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ABSTRACT

The paper deals with a study of the nuclear apparatus of Frontonia leucas {Holotricha;
Frontoniidae), in the vegetative condition as well as during binary fission. The macronucleus
is found in the centre of the cell, and is ovoid. It is strongly Feulgen positive, and divides
amitotically during binary fission. In a certain percentage of cases there is elimination of
chromatin from the macronucleus as the two daughter nuclei separate. This eliminated chromatin
gets absorbed in the cytoplasm of either daughter cell. Micronuclei vary in number from five
to twelve and are found as spherical, strongly Feulgen positive bodies around the macronucleus,
most of them lying very close to it., They divide mitotically and are the first to show visible
signs of binary fission. Their division is synchronous and is completed before that of the
macronucleus, and the latter completes its division before the cytoplasm, both nuclei attaining
their vegetative stage just before the daughter cells separate.

INTRODUCTION

Frontonia leucas is a fresh water euciliate belonging to the order Holotricha,
Sub-order Hymenostomata, family Frontoniidae. It has a single oval macronucleus
and five to twelve micronuclei. The few studies made on this animal are mainly
morphological. Popoff (1907, 1908), made some growth studies. Tonniges (1914)
and Wetzel (1925) described the trichocyst apparatus. Bullington (1925) studied
the method and rate of movement of this species together with other ciliates like
Paramecium, and Euplotes. Hood (1927), worked on the zoochlorellae of the animal.
Darby (1929) studied the effect of hydrogen-ion concentration on the sequence
of this form and also of other ciliates like Dileptus and Blepharisma. Holter and
Doyle (1938) demonstrated the presence of amylase, peptidase and catalase activity
in protozoa, which included Frontonia, Paramecium and Amoeba. The present
paper is a study of the nuclear apparatus of Fronfonia leucas in the vegetative
condition and during binary fission.

MATERIAL AND METHODS

Kahl’'s work cites sixteen species of Frontonia which include Sigmostomum
indicum from India.

For the present study, collections were made around Bangalore, from stagnant
pools. The animals were identified as Frontonia leucas, after the description by
Kahl (1930).

A number of media was tried for culturing the animals in the laboratory; the
one most favourable was found to be hay infusion to which pieces of sterilised
cabbage leaves were added from time to time. Frontonig in mixed cultures is
found to feed on other ciliates like Euplotes and Paramecium. They ingest even
rotifers, and exhibit cannibalism. We have however been able to maintain cultures
of Frontonia free of other protozoans. They ingest decayed cabbage leaf particles
also and living specimens as well as fixed ones show green materials in the cytoplasm.
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pH also has its effect on the growth of the culture and a culture at pH between
six and seven thrives well. Temperature and other -climatic conditions appear
to affect the growth of the culture. During the rainy season, the rate of division
is higher. Also, divisions are more common during the cooler parts of the day
and night. During periods of active growth, dividing animals are noticed throughout
the day, but here again the fission rate is higher towards the evening. On the
whole, a cool and pleasant climate seems to favour their growth and division.
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Graph showing growth curve of Frontonia leucas.

Animals in the same dish were noticed to divide synchronously. Division
occurs once in three days during the maximum growth phase of a culture; at other
times it takes from five to six days for a fission.

Preparations were made by fixing the animals in Carnoy’s fluid and staining
with the Feulgen reagent. Light green was used as counterstain.

OBSERVATIONS

Frontonia leucas is oval in outline and somewhat flattened. The length of
a well fed animal varies from 3004 to 5504 and breadth varies from 1504 to 250u°

ExPrLANATION OF TEXT-FIG. 1.
All figures are camera lucida drawings of Feulgen preparations of Frontonia leucas.

Fie. l.—Vegetative animal showing the maeronucleus and micronuclei.

F16. 2.—Shows animal with the micronuclei in prophase.

Fic. 3.-——Animal with slightly elongated macronucleus and micronuclei in metaphase.

Fig. 4.—8hows macronucleus almost in the same stage as in previous figure with micronuclei
in early anaphase.

F1e. 5.—Animal with micronuclei in late anaphase.

Fie. 6.—Macronucleus still more elongated with micronuclei in telophase.

Fic. 7.—Macronucleus in the same stage as in figure 6 with micronuceli which have already
finished division.

Fiec. 8.—Macronucleus in the highly elongated stage with micronuclei after division.

Fic. 9.-—Dumb-bell shaped macronucleus with micronuclei in the same stage as in figures 7
and 8.
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The macronucleus is oval in outline and is found towards the centre of the cell.
It has a length of 454 to 654 and a breadth of 354 to 50x. It is strongly Feulgen
positive. Micronuclei are small spherical bodies, 2.54 to 34 in diameter and strongly
Feulgen positive. They are found around the macronucleus, many of them closely
adhered to it (Fig. 1).

Growth of animals follows a definite pattern. The method adopted to study
the growth is as follows. To reduce experimental error, three different jars
containing Fronfonia cultures were taken and the study was made on an
average basis. To start with, there were about two animals per c.c in 350 c.c. of

" culture fluid contained in the jar. Animals per c.c. were counted every alternate
day, as division, under most favourable conditions, occurs once in three days. This
was followed for eleven weeks when the population decreased to a constant phase
without any further change, unless the culture medium was changed. Also, if
the culture medium is changed from time to time, growth of the animal does not
show -this type of change from one phase to another. The growth curve shows
three constant phases, the first two followed by active growth phases. The third
and the longest constant phase is followed by an accelerated death phase. After
this the population decreases at a fairly constant rate. This curve is taken in a
culture at pH between 6 and 6.5. Atmospheric temperature varied from 25°C to
30°C during the experiment.

. Binary fission, Binary fission is the wusual type of reproduction in this
species. Under favourable conditions, the animals divide once in three days, but
starvation and slight changes in the culture medium reduce the rate of divison.

It takes from 30 to 45 minutes for a normal individual to separate into
daughter cells, after the appearance of the external cytoplasmic constriction. The
dividing animals are less active than vegetative ones, and towards the end of
fission, exhibit a rotatory movement, one of the daughter cells twisting about the
other.

At the onset of division, the micronuclei increase slightly in size and have
a puffed-up appearance. This is prophase. Many of them move away from
the macronucleus. The evenness of staining is lost and the micronuclei stain
more lightly (Figs. 2 and 20b). At metaphase, the micronuclei become slightly
elongated, attaining a spindle shape (Figs. 3 and 20c). The dark staining chromatin
material is seen at the equator of the spindle. It has however not been possible
to make a count of the chromosomes. In a number of animals, a few micronuclei
do not take part in division but degenerate. The spindle elongates further and
the chromatin material separates towards the two poles (Figs. 4 and 20d). The
spindle element remains as a bundle of thin strands connecting the two groups of
chromosomes (Figs. 6 and 20f). Next, the daughter nuclei separate, the spindle
having snapped in the middle. The daughter micronuclei appear as elongated

EXPLANATION OF TEXT-FIG. 2.

F1e. 10.—Dumb-bell shaped macronucleus with-a Feulgen negative area in the division region
with Feulgen positive granules in it.

Fia. 11.—Shows a twist in the middle of the Feulgen negative area.

Fic. 12.—The daughter micronuclei have started segregation and condensation.

F1a. 13.—The daughter macronuclei move further apart. Micronuclei get segregated on
oither side of the dividing cell. There is equal distribution of micronuclei in this -
perticular animal. Cytoplasm shows comstriction on both sides.

Fie. 14.—Macronuclei are slowly condensing and assuming their végetative shape. .Animal
shows unequal distribution of micronuclei.

F1@. 15.—Macronucleus has moved to the centre of either daughter coll. C};toplasmic constric-
tion has deepened,
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bodies distributed in the cytoplasm, remains of the spindle material trailing off
at their more pointed ends. The broader part of the separated micronuclei stains
mere deeply than the pointed (Figs. 7, 8, 9, 10, 11, 12, 13 and 20g, h). This phase
in division lasts for a considerable time, untll the macronucleus which, at this
time shows the first constriction, divides and the two parts move apart.

As the macronuclear halves move apart, the micronuclei get segregated on
either side of the dividing cell. They condense, move towards the macronucleus
and get arranged close around it as in the vegetatlve animal (Fig. 16). The evenness
of staining is regained.

A phenomenon of interest noticed in comlectlon with the divison of the micro-
nuclei is the unequal distribution of the products of micronuclear division among
the daughter cells. The difference is often so high that one of the daughter cells
has a number of micronuclei twice that of the other (Fig. 15).

.The macronucleus divides by amitosis. The first visible changes are noticed
when the micronuclei are in prophase or early metaphase. It gets elongated,
reaching a length varying from 1204 to 130x in the different animals studied
(Figs. 8 and 9). A constriction appears in the middle and the nucleus, assumes
a dumb-bell shape (Fig. 10). The constricted part stains more lightly than the
rest of the nucleus and at a later stage, is entirely Feulgen negative, except for
a few Feulgen positive granules. The nuclear membrane is intact and connects
the two daughter nuclei about to separate (Fig. 10). A twist appears in the middle
of this constriction (Fig. 11) and soon the daughter nuclei separate (Fig. 12). The
division of the macronucleus is completed before that of the cytoplasm and by the
time the external.constriction of the cytoplasm appears, the two daughter macro-
nuclei have separated (Fig. 13). As they move towards either side of the dividing
cell, they attain the vegetative shape and size (Fig. 16).

Perhaps the most interesting feature regarding macronuclear division is the
elimination of chromatin seen in about 40 per cent of the cases studied. The amount
of material eliminated varies in different individuals, elimination taking place at
the time the two daughter nuclei separate (Fig. 18). In all cases the eliminated
chromatin gets fragmented (Fig. 19) and lost in the cytoplasm of either daughter
cell. Elimination has been noticed in a higher frequency when division rate is high.

The division of the macronucleus precedes that of the cytoplasm, which takes
from 30 to 45 minutes after the external appearance of the cytoplasmic constriction.
The constriction first appears on one side of the animal and later extends to the
other side also. When the cytoplasmic constriction is clearly seerr on either side
of the dividing animal it is an indication that the macronucleus has completed
its division.

DiscussioNn

Two special problems ‘arise in connection with fission in Frontonia leucas :
(1) Unequal distribution of micronuclei among the daughter cells, (2) Elimination
of chromatin during macronuclear division.

Unequal distribution of micronuclei results in the production of vegetative
animals differing in their micronuclear number, often strikingly. Such unequal
distribution is seen in 50 to 55 per cent of the animalg,studied. The significance
or consequence of this is not known. Moreover, when it results in an
individual with so high a number as 20 as compared with the other cell
which receives only 10 or 12, the explanation becomes all the more difficult. One
suggestion to explain this phenomenon is that when the number of micronuclei is
very large, the mechanism of segregation gets out of control either because it is
not very well organised or because it is put under a greater strain than is expected
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Fig. 186. ——Macronucleus in each cell has attained the vegetative form with the micronuclei
arranged around it.

Fie. 17.—The constricted Feulgen negative division region of the macronucleus, showing Feulgen
positive granules in it. Nuclear membrane intact, :

F1G. 18.—Animal showing elimination of chromatin, as the daughter macronuclei separate.

Fio. 19.—Shows fragmented granules of the eliminated chromatin.
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of it. It is noticed that wherever the initial number of micronuclei is very high,
the daughter celis differ to a much greater extent in their micronuclear number.
Another point which requires an explanation in this connection is the extreme
rarity of vegetative animals with so a high number of micronuclei as 23. It is

possible that some micronuclei get lost or absorbed in the cytoplasm during reorga-
nisation after division.
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Fie. 20.—(a) Vegetative micronuclei, (b) Micronuclei in prophase, (c) Micronuclei in metaphase
(d) Micronuclei in early anaphase, (¢) Micronuclei in late anaphase, (f) Micronucle
in telophase, (g) Micronuclei after division.

The elimination of chromation from the macronucleus is reported in a number
of protozoa. Calkins (1919) has observed in Uroleptus halseyt, each of the eight
macronuclei is “purified” by discarding a reorganisation band and an “X-body”
into the cytoplasm before fusing into a single body which then divides into two
nuclei. According to Kudo (1950), in ZLozocephalus, Eupterion and Endamoecba
blattae, during the nuclear division, there appears and persists a small body within
the nuclear figure located at the division plane. Kidder (1933) observed that
Conchophthirius mytili casts off a part of its chromatin during every vegetative
division, which later gets absorbed in the cytoplasm of either daughter organism.
Kidder has also observed the phenomenon in other species of Conchophthirius.
Kidder and Diller (1934) reported chromatin elimination in Glaucoma scintillans,
Kidder and Summers (1935) in Allosphaerium, and Suzuki (1954), in Blepharieme
undulans americanus. It is believed to be a process where waste substances accumu-
lated in the nucleus during vegetative life are cast off.

No reorganisation band has been recognised in ciliates with a more or less rounded
macronucleus (Kudo, 1950). In Frontonia leucas during division the macronucleus
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shows a weak staining region in the division plane, with a few Feulgen positive
bodies in it (Fig. 17). In a few cases, these bodies were found in three groups
(Fig. 18), recalling remarkably the reorganisation band. This is particularly notice-
able before chromatin elimination. The chromatin elimination is of importance in
the life of this ciliate as this might account for the extremely infrequent occurrence
or even complete absence of conjugation and related phenomena by which other
ciliates reorganise their macronucleus. During the past two years the cultures
have been maintained in our laboratory, conjugation has never been observed in
our material. The suggestion that chromatin elimination could be a method of
reorganising the macronucleus appears plausible, as the phenomenon is more
frequently met with in cultures where the division rate is high. When successive
divisions are closer to each other than usual, the time interval between one division
and the next is too little for the animal to reorganise its macronucleus. Hence
the elimination after reorganisation takes place at the end of three or four divisions
instead of after every division.

Kidder and Diller (1934) also report that elimination of chromatin in Colpidium
and Glaucoma does not occur in a few divisions subsequent to reorganisation after
conjugation. They attribute this to the high division rate and infrequent occurrence
of conjugation in Colpidium and Glaucoma. In the light of the above, the suggestion
that this phenomenon of chromatin elimination during the division of the macro-
nucleus in Frontonia leucas is an attempt to reorganise the macronucleus, seems
plausible.
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