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Introduction

Holozoic feeding, i. e. intake and intracellular digestion of particulate
food, living organisms or non living material, is common among the protozoa.
Our knowledge ofthis process as shown by the thorough review of K itching [5],
is rather incomplete and scanty in comparison to the rapid progress made in
several other fields of protozoan physiology in the last two decades. Among
others the absence of papers concerning the electron microscopy of the proto-
zoan digestion is apparent. Recent papers on the fine structure of protozoa
contain micrographs revealing details of food vacuoles in several groups
(Rhizopoda [1, 4, 7, 15], Sporozoa [19, 20], Ciliata [16] etc.) but only one
comprehensive paper has come to our attention which discusses the complete
food vacuole cycle [17, 18]. This work on Pelomyxa emphasizes the changes in
the food organisms (Paramecium or Tetrahymena) and in the membrane of the
food vacuole.

For some years we have been studying certain aspects of protozoan
digestion with the primary aim to obtain information on the mechanism of
intracellular breakdown of the materials ingested [11, 12,14].The histophagous
Tetrahymena corlissi [21] proved to be a favourable organism in this work.
The food intake and digestion in histophagous ciliates has not been discussed in
the literature in spite of the great possibilities they offer in the study of
protozoan feeding [9]. We have been studying these processes both by light and
electron microscopy. In the present paper only the electron microscopic data
will be presented. Light microscopic findings and a general discussion will be
presented in a forthcoming publication. A short abstract of this work has been
reported elsewhere [13].

Materials and preparation

Tetrahymena corlissi Thompson, strain W 1has been cultivated axenically in a solution
offollowing composition: Bacto-Tryptone (Difco) — 1%, Bacto Y eastextract (Difco)2—0,05%.
Heavy cultures were harvested by a hand driven centrifuge and twice washed prior to feeding
in Prescott solution.

10btained through the courtesy of Dr. J. O. Cortiss of Illinois University, Urbana,
111, U.S.A.
2Kindly supplied by Difco Co., Inc.
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The washed individuals were being fed on fresh frozen sections of rat or mouse spleen
for different times (30 minutes to 4 hours). Some samples were starved after a feeding of
30— 60 minutes. Unfed and fed samples as well as individuals starved after feeding were
fixed in buffered osmic acid according to Palade. The organisms were dehydrated, infiltrated
and embedded in methacrylate. All steps were performed in conical centrifuge tubes. The
early phases of ingestion were studied in animals fixed while feeding and embedded together
with the food. Thin sections were cut on a Porter-Blum microtome and examined with a
Tesla electron microscope using a 60 kV beam.

Observations

T. corlissi readily and rapidly ingests mammalian tissues, e.g.
spleen sections. This results in the rapid formation of numerous food
vacuoles. AIll the animals fixed at different times, with the exception of
the early moments, contain vacuoles in different phases of digestion. Thus a
critical timing could not be achieved and the food vacuole cycle was recon-
structed on the basis of the relative frequencies of the different vacuolar types
in the different samples.

Structure of the mouth parts3 participating in food vacuole formation. The
ciliated buccal cavity (Figs. 1 and 2, BC) ends in a narrow opening, the cyto-
stome (Figs. 1 and 2, CS). This very conspicuous structure is formed by ridge-
like protoplasmic processes. The pellicle of the buccal cavity does not end
abruptly at the level ofthe cytostome but continues on the vacuolar side of the
ridge (Fig. 2, P). Several fibrils or tubular structures strengthen this area
(Figs. 1 and 2, F) which is most probably identical with the cytopharynx.
The newly formed food vacuole, i.e. the ingestion vacuole follows distally
(Figs. 1 and 2, IV) limited by a thin membrane (Fig. 2, VM).

Contents offood vacuoles. The very large ingestion vacuoles (Figs. 1 and
2, 1V) contain more or less granular-fibrillar material evenly distributed in their
lumen. The space between the individual particles seems empty. In no instances
are traces of the original structure of the ingested tissues discernible in these
vacuoles.

The great majority of the digestion vacuoles is filled with a homogeneous
dark material (Fig. 3), a condensation and dehydration product of the content
of the ingestion vacuoles. In later vacuoles the homogeneous mass breaks up
into dark granules and at the same time intergranular spaces reappear (Figs.
3 and 7). These granules disappear also from the older vacuoles and leave
behind nothing but a finely dispersed, light, filamentous granular material
(Figs. 5, 6 and 8, DV).

Vacuolar membrane. All food vacuoles are surrounded by a smooth
vacuolar membrane (Figs. 1 to 8, VM) displaying identical fine structure in
early and late vacuoles. In some micrographs (Fig. 7,insert) its doubleness is

31In the naming of mouth parts the usage recommended by CORLISS [2] hasbeen followed.
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Fig. 1. Longitudinal section through mouth area of Tetrahymena corlissi. The ciliated buccal
cavity (BC) and the ingestion vacuole (I1V) are separated by the cytostome (CS). Note the
oblique sections (F) of fibrils or tubular structures right of the latter. The
(IV) contains granular material. X 14.500
Fig. 2. A similar section of T. corlissi. The pellicle (P) of the buccal cavity (BC) shortly con-
tinues on the right side of the cystostome (CS). The dark round structures (F) are possibly
identical with the fibrils (F) in Fig. 1. VM — membrane of the ingestion vacuole (IV) containing
less granular material. X 24.000

ingestion vacuole
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Fig. 3. Section of digestion vacuole (DV) in its most compact form. X 44.000
Fig. 4. Digestion vacuole (DV) containing large dense granules. Note the distinct vacuolar
membrane (VM). X 19.200
Fig. 5. Food vacuole (DV) with dark, granular and light, more fibrillar, content. Endoplasmic
reticulum (ER) is adhering the vacuole membrane (VM). X 15.750
Fig. 6. Digestion vacuole (DV) in a later phase of digestion. M — mitochondria. X 36.000
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Fig. 7. Late digestion vacuole (DV) with dense granular content. The cytoplasm contains
several small vacuoles (SV), some ofwhich with particulate material (SV*). AtPV themembrane
forms a small vacuole by pinocytosis. X49.600
Insert. Higher magnification of pinocytotic area (PV). Arrow points to double vacuolar

membrane. X88.000

13 Acta Morphologies X/2—4.
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Fig. 8. Late digestion vacuole (DV). Pinocytotic formation (PY) of small vesicles (SV) some
of which contain particles. X 46.500
Fig. 9. Surface area of T. corlissi representing a structure (CP) possibly identical with the
cytoproct. X 15.000
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conspicuous. This membrane does not show in the most dense early vacuoles
because it is close-fitting to the food mass (Fig. 3). The membrane of the late
vacuoles containing dense granules or fibrillar material has an appearance
which suggests the involvement of intracellular pinocytosis. Small vacuoles
are observed closely associated with the membrane (Figs. 7 and 8, SV). While
some of them contain no visible structures, others are filled with granules
(Fig. 7, SV*). Here and there the vesicles are connected with the food
vacuole (Figs. 7 and 8, PV) budding off from it. Most probably the membrane
of the small vacuoles is a derivative ofthe food vacuole membrane.
Cytoproct. In some micrographs (Fig. 9, CP) points of the animal’s
surface are to be found where a large vacuole with fibrillar material adheres
to the surface pellicle. This point is perhaps the cytoproct but we cannot yet
exclude the possibility that it represents the contractile vacuole pore. To
differentiate these structures further investigations are required.

Discussion

Micrographs ofthe mouth parts could not be taken in sufficient number to
obtain a clear picture of their organisation. All typical parts [2, 3] of
a hymenostome mouth, i. e buccal cavity, cytostome and cytopharynx have,
however, been found. At the level of the cytopharynx fibrils or tubular struc-
tures are conspicuous which may be identical with the pharyngeal fibrils seen
in silver preparations [3] and with the fan of fibres described by Metz and
Westfall [8]. No structural details have been found which would account for
the peculiar feeding mechanism. As in other Telrahymena species, the feeding
of T. corlissi can only be accomplished in a “Strudler” mode which necessitates
the extracellular breaking down of tissues prior to ingestion. An extracellular
gelatinase may play a definite role in this process [10].

This view is further supported by the fact that no original structure of
the food is preserved even in very early ingestion vacuoles. Their con-
tent is represented by irregular fibrillar-granular material. These particles
are probably the products of the assumed extracellular “predigestion”. They
are absorbed together with a considerable amount ofwater, thus forming the
rather large ingestion vacuoles.

The ingestion vacuoles are rapidly transformed into early digestion
vacuoles found in great number in all individuals except those starved for a
longer time. The change is accomplished by the dehydration and condensation
ofthe content. The early vacuoles are filled with a dark, homogeneous material.
The disappearance of discernible structures during early digestion has been
noted also in light microscopical work on Amoeba proteus [11, 12]. Attacked
by digestive fluids this material is broken down into dark, rather large granules,

13
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a process accompanied by the rehydration of the vacuole, and later into finely
dispersed, filamentous material. The latter is to be found in the late vacuoles.
No light amorphous mass has been found adhering to the late vacuole membrane
which is regarded as a digestion product by some authors [7, 15]. The changes
observed clearly pointto the role of de- and rehydration and the production of
digestive enzymes in the digestion of the food praticles [18]. The decreasing
amount of material in the vacuoles is explained by the intake of digestion pro-
ducts in the cytoplasm.

The vacuole membrane is a derivative of the mouth parts. As to the
mode of its formation nothing definite can be said as yet. We may, however,
assume that the depth of the mouth is limited by an undifferentiated plasma
membrane which produces the vacuolar wall by extension and constriction [6].
Most authors [4, 7, 15, 16, etc.] do not differentiate a finer substructure in
this membrane and regard it as single layered. Rudzinska and Trager [20]
found a double membrane around the food vacuoles in Plasmodium berghei.
In some of our micrographs the wall appeared double.

The membrane surrounding the early vacuoles is smooth or wavy with-
out any indication of greater activity [18]. The late vacuoles containing
granular-fibrillar material have a membrane exhibiting an intense pinocytotic
activity. Regarding this phenomenon we may accept the view of Roth [18]
that the results of this process are the modification of the vacuolar membrane
and the increased surface area for diffusion. Thus the benefit derived by the
organism from this process is chiefly the rapid uptake of digestion products.

Summary

Axenically grown Tetrahymena corlissi cells readily ingest mammalian tissues, €. g.
spleen. The ingestion and digestive vacuoles are surrounded by a (double) membrane 75 AU
in thickness, differing from the differentiated cell membrane. The original structure of the
ingested tissues is unrecognisable, a fact pointing to a certain extracellular ’predigestion” .
The early ingestion vacuoles contain granular material, rapidly condensated to a dark homo-
geneous mass. Later the vacuole walls are lifted from the dark vacuolar content. The latter
slowly breaks up and then almost disappears. At the same time agreat numberofsmallsecond-
ary vacuoles are budding off from the wall of the digestion vacuole. This process of intra-
cellular pinocytosis must play a prominent role in the uptake of digestion products.
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SAXBAT MWW N NUWEBAPEHWE Y MPOCTENWMNX
1. LUK MUWEBAPUTENIbHbLIX BAKYONEWM ¥ TETRAHYMENA CORLISSI

M. MIOZINTEP n M. PENNX

AkceHunuyeckana Tetrahymena corlissi oxoTHO 3arnaTtbiBaeT TKaHW MAeKoONUTalWuXx,
Hanp. Cene3eHOYHYI TKaHb. 3axBaTbiBaTeNlbHble W MWL EBapUTeNbHbIe BaKyoNW BbICTUNAHbI
ToHkolt (75 A) pBoiiHoli 060n0uKkoii, uMeloueli WHYW CTPYKTYpy, uem auddepeHum-
poBaHHas nennukyna. MNuuieBoii mMaTepuan TepsieT UCXOAHYH CTPYKTYpPYy YXe€ K MOMEHTY
3arnatblBaHWsA. JTOT (haKT, BEPOSATHO, 06bACHAETCSA W3BECTHbIM BHEK/IETOUYHbIM «MNpejnepeBapu-
BaHWeM». PaHHWe BaKyonu 3anofHeHbl 3ePHUCTbIM BeLLeCTBOM, KOTOpPOe 6bICTPO KOHAEHCHU-
pyeTcs v npeBpallaeTcs B FOMOFeHHYH TeEMHY Maccy. CTeHKM BaKyo/ninm NOTOM oTAansiioTcs OT
3TOW Macchl, KOTOPbIA MOCTENEHHO Pas3pbIX/IAeT U NOYTW MOMHOCTbIO McyesaeT. O AHOBPEMEHHO
OTWHYPOBLIBAKTCA MHOFOYMUC/NEHHbIE MeNKME BTOPUYHbIE BAKYONU OT CTEHKWU MWL eBapuTenb-
HOl BaKyonuW. ITOT NpoLecc BHYTPUKNETOYHOrO MMHOLMUTO3a UFpaeT, HABEPHO, 6ONbLLY POnb
B fene BcacblBaHWS NPOAYKTOB MNepeBapuBaHus.

UBER DIE NAHRUNGSAUFNAHME UND VERDAUUNG BEI DEN PROTOZOEN
Il. ZYKLUS DER VERDAUUNGSVAKUOLEN VON TETRAHYMENA CORLISSI

M. Mualler und p. réhlich

Axenisch geziichtete Tetrahymena corlissi nimmt S&ugetiergewebe, z. B. Milzgewebe
sehr leicht auf. Die Einverleibungs- und Verdauungsvakuolen sind von einem 75 A dicken
(doppelten) Hautchen umgegeben, dessen Struktur von dem Aufbau der differenzierten Zell-
membran abweicht. Das Nahrungsmaterial hat seine urspriingliche Struktur schon zur Zeit
des Einverleibens verloren, was wahrscheinlich mit einer bestimmten extrazellularen »Vor-
verdauung« zu erkléren ist. Die Vakuolen sind zuerst von granuldrem Material ausgefillt,
welches schnell in eine homogene dunkle Masse kondensiert wird. Die Vakuolenwédnde heben
sich spéter von der dunklen Masse ab, welche sich allmé&hlich auflockert und fast vollstdndig
verschwindet. Gleichzeitig schnirt sicht eine groBe Anzahl von kleinen Vakuolen von der
Wand der Verdauungsvakuole ab. Diesem Vorgang der intrazellularen Pinozytose kommt
wahrscheinlich eine fihrende Rolle in der Aufnahme der Verdauungsprodukte zu.

Dr. Miklés Multer

, ] Budapest IX. T@zolté u. 58. Hungary
Dr. Pal Roehlich
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