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9. Real intracellular structure 

― What we know by high-resolution whole cell images ― 

 

We find a schematic diagram of a cell in textbooks. This diagram, however, shows over simplified 

cell structure. We also find a locally magnified EM (electron microscope)-resolution image. This offers 

detail, but localized view of intracellular structure. Thus, we have only a little chance to see a whole cell 

EM-resolution image. In addition, we have almost no chance to see the difference between living 

animal-derived and cultured cell images. These could lead us to serious consequences. Here a whole 

cell image of an animal-derived cell is shown in EM resolution, and compare it with lab-cultured cells. 

Fig. 1 shows a whole cell SEM (scanning electron microscope) image derived from mouse 

hepatocyte. Red line indicates a cell border (plasma membrane). This is not a composite photo, but 

obtained by one shot. This is a selected image from about 500 serial ultra-thin sections*1. 

Fig.1 Whole cell SEM image derived from mouse hepatocyte. Red line indicates a cell border. 
 

*1 Samples were prepared and photographed by Dr. H. Sagara in The Institute of Medical Sciences, The University of 

Tokyo. We didn’t use FIB-SEM because it was not suitable to our purpose. A movie (flip-book) from >500 images 

was created, which provided us richer information and much easier recognition of the intracellular organellar structures. 

Stress granules, which are complexes of mRNA and proteins with no lipid bilayer boundary, are not imaged here. 

 

We find that intracellular structure is quite different from that shown by schematic diagram in 

textbooks. Intracellular space is quite complex and complicated with full of various organelles. If we 

look at each organelle closely, mitochondria show various shapes and sizes, and endoplasmic reticula 

(ER) show crawling earthworm-shape running in parallel. Some parts of ER are in close proximity to 

mitochondria, and we see many white small granules*2. In addition, we find nuclear pores too. 
*2 We need quantification of 3D reconstructed images to reach final conclusions. 
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Fig.2 is a reconstruction of 11 stacked images for 

mitochondria (green edges) and ER (gray area with 

different density) from part of the cell in Fig.1. ER in 

lighter gray lays in upper layer. Resolution in z-direction 

(thickness of sections) is 50 nm. The shapes of ER 

drastically change within this short spacing. It is clearly 

seen that organelles are in quite different shapes from 

those found in text books. 

Next, we show intracellular structure of two culture 

cells, HeLa and MEF (mouse embryonic fibroblast) cells 

( Fig.3 left and right, respectively).  If we compare Fig.1 

 

 

and Fig.3, we find much simpler structures in Fig.3. First, mitochondria and ERs are scarcely 

distributed. Second, other organelles are not easily found. Third, nucleus in HeLa and MEF is larger 

and deformed. Fourth, number of slices are 1/3 to that of Fig.1, which might be because HeLa and 

MEF cells here were 2D cultured. None of conclusive argument is possible with these small sample 

numbers. However, it should be noted that these uncrowded intracellular spaces can result in altered 

signal transduction including regulation of gene expression (Cf. 7th blog). In addition, the majority of 

the mitochondria, the ER, and other organelles are found at the basal cell cortex (Jakobs, S., et al., 

Ann.Rev.Biophys., 2020). Thus, it is important to keep differences in organellar structure in mind, 

because these can alter signal transduction leading to the altered cellular function. 

For beginners, it is helpful to learn basic intracellular structure and organelles by an abstracted 

drawing. However, true intracellular structure as shown in Fig.1 should be presented in advanced text 

books for university students and researchers, because such images are quite helpful for them to reach 

deeper understanding on cells. 

Fig.2 Magnified stacked mitochondria (green) and ER 
(gray) images are show including Fig.1. 

Fig.3 SEM images of sectioned HeLa (left) and MEF(right) cells (thickness : 50 nm). Although it should be careful to say something from 
these images because these are only a few examples and SEM are different from that in Fig.1, we can say intracellular structures in HeLa and 
MEF culture cells are much simpler than those in Fig.1. 


