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IN 1946 Raven [13], working with sections of Limnaea eggs, described numerous 
vacuoles appearing in the ectoplasm at the 40 cell stage. Their content was strongly 
eosinophilic and with all stains used the colour of the vacuole content corresponded 
to that of the egg capsule fluid surrounding the egg. 

During the development of the egg the albumen vacuoles became larger and larger, 
occupying at the 120 cell stage a large part of the ectoplasm. 

Also at the 40 cell stage small conical or hemispherical vesicular protrusions could 
be observed on the surface of some blastomeres. Others had the appearance of small 
thickened rings of variable diameter, protruding slightly above the surface of the cells 
and surrounding a crater-like field. 

At the 120 cell stage their number had increased considerably and 40-60 of such 
ringlets were observed in most eggs. 

Since the formation of the ringlets corresponds in time to the absorption of albumen 
by the cells, Raven put forward the hypothesis that they represent inlets destined for 
the ingestion of egg capsule fluid by the developing egg. In order to test this hypo- 
thesis it seemed worthwile to study these structures by electron microscopy. 

Materials and methods.---Limnaea eggs were fixed at the 120 cell stage in 1 per cent 
osmium tetroxide buffered to pH 8 with Verona1 acetate, with the addition of sucrose 
and CaCl, [6]. After fixation the eggs were treated with 1 per cent phospho-tungstic 
acid in 70 per cent alcohol, dehydrated and embedded in butyl-methacrylate. 
Sections were-cut with the Porter Blum microtome and with the microtome designed 

Fig. I.-Stages of pinocytosis in Limnaen slagnalis blastula, schematic. A’, nucleus. 
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by Elbers [6]. In accordance with criteria described by Peachy [12] the thickness 
of sections used in this work was estimated to be about 600 A. 

Results.-The micrographs show protrusions at the cell surface with a diameter 
of from 2 to 4 ,u. All stages between open and completely closed structures were seen. 
In all cases the completely closed structures show a vacuole surrounded by a double 
membrane with the dimensions of the cell membrane. The vacuoles have a diameter 
of from 1 to 2 ,u. The contents of the vacuoles in the surface structures have a granular 
appearance. Arranging the different stages of the surface structures in a sequence we 
may construct the diagram of Fig. I. 

In the interior of the cell we also see vacuoles surrounded by a double membrane. 
Several of these vacuoles do not differ from the vacuoles lying in the closed structures 
at the surface of the cell, others show a slight difference inasmuch as they contain 
filamentous and electron-dense particles. The particles are irregularly spread and/or 
arranged in regular rows. They agree in size with the particles arranged in a crystalline 
pattern in the yolk granules as described by Elbers 15, 61. In several cases the mem- 
brane of these vacuoles was interrupted and its free ends coiled up to the inside. 

On sections of young gastrulae we observed similar structures at the surface of the 
entoderm cells, projecting into the gastrocoel. 

Discussion.-The state of our knowledge on pinocytosis has been reviewed by 
Holter [8]. In the present paper the possible structural basis of a process of uptake 
of surrounding capsule fluid by developing eggs of Limnaea stagnalis has been de- 
scribed. This process shows all the features of pinocytosis. The ingestion of fluid by 
pinocytosis has generally been described as starting with invagination of the cell 
membrane, which forms a tunnel into the cell interior at the end of which small 
vacuoles are pinched off. 

In Limnaea eggs the process starts with a ring-shaped elevation of the cell mem- 
brane. The ring wall becomes higher and higher, whereas generally the crater deepens 
and finally becomes closed. The vacuole so formed migrates into the cell interior. 

The average diameter of the primary vacuoles is from 1 to 2 ,u. The form of the ring 
structure is much like the one described by Chapman-Andresen and Prescott [4] in 
Amoeba proteus after ingestion of ciliates or methionine solution and the one de- 
scribed by Guttes and Guttes in the myxomycete Physarum polycephalum 171. 

In amoebae, leukocytes and tissue cells the process can be initiated at will by the 
addition of certain substances to the medium as described by Chapman-Andresen 
[2, 31, Rrandt [l], Schumaker [15], Holter and Holtzer [lo], and Holter [9]. 

In the Limnaea egg the case is quite different. During its whole development the 
egg is surrounded by the egg capsule fluid and only during a distinct period in this 
development does pinocytosis occur. This may be induced by the disruption of the 
vitelline membrane, which brings the cell surface into contact with the surrounding 
capsule fluid. It is not precisely known when the vitelline membrane comes off but it 
happens about two days after the first cleavage, before gastrulation. In this period 
pinocytosis takes place. 

The composition of the capsule fluid of Limnaea eggs has been studied by Horst- 
mann [ll]. It contains about 15 per cent dry matter, 3-6 per cent of which is galacto- 
gen. The protein content is 6-8 per cent (Geilenkirchen, personal communication). 
Thus high molecular substances are taken up by the Limnaea egg in the process of 
pinocytosis. 

Experimental Cell Research 21 



Pinocytosis in L. stagnalis egg 621 

Fig. Y.--Completely closed protrusion with pinocytosis vacuole in Limnaea stagnalis blastula. 
Magnification x 20,000. 

Fig. 3.-Detail of Fig. 2. Vacuole membrane with a double structure like the cell membrane. 
Magnification x 80,000. 
The photographs have been taken with the Siemens Elmiskop I at 60 kV. 
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The question of how these substances are released into the cell is a crucial problem, 
as stated already by Holter [9]. It has been supposed that the vacuolar membrane is 
digested by cytoplasmic enzymes so that the contents of the vacuoles may be released 
into the cytoplasm. On this point we may have found some evidence in the form of 
the interrupted and coiled-up vacuole membranes mentioned before. However, 
the study of the fate of the pinocytosis vacuoles in the interior of the cell is hindered 
by the circumstance that at the same time vacuoles of Fy-granules [14] are found, 
showing about the same size and appearance [5]. 

In order to overcome this difficulty, it is necessary to get the pinocytosis vacuoles 
tagged for electron microscopy. These tagged vacuoles in Limnaea eggs should offer 
a good opportunity to study the uptake of their contents by the cell. Investigations 
in this direction are being continued. 

The authors are indebted to Prof. Raven for proposing this investigation. 
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I HE secretory activity of the oviduct in the rabbit is influenced by ovarian hor- 
mones. In the cestrous stage, the secretory cells become charged with granules, which 
are excreted during the post-ovulatory phase [3 and others]. The granules of Qstrous 

REFERENCES 

Experimental Cell Research 21 


