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STUDIES ON THE EFFECT OF BLEOMYCIN ON TRYPANOSOMA

G, IMB/EAISE

TADASUKE ONO and To SHIO NAKABAYASHl

Department of Protozoology, Research Institute for Microbial Diseases, Osaka University,
Yamada-kami, Suita, Osaka 565, Japan

(Received Ap, i1 15,1980)

uMMARY The antibiotic bleomycin inhibits nuclear duplication and causes de-
formation of the nucleus without any effect on the kinetoplast of Trip0"o30mn

gin^161e"se. 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 ccntrifugation indicated that bleomycin inhibits DNA synthesis in
the nucleus but not that in the kinctoplast. Bleomycin also induced excess forma-
tion of pellicular microtubules and disorderly arrangement of the axonemal and
pellicular microtubules

BIKEN JOURNAL \101.23 143-155, 1980

INTRODUCTION

Ono and Nakabayashi (1978) reported that in
Trypn"o30"I@ g@"Ibib?!se and Trilli@"o30m@ coalzsi
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. gamble"se, treatment with the antitubulin
drugs vinblastine and colchicine caused de~
formation of microtubules and induction of

anucleate forms (Ono and Natabayashi, 1979)
In previous studies (Ono and Trioki, 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
8174,101J!yces Dert, 'c"!Ills in 1966 (Umezawa et
a1. , 1966), is an antitumor agent that inhibits
growth and DNA synthesis of HeLa cells (See

Urn, "^w, , 1975). 1<"ichan (1973) rep. ,ted
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 (Hatdle
at a1. , 1972; Sim and Lown, 1978; 1<uo and
Samy, 1978). Therefore, in this study we ex-
amined the effect of bleomycin on the nucleus
and kinetoplast of T. gallibib"se by in orpholog-
ical and blochemical methods

IVIATERIALS AND LIETHODS

I . Styn, ,, of Trypn, 1030, "" grimb, hise

The \\!GIIcome strain of T. grimb, bizse 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 I %

2. Light and electron INicroscopic o6se, "attoiis

Swiss albino mice were inocLilated subcutaneously
with 2.5xlO' trypanosomes and 72 h later, they
were injected intraperitoneally with 10 ingjkg of
bleomycin. The following methods were used to
examine the effect of the drug on trypanosomes
(1) Blood samples \\, ere taken at various times after
the injection for light and electron inici'DSCopic
observations. (2) Seveit or 14 h after the injection
with bleomycin, the mice \\, CTC again iruected \\, ith
bleomycin and 2 or 5 h later, blood samples \\, ere
examined by electron microscopy. The parasites
were stained with Giemsa for light microscopic

Electron microscop\, was carried outexamination

as described by Ono and Inoki (1976), except that
materials were embedded in low viscosi^, epoxy

resin by the method of Spurt (1969). Bleom}, cm
purchased from(bleomycin hydrochloride)

Nippon Kayakti Co. , Ltd

trifugation \\, as carried out by the method of
Mrs. Is. n at "I. (1957). "C-Ich"lad DNA of
Micrococc!, s Iysodei'/tti'c!13 (p=1731gjml) was used
as a density nTarker. DNA was fraction ated by
ultracentrifugation at 40,000 rpm for 46 h at 5'C in
a Becl<man #65 angle rotor

3. Label, ,Ig of cells 201'all '/1-1/1y"11'dr, Ie

\\!hen parasites It ad reached a level of 8 x 10'
trypanosomesjml in the blood stream in Swiss albino
mice 3 days after intraperitoneal inoculation of about
I XIO' trypanosomes, the blood \\, as collected in
0.3% sodium citrate. 0.85% saline solution from
the heart of animals tinder chloroform anesthesia

Trypanosomes were isolated from the blood on
a DEAE-cellulose colum (Lanham, 1968)

A sample of I inI of sodium citrate-saline con-
taining 8 XIO' trypanosomes \\, as suspended in a
mixture of 7.2 in I of Eagle's minimal essential
medium, 1.0 inI of calf serum and 0.8 inI of bleo-
my cm (final concentration 80 11gjml). The parasites
were cultivated for 2 h at 37'C, in vitro, then cen-

trifLiged at 3,000 rpm for 10 min to remove bleo-
mycm and resuspended in a mixture of 9ml of
Eagle's minimal essential mediunt and I inI of calf

Th}, inidine-6-'H \\. as then added at a final
concentration of 10 11Cilml of total suspensioiT and

cultivated for 2.5 h at 37'C. Asparasites were

controls, trypanosomes that it ad not been treated
with bleomycin were CLIltivated by the same method
and labeled with 'H-thymidine

RESULTS

For analysis of the formation of the anudeate
form, the rates of appearance of the various
forms of trypanosomes were examined at in-
tervals after injection of 10 ingj'kg of bleomy-

The number of dividing forms with two
nuclei and two kinetoplasts decreased greatly
within I h and did not returned to the original
level during the 12-h examination period.
The number of dividing forms with one nuc-
Ieus 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 1170
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 IA 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 TB-H show the cytomorphological
changes seen in trypanosomes treated with
bleomycin. The parasites in Figs. IB and H
were obtained 12 h and 10 h after treatment,

respectively. Figures IC-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 TB shows an anucleate form in which
no nucleus is detectable. AlthouglT not shown
in figures, anucleate forms varied in size.
Figures IC, D and E show formation of the
anucleate form by inhibition of nudear dup-
11cation. Most anucleate forms are produced

\\, as

cin.

serum

4. preportttjo, , of DNA mad lyriciio, intr'o11 of DNA
by CSC! de"sity grtidre, it celltryi, grit, 'o11

DNA of \\, hole cells was extracted as described

by Ono at a1. (1971). CSCl density gradient cen-
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by division of abnormal dividing trypano-
some, as shown in Fig. IC. However, some
anudeate forms are formed by division of
dividing trypanosomes in which the anterior
pa"t of the body i^ dongated (Fig. ID). Op-
POSite polarity develops in a dividing trypano-
some in which the kinetoplast is displaced
anteriorly from its original position (Fig. IE).
Figure IF shows a trypanosome with an un-
equally divided nucleus. One of the two
flagella is growing away from the body. An-
other flagellum runs normally alongside the
major axis of the parasite. Figure IG shows
a trypanosome with a degenerated nucleus.
Fragmented nuclear elements lie scattered in
the cytoplasm. Figure I H shows an elon-
gated anucleate form with two kinetoplasts far
from each other. This type of parasite may
divide at least once into two parasites.

Figures 2A C show electron micrographs
of untreated T. g@an61^"se. In the inter phase,

<

FIGURE IA. Light micrograph showing a dividing
form of T. grimhie"se not treated with bleomycin.
XI, 900.
FIGURES IB-H. Light micrographs showing cyto-
inorphological changes in T. gainhie"se obtained
7 h (Fig. IC-co, 12 h (Fig. IB) or 10 h (Fig. IH)
after treatment with 10 ingjkg of bleomycin. XI, 900

The treated parasites are larger than the Lintreated
control (Fig. IA), except in the case of some anucle-
ate forms (Fig. IB, H). Although not indicated in
the figures, anucleate forms varied in size. Anude-
ate form appears after treatment (Fig. IB). Figures
IC, D and E show formation of anucleate forms.
AIDSt anucleate forms are produced by division of
abnormal dividing trypanosomes, as shown in Fig.
IC. But, some anucleate forms are formed by
division of dividing trypanosomes in which the
anterior part of the body is elongated (Fig. ID).
In Fig. IE, a dividing trypanosome shows opposite
polarity. Figure IF shows a trypanosome with
unequal Iy divided nuclei. One of the two nagella
is growing away from the body. Figure IC shows
a trypanosome with a degenerated nucleus, whose
elements are scattered about in the cytoplasm.
Figure IH shows an anucleate form in which the
major axis of the parasite is elongated.

.:

q
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FIGURE 2. Electron micrographs
showing the nucleus (Fig. 2A, B)
and the base of the flagellum (Fig.
2C) of untreated trypanosomes.
In the interphase, the nucleolus is
observed as a fine granular spherical
structure (Fig. 2A). x43,200 In
Fig. 2B, chromatin material (at-
row) is observed as slightly dense
aggregates distributed over a wide
zone beneath the nuclear membrane.

x 50,600 The flagellum arises from
a flagellar pocket (Fig. 2C). An
extracellular flagellum and pellicular
microtubules are seen. x 54,000
Abbreviation (Fig. 2A to 8B).
ax, axoneme; bb, basal body; a,
flagellum ; fin, Hagellar membrane ;
fp, flagellar pocket; kn, kinetonu-

cleus; ke, kinetoplast envelope; n, nucleus ne, nu-
clear envelope ; nu, nucleolus ; pm, pellicular micro.
tubules; pr, paraxial rod; rb, ribosome; sin, surface
membrane.

.

,

,

,
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FIGURE 3. Electron micrographs showing the nuclei
of trypanosomes obtained 16 h (Fig. 3A and B) and
12 h (Fig. 3C and D) after treatment with 10 inglkg
of bleomycin, respectively. In Fig. 3A, the nucle-
o1us seems to be fragmented. x 50,600 Electron
dense substances, instead of chromatin clumps,
are seen in the area close to the nuclear membrane

(Fig. 3B). x37,950 in Fig. 3C, although the
nticlear membrane has disappeared, a structure
looking like a degenerated nucleus still remains.
x 60,800 The nuclear substance is transfonned
into electron dense fragments (Fig. 30). The nu-
clear membrane is seen as dense material. x45,600
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the nucleus is spherical and the nucleolus is
situated centrally or slightly eccentrically as a
large electron-dense finely granular spherical
structure (Fig. 2A). The nucleolus becomes
elliptical and disappears during division.
The nuclear membrane remains unchanged
throughout division. In Fig. 2B, chromatin
material (arrow) is observed as slightly dense
aggregations extending over a wide zone be-
neath the nuclear membrane. The single
flagellum arises from a flagellar pocket, which
is a bulbous reservoir and its membrane is

connected to the Hagellar membrane and sur-
face membrane (Fig. 2C). The extracellular
flagellum includes the axoneme complex and,
running alongside it, the paraxial rod. Pel-
Iicular microtubules are seen in a single layer
below the surface membrane.

Figures 3A and B, and 3C and D show the
nudei of trypanosomes obtained 16 h and 12 h

after treatment with 10 ingjkg of bleomycin,
respectively. In Fig. 3A, the nudeolus seems
to has been transformed into electron dense

fragments or coarse granular material especial-
Iy at the periphery. The fine structure of the
nuclear membrane is not visible. In Fig. 3B,
the nuclear membrane is indistinct in some

regions. Instead of chromatin clumps, small
amounts of electron dense material are seen

in the intranuclear area close to the nuclear

membrane. In Fig. 3C, although the nuclear
membrane has disappeared, a structure look-
ing like a degenerated nucleus still remains.
A large number of electron dense fragments
derived from the nuclear substance are ob-

served surrounded by the nuclear membrane,
seen as a line of electron dense material (Fig.
30).

Figure 4 shows a trypanosome 12 h after
treatment with 10 inglkg of bleomycin. An

FIGURE 4. Electron micrograph showing a mushroom-like enlargement of the flagellum in a trypanosome
obtained 12 h after treatment with 10 ingjkg of bleomycin. Some vesicles in this flagellum seem to be derived
from the cytoplasm. No modification of the kinetonucleus or kinetoplast envelope can be detected.
x 58,000
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electron micrograph indicates a mushroom-
like enlargement of the basal area of the
flagellum ; this contains a section of the ax-
oneme, small vesicles and undetermined
membrane-bounded structures. Some vesi-

cles seem to be derived from the cytoplasm,
because small vesicles can be seen in the

vicinity of the transitional zone between the
cytoplasm and flagellum. No modification
of either the kinetonucleus or kinetoplast
envelope can be detected.

Figures 5A and B show trypanosomes ob-
tamed 5 h after a second treatment with

10 ingjkg of bleomycin, 7 h after the first
treatm*nt (10 inglkg of him mycin). In Fig.

. .^\
.^.

:?,

VB

FIGURE 5A and B. Electron micrograph showing trypanosomes 5 h after a second treatment with 10 in
kg of bleomycin, 7 h after the first treatment (10 ingjkg of bleomycin). In Fig. 5A, many ribosomes, an
axoneme, and a paraxial rod are seen within an enlarged extracellular flagellum. x 60,800 In Fig. 5B, the
nucleus in the upper parasite has a similar outline to the cytoplasm. In the lower parasite, althou h
division of the cytoplasm is proceeding by incision, the nucleus is still incompletel}, divided. x 28,000

^
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5A, a large number of ribosomes, an axoneme
and a paraxial rod are seen within an enlarged
extracellular flagellum. In Fig. 5B, the nuc-
Ieus in the upper parasite which is incom-
pietely divided, has a similar outline to the
cytoplasm. In the lower parasite, division of
the cytoplasm is proceeding by incision, but
the nucleus is still incompletely divided.

Figures 6A-D show unusual structures in
5 h after a second treatmenttrypanosomes

with 10 ingjkg of bleomycin, 7 h after the first
treatment (10 ingjkg of bleomycin), unless
otherwise noted. Electron dense structures

are seen in Figs. 6A, B and C. In Fig. 6A,
the structure is distinctly outlined against the
peripheral cytoplasm. Figure 6B shows a
trypanosome 2 h after a second treatment with
10 ingjkg of bleomycin, 14 h after the first
treatm""t (10 ingjkg of blcomy. in). in
Figure, electron dense fragments are dispersed
forming a nearly concentric circle. Some of
these fragments are similar to those in the
electron dense structure shown

in Fig. 6C. In Fig. 6C, the
structure is seen to be asso-
ciated with the kinetoplast
envelope (arrow). Small par-

ticles are seen in an electron dense structure

(double arrow) and in the vicinity of the
flagellar pocket. Figure 60 shows many
round particles of less than 60 rim in diameter
scattered in the cytoplasm. These particles
have an electron dense part, appearing as a
central core. They are similar to those in
Fig. 6C.

Figure 7 shows a trypanosome obtained
12 h after treatment with 10 ingjkg of bleomy-

The electron micrograph indicates in-
crease in the number of microtubules in the

inner part of the cytoplasm and below the
surface membrane. Some microtubules in

the cytoplasm appear to intersect one another
(arrow). Fellicular microtubules are seen to
be closely associated with each other. Similar
findings are also seen in Fig. 3C and D.
Figures 8A and B show disorder in the ar-
rangement of axonemal microtubules in a
trypanosome 5 h after a second treatment with
10 ingjkg of bleomycin, 7 h after the first treat-

cin.

>
FIGURE 6. Electron micrographs
showing unusual structures in
trypanosomes 5 h after a second
treatment with 10 ingjkg of bleo.
mycm, 7 h after the first treat-
merit (10 inglkg of bleomycin),

BAunless otherwise noted. Electron

dense structures are seen in Fig. 6A, B and C. Magnification x45,600 in Fig. 6A. Figure 6B shows dis.
petsion of fragments in a traypanosome 2 h a second treatment with 10 ingjkg of bleomycin, 14 h after
the first treatment (10 inglkg of bleomycin). x 32,400 In Fig. 6C, a structure is seen to associate with
the kinetoplast envelope (arrow). Small particles are seen in an electron dense structure (double arrow)
and in the vicinity of the flagellar pocket. x 45,600 Figure 60 shows many round particles similar to those
in Fig. 6C. Some of them contain an electron dense part, looking like a central core. x 50,600
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mont (10 ingjkg of himmy. in).
By CSCl density gradient centrifugation of

whole cell DNA extracted from bleomycin-
treated and untreated trypanosomes, a main
band and a satellite band were obtained (Fig.
9A, B). The main band had a buoyant den-
sity of p=1,703 glml, and the satellite band
had one of p=1688 glml. These bands
seemed to be nuclear and kinetoplast DNA,
respectively, judging from results in a previous
repo, t (One at a1. , 1971). The buoyant den-
sities of the main and satellite bands were

unchanged by treatment with bleomycin.
However, incorporation of 'H-thymidine into
nuclear DNA was significantly less in bleomy-
cm-treated trypanosomes (Fig. 9B), than in
untreated trypanosomes (Fig. 9A). Incorpora-
tion into kinetoplast DNA was unchanged by
bleomycin treatment. In Figs. 9A and B,
the kinetoplast DNA amounts to 22', and
7', of the total cell DNA in bleomycin-treat-
ed and untreated trypanosomes, respectively.

These results indicate that treatment with

bleomycin inhibits DNA synthesis in the nuc-
Ieus, but not in the kinetoplast.

DISCUSSION

Bleomycin is known to decrease the initotic
index and inhibits the growth of cultured
mammalian cells, and consequently results in
increase in the cell volume (Suzuki at al. ,
1968 ; Umezawa, 1975 ; Muller and Zahn,
1977). We also found that in trypanosomes
bleomycin inhibited either nuclear DNA
-synthesis or nuclear duplication, but had no
effect on the kinetoplast, and thus induced
anucleate forms. In addition, bleomycin in-
creased the volume of the nucleus and cyto-
PIasm of parasites by inhibiting cell duplica-
tion. Inhibition of cell duplication may occur
in association with delay or inhibition of nuc-
Iear duplication, as shown in Fig. 5B.

Bleomycin and neocarzinostatin are an-
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tineoplastic polypeptide antibiotics isolated
from Stye/, tomyces (Ishida at a1. , 1965 ; Ume-

zawa at a1. , 1966) and they have similar effects
on DNA in mammalian cells (Hatdle et al. ,
1972; Kuo and Samy, 1978; Sim and Lown,
1978). The present experiments show that
the effects of bleomycin on T. gainbt^"se are
similar to those of neocarzinostatin (Ono and
Nakabayashi, 1976 ; 1978) in the following re-
spects : both compound induce the anucleate
form, disorder of cellular duplication, frag-
meritation of nuclear elements accompanied
by disappearance of the nudear membrane,
mushroom-like enlargement of the flagellum,
excess formation of pellicular microtubules,
deformation of penicular and axonemal micro-
tubules, and the appearance of many round
particles and electron dense structures.

Although bleomycin and neocarzinostatin
have similar effects on trypanosomes, our elec-
tron microscopic study showed that bleomycin
causes more severe alterations of the nucleus

than neocarzinostatin. Reduction and frag-
meritation of chromatin, some residual frag-
merited nuclear elements, and deformation and
disappearance of nuclear membrane were ob-
served in the present study as in studies on
mammalian cells by other workers (Ogawa and
Ono6,1969; Krishan, 1973). Therefore, anu-
cleate forms may be produced by degeneration
of the nucleus as well as by the inhibition of
nuclear duplication recognized by light micro-
SCOPy-

DNA of the kinetoplast differs from that of
the nudeus in buoyant density, forming satel-

lite DNA on ultracentrifugation in a
CSCl density gradient (DU Buy at al. ,
1965; Ono at a1. , 1971). There are
reports that the proportion of kineto-
piast DNA in total cell DNA is 8 1070
in Trypanosomatidae. (Riou and
Pautrize1, 1969 ; Simpson and Berliner,
1974). In our previous (Ono at al. ,
1971) and present studies we obtained
values of 9', and 7',, respectively.
In trypanosomes after treatment with
80 11gjml of bleomycin in vitro, how-
ever, incorporation of 'H-thymidine
into nuclear DNA decreased, while

FIGURE 7. Electron micrograph showing excess
formation of microtubules in a trypanosome 12 h
after treatment with 10 rugjkg of bleomycin. Some
microtubules appear to intersect one another (ar-
row). Fellicular microtubules are seen to be closely
associated with each other. Similar changes are
seen in Figs. 3C and D. x 52,400

I*'

BA

FIGURES 8A and B. Electron micrographs showing disorder
in arrangement of axonemal microtubules in trypanosome 5 h
after a second treatment with 10 inglkg of bleomycin, 7 h after
the first t"eatm. nt (10 ingjkg of blcomy. in). x 50,600 45,600
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incorporation into kinetoplast DNA was not
changed. Therefore, the proportion of kine-
toplast DNA in total cell DNA increased
to 2270. 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 inorphological observations.

Krishan (1973) reported that bleomycin in-
hibits cell multiplication, but does not affect
either the initotic apparatus or the formation
of spindle microtubules. However, we found
that treatment with bleomycin caused disorder
in the arrangement of axonemal and penicular
microtubules and aberrant increase of pel-
11cular microtubules. Morevoer, in previous
work \\, e found that neocarzinostatin, vinblas-
tinc and colchicine, \, hich are known to affect
microtubular structures in cultured main-

mallan cells, induced the anucleate form in T.

g"inb, wire (On. and Nat^bay"shi, 1978 ; 1979).
However, we never observed disorganization
of the microtubules in trypanosomes treated
with chemicals inducing the dyskinetoplastic
fo"in (On. and In. ki, 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
microtubulc-nucleus system of trypanosomes
and induce the anucleate form, unlike chem-
ICals Inducing the dyskinetoplastic form.

From ou^ results (Trioki, 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 tl\e antineoplastic agents bleomycin and
neocarzinostatin, causes inorphological alter a-
tions in the nucleus and microtubules, but no
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apparent changes in the kinetoplast and in-
duces the anucleate form. The second group,
including p-Tosaniline, hydroxystilbamidine,
ethidium bromide and furazolidon, inhibits
kinetoplast duplication and causes ultrastruc-
tural deformation of the kinetoplast without
affecting the nucleus or microtubules of tryp-
an OSomes and consequently induces the dys-
kinetoplastic form. The antitumor agent ini-
tomycin-C inhibits DNA synthesis and pro-
liferation of both prokaryotic and eukaryotic
cells. As already reported (Ono and In oki,
1974), however, initomycin-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.
gainbib"se and T. roamsi' obtained by repeated
treatments with initomycin-C were not affect
by p-Tosaniline 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 initomycin-C.

Aberrant enlargement of the flagellum was
observed. The materials observed in the

flagellum seemed to be derived from the cyto-
PIasm, 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
(Muller and Z^hn, 1977). Therefore, th"

aberrant enlargement of the flagellum may be
caused by the selective inhibiting effect of
bleomycin on macromolecule synthesis in trypa-

We have observed enlargement of
extracellular flagellum in T. gainb, ^"se 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-
merit 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. gainbie"se 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 in orphologically from the
ribosomal aggregation seen in Trypanosoma
rhodesz'errse treated with suramin, tryparsamide
or mapharside (Macadam and williamson,
1974), but their exact nature is not known.

nosomes.
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