected cells contained |

Average number of amastigotes / infected cell
NN
T

1
0 1 )
1 2 3
Tme (Days)
Figure 2. Intraccllular multiplication of human parasitic

flagellates in mosquito cclls. Open bar, L. donovani;,
Shadowed bar, L. major, Dark bar, L. tropica; straited
bar, T. cruzi. Average numbers of intracellular parasites
per infected cell are presented as Mean + S.E.; n= 3.

to 2 amastigotes initially, no matter of leishmanial or
trypanosomal origin. Average numbers of intracellular
organisms per infected cell increased gradually during
the incubation except the number in L. tropica-infected
cells maintained at the same level on the third day.

After two days of incubation, at most 16
amastigotes could be found in one of the L. tropica-
infected cell, 8 and 4 in L. donovani-and L. major-
infected cells, respectively. Whereas at the same time
only 1 or 2 amastigotes could be observed in 7. cruzi-
infected cells. The average number of parasites in L.
donovani- or L. tropica-infected cell was significantly
higher than that in L. major- or T. cruzi-infected cell. An
average around 5 to 7 amastigotes per infected cell was
observed at the end of the third day. An L major-
infected cell harbored the highest number (32) of
intracellular organisms was discovered three days after
incubation.
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Discussion

The fates of intracellular parasites varies from
species to species and from stages to stages. They enter
cells either via penetration actively or via phagocytosis
passively. Intracellular multiplication was usually found
only within permissive cells. The rate of cell invasion
and infection is affected by different characteristics of
each species and genus of parasites, the ratio of parasite
to cell, the temperature, the pH, and the cell-parasite
contact time (Alcantara and Brener, 1978). The surface
membrane of a parasite also plays a significant role in
infection. All interactions between host and parasite
occur at least initially at the level of the parasite’s surface
membrane. Membrane-bound lectins appear to play a
role in intercellular recognition and may serve as
important probes for analyses of the properties of cell
surface components (Chao ef al., 1990).

The results in this study indicated that ATO cells
were entried and employed as multiplication habitates by
all four trypanosomatid specics tested. The ATO cell was
thus considered susceptible to all four different species
of hemoflagellates examined. Application of ATO cells
has permitted the production of sufficient numbers of
parasites  for  biochemical and  immunological
investigations in future. Schaub (1994) compared the in
vivo pathogenicity of 18 different species of
trypanosomatids on insects. Obviously, in vitro studies
correlate with in vive observations should be a more
interest thing to do, though there is no in vivo indications

that these parasites enters any of their vector cells.

Growth and differentiation of 7. cruzi has been studied
on an embryo cell line of its host Triatoma infestans
(Lanar, 1979). However, susceptibilities of this vector
cell line for different trypanosomatids were not studied
yet. ATO cell has the potential to be developed as a
standard cell line for the study of vector relationships in
Trypanosomatidae. The differences in intracellular
multiplication patterns in ATO cells among different

species of hemoflagellates are worth further investigation.
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