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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? N
2. Does your protocol demonstrate software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? 
2.6., 4.6., 4.11.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
4.6., 4.11. In order to obtain a successful serial section, the leading edge and the trailing edge must also be made absolutely parallel.
5. Will the filming need to take place in multiple locations (greater than walking distance)? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length (30 words maximum) and clarity.

1.1. Ji young Mun: Volume electron microscopy techniques are useful for biological studies that require the observation of a 3D structure, offering a large field of view and sample storage for image retakes [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Min Kyo Jung: APEX2 is an engineered peroxidase that catalyzes the DAB reaction to increase the electron density of target structures and can be used to locate a specific target of interest [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Ji young Mun: This protocol combines the use of correlative light and 3D electron microscopy techniques to investigate the interactions between membranous organelles in whole cells. [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera



Section - Protocol
2. Patterned Cell Culture Light Microscopy
 
2.1. Sixteen-twenty-four hours after transfection, gently wash the culture with 250 microliters of 30-37-degree Celsius fixation solution [1-TXT], quickly replacing the wash with 1.5-milliliters of fresh fixation solution [2] and placing the culture on ice for 30 minutes [3].

2.1.1. WIDE: Talent pipetting fixation solution in culture, with fixation solution container visible in frame TEXT: See text for all medium/solution preparation details
Added shot: Talent placing cells on 60 C NOTE: Authors indicated that this shot was added but did not provide voiceover text.
2.1.2. Fresh solution being added to culture, with solution container label visible in frame
2.1.3. Talent placing dish on ice

2.2. At the end of the incubation, rinse the cells with three, 10-minute washes in 1 milliliter of ice-cold 0.1-molar sodium cacodylate buffer per wash [1].

2.2.1. Culture being washed, with buffer container label visible in frame

2.3. After the last wash, add 1 milliliter of cold 0-4-degree Celsius 20-millimolar glycine solution to the dish for a 10-minute incubation on ice [1] followed by three, 5-minute washes with 1 milliliter of fresh, cold 0.1-molar sodium cacodylate buffer per wash [2].

2.3.1. Glycine being added to dish, with glycine solution container label visible in frame
2.3.2. Talent washing plate, with buffer container visible in frame

2.4. Next, label the cells with 500 microliters of freshly prepared DAB solution [1-TXT] and incubate the cells on ice for approximately 5-45 minutes [2].

2.4.1. Talent adding DAB to cells, with DAB container visible in frame TEXT: DAB: 3,3′ -diaminobenzidine
2.4.2. Talent placing cells on ice

2.5. When a light brown stain is visible under an inverted light microscope [1], rinse the cells three times with 1 milliliter of fresh, cold 0.1-molar sodium cacodylate buffer for 10 minutes per wash [2].

2.5.1. LAB MEDIA: Figure 1A
2.5.2. Talent adding buffer to dish, with buffer container visible in frame

2.6. Then use a phase-contrast inverted microscope to visualize the DAB staining at a 100x magnification or higher [1] and mark the bottom of the glass where the region of interest is located [2].

2.6.1. LAB MEDIA: Figure2A-scale bar 100 um.tif
2.6.2. Glass being marked Videographer: Important step

3. Electron Microscopy (EM) Sample Block Preparation 

3.1. For electron microscope block sample preparation, first post-fix the cells with 1 milliliter of 2% reduced osmium tetroxide for 1 hour at 4 degrees Celsius [1].

3.1.1. WIDE: Talent adding OsO4 to cells, with OsO4 container visible in frame

3.2. At the end of the fixation, rinse the cells with three, 5-minute washes in 1 milliliter of fresh distilled water per wash [1] before treating the cells with 1 milliliter of filtered TCH (T-C-H) solution for 20 minutes [2-TXT].

3.2.1. Talent washing plate
3.2.2. TCH being added to plate, with TCH container label visible in frame TEXT: TCH: thiocarbohydrazide

3.3. At the end of the incubation, wash the cells three times in distilled water as just demonstrated [1] and fix the cells with a 30-minute incubation in 2% reduced osmium tetroxide [2].

3.3.1. Water being added to plate
3.3.2. OsO4 being added to cells, with OsO4 container label visible in frame

3.4. At the end of the second fixation, wash the cells three times with distilled water [1] and cover the culture with 1 milliliter of aqueous 1% uranyl acetate overnight at 4 degrees Celsius protected from light [2].

3.4.1. Water being added to plate
3.4.2. Uranyl acetate being added to plate, with uranyl acetate container label visible in frame

3.5. The next morning, wash the cells three times with distilled water [1] before staining with 1 milliliter of 60-degree Celsius-warmed Walton’s lead aspartate solution for 30 minutes in a 60-degree Celsius oven [2].

3.5.1. Water being added to plate
3.5.2. Walton’s lead aspartate solution being added to cells, with solution container label visible in frame

3.6. At the end of the incubation, wash the cells three times in distilled water [1] and incubate the culture in a graded series of 20-minute, 2-milliliter ethanol aliquots [2-TXT].

3.6.1. Talent adding water to plate
3.6.2. Talent adding ethanol to plate, with ethanol container visible in frame TEXT: 50% -> 60% -> 70% -> 80% -> 90% -> 95% -> 100% x2

3.7. After the last 100%-ethanol exposure, incubate the cells for 30 minutes in 1 milliliter of 3:1 ethanol:low-viscosity embedding mixture medium at room temperature [1].

3.7.1. Talent adding ethanol:embedding mixture to cells, with mixture container(s) visible in frame

3.8. At the end of the incubation, replace the medium with 1 milliliter of 1:1 ethanol:low-viscosity embedding mixture medium for another 30 minute-incubation at room temperature [1].

3.8.1. Ethanol:embedding mixture being added to cells, with mixture container label visible in frame

3.9. Next, replace the medium with 1 milliliter of 1:3 ethanol:low-viscosity embedding mixture medium for an additional 30 minutes at room temperature [1].

3.9.1. Talent adding ethanol:embedding mixture to cells, with mixture container(s) visible in frame

3.10. Then replace the medium with 1 milliliter of 100% low-viscosity embedding medium overnight [1] followed by embedding of the sample in 100% low-viscosity embedding mixture for 24 hours at 60 degrees Celsius [2].

3.10.1. Talent adding ethanol:embedding mixture to cells, with mixture container(s) visible in frame
3.10.2. Talent placing cells at 60 °C

3.11. For transmission electron microscopy analysis, the next day, use an ultramicrotome to obtain 90-nanometer thick sections [1] and observe the grid under transmission electron microscopy at 200 kilovolts [2].

3.11.1. LAB MEDIA: 3.11.1.tif
3.11.2. [bookmark: _GoBack]Figure3D-scale bar 100 um

4. Scanning Electron Microscopy (SEM) Section Preparation

4.1. Before beginning the sample preparation, clean indium-tin-oxide-coated glass coverslips with gentle agitation in isopropanol for 30-60 seconds [1].

4.1.1. WIDE: Talent agitating coverslips

4.2. At the end of the agitation, drain off the excess alcohol [1] and place the coverslips in a dust-free environment [2].

4.2.1. Isopropanol being drained
4.2.2. Coverslip being placed to dry

4.3. When the coverslips are dry, use a plasma coater to glow-discharge the coverslips for 1 minute [1].

4.3.1. Coverslip being glow discharge

4.4. Then insert the coverslips into the substrate holder [1] and place the substrate holder into the knife boat [2].

4.4.1. Coverslips being inserted into holder
4.4.2. Talent placing holder into knife boat

4.5. To obtain samples for scanning electron microscopy, insert the embedded sample block into the sample holder of the ultramicrotome [1] and set the holder into the trimming block [2].

4.5.1. Talent inserting sample block into sample holder
4.5.2. Holder being set into trimming block

4.6. Use a razor blade to trim away the excess resin around the target position so that the face of the block acquires a trapezoid or rectangular shape [1]. The leading and trailing edges should be strictly parallel to each other [2].

4.6.1. Resin being trimmed Videographer: Important/difficult step
4.6.2. Shot of parallel leading and trailing edges Videographer: Important/difficult step

4.7. Min Kyo Jung: It is not easy to acquire a large number of serial sections. However, it helps to have the leading edge and trailing edge completely parallel [1].

4.7.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

4.8. Next, insert the sample holder into the arm of the ultramicrotome [1], place the diamond knife in the knife holder [2], and fill the knife boat with filtered distilled water [3].

4.8.1. Holder being inserted into arm
4.8.2. Knife being placed into holder
4.8.3. Added shot: Boat being filled with water.

4.9.  [1] [2].

4.9.1. Coverslip(s) being placed
4.9.2. Carrier being clamped

4.10.  [1] [2].

4.10.1. Carrier being placed into knife boat
4.10.2. Boat being filled with water

4.11. Then carefully push the handle of the holder to adjust the carrier position so that the edge of the coverslips is close to the knife [1].

4.11.1. Handle being pushed Videographer: Important step

4.12. After obtaining the sample, stop the sectioning process [1], slowly open the clamping screw of the tube [2], and drain the water boat [3].

4.12.1. Section being obtained/sectioning being stopped
4.12.2. Clamping screw being opened
4.12.3. Boat being drained

4.13. When the ribbon-collection process is complete, remove the substrate [1] with the handle of the clamping device and dry the ribbon [2].

4.13.1. Shot of complete ribbon-collection process, then substrate being removed
4.13.2. Ribbon being dried


Section – Results
5. Results: Representative TEM and SEM HEK293T Cell Imaging 

5.1. The use of genetically-tagged plasmids expressing proteins of interest allows the identification of the transfected target cells after staining for the tagged proteins [1].

5.1.1. LAB MEDIA: Authors: Please upload the image from Figure 2B to your project page without the black and white arrows: JoVE Video Editor please emphasizes brown-stained cells

5.2. Correlative light-electron microscopy can then be used to further visualize the labeled cell culture [1].

5.2.1. LAB MEDIA: Figure 3D-scalebar 1 um, Figure 3E-scalebar 1 um, and 3F-scale bar 1 um

5.3. For example, the dark stain generated by SCO1(S-C-O-one)-APEX2 is observed exclusively in the mitochondrial intermembrane space [1-TXT] and not in the matrix space of the mitochondria [2].

5.3.1. LAB MEDIA: Figure 3D-scalebar 1 um: JoVE Video Editor please add black arrowheads as in original Figure 3D/emphasize staining as indicated by arrowheads in original Figure 3D TEXT: SCO1-APEX2: cytochrome c oxidase assembly protein 1- ascorbate peroxidase 2
5.3.2. LAB MEDIA: Figure 3D-scalebar 1 um: JoVE Video Editor please indicate lack of staining w/in mitochondria that were indicated in 5.3.1.

5.4. Co-transfected cells with both SCO1-APEX2 and HRP-KDEL (HRP-K-D-E-L) plasmids express [1-TXT] a highly dense electron signal in the mitochondrial intermembrane space and the endoplasmic reticulum [2].

5.4.1. LAB MEDIA: Figure 3E-scalebar 1 um: JoVE Video Editor please add black arrowhead as in original Figure 3E/emphasize staining as indicated by black arrowhead in original Figure 3E TEXT: HRP-KDEL: horse radish peroxidase-lys-asp-glu-leu
5.4.2. LAB MEDIA: Figure 3E-scalebar 1 um: JoVE Video Editor please add black arrow as in original Figure 3E/emphasize staining as indicated by black arrow in original Figure 3E

5.5. However, no endoplasmic reticulum staining is observed in cells that are transfected with SCO1-APEX2 only [1].

5.5.1. LAB MEDIA: Figure 3F-scalebar 1 um: JoVE Video Editor please emphasize ER texts/lack of staining

5.6. For serial imaging by scanning electron microscopy, an overview of the whole array image is created using a backscatter electron detector over a large area [1].

5.6.1. LAB MEDIA: Figure 4A

5.7. Next, the region of interest is placed in the first section [1] and propagated to all of the other sections [2].

5.7.1. LAB MEDIA: Figure 4B: JoVE Video Editor please emphasize dotted box in center of image
5.7.2. LAB MEDIA: Figure 4B: JoVE Video Editor please emphasize dotted box in magnified image

5.8. Finally, the region of interest containing five target cells is imaged with 5-nanometer image pixels [1].

5.8.1. LAB MEDIA: Figure 4C

5.9. Magnification reveals detailed subcellular structures, such as the Golgi apparatus, mitochondria, and endoplasmic reticula [1].

5.9.1. LAB MEDIA: Figure 4D: JoVE Video Editor please emphasize G, M, and ER texts as mentioned

5.10. Serial imaging clearly reveals that endoplasmic reticulum-mitochondria contacts occur on different z-planes [1-TXT]. 

5.10.1. LAB MEDIA: Supplemental Movie 3 TEXT: Yellow: ER-mitochondria contacts





Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Ji young Mun: You should have a good understanding of how to locate a specific target structure using correlative light and electron microscopy to investigate the effects of a specific genetic modification [1]. 
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
6.2. Ji young Mun: These staining techniques combined with volume electron microscopy could be used for large-scale EM to investigate cellular interactions, particularly in neurobiology [1].
6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
6.3. Min kyo Jung: Remember the glutaraldehyde, osmium tetroxide, and TCH are very toxic, so be sure to wear protective clothing and to work in a fume hood when using these materials [1]. 
6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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