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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Yes
Can you record movies/images using your own microscope camera? No
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.
2. Does your protocol include 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.
3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.2.2 Talent placing sample in staining solution
2.2.3 Talent placing sample on a horizontal shaking plate and starting the shaker
2.3.2 Talent removing excess staining solution
2.3.3 Talent placing sample in conical sample container
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)
3.2.1 Talent properly placing the kidney into the tube
5. Will the filming need to take place in multiple locations? Yes
If yes, how far apart are the locations? Within walking distance. For the interviews we can provide a seminar room, which is better suited and quieter than the laboratory.


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

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.

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

1.1. Franz Pfeiffer/Madleen Busse: Our protocol allows us to visualize cellular structures in 3D with X-ray computed tomography. We achieve this by making the histological cytoplasm‑stain eosin accessible to X‑ray imaging.

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

1.2. Franz Pfeiffer/Madleen Busse: This technique is easy to apply, fast and suitable for larger samples.

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. Franz Pfeiffer/Madleen Busse: We envision to integrate our staining protocol combined with X-ray microscopy into the clinical workflow to support pathologists.

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

1.4. Franz Pfeiffer/Madleen Busse: Beside medical research, our protocol is very versatile and can be applied to other research fields like zoology and developmental biology.

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


Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.5. Procedures involving animal organ removal have been approved by the internal animal protection committee of Klinikum rechts der Isar, Munich, Germany. 
Section - Protocol
2. Eosin Staining 
2.1. Start by fixating the soft-tissue samples [1]. Fill a 50-milliliter centrifuge tube with a fixative solution containing 9.5 milliliters of 4% formaldehyde and 0.5 milliliters of glacial acetic acid [2]. Add the soft-tissue sample to the centrifuge tube [3] and refrigerate it for 24 to 72 hours [4]. 
2.1.1. WIDE: Establishing shot of talent walking into the lab with the tissue samples in hand.
2.1.2. Talent adding fixative solution to the tube.
2.1.3. Talent adding the tissue to the tube.
2.1.4. Talent placing tube in refrigerator.
2.2. After refrigeration, wash the soft tissue sample with DPBS solution for 1 hour [1]. Then, stain the sample by placing it in 2 milliliters of eosin Y-staining solution [2] and incubate it on a horizontal shaking plate for 24 hours [3]. Videographer: This step is important!
2.2.1. Talent washing the sample in DPBS.
2.2.2. Talent placing sample in staining solution. 
2.2.3. Talent placing sample on a horizontal shaking plate and starting the shaker.
2.3. On the next day, carefully take the soft-tissue sample out of the sample container [1] and remove excess staining agent with cellulose tissue paper [2]. Place it in a conical container above an ethanol vapor phase for storage and further use [3]. Videographer: This step is important!
2.3.1. Talent removing the sample from the container. 
2.3.2. Talent removing excess staining solution. 
2.3.3. Talent placing sample in conical sample container.

3. X-ray MicroCT Imaging
3.1. Prepare an appropriate sample holder to mount the soft‑tissue sample according to manuscript directions and ensure a tight fit to prevent the sample from moving during the X-ray CT measurements [1]. 
3.1.1. Talent gluing together two centrifuge tubes.  NOTE: There were originally 2 shots with this step, but one got moved down to step 3.3 so this one may be slated at 3.1.2.
3.2. Once the adhesive has hardened and the sample holder is ready to use, transfer the mouse kidney into the intact centrifuge tube, which holds a few drops of 70% ethanol at the bottom [1]. Videographer: This step is difficult!
3.2.1 Talent properly placing the kidney into the tube.
3.3. Place the mounted sample into the X‑ray CT scanner [1]. After carefully aligning the sample, choose acquisition parameters for the best image quality [2]. For microCT data, acquire the scan at a peak voltage of 50 kilovolts and a current of 3.5 Watts using 1601 projections equally distributed over 360 degrees [3]. 
3.3.1. X-ray CT setup.  Author NOTE: This shot is slated as 3.1.1.
3.3.2. Talent at the computer programming the acquisition. NOTE: This shot may be slated as 3.3.1.
3.3.3. SCREEN: 60251_screenshot_1.mp4 starting at 0:22. Acquisition parameters being set. 

3.4. Then, use the microCT data from the overview scan to select the region of interest for the high-resolution CT scan [1]. 

3.4.1. SCREEN: 60251_screenshot_2.mp4 starting at 0:10. Selection of the ROI for the high-resolution scan. 
4. X-ray NanoCT Imaging
4.1. Prepare volumes of interest of the soft-tissue sample by cutting it into very small pieces of approximately 0.5-millimeter edge length using a scalpel and a stereomicroscope [1]. 
4.1.1. Talent at the stereomicroscope cutting the sample. 
4.2. If using a mouse kidney, cut it into 2 halves along the longest axis [1], take one half and prepare different anatomical regions such as a renal cortex and renal medulla [2]. Transfer the small pieces to a new Petri dish for dehydration [3]. 
4.2.1. SCOPE: Talent cutting kidney into 2 halves. 
4.2.2. SCOPE: Talent preparing smaller pieces of the kidney. 
4.2.3. Talent transferring the pieces to a Petri dish. 
4.3. Dehydrate the samples using a series of ethanol solutions according to manuscript directions, performing each dehydration step for 1 hour [1]. Transfer the dehydrated samples into the micro-porous capsule and close it. Keep the samples in contact with 100% ethanol at all times [1 take 2]. Then, critical-point dry the small tissue pieces [3]. 
4.3.1. Talent immersing samples in an ethanol solution. 
Added shot 4.3.1. take 2: Talent transferring the samples into the micro-porous capsule.
4.3.2. Talent loading the sample into the critical-point dryer. Author NOTE: We have recorded here take 1 (me loading the capsule) and take 2 (only front window of CPD instrument showing the involvement of ethanol, which has to be loaded first into the CPD instrument before sample is droped. Videographer: Film 4.4.1. first and 4.3.2. second to save time. 
4.4. Once the tissue samples are prepared [1], keep them in a new Petri dish stored in a desiccator prior to further use [2]. Mount the tissue pieces to an appropriate sample holder, ensuring a tight fit. For a mouse kidney, superglue the pieces to a sample holder using a stereomicroscope [3].
4.4.1. Talent opening the CPD with the prepared samples.
4.4.2. Tissue pieces in a new Petri dish.
4.4.3. Talent gluing mouse kidney pieces to a sample holder.  

4.5. After careful alignment of the sample, choose acquisition parameters for the best imaging quality [1]. For the nanoCT, acquire projections at a peak voltage of 60 kilovolts with 1599 projections equally distributed over 360 degrees and a voxel size of approximately 400 nm [2].

4.5.1. Nanoscopic CT scanner setup. NOTE: This may be slated as 4.5.2., please verify based on what’s in the shot.
4.5.2. Talent at the computer programming acquisition parameters. 
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Section – Results
5. Results: CT Slices and Volume Rendering of MicroCT and NanoCT Data 
Video Editor: Labeled and not labeled figures are available, both versions can be used.
5.1. This protocol was used for 3D visualization of microscopic tissue structures of a mouse kidney [1]. Low-resolution microCT measurements allowed for an overview of the whole organ and helped identify volumes of interest for high-resolution measurements [2]. 
5.1.1. Figure 1. 
5.1.2. Figure 1. Video Editor: Zoom in on 1 B. 
5.2. The same mouse kidney was used to obtain high‑resolution microCT data [1]. A more detailed view of the anatomical structures such as the cortex, outer medulla, and inner medulla, among others, is achieved [2]. A volume of interest rendering shows the medulla region and a virtual section through a vessel [3]. 
5.2.1. Figure 2. 
5.2.2. Figure 2. Video Editor: Zoom in on 2 A.
5.2.3. Figure 2. Video Editor: Zoom out of 2 A and zoom in on 2 B.
5.3. The nanoCT was used to obtain a detailed view of the kidney sample on a cellular level [1]. A small piece of tissue obtained from the whole mouse kidney was used to image the thick ascending limbs of the loop of Henle with a voxel size of about 400 nanometers [2].
5.3.1. Figure 4 A. 
5.3.2. Figure 4 B. 
5.4. A comparative study was performed to ensure that the nanoCT [1] is fully compatible with histopathology [2]. The multimodal imaging approach confirmed the results obtained with both methods [3]. 
5.4.1. Figure 3. Video Editor: Emphasize the top two images when VO says ‘nanoCT’.
5.4.2. Figure 3. Video Editor: Emphasize the bottom two images when VO says ‘histopathology’.
5.4.3. Figure 3.









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

6.1. Madleen Busse: During the incubation step it is crucial that the sample is fully surrounded by the staining solution [1]. Also, when performing the X-ray CT imaging, the most important fact is to ensure sample stability during data acquisition [2]. 

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B roll: 2.2.2.
6.1.2. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 
6.2. Madleen Busse: The soft‑tissue samples that have been stained with our protocol can be further analyzed using standard histological techniques such as counter staining with hematoxylin.

6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.3. Madleen Busse: Our staining protocol is substantially contributing to advancing 3D X‑ray histology. Medical research will especially benefit from this nondestructive 3D imaging technique.

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