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Electron microscopie studies have been carried out on the food vacuoles and
gullet of Paramecium multimicronucleatum. Smaller vacuoles (0-05-0:6 )
have been found surrounding the food vacuoles, the deepest part of the buccal
cavity and also amongst the kinetodesmal fibrils beneath the ciliated gullet
wall. From the observations on the nature of the flow of the food vacuolar
membrane into the cytoplasm, it has been suggested that the smaller vacuoles
are formed out of the food vacuoles by the process of pinocytosis, in agree-
ment with the observations of Jurand (1961) on P. aurelis. The present
study has further suggested that the food vacuoles, on their part, are formed
from the deepest part of the buccal cavity by the process of pinocytosis.
An evidence has been presented which seems to reveal an exception to the
terminal mechanical step in the process of pinocytosis formulated by
Bennett. Systematic arrangements of small granules (50-60 mp) of
doubtful origin alongside the kinetodesmal fibrils beneath the ciliated gullet
wall have been detected, The rest of the observations are in general
agreement with the findings of earlier authors on other species of Paramecia.

INTRODUCTION

Many authors have studied the different structural aspects in different
species of Paramecia with the help of the optical microscope. The repetition
of these studies with the much greater resolution provided by the electron
microscope has always been rewarding. In this respect the electron micro-
scopic studies of Jurand (1961) on the food vacuoles of P. aurelia are worth
mentioning. He detected the presence of smaller vacuoles and suggested
that they originated out of the food vacuoles by the process of pinocytosis.
Jurand, however, did not indicate anything about the formation of the food
vacuoles. To gain information in this respect a detailed study on the gullet
along with the food vacuoles of any Paramecium should be carried out. It
is to be noted in this respect that there are few electron microsecopic studies
on the gullet of Paramecia and further these fow have been restricted mostly
to the bursaria group (Ehret and Powers 1957, 1959). ‘

The ultra structure of the cortex of P. multimicronucleatum was investi-
gated by Sedar and Porter (1855). The present investigation, on the other

1 Officer-in-Charge, Biophysics Department,
2 Emeritus Professor of Protozoology.

VOL. 30, B, Nos. 3 & 4.



CHATTERJEE & RAY . STUDIES ON P. MULTIMICRONUCLEATUM 167

hand, has been devoted to the studies of food vacuoles and gullet of P. multi-
micronucleatum.

MATERIAL AND METHODS

The culture of a strain of P. multimicronucleatum, obtained from the
water of a very old well situated within the compound of Allahabad Fort,
was maintained in hay infusion. The organisms, from a 48-hour-old culture,
were fixed in 1 per cent osmic acid solution in veronal acetate buffer (pH 7-7-5)
for about 30 minutes, dehydrated in graded series of alcohols and embedded
in a methacrylate mixture (butyl: methyl = 4: 1) in the usual way. Ultra-
thin sections were cut with the help of a Porter-Blum microtome using glass
knives. Sections exhibiting golden to silver interference colours were picked
up on collodion coated copper grids. Some of the sections were stained by
floating the grids, film side down, over the surface of a 2 per cent uranyl
acetate solution (pH 4-4-5) for about one hour and then washed thoroughly
in distilled water and dried. The preparations were examined under the
Hitachi HS-6 electron microscope at instrumental magnifications ranging
from 2,000 to 10,000 X.

OBSERVATIONS AND DISCUSSION

Fig. 1 shows a survey micrograph of a P. multimicronucleatum. This
picture reveals the presence of many food vacuoles within the cytoplasm of
the organism. The food vacuoles are nearly similar in shape and size and
mostly surrounded by large number of mitochondria.

Food vacuoles—The food vacuoles in P. multimicronucleatum have been
found to consist of different ingested particles (bacteria and yeast-like particles)
in an oval or round space which is otherwise very much transparent to the
electrons (Fig. 2). The vacuolar space is surrounded by a membrane which
is double layered (arrow in Fig. 2) and often not smooth. The degree of
degeneration of the ingested organisms can obviously be related to their
different stages of digestion. Since the food vacuoles are supposed to be
formed with the entry of one or more food particles, it seems quite reasonable
to have a rough idea of the age of the food vacuole from the degree of degenera-
tion of the majority of the ingested organisms. With this rough differen-
tiation in mind, it has been observed that in older food vacuoles the limiting
membrane is often very irregular and wavy (Fig. 3). Often smaller vacuoles
of size in the range 0-03-0-6 u can be seen to surround the big food vacuoles.
Further, in older vacuoles, protrusions of the vacuolar membrane can be
seen, Fig. 3 shows a tongue-like protrusion having a constricted neck (arrow).
Many such observations have been made in the present study. These
evidences, when considered along with the fact that the small secondary
vacuoles often have been found to surround closely the food vacuoles, suggest
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that the smaller vacuoles are formed out of the food vacuoles (the older ones
most likely) by the process of pinocytosis. Similar observations were also
recorded by Jurand (1961) in the case of P. aurelia.

In Fig. 4 a secondary vacuole in the state of formation can be seen. In
this particular case, the membrane of the primary or the food vacuole seems
to have been already reformed (arrow in Fig. 4) even before the complete
formation and the separation of the secondary vacuole. The mechanism
of pinocytosis, as formulated by Bennett (1956), assumes directly or indirectly
that in the terminal step the invaginated part of any cell surface separates
from the parent surface by being pinched off. This means that, in the present
case, the separation of the secondary vacuole and the reformation of the
food vacuolar membrane at the corresponding region should have taken
place simultaneously. Thus, the evidence presented in Fig. 4 seems to reveal
an exception to the said terminal mechanical step in the process of pinocytosis
formulated by Bennett (1956).

Gullet—Fig. 5 shows an electron micrograph of a section through a row
of cilia in the gullet or the food intake apparatus of P. multimicronucleatum.
The cilia are densely packed on one surface while the other side of this gullet
section is non-ciliated and consists of many spaces which are similar to the
peribasal spaces of the ciliary corpuscle. An enlarged version of the ciliated
wall in the above section, shown in Fig. 6, reveals the arrangement of the
kinetosomes and the kinetodesmal fibrils, Beneath each kinetosome, a kine-
todesmal fibril can be seen with a number of granules (50-60 myu) in a row
alongside. While the presence and the systematic arrangement of these
granules are very striking, their interpretation is not clear. It is possible
that the granules are cross-sections of other kinetodesmal fibrils, Further,
a large number of small vacuoles are present in this region. It is to be noted
in this respect that the presence of large number of such granules and vacuoles
amidst the kinetodesmal fibrils beneath the ciliated gullet wall has not been
reported previously. Fig. 7 shows a section of another gullet region consisting
of eight columns of cilia. These cilia are clearly divided into two groups,

PrateE XVIII

Fie. 1. (C, cilia; F.V., food vacuole; m, mitochondria; T, trichocysts). Electron micrograph
of the longitudinal section of P, multimicronucleatum. X 2,000.

Prate XIX

Fia. 2. (s.v., secondary vacuole; b, bacteria). Electron micrograph of section of a food vacuole.
—~ shows the double walled vacuolar membrane. x 14,000,

F16. 3. Electron micrograph showing the tongue-like protrusion with a constricted neck (—) of
the vacuolar membrane. X 10,200,

Fig, 4. Electron micrograph showing a portion of a food vacuole at a higher magnification,
—> shows the reformed membrane of the food vacuoles; note that the secondary
vacuole has not yet been separated. x 29,000,
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four in each, and constitute the dorsal and the ventral peniculi. The centre-
to-centre distance between two consecutive cilia in the peniculi is about
0-34 . while the gap between the peniculi is about 0:26 x. On the other hand,
the centre-to-centre distance between two consecutive cilia shown in Fig. 6
is slightly greater and approximately 0-4 u. The gullet wall facing the peniculi
is ribbed. The ribbed structure appears to be due to the infolding of the
gullet wall. At the beginning of this region, the infolded gullet wall has
become much compressed and has assumed a brush-like appearance. The
compression has gradually decreased in the direction of the pellicle and thus
the distance between two consecutive folds has gradually increased. The
exact significance of this pattern is not known.
A section through the deepest part of the buccal cavity can be seen
in Fig. 8. It can be seen from this figure how the cavity membrane has
flown considerably into the cytoplasm and produced a shallow sac-like strue-
ture. It is very likely that this sac would swell to form a new food vacuole,
which would then separate itself from the buccal cavity by the process of
pinocytosis. This is also suggested by the constriction (arrow in Fig. 8)
formed at the junction of the sac and the buccal cavity. Also, a very large
number of smaller vacuoles can be seen to surround this part of the gullet.
From the present studies, it thus appears that both the smaller vacuoles
and the food vacuoles are formed by the process of pinocytosis. The distine-
tion between these two types of vacuoles that can be readily drawn from the
present electron microscopic studies lies in the differences in their sizes and
their contents. Smaller vacuoles have never been observed to contain
undigested food particles, although inclusions of no definite shape and size
have been observed in some. Further, there are definite evidences suggesting
that the smaller vacuoles are of secondary nature and mostly originate out of
the older food vacuoles. 1t is thus very probable that these secondary
vacuoles are the carriers of the digestion products. Similar observation was

Prate XX

Fie. 5. (Sp, spaces similar to the peribasal spaces of the ciliary corpuscle). Electron micro-
graph of a section through a ciliary complex of the gullet of P. multimicronucleatum.
X 5,800.

F1c. 6. (gr, granule; K, kinetosomes; Kf, kinetodesmal fibrils). Higher magnification repro-
duction of a portion of Fig. 5 containing the ciliary complex showing the dispositions
of the kinetosomes, kinetodesmal fibrils, the granules of uncertain origin and many
gsecondary vacuoles. X 15,000,

Prate XXI
Fi6. 7. (Pen, peniculi; rbw, ribbed wall gtructure). Electron micrograph of the section of
another gullet region showing the eight columns of cilia constituting the ventral
and dorsal peniculi and the ribbed wall structure. X 11,600,
Fia, 8, Electron micrograph of a section through the deepest part of the gullet showing the
inflow of the gullet membrane and the formation of a shallow sac-like structure.
— shows the constricted region. x 13,000,
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also recorded by Roth (1960) in Pelomyxa. In our opinion, no detailed
information about the functions of these vacuoles can be obtained from
morphological studies alone. It is, however, very tempting to identify them,
as Jurand (1961) did, with the digestive granules seen under the optical
microscope (Wichterman 1953).

REFERENCES

Bennett, H. 8. (1956), The concepts of membrane flow and membrane vesiculation as mech-
anisms for active transport and ion pumping. J. biophys. biochem. Cytol., 2 (Suppl.),
99,

Ehret, C. F,, and Powers, E. L. (1957). The organization of gullet organelles in Paramecium
bursaria, J. Protozool., 4, 55.

Ehbret, C. F., and Powers, E. L. (1959). The cell surface of Paramecium. Int. Rev. Cytol., Ed.
by Bourne, G. H., and Danielli, J. F., 8, 97.

Jurand, A. (1961). An electron microscope study of food vacuoles in Paramecium aurelia.
J. Protozool., 8, 125,

Roth, L. E. (1960). Electron microscopy of Pinocytosis and food vacuoles in Pelomyxa.
J. Protozool., 7, 176. -

Sedar, A, W., and Porter, K. R, (1955). The fine structure of cortical components of Parame-
cium muliimicronucleatum. J. biophys, biochem. Cytol., 1, 583.

Wichterman, R. (1953). The Biology of Paramecium. The Blackiston Company, Inc., New
York, p. 85.



