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Structural Analysis of Autophagy using Various Electronic Microscopy Techniques

Yeo Jin Kim1, Minkyo Jung1, and Ji Young Mun1

1Neural circuit research group, Korea Brain Research Institute, Deagu, Korea

E-mail: jymun@kbri.re.kr

The pathogenesis is caused by abnormal organelles in the intracellular system, resulting in cell damage or cell death. Cellular
homeostasis through the degradation and recycling of intracellular organelles is important for cell growth and survival.
Autophagy uses lysosomes to remove abnormal organelles, and their shape changes step by step within the cell to maintain
homeostasis by degradation, each organelle that is degraded has a different name such as mitophagy and ERphagy. To
distinguish the various types of autophagy, it is necessaryto employ techniques such as high-resolution transmissionelectron
microscopy (TEM) and scanning electron microscopy (SEM). TEM is a high-magnification and high-resolution ultrastructure
of macromolecules, cells, and tissues in neuroscience. In this study, we analyzed using the correlative light and electron
microscopy technique combined with TEM and fluorescence microscopy to analyze the structural changes in lipid-loaded
autophagic processes caused by dysfunctional lysosomes inhuman cultured cells. This approach enables targeted observation
of specific autophagy such as lipophagy. In addition to TEM,SEM enables observation of a large sample area using
backscattered electrons. We analyzed the structural changes of autophagy in a large area, a layer in brain organoid containing
various cell types (e.g., astrocytes, microglia, and oligodendrocytes). On the other hand, cryo-EM is a microscope that enables
the observation of cell organelle structures that have retained their original shape by rapidly freezing the sample to ultra-low
temperatures, thus preserving natural structure. We observed the acquisition of thin sections and tilted images of cells through
the use of an ion beam, facilitating multiplanar imaging andenhanced visualization of the internal structure of lysosomes at
high resolution by Cryo-EM. In this study, we propose that the structural changes of autophagy can be examined in greater
detail for each stage of autophagy with multiple electron microscopes.
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Abstract Material and Method

Results

 Similarities Between SEM and TEM : Uses an electronic source and an electronic aperture; uses aseries of electromagnetic and electrostatic lenses that control the shape and
trajectory of the electron beam.

 Differences between SEM and TEM : The main difference between SEM and TEM is that SEM produces images by detecting reflected or knocked-out electrons, whereas TEM uses
transmitted electrons (electrons that pass through the sample) to produce images. As a result, TEM provides important information about the internal structure of a sample, such as
crystal structure, morphology, and stress state information, while SEM provides information about the surface and composition of a sample.

 Cryo-electron microscopy : Uses an ion beam to create thin lamellae, which are then rapidly frozen at cryogenic temperatures below minus 180 degreesCelsius to preserve the
original structure and rotated for more accurate three-dimensional imaging.

 CLEM combines the two powerful techniques of light microscopy and electron microscopy to obtain detailed information aboutintracellular organelles from fluorescently labelled live
or fixed cells.
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Figure 1. Using CLEM technique to observe lipophagy in reagent A-treated Hela cells and mito-related protein A KO cells. (A) HeLa cells were treated
with reagent A for 24 hr. Cells were stained with DND-22 (lysotracker, blue) and lipi-red (lipid, red). Scale bar=20 µm. (B) Under confocal microscopy, the purple
puncta indicated the co-localization with lysosome and lipid (lipophagy). Image of abnormal lysosome and lipophagy structure under TEM. (C) Structures of
lysosomes and lipophagy of reagent A-treated Hela cells compared using TEM. The graph shows that number of abnormal structures in HeLa cells. Data are
expressed as means± SD.P value was obtained using Student’st-test. ** P < 0.01 (N=5)
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Figure 2. Observation of mitophagy and abnormal autophagy due to mitochondria dysfunction in rat primary cells treated with cuprizone and
metformin. (A) Measurement of mitochondrial ROS in primary cells treated with cuprizone and metformin. (red: mitoSox, mitochondrial ROS), Scale bar=20
µm. (B) Measurement of iron and mitochondria fluorescence in neuron and oligodendrocyte. (Red: iron, green: mitochondria). (C) Mitophagy and abnormal
autophagy produced by mitochondrial dysfunction due to iron accumulation and mitochondrial ROS were observed using TEM. (D) Comparison of
mitochondrial-derived vesicles in cuprizone and metformin-treated neurons and oligodendrocytes. Data are expressed as means± SD.P value was obtained using
Student’st-test. *P < 0.05, ** P < 0.01, *** P < 0.001 (N=15).
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Figure 3. Large area image observation of autophagy and alpha-synuclein accumulation in PFF-injected assembloid using SEM.
Assembloid: Sample injected with PFF into the mid-brain. Original image : 39003px X 24291px. 7Gb, imaging time : 6 hr

Figure 4. Characterization of abnormal autophagy in A53T α-synuclein-EGFP SH-SY5Y cells using Cryo-electron tomography.
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Analysis of lipophagy in HeLa cells using the CLEM technique

Analysis of mitophagy using TEM in rat cortical neurons and oligodendrocytes.

Autophagy observed in large-area SEM images

Structural analysis of autophagy using cryo-tomography
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