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uMMARY The antibiotic bleomycin inhibits nuclear duplication and causes de-

formation of the nucleus without any effect on the kinetoplast of Trypanosoma
gambiense. Consequently it induces the anucleate form, not the dyskinetoplastic
form. Studies showed that in many respects the effect of bleomycin on trypano-
somes was very similar to that of neocarzinostatin. Analysis of DNA by CsCl
density gradient centrifugation indicated that bleomycin inhibits DNA synthesis in
the nucleus but not that in the kinetoplast. Bleomycin also induced excess forma-
tion of pellicular microtubules and disorderly arrangement of the axonemal and

pellicular microtubules.

INTRODUCTION

Ono and Nakabayashi (1978) reported that in
Trypanosoma gambiense and Trypanosoma evansi
the antibiotic neocarzinostatin caused deforma-
tion of both the nucleus and microtubules, and
also induced the anucleate form by inhibiting
nuclear division. Moreover, we found that in
T. gambiense, treatment with the antitubulin
drugs vinblastine and colchicine caused de-
formation of microtubules and induction of
anucleate forms (Ono and Nakabayashi, 1979).
In previous studies (Ono and Inoki, 1971;
1973; 1975), we never observed disorganiza-
tion of microtubules or formation of anucleate
parasites with chemicals inducing the dyskine-
toplastic form.

Bleomycin, an antibiotic isolated from
Streptomyces werticullus in 1966 (Umezawa et
al., 1966), is an antitumor agent that inhibits
growth and DNA synthesis of HeLa cells (See

Umezawa, 1975). Krishan (1973) reported
that bleomycin did not affect the formation of
spindle microtubules, but there are several re-
ports that the effect of bleomycin on DNA in
mammalian cells both in vivo and in vitro is
very similar to that of neocarzinostatin (Haidle
et al., 1972; Sim and Lown, 1978; Kuo and
Samy, 1978). Therefore, in this study we ex-
amined the effect of bleomycin on the nucleus
and kinetoplast of 7. gambiense by morpholog-
ical and biochemical methods.

MATERIALS AND METHODS

1. Strain of Trypanosoma gambiense

The Wellcome strain of T. gambiense was used.
This strain has been maintained in this laboratory
by serial passages in mice for more than 20 years.
Trypanosomes of this species have either one or
two nuclei, and the percentage of the dyskinetoplastic
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form in the whole population is always less than 1%.

2. Light and electron microscopic observations

Swiss albino mice were inoculated subcutaneously
with 2.5%10* trypanosomes and 72h later, they
were injected intraperitoneally with 10 mg/kg of
bleomycin. The following methods were used to
examine the effect of the drug on trypanosomes.
(1) Blood samples were taken at various times after
the injection for light and electron microscopic
observations. (2) Seven or 14 h after the injection
with bleomycin, the mice were again injected with
bleomycin and 2 or 5h later, blood samples were
examined by electron microscopy. The parasites
were stained with Giemsa for light microscopic
examination. Electron microscopy was carried out
as described by Ono and Inoki (1976), except that
materials were embedded in low wviscosity epoxy
resin by the method of Spurr (1969). Bleomycin
(bleomycin hydrochloride) was purchased from
Nippon Kayaku Co., Ltd.

3. Labeling of cells with 3H-thymidine

When parasites had reached a level of 8% 108
trypanosomes/ml in the blood stream in Swiss albino
mice 3 days after intraperitoneal inoculation of about
1%10° trypanosomes, the blood was collected in
0.3% sodium citrate- 0.85% saline solution from
the heart of animals under chloroform anesthesia.
Trypanosomes were isolated from the blood on
a DEAE—cellulose colum (Lanham, 1968).

A sample of 1 ml of sodium citrate—saline con-
taining 8 10° trypanosomes was suspended in a
mixture of 7.2ml of Eagle’s minimal essential
medium, 1.0 ml of calf serum and 0.8 ml of bleo-
mycin (final concentration 80 ggfml). The parasites
were cultivated for 2 h at 37°C, in vitro, then cen-
trifuged at 3,000 rpm for 10 min to remove bleo-
mycin and resuspended in a mixture of 9 ml of
Eagle’s minimal essential medium and 1 ml of calf
serum. Thymidine-6-*H was then added at a final
concentration of 10 pCifml of total suspension and
parasites were cultivated for 2.5h at 37°C. As
controls, trypanosomes that had not been treated
with bleomycin were cultivated by the same method
and labeled with *H-thymidine.

4. Preparation of DNA and fractionation of DNA
by CsCl density gradient centrifugation

DNA of whole cells was extracted as described
by Ono et al. (1971). CsClI density gradient cen-
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trifugation was carried out by the method of
Meselson et al. (1957). C-labeled DNA of
Micrococcus lysodeikticus (p=1.731 g/ml) was used
as a density marker. DNA was fractionated by
ultracentrifugation at 40,000 rpm for 46 h at 5°C in
a Beckman #65 angle rotor.

RESULTS

For analysis of the formation of the anucleate
form, the rates of appearance of the various
forms of trypanosomes were examined at in-
tervals after injection of 10 mg/kg of bleomy-
cin. The number of dividing forms with two
nuclei and two kinetoplasts decreased greatly
within 1 h and did not returned to the original
level during the 12-h examination period.
The number of dividing forms with one nuc-
leus and two kinetoplasts increased 2 h after
treatment with bleomycin. Anucleate forms
without a stainable nucleus appeared 3 to 4 h
after treatment with bleomycin and increased
gradually in number to approximately 119
within 10 h. Treatment with bleomycin did
not induce an increase in the number of the
dyskinetoplastic form at any time. 'These
results suggest that anucleate forms were form-
ed as a result of selective inhibition of nuclear
duplication by the drug without any disorder
of kinetoplast division.

Figure 1A shows a light micrograph of an
untreated trypanosome. Although the dis-
tance between the two kinetoplasts is moder-
ately short, the two nuclei are already far apart.
Figures 1B—H show the cytomorphological
changes seen in trypanosomes treated with
bleomycin. The parasites in Figs. 1B and H
were obtained 12h and 10 h after treatment,
respectively. Figures 1C—G show trypano-
somes obtained 7 h after treatment. 'Treated
parasites were larger than untreated controls,
except in the case of some anucleate forms.
Figure 1B shows an anucleate form in which
no nucleus is detectable. Although not shown
in figures, anucleate forms varied in size.
Figures 1C, D and E show formation of the
anucleate form by inhibition of nuclear dup-
lication. Most anucleate forms are produced



























incorporation into kinetoplast DNA was not
changed. Therefore, the proportion of kine-
toplast DNA in total cell DNA increased
to 229%. Thus, bleomycin inhibits DNA
synthesis in the nucleus, but not in the kine-
toplast. This result shows that the sensitivi-
ties of the nucleus and kinetoplast to bleo-
mycin differ, clearly supporting the results
of morphological observations.

Krishan (1973) reported that bleomycin in-
hibits cell multiplication, but does not affect
either the mitotic apparatus or the formation
of spindle microtubules. However, we found
that treatment with bleomycin caused disorder
in the arrangement of axonemal and pellicular
microtubules and aberrant increase of pel-
licular microtubules. Morevoer, in previous
work we found that neocarzinostatin, vinblas-
tine and colchicine, which are known to affect
microtubular structures in cultured mam-
malian cells, induced the anucleate form in 7.
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gambiense (Ono and Nakabayashi, 1978; 1979).
However, we never observed disorganization
of the microtubules in trypanosomes treated
with chemicals inducing the dyskinetoplastic
form (Ono and Inoki, 1971; 1973; 1975).
These findings further support the suggestion
in our previous report (Ono and Nakabayashi,
1978) that chemicals inducing the anucleate
form affect nuclear duplication through the
microtubule-nucleus system of trypanosomes
and induce the anucleate form, unlike chem-
icals inducing the dyskinetoplastic form.

From our results (Inoki, 1956; Ono and
Inoki, 1971; 1973; 1975; Ono and Nakaba-
yashi, 1978; 1979), many of the chemicals that
interact with DNA and have a therapeutic
effect in experimental trypanosomiasis, can be
divided into two groups: One group, includ-
ing the antineoplastic agents bleomycin and
neocarzinostatin, causes morphological altera-
tions in the nucleus and microtubules, but no
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Ficures 9A and B. Analysis of whole cell DNA extracted from bleomycin-treated and untreated trypano-

somes by CsCl density gradient centrifugation.

T. gambiense DNA labeled with 3H-thymidine. (@—@®)

Micrococcus lysodeikticus DNA (p=1.731 g/ml) labeled with "“C-thymidine as density marker. (@---@)
Ultracentrifugation was carried out 40,000 rpm for about 46 h at 5°C using a Beckman #65 rotor.
Ficure 9A. Whole cell DNA extracted from untreated trypanosomes labeled with *H-thymidine for 2.5 h.

Figure 9B. Whole cell DNA extracted from bleomycin-treated trypanosomes.

Trypanosomes that had

been incubated with 80 pg/ml of bleomycin for 2h in vitro, were cultivated with 3H-thymidine for

2.5 h after removal of bleomycin.
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apparent changes in the kinetoplast and in-
duces the anucleate form. The second group,
including p-rosaniline, hydroxystilbamidine,
ethidium bromide and furazolidon, inhibits
kinetoplast duplication and causes ultrastruc-
tural deformation of the kinetoplast without
affecting the nucleus or microtubules of tryp-
anosomes and consequently induces the dys-
kinetoplastic form. The antitumor agent mi-
tomycin-C inhibits DNA synthesis and pro-
liferation of both prokaryotic and eukaryotic
cells. As already reported (Ono and Inoki,
1974), however, mitomycin-C did not induce
either the dyskinetoplastic or anucleate form
of trypanosomes, and had no therapeutic effect
on infected mice. But, clones of both T.
gambiense and T. evansi obtained by repeated
treatments with mitomycin-C were not affect
by p-rosaniline or ethidium bromide which
have marked effect in inducing the dyskineto-
plastic form of trypanosomes, although the
clones were not exposed to these drugs.
Therefore, a new classification may be neces-
sary for drugs such as mitomycin-C.

Aberrant enlargement of the flagellum was
observed. The materials observed in the
flagellum seemed to be derived from the cyto-
plasm, as shown in Fig. 4. Metabolites may
accumulate in the cytoplasm of trypanosomes
treated with bleomycin, because bleomycin
does not inhibit synthesis of RNA or protein,
even at concentrations that inhibit DNA syn-
thesis and cell duplication almost completely
(Miiller and Zahn, 1977). Therefore, the
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aberrant enlargement of the flagellum may be
caused by the selective inhibiting effect of
bleomycin on macromolecule synthesis in trypa-
nosomes. We have observed enlargement of
extracellular flagellum in 7. gambiense treated
with neocarzinostatin that is similar to bleomy-
cin in respect of effect on macromolecule syn-
thesis in cell (Ono and Nakabayashi, 1976).
Moreover, we have reported, in trypanosomes
treated with vinblastine or colchicine enlarge-
ment of extracellular flagellum is observed
with the appearance of paracrystals and par-
axial rod -like structures. These findings sug-
gest that unusual metabolites may accumulate
in the flagellum of trypanosomes.

In T. gambiense after treatment with bleo-
mycin, many round particles and electron
dense structures are seen in cytoplasm; these
electron dense structures were referred to as
electron dense areas in the previous report on
trypanosomes treated with neocarzinostatin
(Ono and Nakabayashi, 1976). These are
thought to differ morphologically from the
ribosomal aggregation seen in Trypanosoma
rhodestense treated with suramin, tryparsamide
or mapharside (Macadam and Williamson,
1974), but their exact nature is not known.
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