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An eukaryotic cell has been visualized as a structure walled of from the out

side by a surface membrane. Inside this membranous wall there are some mem

branous organelles separated by a medium called the cytoplasm. Until recent 

years, biochemical findings have also been agreed with this morphological finding 
as that they metabolically compartmentalized the cell with specific enzymes of sub

structures or organelles.

The compartmentalized cell, however, has raised an important question that 

how a hormone can control cell metabolism by binding to a receptor on the plasma 

membrane unless reaching substructures which contain related enzymes. To solve 

this problem, some messenger or mediator molecules operating between the plasma 

membrane and the other membranous substructures of the cell have been proposed.

On the other hand, the literature involves some data which emphasize the abi
lity of the membranous systems of the cell to control cell metabolism. For example, 

molecules which react with phospholipids or glycosyl residues of membranes, such 
as phospholipases and lectins could modulate cell metabolism (Rodbell 1966, Czech 
and Lynn 1973).

An attempt has therefore been made to see whether the membrane systems 

of the cell or the cell itself has a different structure, which can explain the control 

of cell metabolism by the membrane alone from the outside of the cell.

It has been observed that the cell is not a compartmentalized structure, it shows 

a labyrinth structure formed by a united membrane or a biomolecular network.

The existence of such a cell has been discussed with the data from the literature.

Materials and methods

A fasted guinea pig was used to obtain tissue specimens. Formaldehyde was 
37-40% formaldehyde solution of BDH ltd.

Preparation of tissues to light microscopy

Samples of liver, kidney, and adrenal were removed from the animal after de
capitation and prepared as described before (Artvinli 1975). To stain glycopro
teins, glycolipids and some phospholipids which are contained in cellular membranes 

(Spiro 1970), PAS reaction was applied to tissue sections (Barka and Anderson 1965). 
Fast green and haematoxylin were used to stain proteins and nucleoproteins.
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Figs. 1-6. 1, liver cells stained with PAS. •~300. 2, tubuli cells of kidney stained with PAS . •~

750. 3, fasciculata cells of adrenal stained with PAS. •~300 . 4, fasculata cells of adrenal 

stained with PAS. •~750. 5, liver cells stained with PAS and fast green . •~300. 6, tubuli cells 

of kidney. PAS and fast green. •~750.
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Figs. 7-12. 7, fasciculata cells of adrenal. PAS and fast green. •~750. 8, fasciculata cells of 

adrenal. PAS and fast green. •~750. 9, liver cells stained with PAS and haematoxylin. •~750. 

10, tubuli cells of kidney. PAS and haematoxylin. •~750. 11, fasciculata cells of adrenal. PAS 

and haematoxylin. •~750. 12, glomerulosa cells of adrenal. PAS and haematoxylin. •~750.
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Preparation of tissue to electron microscopy

A tissue block of liver, approximately 3•~3•~3mm in size, was fixed in bicar

bonate formaldehyde (Artvinli 1975) for one minute at room temperature. De

hydration was performed in a graded series of ethanol prepared in physiological 

saline, beginning with 20%, at room temperature. After transitional solvent pro

pylene oxide, the block was embedded in Araldite. Sections were stained with ura

nyl acetate and Reynold's lead citrate (Hayat 1970a).

Isolation of glycogen from liver

It was attempted to isolate glycogen from liver of the animal by the method of 

Somogyi (1957). The tissue sample which was analyzed for glycogen was immedi

ately frozen after excising from the animal.

Results

Light microscopic examination of the sections of liver, kidney and adrenal 
showed that pale purple color of PAS reaction occupied areas corresponding to 
the cells in a network appearance (Figs. 1-4). A separate PAS positive borderline 

which would correspond to the plasma membrane could not be seen. Rather the 
PAS positive materials continued to the inside of the cells with the lack of the known 
cytoplasm. The nuclei of cells stained with PAS in a yellow-purple color. Their 
staining intensities differed from one nucleus to other. The nuclei always linked 
to the PAS positive network in each cell.

After counterstaining with fast green or haematoxylin, green or blue-purple 
colors were visualized upon the PAS positive background (Figs. 5-8) and (Figs. 
9-12).

Electron microscopic examination of the liver cells showed that the cell, with 
its network structure and absence of the known cytoplasm and of the substructures 
excluding nucleus, is the same as observed by light microscope. Additionally, 

fine structure of the network, in and out of the nucleus, discontinuity of cell border 
and continuity of network structures among cells are more easily distinguishable.

Result of glycogen determination

No glycogen could be isolated from 2 gins of the liver.

Discussion

Under light microscope, the different kinds of cells appeared as a PAS posi
tive network. This network should be formed by glyco or glycolipid component 
of glycolipoproteins since the glycogen could not be isolated even from the depot 
organ.

The existence of such a glycolipoprotein network is confirmed by the reports 

showing the transport of synthesized glycoproteins from the Golgi region to the 
surface membrane (Bennett et al. 1974), and of phospholipids from the same region 
to the all of membranous substructures (Dawson 1973). Because these transport
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Figs. 13-14. 13, liver cells prepared as in the text and stained with lead citrate and uranyl acetate. 

14, liver cells prepared as in the text and stained with lead citrate and uranyl acetate.
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Figs. 15-16. 15, liver cells prepared as in the text and stained with lead citrate and uranyl acetate. 

16, liver cells prepared as in the text and stained with lead citrate and uranyl acetate.
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or exchange phenomena would require the existence of glycolipoprotein connections 
between subcellular structures or the absence of a cytoplasm separating subcellular 
structures, which correspond to the cell visualized here as a network.

Considering that the visualized cell has a glycolipoprotein network as the only 
structure, but does not have the known cytoplasm, cellular structural materials 

even those of which belong to the cytoplasm should be glyco or glycolipoproteins, 
but not unconjugated proteins. The report that shows a cytoplasmic structural 
material, cytoplasmic aspartate transaminase, is a glycoprotein (Denisova and Poly
anovsky 1973) is therefore consistent with the visualized network.

In addition to the PAS positive network, the nuclei of cells contained PAS 

positive material. This also is not an artifact since there are some differences be
tween staining intensities and since hexosamines, hexoses, and sialic acids could be 
isolated from the nuclear matrix (Berezney and Coffey 1975) and phospholipids 

from chromosomes (Tata et al. 1972).
Consequently, the existence of glycolipid or glycolipoprotein network which 

links the innermost part of the cell to its outermost part by occupying cytoplasmic 
and nuclear area is confirmed by the above mentioned data. Since a number of 
cellular membranes have been shown to be glycoproteins or glycolipoproteins it is 

possible to say that the cell is a membranous network.
The network appearance of the cell which visualized by PAS retained in the 

cells counterstained with fast green or haematoxylin. This proves that the net
work visualized by PAS reaction is in fact glyco or glycolipid component of glyco
lipoproteins, in other words, proteins or nucleoproteins of the cell are bound to a 

glycolipid network. Since the bulk of cellular proteins is enzymes one would ex

pected that the enzymes of the cell are lipo, glyco or glycolipoproteins with respect 
to the above histochemical interpretation. In fact the cumulating data in the li

terature reveal the existence of such kind of enzymes. For example, mitochondrial 
hexokinase has been reported as a soluble lipoprotein (Craven and Basford 1972). 
Many other glycoprotein or glycolipoprotein enzymes have been defined (Wallace 
et al. 1973, Plapp and Cole 1966, Pazur et al. 1970, Bon and Rieger 1975, Forstner 
1971, Evans et al. 1973, Starnes and Behal 1974, Norden and O'Brien 1974, Odds 
and Hierholzer 1973, Stepan and Ferwerda 1973, Kyte 1972).

The network structure of the cell retained under electron microscope. A 

discontinue border, almost undistinguishable and unseparated from neighbour cell, 
and a labyrinth structure reaching to the nucleus are formed by the biomolecular 
network. Although such appearance of the cell was not ordinary, it could be pre
dicted and also confirmed by reviewing of the literature.

The literature emphasized the existence of such a cell that it is a changeable 
wound or network in which the plasma membrane is formed from the outermost 

parts of the network and the cytoplasm with all of the organelles is formed from the 
inner parts of the network.

Some data which emphasize such a wound or network membrane come from 
morphological field. For example, the cell can direct its own organelles to its peri

phery and eject them with or without their renewal. McKanna (1973) described 
this phenomenon for contractile vacuoles. Other similar organelle translocations
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have been described such as mitochondrial elimination (Jurand and Yamada 1967, 

Simpson and Kling 1968), nuclear elimination (Skutelsky and Danon 1967, Camp
bell 1968), and release of secretory granules (Lagunoff 1973). Fadei (1963) revealed 
that nuclear transfer between cells takes place, involving nuclear-mitochondrial 
extrusions with successive transfer to another cell. The cell is also capable of in

serting one or more of its organelles into another, whilst each of them is described as 
being a closed structure. For example mitochondria have been shown to exist in 
the nucleus (Klug 1966, Matsuyama and Suzuki 1972). Typical cytoplasmic or

ganelles have been detected in the nucleus as nuclear inclusions (Nakayama and Ni
ckerson 1972). The cell can lose some of its organelles with or without the for
mation of new organelles. Transformation of mitochondria into lipid granules 

(Agrell 1968) and into vacuoles (Beaulaton 1968) has been described. In nerve 
cells, rapid depletion of most nuclear and cytoplasmic organelles, with a marked 
increase in the number of neurofilaments has been observed (Torvik 1972). De
crease of endoplasmic reticulum and breakdown of nuclear membrane typically 

occur at the onset of cell mitosis (Robbins and Gonatas 1964). The cell can trans
locate its organelles through the cytoplasm. Such cytoplasmic organelle movements 
caused to the polarized appearance of lymphocytes (Biberfeld 1971), and oocytes 

(Beams and Sekhon 1966, Henzen 1966). Such movements have also been defined 
for endoplasmic reticulum (Dougherty and Lee 1967), and for nucleus (Rose 1966).

A biochemical finding agreed with this new concept of the cell. Soll and Son
neborn (1971) showed that the cell could become completely different with regard 
to the type of organelles it contained, without protein synthesis. Since the synthe
sis of a new organelle requires protein synthesis, the differentiation of these cells 

must involve a change in organization of the preformed wound or network mem
branous structure.

In accordance with the visualized network, some biochemical findings suggest 
that the mitochondrion is a membranous fragment but not a separate membranous 
organelle. It is in continuity with microsomal membranes in the intact cell. Pro
tein contained in a mitochondrial pellet decreased after each centrifugation up to 
26%, which indicates mitochondrial losses during centrifugation (Romani et al. 
1974). Another relevant observation is that dumb-bell shaped mitochondria could 

be detected on the fourth day of isolation (Romani et al. 1974). Considering the 
known spheric structure of the mitochondrion, an explanation to these observations 
is difficult. A mitochondrial enzyme, glutamate dehydrogenate, has been shown 
to be synthesized in microsomes, and then translocated to mitochondria (Godinot 
and Lardy 1973). This report suggests that microsomal and mitochondrial mem

branes must be in structural integrity, which accounts for the observed functional 
integrity. Moldeus et al. (1973) also suggested the structural integrity between 

these membranes by interpreting their biochemical and morphological findings. 
A histological finding that is globular mitochondrial forms may be produced by 
excessive chromation (McManus and Mowry 1964) further suggests that the mito
chondrion is a round membranous fragment produced by tissue fixation as a spheri
cal separate organelle.

Since the organelles of the cell have been specified with respect to the type of
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enzymes they contained, the existence of network or wound membranous struc
ture of the cell must require organelles with unspecified enzymes. The presence 
of such a condition was recently shown by DePierre and Ernster (1977) in their re
view.

The enzymes belonging to the same metabolic pathway, namely the urea cycle, 
have been detected partly in cytosol and partly in mitochondria (Lehninger 1975). 
This biochemical finding is compatible with the visualized network integrating the 
cell metabolically.

The heterogeneity of the mitochondria of liver and brain cells (Berger 1973, 
Wilson and Cascarano 1972, Neidle et al. 1969), and the existence of usual organelles 
in unusual forms and of unusual organelles are also supporting data to the existence 
of the network cell (Ishihara et al. 1973, Knese 1971, Di-Augustine 1974, Krzyzowska 
Gruca et al. 1971, Anteunis et al. 1966, Armstrong et al. 1973, Stephens and Easter
brook 1968, Knyihar 1971, Jorke 1970, LeBeux 1972).

Membranous linkages between organelles could be detected, which is neces
sary to form the network structure of the cell. Some of these observed linkages 
were between endoplasmic reticulum and mitochondria (Bowman 1967, Ghidoni 
and Thomas 1969, Ruby et al. 1969), between outer nuclear and outer mitochon
dria) membrane (Franke et al. 1973), and between various other membrane systems 
including the plasma membrane (Agrell 1966, Carlson and Ollerich 1969, Arnold 
1967). The detection of some membranous structures in the surroundings of ex
truded nuclei also suggests the presence of membranous continuities between sub
cellular structures (Wise and Prescott 1973). Moreover differences between the 
order of sedimentation of organelles in cell homogenates and in intact cell, as shown 
by Zalokar (1969), are an indirect evidence of membranous integrity within the cell.

The literature also includes several reports, which shows that the plasma mem
brane is not continuous structure, rather is in continuity with inner cytoplasmic 
structures. Such a concept is also essential for understanding of the cell as a mem
branous wound or network. There are some reports suggesting the surface mem
brane as being a folded structure. For example, during the cell cycle some sur
face antigenic determinants, known as H-2 antigens, are lost and restored (Paster
nak et al. 1971). The surface area of a cell has been shown to widen two times 
in a spreading state without reduction in the charge density of the cell surface (Nord
ling and Mayhew 1969). Lymphocytes which are spheric in shape could develope 
long processes on their surface membrane (Clarke et al. 1971). About 85% of 
the surface membrane receptors for concanavalin A in transformed cells are in cryp
tic form in normal cells (Inbar and Sachs 1969). Nevertheless, the microscopy 
which is a more direct method in detection of folds on the surface membrane re
vealed that the surface membrane is discontinuous and the folded image found 
in the above experiments is presumably due to the existence of membranous con
tinuities with cytoplasmic membranous structures. For example, during migration 
of fibroblasts, the cell membrane has been shown to be interrupted with granular 
cytoplasm extrusions (Franceschini and Santoro 1966). Direct continuity of in
tercellular space with intracellular structures, namely cytoplasmic lacunae, lyso
somes, and endoplasmic reticulum has been visualized (Searle 1972, Oledzka 1972,
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Honigsmann and Wolff 1973). Dan and Hagiwara (1967) showed that the sur
face membrane of sperm cell could be disrupted with opening of lysosome to the 
outside. Transient holes in the erythrocyte membrane during hypotonic hemolysis 

have been detected (Seeman 1967). Additionally, biochemical findings reveal 
that enzymes belonging to the inner membranous structures can migrate to the 
surface membrane. Davidova et al. (1968) described this situation for glycolytic 
enzymes. Treatment with CCI4 enabled microsomal and inner mitochondrial mem

brane enzymes to be detected on the plasma membrane (Masuda et al. 1973, Ka
math and Rubin 1974). These biochemical findings, together with the morpho
logical findings visualizing cytoplasmic extrusions suggest that the plasma mem
brane is in fact the continuation of inner membranous structures.

This morphological study has verified that the cell is a membranous network 
as predicted and confirmed by reviewing of the literature. Moreover it should be 
noted that this is not the first time for the visualization of this network. Similar 

images have already been observed in different kinds of cells. However, such ima

ges have been interpreted as intracellular ice crystals because of their visualization 
in frozen, unfixed, undehydrated cells (Hayat 1970b).

What is the meaning of such a structure of the cell? The literature also involves 
the data which gave a solution to this question. There seems no doubt that this 

biomolecular network alone is responsible for the control of metabolism which is 
accomplished by energetic changes in its shape.

Summary

Up until now, it has been visualized that the membrane systems of an eukaryo
tic cell include a limiting plasma membrane and separated organelles in the cyto

plasm. They all constitute the cell.
The presence of a wide variety of experimental results which suggest that a 

united membrane constitutes the cell has therefore necessitated this morphological 
study.

To visualize the cell, the new tissue preparation technique introduced by Art
vinli (1975), and the stains reacting or combining with chemical groups contained 
in biomolecules of the membranes as well as of the cytoplasm have been used. Li

ght and electron microscopic appearance of the cell, under these conditions, is simi
lar to a network. The cell was therefore defined as a membranous network. Its 
structure can also be visualized as a biomolecular network.

The existence of such a united membrane or a biomolecular network seems 
to be true since it could be predicted and also confirmed by reviewing of the litera
ture.

Such a structure of the cell links any part of the cell to its other parts, and can 
control metabolism through changes which occur in its shape, in other words, inter

dependent changes in conformations of biomolecules.
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