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ABSTRACT

The cytoplasm of the Amoeba sp. contains mitochondria, lipid bodies, accessory and con-
tractile vacuoles, and food vacuoles. The mitochondria, which are composed of triglycerides,
phospholipids, lipoproteins and RNA, reveal a differentiated peripheral layer on staining with
Janus green, acid haematein and Nile blue, Ithasbeen suggested that this differentiated peri-
pheral layer corresponds to the double limiting membranes of the mitochondria seen with electron
microscopy. The lipid bodies correspond to the Golgi bodies or Golgi apparatus described earlier
by the light and electron microscopy. The lipid bodies usually show the presence of triglycerides
and lipoproteins but in old cultures they contain in addition some phospholipids and fatty acids.
The present investigation does not support the_homology of the contractile vacuole to the Golgi
apparatus. The alpha granules or crystals are absent in this amoeba.

INnTRODUCTION

Among the free-living amoebae, the cytoplasmic inclusions have been
differently described by the earlier authors. Schaeffer (1916) described in
Amoeba proteus a large number of clear bluish spheres, which he named ex-
cretion spheres. Taylor (1924) described these spheres in Amoeba sp.
as nutritive spheres. In A. proteus, Hayes (1925) identified them as pale blue
nutritive_spheres composed of glycogen and described certain other stareh
granules also.

The Golgi bodies have been reported from time to time in the freshwater
amoebae. Brown (1930) demonstrated two types of Golgi bodies in 4. proteus,
which appeared as rings or crescents, and granules. Mast and Doyle (19354
and 1935b) described the cytoplasmic bodies of A. proteus ‘Y’ and A. proteus
‘X’ (A. dubia) as alpha granules, beta granules (mitochondria), refractive bodies,
crystals (lying inside crystal vacuoles), fat and contractile vacuole. They
considered that the refractive bodies composed of carbohydrate-like shell,
covered by a layer ‘composed of a protein stroma impregnated with a lipid
containing fatty acid”, represent the Golgi bodies. Pappas (1954) has worked
out the detailed cytochemistry of five different amoebae, namely Amoeba
proteus, Chaos chaos, Thecamoeba striata, Mayorella bigemma and Amoeba
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guttula, and the cytoplasmic bodies reported in these species are the alpha and
beta granules (mitochondria), the spherical refractive bodies, the contractile
vacuoles, the crystals and crystal vacuoles, the food vacuoles, the fat globules
and the permanent vacuoles. He also described the absence of some inclusions
like the spherical refractive bodies in M. bigemma and A. guttule, and of crystals
and crystal vacuoles in 7'. striata and 4. gutlula. He considered that the
spherical refractive bodies of A. proteus, C. chaos and 7. striata represented the
Golgi bodies. He also observed that these bodies were stainable with neutral
red. He recognized the homogeneous or duplex nature of these bodies, the
latter consisting of an outer cortical layer composed of lipid and protein material
and an inner medullary portion containing a fluid of unknown composition.
Das and Tewari (1955) identified three types of Golgi bodies in Amoeba verru-
cosa, namely (1) dark solid granules, (2) small vacuoles with a circular or cres-
cent-shaped dark rims and (3) a few (three or four) large vacuoles. They
reported that by the coalescence of large vacuoles a fully formed contractile
vacuole was formed, which did not show any osmic impregnation. Singh (1938)
demonstrated in the endoplasm of Amoeba proteus a single oval nucleus, con-
tractile vacuole, food vacuoles, bipyramidal crystals, fat bodies, nutritive
spheres containing glycogen, and mitochondria.

With electron microscopy, Cohen (1957) described in Amoeba proteus the
presence of mitochondria, alpha particles, crystals, vacuoles and Golgi material.
In the electron micrographs, the Golgi material reveals accumulation of flat-
tened vesicles or membranes which, according to Cohen, represent the Golgi
in higher forms. Cigada Leonardi (1958) has investigated the ultrastructure
of the flagellated gamete of Awmoeba spumosa and reported the presence of
mitochondria, Golgi apparatus and chloroplast. The Golgi dictyosome in
the electron micrograph shows the structure of the typical Golgi apparatus.
Pappas (1959) has studied the ultrastructure of three amoebae, namely Amoeba
proteus, Pelomyxa carolinensis and Hartmannella rysodes, and reported in the
cytoplasm the presence of mitochondria, Golgi complex, crystals and crystal
vacuoles, food vacuoles and contractile vacuole. He identifies the ‘arrays
of flattened vesicles packed very closely together’, seen in the electron micro-
graphs, as the Golgi complex. He has strongly emphasized that in these
amoebae the contractile vacuole and its components bear no morphologic
resemblance to the metazoan Golgi complex. He also reports that the spheri-
cal refractive bodies and alpha granules, described by the author earlier (Pappas
1954), were not identified with the electron microscopy. Mercer (1959) has
investigated the ultrastructure of Amoeba proteus and described the presence
of mitochondria, food vacuoles, crystals, contractile vacuole, ‘irregular vacuoles’
and ‘clusters of vesicles’ in the oytoplasm. Mercer (1959) states that these
clusters of vesicles, which are randomly distributed throughout the cytoplasm,
resemble the metazoan Golgi apparatus.
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Ray and Sen Gupta (1954) have described the presence of mitochondria
and Golgi complex in Entamoeba histolytica. They have identified the Golgi
complex as spheroids which stain with neutral red supervitally. In E. invadens
Deutsch and Zaman (1959), however, failed to identify the mitochondria with
the electron microscopy. In Hartinannella astronyxis also, no trace of the
(Jolgi apparatus was identified with the electron microscopy by Deutsch and
Swann (1959), although the mitochondria, showing typical internal structure,
were identified. The mitochondria of H. astronyxis were identified with the
light microscopy by Ray and Hayes (1954).

The author (Dutta 1959) has published the abstract of the cytochemical
nature of the cell inclusions of Amoeba sp. The endoplasm reveals the presence
of mitochondria, lipid bodies, contractile vacuole, accessory vacuoles and
food vacuoles. The mitochondria are composed of neutral fats (triglycerides),
phospliolipids, lipoproteins and RNA, whereas the lipid bodies contain
neutral fats (triglycerides) and complex lipoproteins. The author has also
emphasized that there is apparently no direct relation between the formation
of the contractile vacuole and the lipid bodies or the so-called (olgi
bodies. ,

The wtrastructure of mitochondria of Pelomyra corolinensis has Deen
exteusively investigated by Pappas and Brandt (1959), and Brandt and
Pappas (1959), and these authors have described a complex mitochondrial
pattern, consisting of double limiting membrane, the inner membrane beiug
thrown into minute villi (cristae mitochondriales) which are branching and
fusing in a complex manner. Pappas and Brandt (1959) have also observed
some densely packed fibrillar material in the stroma of the mitochondria and
these authors consider that these fibrillar arrays resemble the fibrillar com-
ponent of the nuclear envelop described by Pappas (1959). Brandt and
Pappas (1959) have observed a continuity of the limiting membranes of the
mitochondria and postdivision nuclei and, therefore, they have suggested the
possibility that the nucleus may be capable of forming mitochondria. The
mitochondria have also been identified with electron microscopy in Amoeba
proteus by Sedar and Rudzinska (1956) and in Pelomyxa carolinensis by Dalton
and Felix (1957).

MATERIAL AND TECHNIQUE

The freshwater amoeba, Amoeba sp.,” was obtained from the culture of
dry grass and other leaves made with tap-water. The amoebae appeared in
large numbers in the surface scum in 3-4 days. The living amoebae were
studied in the culture solution, under the phase-contrast microscope, using
vital dyes, Janus green B and neutral red, in very dilute concentrations.

The cytochemical tests (Appendix I) were employed on the wet whole
mount smears of the amoebae.
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The amoebae fixed in Lewitsky or Helly were stained with acid fuchsine,
according to the special technique of Cain (1948b), for the study of mitochondria.

For the routine cytological study, the amoebae fixed in Lewitsky or Helly
were stained subsequently with Heidenhain’s iron haematoxylin.

OBSERVATIONS

The living amoeba (Fig. 1) shows, under the phase-contrast microscope,
the cytoplasm differentiated into clear hyaline ectoplasm produced into one
or more broad pseudopodia and granular endoplasm. The endoplasm contains
lipid bodies, mitochondria, contractile and accessory vacuoles, food vacuoles
and nucleus. In this amoeba no alpha particles or crystals are present. The
cell inclusions show a continuous steaming movement in the living amoebae.

F1e. 1. Trophic form of Amoeba sp., fresh specimen treated with 2 per cent osmium tetroxide
golution. Camera lucida sketch.

AV, accessory vacuole; CV, contractile vacuole; ECT, ectoplasm; END, endoplasm; FV, food
vacuole; L, lipid bodies; M, mitochondria; &, nucleus; Ny, nucleolus; U, uroid.
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It has been calculated that the amoebae move at a speed of 1-8 mm per hour.
The cell membrane or plasmalemma covers the cytoplasm externally and
permits the amoeba to throw pseudopodia in all directions. The amoeba
also develops a group of ectoplasmic filaments at the posterior end, which
represent the ‘uroid .

Lipid bodies.—The lipid bodies in the younger amoebae are in the form of
granules, whereas in the older amoebae they are in the form of homogeneous
spheres. They appear in the living amoebae, examined under the phase-
contrast microscope, as dark bodies distributed at random in the endoplasm.
They are stainable with neutral red supervitally. In a few amoebae, which
were probably dead, small vacuoles with dark rims were observed under the
phase-contrast microscope. The dark rims give a crescentic appearance. It is
believed that the disorganizing lipid bodies, in the dead amoebae, give rise
to these ‘ vacuoles with dark rims’.

The osmiophile and sudanophil nature of the lipid bodies shows the presence
of lipids in them. The violet staining of the lipid bodies in Nile blue and their
colouring with Sudan IIT and IV mixture, and Fettrot, suggest the presence
of some triglycerides, in addition to acidic lipids. The moderate staining of
these bodies in acid haematein (in the old cultures of amoebae) and their weak
positive staining in acid haematein, after the pyridine extraction control, shows
the presence of some phospholipids which have been extracted in the control.
The weak positive reaction in the control sections is probably due to the
presence of some proteins, which are demonstrable on staining with mercuric
bromphenol blue. These bodies in old cultures also contain some fatty acids
(positive Fischler’s test). The lipids, which are not extracted with cold ether
or ethanol, are probably forming some lipoprotein complex. The blackening of
the lipid bodies in fresh osmium tetroxide preparation and their positive re-
action in performic acid-Schiff shows the unsaturated nature of the lipids. It
may be concluded that the lipid bodies are composed of triglycerides,
phospholipids, complex lipoproteins and fatty acids.

Mitochondria.—The mitochondria which appear greyish in the living
amoebae, examined under the phase-contrast microscope, are spherical or oval
in shape. Janus green B stains mitochondria supervitally. But it is interesting
to note that in the initial stages the outer layer of the mitochondria is stained,
but with prolonged treatment they are stained homogeneously. This staining
behaviour of the mitochondria clearly shows that they possess a differentiated
limiting membrane which probably corresponds to the double limiting
mitochondrial membranes revealed by the electron microscopy. No such
differentiation is noticed in the unstained mitochondria of the living amoeba.

The mitochondria are slightly osmiophile in the fresh osmium tetroxide
preparations, whereas they are intensely and homogeneously coloured with
Sudan black, showing thereby that the lipids present in them are mostly
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saturated, and they are, therefore, not easily blackened in 2 per cent
osmium tetroxide solution.

In pyronin/methyl green preparations, their limiting membrane is stained
with pyronin, while after salivary ribonuclease or perchloric acid extractions
they are not stained, thus confirming the presence of RNA in them.

With mercuric bromphenol blue also, the limiting membrane is mainly
stained, thus showing the concentration of protein in the peripheral portion
of the mitochondria.

As in the Sudan black preparations, in Sudan III and IV, and Fettrot
also, they colour homogeneously. The limiting mitochondrial membrane
contains phospholipids (positive in ordinary acid haematein and negative in
pyridine control) and complex lipoproteins (which resist extraction with cold
acetone, ether or ethanol). In Nile blue also, only the limiting mitochondrial
membrane is stained violet. These staining reactions clearly show that the
mitochondria possess a differentiated peripheral layer composed of triglycerides,
phospholipids, lipoproteins and RNA. The stroma of the mitochondria is
largely lipoidal.

The mitochondria stain with acid fuchsine according to the special
technique of Cain (1948b).

Nucleus.—The nucleus appears rounded or oval in outline, with a dense
body, the nucleolus, in its centre. 1In the living amoeba, the nucleolus appears
of dark contrast with phase-contrast microscopy and constantly changes its
form.

Cytoplasm.—The cytoplasm stains weakly with pyronin and mercuric brom-
phenol blue, thus demonstrating its basiphil nature due to the presence of RNA.
It also shows diffuse positive staining with periodic acid-Schiff and Best’s
carmine while, after extraction with salivary amylase or malt diastase, these
reactions are completely negative, thus showing the presence of glycogen.
The glycogen is dispersed in dilute colloidal state throughout the cytoplasm.

Contractile vacuole.—The contractile vacuole, in the living amoebae exam-
ined under the phase-contrast microscope, is seen to arise by the coalescence of
small accessory vacuoles, which slowly aggregate into three or four vacuoles, the
latter finally uniting to form a large contractile vacuole. Prolonged treatment
of amoebae with 2 per cent osmium tetroxide has shown that the walls of the
contractile vacuole or accessory vacuoles are not osmiophile.

The study of the living amoebae has clearly shown that there is apparently
no direct relation between the formation of the contractile vacuole and the
lipid bodies. The lipid bodies are not in any way transformed into the con-
tractile vacuoles. The mitochondria and lipid bodies, however, aggregate
round the growing vacuoles. '

Uroid.—The amoebae develop at times a group of 5-15 finger-like ecto-
plasmic projections at the posterior end. Schaeffer (1918) described this group
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of ectoplasmic filaments as ‘uroid’. The uroid acts as hold-fast and also helps
the amoebae in locomotion and change of direction.

Discussion

Lipid bodies—The lipid bodies are comparable to the ‘Golgi bodies’
described by Brown (1930) in Amoeba proteus, by Das and Tewari (1955) in
A. verrucose and by Ray and Sen Gupta (1954) in Enfamoeba histolytica.
These bodies correspond to the spherical refractive bodies described by Mast
and Doyle (1935¢ and 1935b) in A. proteus ‘Y’ and A. proteus ‘X’ (4. dubia),
and by Pappas (1954) in 4. proteus, Chaos chaos and Thecamoeba striata,
which according to them represent the Golgi bodies.

Hirsch (1939) reported that the presubstance of the Golgi material stains
with neutral red. The present investigation also shows that the lipid bodies
of amoeba stain homogeneously with neutral red, within a few seconds after
treatment. These lipid bodies do not differentiate into duplex bodies
recognized in other species of amoebae by Brown (1930), Mast and Doyle
(1935a and 1935b), Pappas (1954) and Das and Tewari (1955). The staining
of the Golgi bodies with neutral red has been reported earlier also by Ray and
Sen Gupta (1954) and Pappas (1954).

The electron microscopy has also established the presence of the Golgi
apparatus in Amoeba proteus (Cohen 1957, Pappas 1959, Mercer 1959), which
resembles the metazoan Golgi apparatus. Gatenby and Tahmisian (1959)
consider that the structure of the Golgi apparatus of 4. proteus (Cohen 1957)
corresponds to that of the typical Golgi dictyosome. It is, therefore, reasonable
to say that the Golgi apparatus described with electron microscopy represents
the structures described as the Golgi bodies with the light microscopy. The
electron microscopical study of the gamete of Amoeba spumosa (Cigada
Leonardi 1958) strongly supports this view, as the Golgi apparatus undoubtedly
appears as the section of a dictyosome. The Golgi dictyosomes with similar
ultrastructure have been reported in Chlamydomonas by Sager and Palade
(1957). In a recent review on the fine structure of Protozoa, Grimstone (1961)
also concludes that the dictyosomes and the parabasal bodies represent the
Golgi bodies.

Mitochondria.—The mitochondria of the amoeba possess a differentiated
peripheral layer as revealed by the cytochemical tests, which probably corre-
sponds to the double limiting membranes of the typical mitochondria, revealed
with the eleetron microscopy. The supervital staining with Janus green B
also shows the existence of such differentiated peripheral layer, which stains
within a short time. This supervital staining of mitochondria with Janus green
was established long ago by Michaelis (1900). Taking into account the mito-
chondria in general, it has been established that they are the exclusive sites
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of the location of the cytochrome oxidase and of the entire succinic dehydro-
genage enzymes of the cell (Palade 1956). Hogeboom, Claude and Hotchkiss
(1946) and Hogeboom, Schneider and Palade (1948) have also established the
close association of succinic dehydrogenase with the mitochondria. Scarpelli
and Pearse (1958), Wigglesworth (1957), Hogeboom, Schneider and Palade
(1948) and Palade (1952) have produced strong evidence in favour of the
specificity of the supervital staining of mitochondria with Janus green, as they
have shown that the sites of succinic dehydrogenase activity corresponded to
the structures stained supervitally by Janus green B.

Siekevitz and Watson (1956) have gone a step further and they have
demonstrated that the succinoxidase and cytochrome oxidase systems are
tightly bound to the mitochondrial membranes, and the staining of a differen-
tiated peripheral layer of the mitochondria of amoeba with Janus green, there-
fore, strongly suggests that these respiratory enzymes are abundantly present
in the differentiated peripheral layer, and at the same time suggests that prob-
ably the cristae mitochondriales in these mitochondria are poorly developed.
The mitochondria of amoebae have been identified with the light microscopy by
Mast and Doyle (1935e¢ and 1935b), Singh (1938), Pappas (1954), Ray and Sen
Gupta (1954) and Ray and Hayes (1954); and with the electron microscopy
by Sedar and Rudzinska (1956), Dalton and Felix (1957), Cohen (1957), Cigada
Leonardi (1958), Pappas (1959), Mercer (1959), Deutsch and Swann (1959),
Pappas and Brandt (1959) and Brandt and Pappas (1959). Among the amoe-
bae, the mitochondria of Pelomyxa carolinensis (Pappas and Brandt 1959)
possess the most complex internal structure. Brandt and Pappas (1959) have
further suggested that the nucleus may be capable of forming mitochondria
in Pelomyxa carolinensis since they have observed a continuity of the limiting
membranes of mitochondria and postdivision nuclei.

Cytoplasm.—The cytoplasm shows positive reactions for RNA, protein
and glycogen. In this amoeba, no well-defined carbohydrate bodies are present,
but the glycogen is dispersed in dilute colloidal state in the cytoplasm. Hayes
(1925) and Singh (1938) reported the presence of nutritive spheres composed
of glycogen in Amoeba proteus. Schaeffer (1916) described them as ‘excretion
spheres’, while Taylor (1924) described them as nutritive spheres. Pappas
(1954) has not reported the presence of any such bodies in the five species of
amoebae (including A. profeus) he has investigated. The electron micro-
scopical studies of Cohen (1957), Pappas (1959) and Mercer (1959) also have
not reported the existence of any such bodies in A. profeus. The author has
also not observed any such body in the Amoeba sp., examined under the phase-
contrast microscope.

Pappas (1959) and Deutsch and Swann (1959) described, in the cytoplasm
of amoebae, elements comparable to endoplasmic reticulum of Palade (1955).
Porter (1954a, 19546 and 1955) has shown that the number of small granules of
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the endoplasmic reticulum is proportional to the basiphilia (i.e. the RNA
content). The present investigation also shows the presence of RNA in the
cytoplasm of amoeba. Mercer (1959), however, denied the presence of any
membrane comparable to the a-cytomembrane (of the endoplasmic reticulum)
in A. proteus. :

Contractile vacuole.—The hypothesis of Nassonov (1924 and 1925), that the
contractile vacuole, together with the associated osmiophile material in
Protozoa, represented the Golgi apparatus, was strongly supported by
Gatenby, Dalton and Felix (1955) who investigated the ultrastructure of the
contractile vacuole of Protozoa and Parazoa, and described typical double
membranes in the cortices of the contractile vacuoles, similar to the Golgi
apparatus of metazoan cells. The recent studies on the ultrastructure of the
contractile vacuole of T'okophrya infusionum (Rudzinska 1958), Amoeba proteus
(Pappas and Brandt 1958, Mercer 1959), Amoeba proteus, Pelomyza carolinensis
and Hartmannella rysodes (Pappas 1959) do not lend any support in favour
of the homology of the contractile vacuole with the Golgi apparatus. Pappas
(1959) strongly repudiates this homology and states that ‘the contractile
vacuole and its components bear no morphologic resemblance to the metazoan
Golgi complex’. The author (Dutta 1959) has also stressed the view that in
Amoeba sp. there is apparently no direct relation between the formation of
the contractile vacuole and the lipid bodies or the so-called Golgi bodies.

Uroid.—Schaeffer (1918) coined the term ‘uroid’ to describe the group of
filaments in amoeba. In this species of Amoeba, the ‘uroid’ appears as a
group of 5-15 ectoplasmic finger-like projections at the posterior end. The
uroid acts as hold-fast and also helps the amoebae in locomotion and change
of direction.

de Fromental (1874), Leidy (1879), Penard (1902) and Schaeffer (1926)
used this posterior group of filaments as a taxonomic criterion for some amoe-
bae. Taylor (1947) observed that the uroid of Amoeba kerrii is used as a pivot.
Mercer (1959) also described the uroid or tail in A. proteus.
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