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uMMARY The Iytic effects of scrum from a non-jinmunized rabbit on epi-
mastigotcs of Trypa"OSo, ,Ie crusi were studied by electronmicroscopy. The first

detectable change was the appearance of a fuzzy deposit ova' the wholc surface of
the cpimastigote. Soon after this, pellicular microtubules disappeared without
change of axoncmal microtubules. Cii'CUIar lesions were observed by ncgative
staining, corresponding to the lesion of antibody-mediated Iysis caused by coinple-
merit.

INTRODUCTION

Fresh sera from various species of nonimmu-
nized animals can Iysc the CPImastigote form
of 71ypn, 10so, un crwsi, but not the trypomasti-
gote or am astigotc form. Therefore we inVCs-
tigated the surface characters of these thrcc
forms by electronmicroscopy and ImmunoHu-
orescence, and found a coating substance on
the membranes of the trypomastigote and a-
mastigote forms that was not present on mein-
branes of the GPimastigote form (Kanbara at
a1. , 1974; 1<an bara, 1975).

The Iytic effect of serum is destroyed by heat-
Ing it at 56 C for 30 min, and the effect is re-
stored by addition of fresh mouse serum that
originally ha^ 00 Iyti. .Hert (Rubi, , 1956).
warren (1958) examined the mechanism of the
Iytic action of normal chicken scrum and re-
ported that fowl serum contains at least two

active factors, probably a ITeat-stable antibody
and a heat-labile complement

Anziono at a1. (1972) studied the immune
Iysis of culturc forms of Trypn, ,o301"a crwsz
using sera from jinmunized rabbits, infcctcd
and normal humans, and normal guinea pigs
and showed that antibody-mediated Iysis is
caused by complement, which is activated
via the classical pathway. Recently Nogueira
(1975) reported that Iysis of the GPimastigotc
form by human, rabbit and guinea pig sera was
dependent upon the alternate pathway of coin-
piemcnt activation

In this study, we observed the course of the
Iytic reaction of normal rabbit serum on epi-
mastigotes by electronmicroscopy.
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MATERIAL AMD METHODS

I . Tryp@"OSomes

The Tulahuen strain of T. crust was obtained from

the National institute of Health, Bethesda, Mary-
land, U. S. A. through the Parasitological Department
of Keio University, Tokyo, Japan. Cultures in ino-
nophasic medium in which 98 percent of the para-
sites were epimastigotes were used. The monopha-
siC medium consisted of 94% base-solution (1,000
trypticase, 0,8'0 NaCl and 0.5% glucose in distill-
ed water), 5% calf-serum and 100 sheep red cell
extract. For preparation of the red cell extract,
sheep red cells were washed twice with saline with
centrifugation at 3,000 rpm for 10 min, and hemo-
Iysed by adding the same volume of distilled water as
that of the original blood. Then the preparation
was centrifuged at 10,000 rpm for 30 min and the
supematant was sterilized by filtration and used as
sheep red extract.

2. Normal ser, ,in

Serum from adult nonimmunized rabbits was used

in studies on Iysis of epimastgotes.

3. Electronmic, OScopy

Two milliliters of washed, precipitated trypano-
somes from culture were suspended in 10 inI of
saline and divided into I inI samples.

Each sample was mixed with 2 inI of rabbit serum.
After incubation for I, 2.3,5.10,30, and 60 min
at room temperature, samples were mixed with 40 inI

of phosphate buffer (0.1 M, pH 7.4) containing 2,500
glutaraldehyde and kept at 4 C for 40 min for fixa-
tion. Then the samples were washed at least 3 times
with phosphate buffer and postfixed in 1.000 osmium
tetroxide in phosphate buffer at 4 C for I hr. The
specimens were dehydrated in a series of increasing
concentrations of ethanol and then transferred to

glycidyl n-buthyl ether and embedded in EPOn mix-
ture. Sections were stained first with uranyl ace-

FIGURE I. Normal structure of epimastigote before serum treatment.
Golgi-apparatus.
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tate for 30 min at 37 C and then with lead citrate

for 10 min at room temperature.
The remainder of the samples that had been in-

cubated with rabbit serum for 60 min were washed

with saline by centrifugation at 3,000 rpm for 20 min.
The precipitates were next washed twice with 001 M
pho*phat" buffe, (pH 7.0) by high-speed rent"ifug"-
tion at 10,000 rpm and 4 C for I hr and the pellets
were suspended in phosphate buffer. Drops of the
suspension were placed on collodion coated grids and
negatively stained with 200 aqueous uranyl acetate.
Micrographs were taken with a Hitachi I IB electron-
microscope

RESULTS

No visible change was observed under an elec-
tromicroscope after 2 min incubation. After 3
min, the surface of the parasites became dif-
fusely coated with fuzzy material and some pel-
Iicular microtubules disappeared (Fig. 2A, B).
After 4 min, all pellicular microtubules had dis-
appeared, but axonemal microtubules were not

^nort"d (Fig. 3A, B, C). Th" consulf^co her, in^
rough and had projections from which material
seemed to ooze out (Fig. 3C). The membrane
of the nucleus as well as the cisternae of the

Golgi-apparatus and the endoplasmic reticulum
(ER) became partially swollen, while the mein-
branes of the mitochondria and the kinetoplast
showed little change (Fig. 3B). The cytoplasm
gradually lost its density with time. After 5
min, projections from the plasma-membrane

and some ofincreased in number and size,

them developed into small vesicles which were
structuralIy similar to the plasma membrane.
After 10 min, the damage of the membranes of
the nucleus, the Golgi-apparatus and the ER
had increased. At this time, the mitochondria
were also affected, their cristae becoming swol-
Ien and rounded. After 30 min, the plasma-
membrane had lost its projections and become
smooth and round, and breaks in it were seen
here and there under high magnification. The
kinetoplast and the flagellar structure showed

A B

FIGURE 2A, and B. Three min after serum treatment, the surface of the plasma membrane becomes covered
with a fuzzy substance and some microtubules disappear (arrows). (Fig. 2A x 30,000, Fig. 2B 90,000)
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FIGURE 3A, B and C. After 4 min, all pencular microtubules have disappeared. The cell surface becomes
rough and has projections. The nuclear membrane and Golgi-apparatus become slightly swollen. The
density of th. cytoplasm decre, *es alightly. (Fig. 3A x30,000, Fig. 3B x45,000, Fig. 3C x70,000)

little change, but the nucleus became swollen,
and the chromatin became denaturated and

other organellae, such as the ER and the Golgi-
an pyrotus, dimppear*d (Fig. 5A, B). After 60
min, changes were similar to those after 30 min,
but more extensive (Fig. 6). Negative stain-
ing showed regular circular lesions with outer
and inner diameters of about 75 A and 60 A,
respectively, in the membrane (Fig. 7).
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DISCUSSION

Since the report of Minz and Bone110 (1945),
the Iytic effects of normal sera from various
animals on the epimastigote form of T. cruz,
have been studied extensively, and it has been
suggested that the observed changes involve
immune Iysis, which requires complement.
Rubi0 (1956) noted that mactivated serum



A B

FIGURE 4A and B. After 5 min, the projection from the cell surface increase in size and number and some
of them develop into vesicles. (Fig. 4A 20,000, Fig. 4B 60,000)
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FIGURE 5A and B. After 30 min, the plasma membrane becomes smooth and round. It shows breaks here
and there and is coated with adherent substances. The cytoplasm has become almost transparent. (Fig. 5A

15,000, Fig. 5B 149,040)
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FIGURE 6. After 60 min, only the nucleus, inito-
chondria including the kinetoplast and flagellum
remain intact. (xi5,000)
N: nucleus, M: mitochondria, F: flagellum

which has lost its Iytic effect regained its Iytic
effect on addition of fresh mouse serum,

which is known to have no Iytic activity and a
very low complement titer.

In the present electronmicroscopic study, the
first visible changes were observed in the mein-
brane three min after inoculation. The whole
surface of the membrane became covered with

a fuzzy adherent substance which was supposed
to be an antigen-antibody complex. Soon after
this the pellicular microtubules disappeared,
but the axonemal microtubules remained intact
for more than 30 min. The kinetoplastids
have at least four functionally distinct groups
of microtubules (pellicular, cytopharyngeal, ax-
onemal and nuclear spindle types). The
chemical differences of these microtubules are
unknown, but this phenomenon seems to pro-
vide a convenient way for studying the chemical

FIGURE 7. Circular lesions in the plasma mein-
brane shown by negative staining. ( XI80,000)

natures of these different microtubules. Sub-

sequent changes showed that the initochondri-
al membrane was more resistant than those of
the nucleus, the Golgi-apparatus and the ER.
It is unknown whether the structures project-
ing from the membrane are related to the cir-
CUIar lesions seen by negative staining. The
projecting structures seemed to develop into
small vesicles and separate from the membrane.
Therefore, the vesicles around the membrane
had the same structure as the plasma mein-
brane. The circular lesions are structural Iy
similar to the membrane lesions induced by
the jinmunolytic reaction dependent on coin-
PIement (Humphrey, 1969). These results
suggest that a certain component of normal se-
rum first reacts with a surface substance of

epimastigotes and produces circular lesions in
the membrane with the aid of complement, and
then further destruction occurs as a result of
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