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Hiki:\, s JouR, ;A1. I, 194-197 (1958)

Study of Leishmania donovani with special Reference
to the Kinetoplast, Mitochondria, and Golgi Zone

by Electron Microscope employing the Thin
Section Technique

SHOzo INOKi, KENTCHi NAKANisHi, AND To SHIO NAKABAYASHi

Department o1' PrimJi!o10gy, Re""ith 111J!it"!e for Microbial Direa. "$,
Osaka Uni, eruly, Oreka, Japan

IRecei, ed fry publication, December 24, 1958/

SUMl\IARY

The fine structures of the kinetoplast, mitochondria. and Golgi zone in Lei, hm@"in dc"o1. a"I
was studied by electron microscope. I. The kinetoplast is an independent cytoplasmic particle
surrounded by a thin layer of ca. 8-15 inA in thickness. It's diameter \, aties, depending on the
plane of the section, being 600-870 in/, in Tengilt and 120-435 in" in breadth. Inside this pailicle,
dense striations (ca. 15 init breadtlT and ca. 20-45 in" length) run parallel with the major axis. 2
The initochoiTdiia are \, ariably shaped and carry the ' CFi'$1ae in1'10cho"dri'@!e$ ' of Palade, which
are ca. 220-850 in" in Iengtli and ca. 110-300 inn in breadth. The limiting membrane of 8-20 in".
thickness was very clearly \, isible. 3. A structure similar to the Golgi zone of rat spermatids
described by Clermont (1956) was demonstrated in some section. This contained se\. eral spherical
vesicles or \ariable size (ca. 100-125m"x50m, )

INTRODUCTION

As a part or ou^ gcnetic studies on pathogenic protozoa <1noki, Kitaura,
\akabayashi, and 1<urogochi ; 1952' Trioki, 1952 ; In oki, Kitaura, Kurogochi,
OSaki, and Nakabayashi, 1952 ; 1110ki and Hamada, 1953 ; Trioki, 1957), observations
on their fine structure have been made in this laboratoi'y by electron microscope.
In the I>revious paper (Trioki at tt/.. 1957), the constitution or the flagellum of
LeiJhi?innia dolmaniii was described. This is on the fine sti. ucture of thepaper

cytoplasmic particles and Golgi zone in L. donoi, alit
it is known that the kinetoplast is a self-duplicating cytoplasmic entity

regularly found at the base of the flagellum in protozoa. It has rccently bccomc
of interest in protozoan genetics <1noki, 1956). ACcoidingly, the fine structure
of the kinetoplast was studied in most detail, and the other cytoplasmic bodies
in less detail.

IW"/elfd/J alld IVe/hoofJ'

A stock culture (Strain Kitaga\va) of LeiJhmaiiin dolloi. ajii \\, as employed for

An outline of this work was reported at the 27th Annual Meeting of Japanese Parasitologists
in Gifu City in May, 1956, and at the 29th Congress of Japanese Genetics SOCiet\, in Sapporo
City in September, 1957
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ELECTRONMICROSCOPY OF LEISHMANIA

this series of experiments. Cells \\, ere grown in T'ariabc s monophasic medium"'
for. 7 to 14 days and collected by centrifuging at 3,000 I. p. in. Thcy were \\. ashed
three times with physiological saline and then fixed in I% buffered OSmic acid
(pH 7.4) as reported by In oki ei a1. (1957). 'I'he fixcd prepai. at, o11s **c, '.
dehydrated in alcohol before being embedded in 11-butyl-, 11-inclhy!-metacrylatc
mixture <20 : 3 \,,., v). Thii\ sections \\ ere preparcd in a Spencci. Model 820 ()I
a Model RU <1apanese) microtome and examined in a I-lilachi NIOdcl I-IC-G
electron microscope at 50 K\,!.

* Tanabc'e Monophasic (Liquid) Medium

qua 1511 at a Solution A Shakcn 11/10ugl, IT to coinplcic 11,111u \Ms

Sodium citrate
Sodium chloride
Aqua distillaia

Equal quantities or solutions A and B \\, ere mixcd. 'I'ht InIxttiic was disp, .n\CLI in 5-10 in
ajiquots in small tubes

I. Kinetoplast cor Parabasal body)
In the preceeding papa' <1noki d ,!!.. 1957), a incntioit was niadc o1' Inc

suspectcd kinetoplast at the base of the flagellum. 11T this study ho\\ ever I c
finc structure \\, as successfully demonstrated in orc I)rccisely or clcarly. Usua y
the 1<1netoplast appeared as a long-rod, CTCsccni, or occasionally triangular s ape
body in the section, \\. ith no visible connection \\. Ith the flagellum. This struc-
lure, 600-870 in/t long and 120-435 inn \\'Ide, was surroundcd I, y a thin laycr
of ca. 8-15 in/x in thickness. 11 should IJc stressed hci. c Inat there was a PCcu Iar
dense striatioit parallel with its major axis \\ hich rcgularly apneare in eac
kinctoplast. 01T closer examination, the striation was round to consist of granu at
bodies of ca. 15 inn in breadth and ca. 25-+5 run in Iengtl\. (Sec Figs. I, 2.3,4,
5, and 6. )

2. Mitochondria

The mitochondria was demonstrated in the cytoplasm. 11 \\. as 10d shapcd,
11 waso\, al, round, or crescent shaped depending o1T the I)ianc 111 the section.

surrounded by a clearly defined limiting me in branc of ca. 8-20 run in I to ness
The mitochondriac \\. ere ca. 220 run in length and ca. 110-300 in/J in breadt }.
Inside the mitochondria, the so called ' Grillae 111i!nthm!ofii"/e. \ ' of Palade wei. e sccn.
The size and number of the CTistae \\. ere variable and \\ CTC ca. 8-33 in/J in brea I I
and ca. 30-250 in/J- in Ienuth. Only 5 to 7 CTistac werc counted in each sectioii
of the mitochondria. (See Figs. 2.3,5, and 6).

3. Golgi zone
Structures similar to the Golgi zoric in rat SPCrmatids ICportcd I)y Clci'-

mont (1956) were round in some sections. They contained several spherical vesiclcs
of various sizes (ca. 100 in/t x 125 in/t-50 inn x 50 inn). Ho\\. ever no gi. anulai.
coinpoments \\'ere observed (See Figs. I, 2, and 3. ).

12 gin.

950 inI.
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DISCUSSION

Employing the thin sccti. n 100hniqu", In oki at a1. (1957) hare already "eported
o1T the finc structure of the flagellum on LeiJhmuni" donornni. However in that
I'GPort re\\. observations \\, CTe made on the cytoplasmic particles, the kinetoplast
<parabasal body) and the mitochondria. The following year, a similar. report
(Pyne, 1958) appeared on the culturc forms of L. dollot. di!i. This paper only
covered observations of the cell surface, nucleus, mitochondria, and flagellum,
and did not describe the kinetoplasi.

As already mentioned, the kinctoplast has recently become important in
cytoplasmic genetics of flagellated protozoa <1noki, 1957). On staining by ordinary
methods, it develops fine granules in the cytoplasm. Using the thin section
technique, however, it was possible to sho\\, that the sti. ucture of the kinetoplast
is VCI'y complicated, and probably has no in orphological connection \\, Ith the base
of the they 11um. Recently, Mey, " at "/. (1958) studied th, ult"ast"uctu"e of the
kinetoDlast in Tiy/, alloJo!rin rr!1:1i. They used an electron microscope, but the
microphotographs in the 11. paper do not sho\\, the inner structure of the striation
in the kinetoplast. In this study, however, it should be noted that the striation
were demonstrated very clearly and lirecisely. It is reasonable to assume that
the fine structure of thc kinetoplast is similar in different species of flagellated
protozoa. That is that it is an independent cytoplasmic particle distinctly limited
by a membrane and contains a dense sti. Iation running parallel to the longitudinal

Since the kinetoplast is known to contain DNA, it remains a question or
the future which part or the kinetoplast carries it. Another problem is how the
subcomponents of the kinetoplast behave during cell division

Mitochondria have now been demonstrated in several species of protozoa by
the ultra-thin section technique. In non-pathogenic protozoa, typieal mitochondria
have been found in Pardmeriitm ,aMdtt!run (Powers, Ehret, and Roth, 1955),
Pmftme, illm un"lid and Primmeciit?n burrd?ia (Powers, Ehret, and Roth, 1955),
Pn, umecii!, n Intrl/jinici'Drillc/err!Min (Sedan' and Porter, 1955), Elf/1101eJ patella (Powers,
Ehret, Roth, and Minik, 1956) T, I, rib, man" 111, ,yin'intr (Sedar and Rud^mska, 1956),
Tollop/,!ru flyitJio, INni (Sedan' and Rudzinska, 1956), ,{?noeba pro/811J (Sedar and
Rudzinska, 1950), and some others. In parasitic protozoa, only a few reports
are available in the litei. at UTC on the fine structure of the mitochondria ; Anderson
(1955) stated that spherical initochondi. Ia are seen in thin sections of Ti'ichomo""J

Rudzinska and Trager (1957) reported the demonstration of mitochondria
in F1"Jinodiuni lophttrue employing a similar technique. Trioki at a/. (1957), and
Pyne (1958), also demonstrated the fine structure of the mitochondriain LeiJhmonin
donor, "ni. .Judging from the microphotographs in their papers ho\\, ever <with the
cxception of ) mitochondria in LeiJhinn?lid dono, ant these results are still dubious.
Moreover Anderson's result (1956) on Trichoinon"J mr{IIJ is quite inconsistent with
that or Trioki et al. 's results on Ti'ichoinona$ ragmanJ (1958), T?'ichomonoJ JoeiiiJ
<1noki at a/., unpublished), and Ti'ichomona$ fundx <1noki at a/., unpublished).
Thc latter \\, orkers could find no mitochondrial structure such as described in

metazoan tissues in the Genus Trichomonn$. In this paper, Golgi zones have
been demonstrated, but much more work is necessary before they can be
conformed to be true Golgi zone.

INOKl, NAKANISHI AND NAKABAYASHl

axis.
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Fig. I. An ultra. thin seenon of Lei, hm@nia donevani showing kine*CPIo, I IKj, Golgi zone IGj; and flogellum IF).
Fig. 2. An ulfro. Ihin section of 1.18hmo"io donevcni showing kineloplo, I IKj ond milochondrio IMj.

<1Noxi at al, )
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Fig. 3. An ultro-thin section of Letshmania donovoni ,howlng kineloplo, I IK),
Golgi zone IG), and milochondrio IM).

Fig. 4. An ullro. thin seciion of Lei. hindnia donovcni showing kine*CPIo, I IK) and Ragello in.

<1NOKi at al. )

11, L

4-



I 14

Fig. 5. An ultra. thin seciion of Lei, hindni@ donvani showing kinetoplasf IK) and milochondrio IMj.

Fig. 6. An ulfro-thin ,ecfion of Letshm@nio donvani showing kindopla, * IK) und milochondrio IM)

<1NOKi at al. >
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