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BIKE\'s JouR\AL 2,21-24 (1959)

Observations on Trichomonas vaginalis by
Electron Microscop, *

SHOzo INOKi, KENicHi NAKANisHi AND To SHIO NAKABAYASHi

Delay!merit of Paresintogy, Rerearc/, 1115tit"te for Microbial Dined re$
Omk@ Uniuer$fly, Osaka, Japan

Ultra-thin sections or Trichomo""$ aagi, ian$ from V-bouillon (Trioki and Hamada, 1953)
were examined by electron microscopc, and the following results were obtained. The nucleus
is sun'Dunded by a nucleai' membrane formed or two distinct layers, and its discontinuous
profile suggests the presence of pores in the membrane. The perlpliery of the cytoplasm forms
a distinct cell wall (penplast). within tile cytoplasm, several kinds or structures arc very clear ;
Round granules ranging from 5 to 12 in" in diameter arc usually observed. some dense, and
some less dense. The Golgi apparatus near the Ilucletis, and vacuoles of different size are also
found. Collagen fibrils are clearly seen, \vhicli seem to connect the base or the flagellum with
the surface or tile body. No mitochondria are seen, and this is compatible \\, illi blochemical
results. The parasite has an endoplasmic reticulum of the type described by Palade. A probably
oblique section of the axostyle was made, in \vhicl, both small granules and stripes were seen.
The Hadcllum consists o1 an axoneme and covering sheath. The axoneme contains ten pairs
of fibrils. one central and nine peripheral

(Re"i, ed for PMb!ica!to", April 24, 1959)

SUMMARY

INTRODUCTION

In 1952, In oki and Hamada first employed the electron microscope for
comparing the Ti'ifhomoimJ I'dgi!kinJ with its mouse-passed variant in orphologically.
In thc following year, they also reported on the fine structure of Ti'ichomo"RF
ingina!if at the Annual Meetin. ' of the American Society of Tropical Medicine
and flygicne held at Louisville, Kentucky, U. S. A. Their results were obtained
by ordinary electron microscopy, and showed the superficial morphology of both
flagellum and axostyle and their variations. Since then, however, no further
reports have been published on this parasite. In this paper results are given of
data from thin-section microscopy.

A stock cultu"e of T. ,, rigi, kith <T\/ 12) employed for. this study.
Cells \\, ere cultured in \/-bouillon <1noki and Hamada, 1953) for. 48 hours, and

* An outline of this study was reported at the 27th Annual Meeting of Society or Japanese
Parasitologists held in Gifu City, in May, 1958

I\idlei'ia! und Ale/frod

was
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22 11.10Kl, NAKANISHI AND NAKABAYASHl

harvested by centrifugation at 1,500 r. pm. for. 5 minutes. They were then
transferred I% OSmic acid buffer (pH 7.4 or 5.6), and kept in an ice box for 30
minutes for fixation. The cells were then dehydrated in alcohol without
washing and To untinely embedded into methacrylate resin (containing 80% IF
butylmethacrylate and 20% methylmethacrylate), using 3% 0-chlorobenzoyl per-
oxide as a catalyst. Sections were prepared with a glass knife in a Porter-Blum
Serial 401 microtome, and studied unde" an HU 6 type (unde" 50 KV) or HU
10 type (under 100 KV) electron microscope.

I. Nucleus

As shown in Fig. I (B), the nucleus has denser and finer graiTules than the
cytoplasm. The nuclear membrane is formed of two distinct laycrs (See Fig. I
CD)), and its discountinuous profile suggests the presence of pores (See Fig. I
Carrows)) between the nucleus and the cytoplasm, (See Fig. I (D)). This structure
is quite similar to that observed in mammalian cells (Watson, 1954). Inside the
nucleus, some structures are differenciated. However, they are too indistinct to
make it possible to determine their nature.

2. Cytoplasm
The periphery of the parasite appears to form a thin layer or membrane

<See Fig. I (E)), which has no such striations as are found in Lei, hinonia do!loinni
(Nakani^hi, 1956 ; Pyne, 1958). Of pa"ticular inte"ust I^ the fact that seve"al
round granules ranging from 5 to 12 in/L in diameter are found in the cytoplasm,
some of which are dens, (See Fig. I (C), Fig. 2 (A), and Fig. 5 (C)), while
others are less dense (See Fig. 2 (B)). At present, it is unknown whether these
two kinds of granules are similar, and what they are. As judged by their shape
however, they are not mitochondria. Vacuoles of different sizes are also seen in
the cytoplasm (See Fig. I (F)). Fig. I (A) show, that the Golgi mypa"arus is
also prcsent close to the nucleus. It consists of lamella^ components of about
20 in/J width. Furthermore, endoplasmic reticulums are demonstrated in the
cytoplasm, of 40 to 270 in/t diameter. As previously described, they consist of a
relatively light center surrounded by a dense, thin membrane \\, ith fine granules
on the outside (See Fig. I (G)). Ribbon-like structures stretching through the
cytoplasm with a number of dense transverse stripes at regular interval of about
30 in/" have been found CSec Fig. 5 (B), Fig. 6 (B), and Fig. 7 (A) <B)). These
structures seem to arise from the base of the flagellum (See Fig. 6 (B)) and
extend to the pe"iphe"al layer of the body (See Fig. 7 (B)). F"om the I" fine
structure, these organella can be assumed to be the collagen fibrils \\, hich probably
play an important role in the movement of this parasite. However, further
studies are needed for elucidation of this point. In this study, mitochondria-like
bodies have not been found, although many sections were examined. This is
contrary to observations on L. donoruni <1noki at a!., 1957)

3. Axostyle
For some reason, it is difficult to find the axostyle in the section. Fortunately

we succeed in demonstrating a probable axostylc surrounded by a clear limiting
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ELECTRON MICROSCOPY OF TRICHOMONAS VAGINALIS

membrane and containing fine, dense granules and stripes (See Fig. 2 (0)).
4. Flagellum
The flagellum consists of a central axoneme with a sheath covering it. In

the former, 20 fibrils arranged in 10 pairs run along the logitudinal axis ; one
pair. is central, while the other nine surround it <1noki at a1. , 1958). The connec-
tion between the fta, ,ellum and the body also appears to be like that In L. dono-

<1noki at at. , 1957). (See Fig, . 3 (A), 4 (A), 5 (A), and 6 (A)).in"I.

DISCUSSION

In this study, major attention \\, as dirccted to clucidating the inner structure
or this parasite from ultra-thin sections.

F1'Din these studies the demonstration or mitochondria, such as has been
described in metazoan cells, \\, as unsuccessful, although a number or sections
were carefully examined. This observation is in contrast to Anderson's report
(1955) in which he describes the so-called mitochondria of Trirhoii!undJ milli3. The
mitochondria-like bodies found by Andcrson in T. 11:11riJ are unlike typical
mitochondria demonstrated in Farmneciiim finidn!Mill (Powers at d1. , 1955) and L.
donor, ani <1noki at tt1. . 1957). This is supported by blochemical studies on carbohy-
drate metabolism in trichomonads. Ninomiya aild Suzuoki (1952) reported that
their strain or T. trigi?IQliJ is incapable of utilizing succinate, citrate, and glutamate.
\\'ITtschafter at a!. (1956) state that krebs cycle activity was not found in Strain
5 A of T. rugi"anJ. In Ti'idiomonaJ JoeiiiJ, Ryley (1955) stated, no evidence for. the
presence or cytochromes could be obtained by spectroscopic examination, by the use
of respiratory inIhbitors, or by the use of cell hornogenates with 11-phenylenediamine.
Accordintrly, it is reasonable to consider that the trichomonas have Do mitochondria
of similar structure to those in metazoa.

it was very interesting to find a ribbon-like structure with many transverse
stripes, \\, hich apparently arises at the base of the flagellum, runs through the
cytoplasm, and probably terminates at the surface of the parasite. From its fine
structure, this organella must correspond to the collagen fibrils in metazoa (Gross,
1956) and play some role in movement.

A group of lamellae was observed in close contact \\, ith the nucleus. These
bore stricking similarities to the Golgi apparatus already reported in Inctazoan
cells (Daiton and Fellx, 1956). However, further studies are needed to see if
the organella observed are a true Golgi apparatus. In this study, an endoplasmic
reticulum was found in the cytoplasm, showing the features that Palade and
Porter (1954) described for. identification of an endoplasmic reticulum.

There is no fundamental difference between the fine structure of the flagellum
of T. tugina!if and L. donora"i. However, the flagellum of T. rugi"anr is formed
from ten pairs of fibrils, -one central and nine peripheral. The connection between
the flagellum and the body is similar to that in LeiJhmanitt donorani <1noki at o1. , 1957. )
Two types of large granules were always found in the cytoplasm. However no
studies on their nature have been made.

This type of study will be necessary to relate the physiology and morphology
of the protozoa.
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Fig. I. An urno-thin section of Trichomono, VCginoli. , showing Golgi OPPorafu, IAI, nucleus IB), 10rge
granules IC), nuclear membrane ID), perlplo, I or cell woll IE), VCcuole, IF), endopla, in IC reticulum,
IG) und pores through the nucleor me inbrone 10rrow, I.

Fig. 2. An urno-, hin section of Trichomono, vaginalis, showing dense gronule, IAI, less dense gronules
IB) .rid o, 031yl. (Cj.
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Fig. 3. An ultra. *hin section of Trichomona, vaginalis, showing a longitudinal cut face of the flogellum.
A. s flagellum, B. = fibril, C. , perlplo, I,

Fig. 4, An vimo-thin section of Trichomon@, v@emuli, , .howlng the iron, ver, cut feee, of the nagello IAI.
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Fig. 5. An ultra. thin section of Trichomono, vaginalit, showing Hogella IAI, collogen fibril IBj and
enlcrged den, e granule IC).

Fig. 6. An ultro. thin section of Trichomono, vaginalin, ,howing flogello IAI and colicgen fibril, IBj.
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Fig. 7. An ultra-thin sec*ion of Trichomonos voginolis, showing colla en fibril,
A. and B. , collagen fibril, C. , perlplost or cell woll
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