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Abstract Material and Method
The pathogenesis is caused by abnormal organelles in taeétitlar system, resulting in cell damage or cell deatiluGr TEM and SEM CryoE
homeostasis through the degradation and recycling ofdelitdar organelles is important for cell growth and sualiv >: i rf
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homeostasis by degradation, each organelle that is debfsate a different name such as mitophagy and ERphagy. To .m A gﬁ

Vitrification by plunge freezing

Autophagy uses lysosomes to remove abnormal organelldsthair shape changes step by step within the cell to maintain T . % 2
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distinguish the various types of autophagy, it is necesgaeynploy techniques such as high-resolution transmissfiestron
microscopy (TEM) and scanning electron microscopy (SENEMTis a high-magnification and high-resolution ultrastrure % o
of macromolecules, cells, and tissues in neurosciencehinstudy, we analyzed using the correlative light and edect z ~
microscopy technique combined with TEM and fluorescencerastopy to analyze the structural changes in lipid-loaded O O \Jr
autophagic processes caused by dysfunctional lysosontesrian cultured cells. This approach enables targeted\aiigsr == oy

of specific autophagy such as lipophagy. In addition to TEBEM enables observation of a large sample area using ﬁ
backscattered electrons. We analyzed the structural esasfcautophagy in a large area, a layer in brain organoich@uing
various cell types (e.g., astrocytes, microglia, and al@alrocytes). On the other hand, cryo-EM is a microscopeetiables
the observation of cell organelle structures that havenediatheir original shape by rapidly freezing the sampleltatow
temperatures, thus preserving natural structure. We widehe acquisition of thin sections and tilted images dfdatough
the use of an ion beam, facilitating multiplanar imaging anétanced visualization of the internal structure of lysoss at
high resolution by Cryo-EM. In this study, we propose that sftructural changes of autophagy can be examined in greate:
detail for each stage of autophagy with multiple electroaroscopes.
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= Similarities Between SEM and TEM : Uses an electronic source and an electronic aperture; useses of electromagnetic and electrostatic lenses thatalehe shape and
trajectory of the electron beam

* Differences between SEM and TEM : The main difference between SEM and TEM is that SEM produceges by detecting reflected or knocked-out electronsiadseTEM uses
transmitted electrons (electrons that pass through thelsirto produce images. As a result, TEM provides importafarimation about the internal structure of a sample, such as
crystal structure, morphology, and stress state infosnativhile SEM provides information about the surface andmsition of a sample.

* Cryo-electron microscopy : Uses an ion beam to create thin lamellae, which are thenlyafisben at cryogenic temperatures below minus 180 deg@adsius to preserve the

Results

Analysis of lipophagy in HelL a cellsusing the CLEM technique original structure and rotated for more accurate threesdional imaging.
= CLEM combines the two powerful techniques of light microscops etectron microscopy to obtain detailed infc i organelles from labelledsliv
or fixed cells.
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Autophagy observed in large-area SEM images
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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 (lysaker, blue) and lipi-red (lipid, red). Scale bar=20 uBj). Under confocal microscopy, the purple
puncta indicated the co-localization with lysosome anitlliipophagy). Image of abnormal lysosome and lipophagycstire under TEM. (C) Structures of
lysosomes and lipophagy of reagent A-reated Hela cellspeoetl using TEM. The graph shows that number of abnormattses in HeLa cells. Data are
expressed as meansSD. P value was obtained using Studerttiest. ** P < 0.01 (N=5)

Analysis of mitophagy using TEM in rat cortical neurons and oligodendr ocytes.
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A B[] ek " Assembloid: Sample injected with PFF into the midiin. Original image : 39003px X 24291px. 7Gb, iinagtime : 6 hr
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Figure 2. Observation of mi and abnormal due to mi ia dysfunction in rat primary cells treated with cuprizone and Fundin
metfor min. (A) Measurement of mitochondrial ROS in primary cells tegawith cuprizone and metformin. (red: mitoSox, mitochgatiROS), Scale bar=20 g
nd

um. (B) Measurement of iron and a (Red: iron, green: mitoctiahd(C) Mitophagy and abnormal } ! )

autophagy produced by mitochondrial dysfunction due tor iaccumulation and mitochondrial ROS were observed usinyl.TED) Comparison of This work was supported by the National Researam#ation of Korea(NRF) grant funded by the Koreaegoment (MSIT) (No. 2022R1A2C1009376).
mitochondrial-derived vesicles in cuprizone and metformeated neurons and oligodendrocytes. Data are expresseeans: SD. P value was obtained using This work was supported by the National Researam#ation of Korea(NRF) grant funded by the Koreaegoment (MSIT) (No. RS-2023-00262332)
Studentstest. +P < 0.05, % P < 0.01, = P < 0.001 (NC15) This work was supported by the National Researcm8ation of Korea(NRF) grant funded by the Koresegoment (MSIT) (No. RS-2024-00419699).
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