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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar? No  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage? Yes

If Yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps. Please upload all screen captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   No

Current Protocol Length

Number of Steps: 23
Number of Shots: 49


Introduction

1. Introductory Interview Statements

Videographer: Obtain headshots for all authors. 

REQUIRED

1.1. Joachim Nielsen: The measure of glycogen content in single cells and subcellular localization is important because, in most tissue types, the single cells adapt differently to changing physiological conditions and diseases.

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

1.2. Klaus Qvortrup: The main advantage of this technique is the high resolution in TEM, which improves assessments of subcellular localization, and that glycogen staining is antibody-free, which circumvents problems with antibody-specificity.

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 4.1

OPTIONAL: 

1.3. Cristiano di Benedetto: To obtain the best contrast of glycogen, use Potassium Ferro- Cyanide 1.5% instead of Potassium Ferri-Cyanide.

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 
1.4. 

Protocol

2. Primary Fixation, Post-Fixation, and Embedding

2.1.  Prepare 1.6 milliliters of the primary fixative solution by adding 2.5% glutaraldehyde in 0.1 molar sodium cacodylate buffer in a 2-milliliter microcentrifugation tube [1-TXT]. Store it at 5 degrees Celcius for a maximum of 14 days [2].

2.1.1. Talent prepares primary fixative solution in a microcentrifugation tube. TEXT: pH 7.3
2.1.2. Talent places the microcentrifuge in the refrigerator. 

2.2. Isolate a small specimen from the muscle biopsy or whole muscle, which has a maximum diameter of 1 millimeter in any direction and is longer longitudinally than cross-sectionally [1]. Place the specimen in the tube containing the cold primary fixation solution [2]. Store it at 5 degrees Celcius for 24 hours [3]. Videographer: This step is important!

2.2.1. Talent isolating the specimen.
2.2.2.  Talent adds the specimen into the tube containing the cold primary fixation solution.
2.2.3. Talent places the tube with the specimen in the refrigerator.

2.3. Then, wash the specimen four times in 0.1 molar sodium cacodylate buffer [1-TXT]. Using transfer pipettes, remove the used buffer from the tube, leaving the specimen untouched [2], and add the fresh buffer [3].

2.3.1. Talent washes the specimen with sodium cacodylate buffer. TEXT: Wash interval: 15 min
2.3.2.  Talent discards the buffer from the tube and adds a fresh buffer.	Comment by Joachim Nielsen: 2.3.2 and 2.3.3 were combined into one shot
2.3.3. Talent adds a fresh buffer.

2.4.  Postfix the specimen with 1% osmium tetroxide [1] and 1.5% potassium ferrocyanide in 0.1 molar sodium cacodylate buffer for 120 minutes at 4 degrees Celsius [2]. Videographer: This step is important!

2.4.1.  Talent adds osmium tetroxide to the microcentrifuge tubefollowed by potassium ferrocyanide in sodium cacodylate buffer to the microcentrifuge tube.	Comment by Joachim Nielsen: 2.4.1 and 2.4.2 were combined into one shot
2.4.2.  Talent adds potassium ferrocyanide in sodium cacodylate buffer to the tube. 

2.5. Rinse the specimen twice in double-distilled water at room temperature [1]. Dehydrate by submerging in a graded series of ethanol at room temperature [2-TXT].

2.5.1. Talent rinses the tissue twice with double-distilled water at room temperature.
2.5.2. Talent submerges the tissue in ethanol. TEXT: 70% (10 mins) - 2x; 90% (10 mins) -1x; 100% (10 mins)

2.6. Infiltrate the specimen with propylene oxide and epossidic resin-graded mixtures at room temperature using the mentioned volume ratios [1-TXT]. The following day, embed specimens in 100% fresh epossidic resin in molds [2] and polymerize at 60 degrees Celsius for 48 hours [3]. Videographer: This step is important!

2.6.1. Talent infiltrates with graded mixtures of propylene oxide and epossidic resin at room temperatures. TEXT: Propylene oxide/epossidic resin: 1/0 (10 min); 3/1 (45 min); 1/1 (45 min); 1/3 (45 min); 0/1 (overnight)	Comment by Joachim Nielsen: All 5 mixtures are shown
2.6.2. Talent pours epossidic resin into a mold and embeds the tissue into it.
2.6.3. Talent places the mold in an incubator.

3. Ultrathin Sectioning of Fibers and Contrasting

3.1.  Mount the block of a specimen on the ultramicrotome holder [1]. Trim the block on the surface with a razor blade to reach the tissue level [2]. Videographer: This step is important!

3.1.1. Talent mounts the tissue block on the ultramicrotome holder.
3.1.2. Talent trims the block’s surface with a razor.

3.2. Mount a diamond knife in front of the sample and align the sample surface parallel to the knife [1]. Produce a semi-thin section of 1-micrometer thickness with the diamond knife to check the orientation of the sample [2]. Stain the semi-thin section with toluidine blue for observation with light microscopy [3]. Videographer: This step is important!

3.2.1. Talent places a diamond knife on an ultramicrotome holder in front of the sample. 
3.2.2. Talent cuts the sample into a thin section. 
3.2.3. Talent stains the section with toluidine blue and places it under a microscope.	Comment by Joachim Nielsen: The last part of 3.2.3 was moved to an extra shot (added 3.2.4)
3.2.4. Talent places it under a microscope

3.3. Then, trim the block further to reduce the area of interest to get proper ultrathin sections [1]. Cut 60 to 70-nanometer thickness ultrathin sections with a second diamond knife [2]. Collect 1 to 2 sections on one-hole copper grids using a perfect Loop [3]. Videographer: This step is important!

3.3.1. Talent trimming the block
3.3.2. Talent cuts the specimen with a new knife. 
3.3.3.  Talent collects the sections with a loop and places them on a copper grid.	Comment by Joachim Nielsen: The last part of 3.3.3 was moved to an extra shot (added 3.3.4)
3.3.4. Talent places the sections on a copper grid

3.4. For contrasting the sections, immerse the grids in uranyl acetate solution for 20 minutes [1-TXT] and wash the grids in double-distilled water [2], and then immerse the grids in lead citrate for 15 minutes [3-TXT] and rewash the grids in double-distilled water [4]. 
3.4.1. Talent submerges the grids in uranyl acetate solution. TEXT: 0.5% in double-distilled water
3.4.2. Talent washes the grids in double-distilled water.
3.4.3.  Talent submerges the grids in lead citrate solution. TEXT: 1% in double-distilled water
3.4.4. Talent washes the grids in double-distilled water.


4. Imaging

4.1. Turn on the transmission electron microscope, computer, and image recording software [1-TXT]. Record digital images with a digital slow-scan CCD camera and the associated imaging software. [2-TXT]

4.1.1. Talent operating the electron microscope. TEXT: Microscope accelerating voltage - 80 kV
4.1.2. Talent fixing the camera on an electron microscope. TEXT: 2 k x 2 k

4.2. Insert the grid with multiple sections in the microscope stage [1]. Screen the grid initially at low magnification and choose the best quality sections. At low magnification, determine the direction of the muscle fibers [2].	Comment by Joachim Nielsen: Point 4.2, 4.3 and 4.4 will not be recorded. The computer, which runs the imaging software is old and cannot run the recording software at the same time. We suggest to use figure 1.

4.2.1. Talent places the grid under the microscope.
4.2.2. SCREEN: To be uploaded by Authors: The grid is being screened, and muscle fiber direction is being pointed with a cursor.

Authors: Please create screen capture videos for the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://www.jove.com/account/file-uploader?src=19320883.

4.3. Next, increase the magnification with the beam centered on a peripheral fiber in the section and focus the image at magnification above 30,000 to ensure sufficient fine details in the image, guided by a Real-Time Fast Fourier Transformation [1]. Finally, record images with 1 second exposure time at the desired magnification [2]. 

4.3.1. SCREEN: To be uploaded by Authors: Magnification increased, and the image is focused.
4.3.2. SCREEN: To be uploaded by Authors:  Images recorded/acquired. 

4.4. Acquire a total of 24 images of a randomly selected fiber, including 12 images of the myofibrillar space and 12 images of the subsarcolemmal space, at a magnification between 10 k and 40 k [1]. 
4.4.1. SCREEN: To be uploaded by Authors: Images of myofibrillar spaces and subsarcolemmal spaces of the Fiber acquired.

4.5. Ensure that the images are distributed across the length and width of the Fiber in a randomized but systematic order to obtain unbiased results and repeat the imaging until 6 to 10 fibers are imaged  [1-TXT].

4.5.1. LAB MEDIA: Figure 1A. TEXT: If required, cut and image additional sections.


5. Image Analyses

5.1. Import images to ImageJ by clicking on File followed by Open [1].Set global scale to match the original size of the image by clicking on Analyze and then Set Scale [2]. To zoom in 100%, click on image, go to  Zoom, and click on In [3].

5.1.1.  SCREEN: To be uploaded by Authors: Importing images.
5.1.2.  SCREEN: To be uploaded by Authors: Setting global scale.
5.1.3. SCREEN: To be uploaded by Authors: Zooming the image.

5.2. Measure the thickness of one Z-disc per image of the myofibrillar space using the Straight Line tool from the Tools menu and calculate the average Z-disc thickness of each of the 6 to 10 fibers [1]. 

5.2.1.  SCREEN: To be uploaded by Authors: Measuring the thickness of Z-disc and calculating the average Z-disc thickness.

5.3. Use the Segmented Line tool to measure the length of the outermost myofibril visible just below the subsarcolemmal region [1].

5.3.1. SCREEN: To be uploaded by Authors: Using the Segmented Line tool to measure the length.

5.4. To insert a grid, click on Analyze, select Tools, and then select Grid. Now set the Area Per Point at 32,400 square nanometers [1]. Count the number of hits within the available length in the 12 subsarcolemmal images, where a cross hits the subsarcolemmal glycogen [2] 

5.4.1.  SCREEN: To be uploaded by Authors: Inserting grid 
5.4.2. SCREEN: To be uploaded by Authors: Pointing on the hits.

5.5. Insert a grid by clicking on Analyze, then select Tools, followed by  Grid, and set Area Per Point at 160,000 square nanometers [1]. Count the number of hits in the 12 myofibrillar images, where a cross hits the intramyofibrillar space [2].

5.5.1. SCREEN: To be uploaded by Authors: Inserting grid 
5.5.2. SCREEN: To be uploaded by Authors: Pointing on the hits.

5.6. Then again, to insert a grid, click on Analyze, select Tools and then, select Grid. Now set the Area Per Point at 3,600 square nanometers [1]. Count the number of hits in the 12 myofibrillar images, where a cross hits the intramyofibrillar glycogen [2].

5.6.1. SCREEN: To be uploaded by Authors: Inserting grid 
5.6.2. SCREEN: To be uploaded by Authors: Pointing on the hits.

5.7. Insert a grid by clicking on Analyze, then select  Tools, followed by  Grid, and set Area Per Point at 32,400 square nanometers [1]. Count the number of hits in the 12 myofibrillar images, where a cross hits the intermyofibrillar glycogen [2].

5.7.1. SCREEN: To be uploaded by Authors: Inserting grid 
5.7.2. SCREEN: To be uploaded by Authors: Pointing on the hits.

5.8. Using the 32,400 square nanometers grid to randomly choose the glycogen particles. Start with the upper left square and move left if necessary [1]. Using Straight Line tool, measure the diameter of five randomly chosen glycogen particles of each pool for each of the 12 images to obtain an average of 60 particles per pool per Fiber [12].

5.8.1. SCREEN: To be uploaded by Authors: Inserting grid
5.8.2. SCREEN: To be uploaded by Authors: Measuring the diameter of glycogen particles.


Results

6. Results: Glycogen content in Fiber

[bookmark: _Hlk84878743]
6.1. This figure shows the normal values of the three glycogen pools. It can be observed that intermyofibrillar glycogen values are distributed close to normal, whereas both intramyofibrillar [1] and subsarcolemmal glycogen show a skewed distribution, where fibers sometimes have an excessive amount of glycogen [2]. 

6.1.1. LAB MEDIA: Figure 3 Video editor: Emphasize on 2nd 
6.1.2. LAB MEDIA: Figure 3 Video editor: Emphasize on 3rd graph 



Conclusion
7. [bookmark: _Hlk27388131]Conclusion Interview Statements

7.1. Cristiano di Benedetto:  To obtain an optimal contrast of glycogen, it is essential to remember the use of potassium ferrocyanide.

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.4.2

7.2. Joachim Nielsen: Combining analyses of glycogen with analyses of mitochondria and lipid droplets improves how other key metabolic components correlate with glycogen and muscle health.

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