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Growth of Infective Forms of Trypanosoma rhodesiense in vitro,
the Causative Agent of African Trypanosomiasis

Abstract. A new approach to the culture of African trypanosomes led to the growth
of the infective forms of the causative agent of human African trypanosomiasis.
Infective cultures of Trypanosoma rhodesiense were initiated and maintained in vitro
on Chinese hamster lung cells. By changing daily one-third of the Hepes-buffered
RPMI 1640 medium containing 20 percent fetal bovine serum, the trypanosome num-
bers increased to3 X 10%to 5 X 108 cells per milliliter. After 80 days in vitro at 37°C,
the cultured trypomastigotes are infective for mice and rats and morphologically
similar to bloodstream trypomastigotes in having a subterminal kinetoplast and a
surface coat. In addition, they possess L-a-glycerophosphate oxidase, the pre-

dominant steady-state terminal oxidase of bloodstream trypomastigotes.

Trypanosomiasis has been placed by
the World Health Organization high on
the list of the ten major health problems
facing mankind today. Sleeping sickness
constitutes a permanent and serious risk
to the health and well-being of at least 35
million people. Biochemical and immu-
nological studies of Trypanosoma rhode-
siense and Trypanosoma gambiense , the
causative agents of the disease in hu-
mans, would be facilitated if the infective
stages of these organisms could be
grown in vitro.

The development of a medium and
conditions under which infective
trypanosomes can be maintained in vitro
has been attempted for numerous years
(1), and the descriptions by Hirumi et al.
) of conditions that will allow the de-
velopment of infective forms of Trypano-
soma brucei in culture have stimulated
further studies in this area. Using bovine
fibroblast-like cells in Hepes-buffered
RPMI 1640 medium (3) containing 20
percent inactivated fetal bovine serum
(FBS), Hirumi ez al. were able to grow
trypanosomes that were infective for
mammalian hosts and also retained the
morphological characteristics of long,
slender Dbloodstream trypomastigotes
with the surface coat (2).

Our studies were directed toward
identifying established tissue culture cell
lines that would support the growth of 7.
rhodesiense at high yield and toward de-
veloping simple procedures for estab-
lishing infective trypomastigotes in cul-
ture. In addition, we wanted to de-
termine the biochemical similarities
between Trypanosoma rhodesiense in-
fective trypomastigotes maintained in
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culture and the slender bloodstream
trypomastigotes isolated from humans.
In this report, we show that it has been
possible to initiate and maintain infective
forms of T. rhodesiense in vitro on Chi-
nese hamster (Cricetulus griseus) lung
cells (ATCC CCL 16 Don). The trypano-
somes maintained on these tissue culture
cells are infective to mammalian hosts
and possess the L-a-glycerophosphate
oxidase system characteristic of blood-
stream forms.

The Chinese hamster lung cells were
obtained from the American Type Cul-
ture Collection, Rockville, Maryland.
They were maintained in RPMI 1640

(Gibco) supplemented with 25 mM
Hepes buffer, 20 mM sodium bicarbo-
nate, and 20 percent heat-inactivated
FBS (KC Biological) and, per 100 ml,
penicillin (10,000 U), fungizone (25 ug),
streptomycin (10,000 mg), and kanomy-
cin (12.5 ug). The morphology of the tis-
sue cell line was fibroblast-like. An in-
oculum of 1.8 x 10° viable tissue culture
cells multiplied one to three times in 4
days in the described culture medium at
37°C in an atmosphere of 5 percent CO,
and 95 percent air. The tissue culture
cells were used just prior to becoming
confluent, usually 3 to 4 days after a flask
was inoculated.

The preparation of the trypanosomes
from rats was simplified over the proce-
dures described by Hirumi et al. (2).
Successful cultures were established
with a pleomorphic strain of 7. rhode-
siense EATRO 1895 from normal or le-
thally irradiated (800 rads) male rats
(weighing 200 g) that were inoculated in-
traperitoneally with 2 X 10 trypano-
somes. When the parasitemia reached a
level of 1 X 10® to 5 x 10® trypano-
somes per milliliter 3 to 4 days later, the
rats were bled by cardiac puncture.
From 90 to 95 percent of the trypano-
somes present had the morphology of the
slender forms, but some stumpy try-
panosomes were also observed. The try-
panosomes were centrifuged at 1025¢ at
4°C and the buffy coat was removed."
Special precautions were taken to pre-
vent the removal of red blood cells below
the buffy coat. The trypanosomes were
washed twice with sterile Hanks bal-
anced salt solution with S percent
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Fig. 1. Electron micrograph of T. rhodesiense grown in vitro on Chinese hamster lung cells for
60 days. Note the presence of the surface coat (SC), plasma membrane (pm), mitochondrion
(M), and the microtubules (mt). The surface coat also surrounds the flagellum (F) (x 100,000).
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Table 1. Growth of T. rhodesiense on Chinese
hamster lung cells.

Mean cell number*

Day (trypanosomes

per milliliter)
0 1.0 x 108
1 4.5 x 10°
2 3.5 x 108
3 5.4 x 108
4 3.4 x 108
5 3.3 x 108

*QOne-third of the culture medium was changed dai-
ly. The counts presented are those before the culture
was changed and each represents three replicate
samples per day.

(weight to volume) sodium citrate. The
washed trypanosomes were inoculated
into a total of 5.0 ml of the culture medi-
um in T-25 Falcon flasks (Fisher Scien-
tific) or into 15.0 ml in T-75 flasks. Most
of the successful experiments occurred
in the cultures initiated in the T-75
flasks.

A typical experiment was performed
by inoculating a T-75 flask containing a
monolayer of Chinese hamster lung cells
with an initial concentration of 1 x 10°
bloodstream trypomastigotes per millili-
ter. The cultures were incubated at 37°C
in an atmosphere of 5 percent CO, and 95
percent air in the culture medium. The
trypanosome numbers remained low,
less than 1 X 105 cells per milliliter for 10
days. The trypanosome population then
began to increase and on day 12 reached
5 X 10° cells per milliliter. One-third of
the medium was then changed and a new
flask started at a concentration of 4 X 10°
cells per milliliter. The trypanosome

numbers in both flasks then began to in-
crease markedly. By changing one-third
of the medium daily, the parasites have
been maintained in vitro at a concentra-
tion of 3 X 108 to 5 X 108 cells per milli-
ter over Chinese hamster lung cells for
80 days. In our routine procedures, the
tissue culture cells are changed every 7
to 10 days.

Additional trypanosome cultures from
the flask containing the original Chinese
hamster cells were initiated on other Chi-
nese hamster lung cells. The cultures
were initiated at a concentration of 1 X
10° cells per milliliter. The results of a
typical experiment on Chinese hamster
lung cells are shown in Table 1. On day 3
after inoculation, with one-third of the
cell medium changed daily, the cell
count was 5.4 X 10 cells per milliliter,
reflecting a population doubling time of
approximately 9 to 11 hours. The daily
trypanosome count continued at 3.0 X
108 to 5.0 x 10¢ cells per milliliter until
they were transferred to a new flask.

On Chinese hamster lung cells, the
trypanosomes grow not only in the medi-
um but also in spaces between the tissue
culture cells. This occurs particularly af-
ter the trypanosomes are established and
growing at a concentration above 2 x10°
cells per milliliter. A similar observation
was also reported by Hirumi et
al. Q) for T. brucei growing on bovine
fibroblast-like tissue culture cells.

Giemsa-stained preparations of T.
rhodesiense maintained in vitro on Chi-
nese hamster lung cells revealed that the
kinetoplast is subterminal, clearly distin-

guishing the trypanosomes as long, slen-

Table 2. Infectivity of T. rhodesiense grown
on Chinese hamster lung cells.

Days after
Trypano- Inoc(:)l;lum inoculum
somes trypano- . before
somes infection
developed*
. Cultured infective
trypanosomes 1 x 108 4
Cultured infective
trypanosomes 1 x 10° 5
Bloodstream
stabilates 1 x 108 4
Bloodstream
stabilates 1x 10° 5

*The T. rhodesiense trypanosomes had been main-
tained on Chinese hamster lung cells for 60 days.
The infectivity tests are the results of two different
experiments with six mice in each experiment.

der trypomastigotes. The ultrastructure
of T. rhodesiense maintained on Chinese
hamster lung cells are shown in Figs. 1
and 2. The surface coat is evident as well
as the mitochondrion with few cristae,
both features characteristic of slender
bloodstream trypomastigotes.

Experiments to test the infectivity of
the cultures were performed with stabi-
lates of bloodstream trypomastigotes of
T. rhodesiense as controls. The mice
were inoculated with 10° and 10° cells.
The results are given in Table 2. Mice or
rats inoculated with slender trypomasti-
gotes from bloodstream stabilates or cul-
tured trypomastigotes required the same
period before parasitemias developed.
In contrast, procyclic trypomastigotes
grown in the absence of tissue culture
cells were not infective for mice.

To determine the terminal oxidases

Trypanosoma rhodesiense
(culturéd infective trypomastigotes)
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Fig. 2 (left). Electron micrograph of T. rhode-
siense grown on Chinese hamster lung cells
for 60 days. The mitochondrion (M) has few
cristae. Note the presence of the surface coat
(SC) and the glycosome (G) (%45,000).
Fig. 3 (right). Curve of the steady-state oxy-
gen kinetics of T. rhodesiense maintained in
vitro for 60 days on Chinese hamster lung tis-
sue culture cells. The trypanosomes were at a
concentration of 1.0 X 10® (o-GP, a-glycero-
phosphate oxidase; SHAM, salicylhydroxam-
ic acid).

SCIENCE, VOL. 202



present in the cultured infective forms,
we measured the steady-state concentra-
tion of the terminal oxidases present.
Culture medium (90 ml) from three in-
oculated Chinese hamster cell cultures
was removed at a concentration of 2.5 X
10° trypanosomes per milliliter. The or-
ganisms were collected by centrifugation
and the steady-state oxygen levels mea-
sured (Fig. 3). Salicylhydroxamic acid
(SHAM) inhibited 90 percent of the cell
respiration. Azide had little effect, inhib-
iting 7 percent of the cell respiration.
Little significant azide- and SHAM-in-
sensitive respiration was observed.
These results are similar to our previous
results for bloodstream trypomastigotes
of T. brucei @). They clearly indicate
that the SHAM-sensitive a-glycerophos-
phate oxidase is the predominant termi-
nal oxidase in cultured infective trypo-
mastigotes of T. rhodesiense.

The procedures described herein pro-
vide a simplified technique for initiating
and maintaining large quantities of
bloodstream trypomastigotes of 7.
rhodesiense in culture on an established
tissue culture cell line. The cultured in-
fective trypomastigotes have also been
stored as frozen stabilates at —90°C (that
is, culture mixed 1 : 1 with 20 percent
glycerol in the culture medium). The
thawed stabilates remained infective for
mice and rats and continued to devel-
op in vitro on Chinese hamster lung
cells.

At present, the T. rhodesiense trypo-
mastigotes have retained infectivity after
being maintained for 80 days in vitro at
37°C. The concentration of trypano-
somes obtained in our experiments (3 X
10% to 5 x 106 cells per milliliter) should
provide adequate numbers of cells to al-
low further biochemical and immunolog-
ical studies, and this system may prove
valuable in studies of the process of try-
panosome antigenic variation.
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Cellular Interactions Uncouple 3-Adrenergic

Receptors from Adenylate Cyclase

Abstract. C6 glioma cells and B104 neuroblastoma cells both possess adenylate
cyclase activity, but only C6 cells have B-adrenergic receptors. However, when co-
cultured with B104 cells, C6 cells show a marked decrease in their ability to accumu-
late adenosine 3',5'-monophosphate upon stimulation with 8 receptor agonists.
Since both B receptors and cholera toxin-stimulated adenylate cyclase activities are
present in C6/B104 cocultures, we conclude that the B receptoriadenylate cyclase
transduction mechanism in cocultured C6 cells is uncoupled.

The means by which cells communi-
cate with each other include syncitial
events [that is, the passage of ions or
small molecules through intercellular
junctions (I)], events involving soluble
factors (for example, hormones, neuro-
transmitters), and those utilizing mem-
brane-associated elements in intimate
cellular contact. This last mode of com-
munication is believed to involve cell
surface molecules on an ‘‘instructor’
cell interacting with its counterparts on
a target cell to effect specific changes
in the target cell’s physiology 2).
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The membrane-associated molecules
thought to mediate these interactions in-
clude gangliosides (3), glycosaminogly-
cans (¢), and glycoproteins (5). Although
the effects of neurohormonal communi-
cation have been well characterized in a
variety of systems (6), similar biochemi-
cal effects of either syncytial- or surface
molecular-interactions between cells of
different types have been studied to a
lesser extent (7).

In this report, we describe a technique
for coculturing two cell types for studies
of these intimate types of cellular inter-

actions. This technique offers the advan-
tages of enabling one to monitor the ab-
solute number of each cell type at any
time, as well as to coculture cells with
very different growth rates without one
cell type overgrowing the other. Using
C6 glioma and B104 neuroblastoma
cells—both cloned cell lines from chem-
ically induced tumors of the rat central
nervous system (8, 9)—we found that in-
timate cellular interactions with B104
cells cause the B-adrenergic receptors on
C6 cells to become uncoupled from
adenylate cyclase.

Trypsinized C6 (subclone 2B) cells,
some of the cells previously labeled with
[*H]thymidine, were plated onto either
confluent beds of B104 cells (C6/B104
cocultures) or onto tissue culture plastic
surfaces (C6-only cultures) (/0). The
density of C6 cells in the inoculum was
such that only two to three rounds of cell
division could occur before their growth
became contact-inhibited. (Confluent
cultures of B104 cells not receiving C6
cells are termed ‘“B104 only.”’) These
cultures were then allowed to grow for
various periods of time. Similar cultures
were fixed and processed for autoradiog-
raphy (/7). To estimate the numbers of
each cell type growing in coculture, we
first examined autoradiographs of C6-on-
ly cultures and determined the propor-
tion of C6 cells containing label. This ra-
tio, divided into the number of labeled
cells seen in autoradiographs of C6/B104
cocultures, yields the total number of C6
cells growing on the B104 cell bed. (At
least three rounds of cell division can oc-
cur before the amount of label per daugh-
ter cell falls below that detectable by au-
toradiography.) The number of B104
cells growing in cocultures was obtained
by subtracting the amount of C6 DNA
(I12) from total coculture DNA and then
by dividing this remainder by the amount
of DNA per B104 cell.

Figure 1 shows that from day 3 after
the addition of C6 cells, there were
marked differences among the cultures in
their abilities to accumulate adenosine
3’, 5’-monophosphate (cyclic AMP) in
response to incubation with the potent 8-
adrenergic agonist isoproterenol. The
Cé6-only cultures showed a steady in-
crease in this 8 responsiveness as a func-
tion of time. In contrast, C6 cells in the
C6/B104 cocultures maintained a low
level of B responsiveness, even after the
C6 cells had reached their maximum cell
density (inset, Fig. 1). The B104-only
cultures showed a consistent, yet statis-
tically insignificant (/3) increase in cyclic
AMP throughout the experimental peri-
od (for example, see Table 1). Similar
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