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ABSTRACT

A species of soil ameoba (Acanthamoeba sp.) has been studied cytochemically in trophic
atid eoystic conditions. In trophic forms, localization of alkaline phosphatase is seen in the
nucleus and in the cytoplasm. The basophilia is highest in the nucleolus, moderate in the
cytoplasm, the nucleoplasm being poorly reactive. The nucleus has & central Feulgen-negative
nucleolus and a psripheral Feulgen-positive chromatin area. Cysts, recently formed, resemble
the trophic forms in their basophilia, alkaline phosphatase distribution and Feulgen reaction.
Older cysts tend to show a drop in their substance localization after one week. Cysts, after
three to four months, become completely negative to Feulgen reaction. Cysts become com-
pletely devoid of basophilia after four t9 five months. Drop in basophilia and alkaline phos
phatase reactions in cysts starts from the cytoplasm and ends in the nucleolus. The cyst wall
is Feulgen positive and is rich in alkaline phosphatase. It remains reactive to Feulgen till
about two months after encystment and gives the reaction for alkaline phosphatase for about
eight months after encystment. Older cysts, displaying weak basophilia and Feulgen reactions
are capable of excystment. Animals which have encysted for 9 months and over cannot
excyst; by then all indications of the presence of alkaline phosphatase are lost. The gradual
depletion of RNA, DNA, alkaline phosphatase etc., would appear to be explainable on the basis
of their utilization for the maintenance of life in absence of synthesis. The effeet of prolonged
encystment terminates the power of amoeba to excyst.

INTRODUCTION

The alternate existence of amoebae in trophic and cystic forms offers an
important problem for investigation into their cytochemical nature. One of the
earliest reports of obtaining living protozoa from old cysts is that of Gooday (1913).
He obtained living Colpoda from dry museum specimens of soils. In 1915, he
further showed that viable forms of Amoeba and small flagellates, viz., Monas,
Bodo and Circomonas etc. could be obtained from forty-nine year old cysts from
the same source. There is another report by Dawson and Hewitt (1931) on the
viability of Colpoda cucullus which remained viable for more than five years in
dry condition. Hausman (1934) obtained some living flagellates from materials
dried for twenty years. Beers (1937) reported the viability of Didinium nasutum
for ten years in sealed containers of hay infusion which did not withstand drying
up.

Rafalko (1947) reported that cysts of Negleria gruberi could withstand drying,
but he said nothing about their power of viability. In low temperatures, the
sporozoites and asexual forms of human parasites remain viable for 375 days and
404 days respectively (Geoffry and Rendtorff, 1955). though their viability limits
have not been determined.

. No serious attempt has yet been made to study the cytological and cyto-
chemical changes associated with the process of transformation of trophic into
cystic forms and vice verss. Such transformation of Amoeeba from active life into
resting stage is not merely a case of sol-gel conversion but should involve more
complicated physiological changes. The present study is directed towards the
understanding of the cytology and cytochemistry of 4moeba in trophic and encysted
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conditions. To this end, tests for nucleic acids and enzymes like alkaline phost
phatase were employed. The cytochemisty of the protoplasm of the cyst in course
of prolonged encystment of the animal was also studied in relation to excystmen-
phenomenon.

MATERIAL AND METHODS

The material used was a species of soil amoeba, Acanthamoebu sp. presented
by Dr. B. N. Singh of Lucknow to one of us (S. M.). The amoeba was subcultured
by feeding it on Acrobactor sp. The Aerobactor also came from Lucknow and is
now being maintained by us in the laboratory on nutrient agar slopes.

Subcultures were made on slides by the technique developed by Singh (1950)
with a slight modification. 0.05 percent NaCl solution in distilled water was used
as culture solution. Cysts from old cultures were put on a clean slide in a drop
of culture solution. A drop of thin suspension of Aerobactor sg. in saline was added.
In 24 hours a perfect subculture of trophic forms was seen on the slide.
Making of subcultures on agar was not found essential. The slides containing the
subcultures were placed on wet filter paper in a large covered petri-dish. The
cysts were manipulated by a micro-pipette with a length of rubber tubing attached
to it. Cysts could be kept dry for long periods on the slides in a closed box and
were subsequently tested for their survwal b} making fresh subcultures with
Aerobactor sp.and culture solution.

For the detection of alkaline phosphatase, Gomori’s modified technique was
followed. Amoebae were fixed on the slide overnight in 80 per cent chilled alcohol.
They were incubated at 37°C for half an hour.

For ba,sophlha, the slides were fixed for three hours in Zenker’s ﬁu1d and later
washed overnighf in tap water. They were then stained in 0.1 percent toluidine
blue in 1 per cent aleohol for four minutes and quickly dehydrated and cleared
before mounting.

To study the Feulgen reaction, the animals were fixed either in aceto-alcohol
{Absolute alcohol-3 parts and acetic acid-1 part by volume) or in Carnoy’s fluid
for 3-5 hours. Optimum time for hydrolysis was found to be four minutes at 60°C.

OBSERVATIONS
CYTOCHEMISTRY OF NORMAL TROPHIC AMOEBA

Alkaline phosplatase :

The alkaline phosphatase in the trophic forms of Acanthamocba sp. from both
new (i.r. two to three days old cysts) and old cysts (seven to eight months) shows
a more or less uniform distribution. However, the intensity of reaction varies
in the different regions of the animal (Text-fig.1, fig. 1 and 2). The cytoplasm shows
a moderate reaction, the nucleus a more intense one. The nucleolus seems to be
the seat of highest phospha.tase activity. In the cytoplasm, ectoplasm and endo-
plasm are clearly distinguishable. The ectoplasm shows no phosphatase reaction
at all. The pseudopodia and contractile vacuoles are always negative. The
plasma lemma is itself not reactive but can be clearly seen on the sides without
pseudopodia. Vacuoles are seen as clear spaces in the cytoplasm.

Basophilia :

The cytoplasmic basophilia in the trophic forms obtained from new and old
cysts is moderately homogeneous. The ectoplasm is negative and the pseudo-
podial bulge shows no basophilia. The nucleolus is deeply stainable but the
nucleoplasm is not (Text-fig-2, fig. 9 and 10).

Desoxyribonucleic Acid :
The nucleus is Feulgen positive (Text-fig-3, fig. 18 and 19).
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Alkealine phosphatase localization in trophic and eystic forms of Amoeba
Fig. 1—Normal trophic form. Fig. 5.-—1 month’s old cyst.
Fig. 2—Trophic form obtained from old cyst. Fig. 6—7 months’ old eyst.
Fig. 3—2 days’ old cyst. Fig. 7—8 months’ old cyst.
Fig. 4—7 days’ old cyst. Fig. 8—9 months’ old eyst.
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OYTOCHEMISTRY OF ENCYSTED AMOEBA

Alkaline phosphatase :

2 days’ old cyst.—The cytoplasm is moderately reactive. The nucleus shows
a more intense reaction, the nucleolus displays the greatest activity. The cyst
wall is also positive (Text-fig-1, fig. 3).

7 days’ old cyst.—The reaction is slightly weaker except in the cyst wall and
nuclear area which present the same intensity of reaction (Text-fig.-1, fig. 4).

14 days’ old cyst.—The reaction in the cytoplasm is very weak. The nucleus
is positive. The reaction in the cyst wall is as before.

1 month old cyst.—A very faint reaction is shown by the cytoplasm. The
nucleus and the cyst wall, however, continue to be rich in alkaline phosphatase
(Text-fig.-1, fig. 5). )

2 months’ old cyst.—A very faint reaction is seen in the cytoplasm. The nucleus
displays a weak reaction. The cyst wall, however, is positive as before.

4 months’ old cyst.—The alkaline phosphatase reaction in the cytoplasm is
almost negative. The nucleus shows loss of the phosphatase activity. The cyst
wall continues to be positive.

7 months’ old cyst.—The cytoplasm appears negative. The nucleus shows a
very faint reaction. The nucleolus appears faintly positive. The cyst wall conti-
nues to show a considerable reaction (Text-fig.-1, fig. 6).

. & months’ old cyst.—The entire cyst appears negative. except a very faint
reaction in the nucleolus (Text-fig.-1, fig. 7).

9 months’ old cyst.—No reaction for alkaline phosphatase is seen (Text-fig.-1,

fig. 8).

Basophilia :

2 days’ old cyst.—The nucleolus of the encysted amoeba shows the highest
basophilia. The cytoplasm is positive but decidedly less than the nucleolus. No
basophilic reaction ig observed in the cyst wall (Text-fig.-2, fig. 11). The basophilia
in precystic forms, is significantly high (Text-fig.-2, fig. 12).

.14 days’ old cyst.—The intensity of reaction in the cyst shows a tendenecy to
fall. The nucleolus continues to be intensely basophilic. Some of the cysts en-
countered, show the furrowing of the cytoplasm into sectors. (Text-fig.-2, fig. 13).
The conspicuous feature of such cysts is that the basophilic reaction is more intense
at the line of the furrows than in the middle of the cytoplasm. There are some
other cysts which show that the negative basophilic space has filled up a great
portion of them. (Text-fig.-2, fig. 14). Majority of the cysts are lowly reactive
round ones.

2 months’ old cyst.—A further loss of basophilia in the nucleus and cytoplasm
is seen. In some cysts, a region is sometimes observed which shows slightly higher
basophilia than in the rest of the cytoplasm (Text-fig.-2, fig. 15)). The wall of
the cyst appears basophilic.

4 months’ old cyst—The majority of cysts has lost basophilia (Text-fig.-2,
fig. 16). The cyst wall shows bagophilia. In some cysts, the basophilia is more
intense in the peripheral region than in the central region. The nucleolus is modera-
tely positive and the cyst wall shows no reaction.

5 months’ old cyst.—Cysts show no basophilia. The cyst wall, however, con-
tinues to exhibit basophilia (Text-fig.-2, fig. 17). '

Cysts over 5 months’ old.—Cysts are devoid of basophilia. Toluidine blue
does not render the details of the cytoplasm or the nucleus visible, The reaction
in the cell wall also becomes gradually feeble with age of the cyst.
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TEXT-FIG. 2.

Basophilic concentration in trophic and cystic forms of Amoeba
Fig. 9—Normal trophic form. Fig. 13—14 days’ old cyst.
Fig. 10—Trophic form obtained from old cyst. Fig. 14—14 days’ old cyst.
Fig. 11—2 days’ old cyst. Fig. 15—2 months’ old cyst.
Fig. 12——Precystic form. Fig. 16—4 months’ old cyst.
Fig. 17-—5 months’ old cyst.
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Feulgen reaction in trophic and cystic forms of Amoeba

Fig. 18—Normal trophic form. Fig. 23—21 days’ old cyst.
Fig. 19—Trophic form obtained from old cyst. Fig. 24—35 days’ old cyst.
Fig. 20—2 days’ old cyst. Fig. 25-—2} months’ old cyst.

Fig. 21a, 21b and 22—7 days’ old cyst. Fig. 26—3 months’ old cyst.
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Desoxyribonucleic Acid :

2 days’ old cyst.—In the cytoplasmic area, there are certain bodies which arc
stainable by Feulgen stain. Nucleus shows a positive reaction (Text-fig.-3, fig. 20).
The cyst-wall appears to be Feulgen-positive.

7 days’ old cyst.—The inside area of the nucleus shows a less intense DNA
reaction (Text-fig.-3, fig. 21a). Some amount of Feulgen positive material is seen
outside the nuclear membrane. This condition is seen in most cysts. In some
cysts, the nucleus indicates more red reaction. Cyst-wall of these cysts shows
red colouration, and in the cytoplasm, some granules, oriented mostly at the peri-
phery, take up yellowish pink colouration more brightly (Text-fig.-3, fig. 21b).
Cysts, with crumpled walls, show reaction in the inner side of the cyst-wall; the
outer wall remains unstained. Cysts, with smooth walls, have Feulgen-positive
cytoplasmic bodies. Sometimes these granules show a deep reaction, more intense
than the nucleus (Text-fig.-3, fig. 22).

21 days’ old cyst.—A faint reaction in the nucleus is seen (Text-fig.-3, fig 23).
It is seen on the inner side of the cyst-wall also. Yellow-pink granules outside
the nuclear membrane are no longer visible.

35 days’ old cyst.—The nucleus appears nonstainable (Text-fig.-3, tig. 24).
Tn some cysts, however, faintly Feulgen-positive granules are found in the cyto-
plasm, but the nucleus remains as a nonstainable hody.

2 months’ old cyst.—The nucleus is faintly visible. Tuner side of the cyst wall
may show, at times, a positive reaction. The ecytoplasm shows some positive
reaction. The outer cyst-wall is non-reacting.

2% months” old cyst.—No positive reaction is found in the protoplasm. The
nucleus does not react with the Feulgen technique. In some cysts, however, faintly
pusitive granules continue to be seen in the cytoplasm (Text-fig.-3, fig. 25).

3 monihs’ old cyst.—No reaction is seen either in the nucleus or in any other
region of the eyst (Text-fig.-3, fig. 26).

Over 3 months’ old cyst.—Ameobae, remaining encysted for over 3 months,
become completely Feulgen-negative.

Discussioxn

This study portrays the occurrence and distribution of three immportant sub-
stances in the protoplasm, of the active trophie and inactive cystic forms
of Amoeba. Trophic forms grow by synthesizing new materials within their cell-
hody. The cystic forms, however, live on the material already synthesized inside
them.

- With prolonged encystment. the cytoplasmic RNA in the cysts gradually
becomes depleted. The nuclear basophilia takes a much longer time for its dis-
appearance. The paucity of eytoplasmic RNA in an inactive cell is understandable
in the light of researches by Brachet (1942) and Caspersson (1947). The RNA
13 always present in rich quantity in sites of active synthesis. That RNA is involved
in protein synthesis has recently been shown experimentally by Prescott and Mazia
(1954). Evidently Amoebae in cystic condition are not engaged in fresh synthesis,
and whatever RNA is present in the cytoplasm is being utilized in the cyst. James
(1954) has recently presented evidence that the nucleus is responsible for main-
taining the level of RNA in the cytoplasm. It is also on reeord that in intact
normal tropic forms of Amoebae, starvation results in a drop of RNA (Prescott
and Mazia, 1954; James. 1954). Singh (1952) has studied the nuclear apparatus
in Amoebae by the Feulgen technique. According to hint, there is a central Feulgen-
negative nucleolus and a peripheral Feulgen positive chromatin area. In the
newly formed cyst, the same condition of nucleus is seen. However, prolonged
encystment has a decided influence on the subsequent stainability of its nucleus.
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After seven days of encystment, the nuclear stainability becomes further weakened.
The nucleus appears almost entirely negative after 3 months of encystment.

The reaction for alkaline phosphatase is significantly different from other
reactions. The alkaline phosphatase becomes progressively lowered with the
age of the cyst, but is not rendered negative so quickly.

The viability of the cysts and their staining reactions appear to be related.
It has been shown that basophilia and the Feulgen and alkaline phosphatase reac-
tions suffer with encystment. However, even cysts with markedly less stainability
excyst and produce trophic forms when subcultured before too long an encystment
has occurred. These trophic forms present normal cytochemical localization.
The viability of the cysts is completely lost after nine months of encystment. The
interesting point is that alkaline phosphatase continues to be present in the cyst
till the last, whereas basophilia and the Feulgen reaction are obscured after 4 months
and 3 months of encystment respectively. It would appear that the viability
of the cyst is associated rather intimately with the presence of alkaline phosphatase
and as long as the latter is present the cyst continues to be viable.

Another interesting aspect of this study relates to the staining reactions in
the cyst wall. The surface of a trophic Amoeba is negative to Feulgen and shows
no basophilia aud alkaline phosphatase. However, soon after cyst formation,
the cyst wall, unlike other parts of the cyst, becomes progressively positive for
all these three. Some Feulgen-positive bodies are seen in the cytoplasm soon
after encystment. Very likely, they are of nuclear origin and tend to migrate
towards the cyst wall. The true nature of such bodies is uncertain. Ray and
Sengupta (1954) observed some dust like Feulgen positive particles in the endo-
plasm of Entamoeba histolytica and reported that the Feulgen positive chromatoid
bodies contain varying amounts of DNA and RNA. Barker and Deutsch (1958)
made some histochemical studies and said that the chromatoid bodies in Eniamoeba
invadens consist mainly of ribonucleic acid and some unspecified proteins. Their
preliminary electron microscope study has shown that the globular particles which
form these bodies are flattened after treatment with ribonuclease. But the fact
remains valid that after some period of encystment these particles become no
longer visible; very naturally they are utilized during encystment. The cyst
nucleus becomes Feulgen-negative after 2} months of encystment, but the cyst
wall continues to be Feulgen positive, exhibits basophilia and is rich in alkaline
phosphatase. This positive reaction on the inner side of the cyst wall is difficult to
explain. It suggests that this part of the cell may not be altogether a dead secretion,
and if so, it may be associated with vital function for the existence of the cyst.

Recently the interaction between the nucleus and cytoplasm in trophic Amoebae
has become the subject of intense work (Danielli, et al., 1955 ; Mazia and
Prescott, 1955 ; Brachet, 1957). The general trend of the findings is that both
nucleus and cytoplasm influence each other in a reciprocal manner. Specially,
the nuclear origin of cytoplasmic RNA has been shown in experiments with isotopes
(Goldstein and Plaut, 1955). This has led Brachet to express the view that the
nucleus exerts an important control on the maintenance of cytoplasmic RNA.
In the present investigation, it is seen that the nucleus in encystment is not capable
of providing RNA to the cytoplasm. Brachet (1957) has expressed further that
“inhibition of RNA synthesis leads to an inhibition of protein synthesis, but reverse
is not true. It is to be concluded that protein synthesis in dependent upon RNA
synthesis” (p. 251). In encysted forms of Amoebae where protein syuthesis is
not continuing. cytoplasmic RNA becomes progressively reduced,

The life of the cyst, however, cannot continue for an indefinite period. It
varies within rather narrow limits and depends on the materials' already accuniu-
lated in the cell. For the species studied here, the period appears to be about
nine months. This period may also vary with the species, because there are pre-
vious records of viability of cysts of other species for longer periods. A few tests
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for glycogen in the cysts have also been made (Mookerjee and Hajra, unpublished).
The glycogen test of the cysts runs almost parallel with other tests, i.e,, progressively
the glycogen stainability drops with period of encystment, until a time comes when
the cyst renders glycogen stain impossible. The time of depletion almost coincides
with the alkaline phosphatase localization. The most important point is that
the energy for the maintenance of an inactive cell is sustained by the material
already present in the encysted cell. It is well known from the researches of Maizia
and Prescott (1955) that the nucleus is a centre of protein synthesis but in dehy-
drated condition of the protoplasm it is ineffective. The different metabolic pro-
cesses are facilitated by diffusion and in prolonged encystment they become in-
effectual. The only significant function that the cell is capable of performing in
inactive phase is the carrying out its basic metabolism. In the life of an encysted
amoeba a stage comes when the material inside the encysted cell is utlized and
the life of the cyst is terminated. Mazia’s (1952) assumption seems valid not only
in trophic condition of Amoeba but also in cystic condition that ‘replacing’ is
necessary between the nucleus and the cytoplasm for the proper maintenance of
li}fe. The study of the phase between the tropic and cystic forms has abundantly
shown that. '
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