[image: ]DRAFT: DO NOT USE FOR FILMING


Submission ID #:  62594
Scriptwriter Name: Mithila Boche
Supervisor Name: Anastasia Gomez
Project Page Link: https://www.jove.com/account/file-uploader?src=19091218

Title:   Optical Sectioning and Visualization of the Intervertebral Disc from Embryonic Development to Degeneration

Authors and Affiliations: 
Florian Christof Bonnaire1,2, Martina Feierabend3, Julius Michael Wolfgart1,4, Wolfram Breuer5, Christian Walter2, Ulf Krister Hofmann1,2, Marina Danalache1

1Laboratory of Cell Biology, Department of Orthopedic Surgery, University Hospital of Tübingen
2Department of Orthopedic Surgery, University Hospital of Tübingen
3Institute for Bioinformatics and Medical Informatics, Faculty of science of the University of Tübingen
4Medical faculty of the University of Tübingen
5Bavarian Health and Food Safety Authority

☐   All author names and affiliations are correct.

Corresponding Authors: 
[bookmark: _Hlk25233958]Martina Feierabend			mfeierabend@mailbox.org

Email Addresses for All Authors: 
florian.bonnaire@web.de
julius.wolfgart@med.uni-tuebingen.de
wolfram.breuer@lgl.bayern.de
christian.walter@med.uni-tuebingen.de
ulf-krister.hofmann@med.uni-tuebingen.de
marina.danalache@med.uni-tuebingen.de
mfeierabend@mailbox.org




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?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.

Enter make and model of microscope.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
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?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.

To ensure that your script can be filmed in one day, the Protocol section is restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length

Number of Steps:  16
Number of Shots:  28 

Introduction

1. Introductory Interview Statements

Your answers to these questions will become author interview statements, which authors will memorize and then deliver on camera.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Fill out both required statements, one optional statement may also be selected.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: Why is your protocol significant? OR What key questions can this method help answer? 
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

REQUIRED: What is the main advantage of this technique?
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.3. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

OPTIONAL: Are there any specific areas of research that this method could provide insight into? OR Can this method be applied to any other systems?
1.4. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

OPTIONAL: How would you expect an individual who has never performed this technique to struggle? Do you have any advice to offer to somebody who is trying this technique for the first time?
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.



Introduction of Demonstrator on Camera

Complete this statement ONLY if any of the individuals who will be demonstrating the procedure on camera will not be delivering an Introductory Interview Statement.

1.6. Enter name of author who will introduce demonstrator: Demonstrating the procedure will be Click here to enter name of demonstrator(s)., a Click here to enter demonstrator job title. from my laboratory. Include additional demonstrators as needed.  
1.6.1. INTERVIEW: Author saying the above. 
1.6.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.

Ethics Title Card
1.7. Full ethical committee approval was obtained before the commencement of the study (project number 244/2013BO2). Written informed consent was received from all patients before participation. Local and veterinary authorities’ approval was received for tissue from dead animals.

Protocol
Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The one-digit numbers represent sections of the video. The text will appear onscreen.
· The two-digit numbers (e.g. 2.1., 2.2.) represent steps of your protocol. The text will be recorded by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the shots that our videographer will capture at your lab. 
· To ensure that your protocol can be filmed in one day, the protocol is restricted to 25 steps and/or 55 shots. 

Please use this draft script to help you prepare for filming day.
· Filming should take no more than 10 minutes per step. If a step will take more than 10 minutes, prepare the product from that step in advance.

2. Harvest and Preparation of Intervertebral Disc (IVD) Samples
2.1. [bookmark: _Hlk74550130]Begin by placing intraoperatively obtained intervertebral disc, or IVD, samples [1] in DMEM supplemented with 2% volume by volume penicillin‐streptomycin and 1.2% volume by volume amphotericin B immediately post collection [2]. Store IVD samples at 4 degrees Celsius until further processing [3].
2.1.1. WIDE: Talent carrying tissue samples in a suitable container to the lab bench.
2.1.2. Talent placing tissue samples in DMEM supplemented with antibiotics.
2.1.3. Talent placing the samples in the fridge.


2.2. Thaw the human IVD samples at room temperature [1] and identify the origin of the human IVD tissue based on macroscopic properties such as collagen density and orientation [2-TXT].
2.2.1. Talent removing the samples from fridge/ dry ice.
2.2.2. Human IVD tissue in a container, sitting on the lab bench/ talent studying the human IVD tissue. TEXT: Anulus fibrosus, intermediate zone, nucleus pulposus, or cartilaginous endplate

2.3. To collect the bovine disc tissue, take the motion segment consisting of the IVD disc with its two adjacent vertebrae [1] and, using a surgical blade number 15, dissect the whole bovine disc from the subchondral bone [2]. With two anatomic forceps, flip the disc to reach the centered areas [3]. 
2.3.1. Bovine tissue in the suitable container, sitting on the lab bench.
2.3.2. Talent dissecting the whole bovine disc from the bone.
2.3.3. Tale flipping the disc.

2.4. After identifying the different areas of the cartilage, use a surgical blade number 20 or 22 to cut out the area of interest from the whole disc. Use IVDs from bovine embryos with a crown-rump length of less than 20 centimeters [1]. 
2.4.1. Talent removing the area of interest from the disc.  

2.5. Perform decalcification of the tissue as described in the manuscript. Confirm successful decalcification if a 20-gauge needle penetrates the vertebrae without notable resistance [1]. Authors: Will decalcification be performed only on bovine tissue?
2.5.1. Talent penetrating the tissue with 20-gauge needle.

3. Tissue Fixation and Histologic Sectioning
3.1. Fixate the tissue samples in a 10-fold volume of 4% formaldehyde solution in PBS overnight at 4 degrees Celsius [1-TXT]. 
3.1.1. WIDE: Talent adding formaldehyde solution in PBS to the tissue samples. TEXT: Store in PBS at 4 °C 

3.2. On the next day, place the tissue in a water-soluble embedding medium onto the cryotome knob such that either an axial plane [1] or a plane that perpendicularly cuts the collagen type I (‘one’) lamellae is generated [2-TXT]. 
3.2.1. Talent placing the tissue to generate an axial plane.
3.2.2. Talent placing the tissue to generate a median sagittal sectioning plane. TEXT: Median sagittal sectioning plane

3.3. Use a standard cryotome to section the embedded tissue at a thickness of 70 micrometers in human samples [1] and 40 micrometers in bovine samples [2]. Collect the sections on a glass slide [3] before rinsing the sections 3 times with PBS [4].
3.3.1. Talent sectioning the tissue.
3.3.2. Talent sectioning the tissue.
3.3.3. Talent collecting the sections on a glass slide.
3.3.4. Talent rinsing the tissues with PBS.

3.4. Stain the tissue by adding a suitable fluorescence mounting medium. Cover the section with a coverslip [1].
3.4.1. Talent adding the mounting medium and covering the section with a coverslip.

4. Microscopic Imaging and Processing
4.1. Place a slide with a stained tissue section on the sample holder of the fluorescence microscope [1]. By starting the structure illumination device, perform single field-of-view imaging with fluorescence filters and adequate illumination [2]. 
4.1.1. Talent placing the slide on the sample holder.
4.1.2. Talent starting the structure illumination device/ talent performing imaging.

4.2. Using an image optimization software compatible with the fluorescence microscope [1], process the pictures by optimizing the intensity and brightness [2].
4.2.1. Talent at the computer, operating the software.
4.2.2. SCREEN: Talent optimizing the intensity and brightness.

4.3. [bookmark: _Hlk74584080][bookmark: _Hlk74584111]To visualize the section as a whole, use the mosaic imaging technique by opening the 6D- Acquisition settings from the toolbar panel and adjusting the mosaic settings in MosaiX Register. To do so, define the number of columns and rows of field-of-view images that shall later be merged into one overview image [1].
4.3.1. SCREEN: 6D- Acquisition and MosaiX Register tab being opened; the number of columns and rows being defined.

4.4. Press Setup and adjust the focus correction of individual tiles. Postprocess the pictures by optimizing the intensity and brightness [1].
4.4.1. SCREEN: Setup tab being pressed; the focus correction of individual tiles being adjusted.

4.5. To analyze the spatial chondrocyte organization, use the 3D function incorporated in the software. By adjusting the z-stack settings with the Start-Stop button, define the scanning parameters like the start and stop positions in the z-axis and the slice distance [1-TXT].
4.5.1. The z-stack settings being adjusted; start and stop positions in the z-axis, and the slice distance being defined. TEXT: Software automatically calculates number of slices

5. Cellular Pattern Identification and Density Assessment
5.1. Identify individual cellular patterns [1] and use a cell count plug-in for the quantitative analysis of the cellular patterns [2-TXT].
5.1.1. SCREEN: Cellular patterns being observed.
5.1.2. SCREEN: A cell count plug-in being used. TEXT: Cytoplasm staining: verification method to identify spatial patterns 

5.2. Calculate the cell density by dividing the counted cells by the size of the chosen region of interest [1].
5.2.1. SCREEN: Talent working on a spreadsheet.


Protocol Script Questions
Authors: Please use the step and shot numbers from the script above (not step numbers from the manuscript) when answering the questions below. Do not include steps that will be screen-captured and do not list entire sections.

1) Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps (steps are indicated with the 2-digit numbers, like 2.1, 2.2, etc.). 

[bookmark: Text1]Click here to list 4 to 6 individual steps, using the step numbers from the protocol section of the video script.

2) If a dissection or stereo microscope is required for your protocol, please list all shots that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).

[bookmark: Text3][bookmark: Text2]Click here to list microscope shots, using the shot numbers from the protocol section of the video script.     



Results
Please review this section to make sure that it accurately reflects your findings.
· Use Track Changes when making edits or revisions.
· If you would like the video to include different results, please revise this section.
· When revising, please keep the length of the voiceover below 200 words. Current word count: 174. (Voiceover is the text that follows the two-digit numbers)
· Please note that the video cannot include voiceover without an accompanying visual. 

6. Results: Microscopic Analysis of IVDs Through Various Developmental Stages 
6.1. The architecture of the IVD with its dense collagen fiber network in the anulus and the softer nucleus was recognized in the mosaic images [1] taken in the axial [2] and sagittal plane [3]. 
6.1.1. LAB MEDIA: Figure 4 A1, A2.
6.1.2. LAB MEDIA: Figure 4 A1, A2. Video Editor: Emphasize A1
6.1.3. LAB MEDIA: Figure 4 A1, A2. Video Editor: Emphasize A2

6.2. In magnified areas from the mosaic images, different spatial organizational patterns of chondrocytes [1] such as single cells [2], pairs [3], and strings boxes were noticed [4].
6.2.1. LAB MEDIA: Figure 4 B1-B4, C1-C4.
6.2.2. LAB MEDIA: Figure 4 C1-C4. Video Editor: Emphasize green box in images C1-C3
6.2.3. LAB MEDIA: Figure 4 C1-C4. Video Editor: Emphasize blue box in images C1-C2
6.2.4. LAB MEDIA: Figure 4 C1-C4 Video Editor: Emphasize yellow box in C4

6.3. The study of different developmental and maturation stages of bovine anulus fibrosus displayed a continuous decrease in cellular density during embryonic disc development [1-TXT].  On the other hand, the increasing cellular density and cluster formation were observed in the adult human disc during degeneration [2].
6.3.1. LAB MEDIA: Figure 5 A2-A8. TEXT: Wog: weeks of gestation
6.3.2. LAB MEDIA: Figure 5 B1-B3. 

6.4. The cell density in the early stages of the IVD development [1] in the bovine anulus fibrosus [2] and the bovine nucleus pulposus decreased rapidly until birth [3]. 
6.4.1. LAB MEDIA: Figure 6.
6.4.2. LAB MEDIA: Figure 6 A, B. Video Editor: Emphasize green box in images C1-C3
6.4.3. LAB MEDIA: Figure 6 A, B. Video Editor: Emphasize blue box in images C1-C2

6.5. Bi-channel imaging of the IVD with the Apotome allowed a visualization of the 3D architecture of the spatial patterns [1] such as cytoplasm [2] and the nucleus [3].
6.5.1. LAB MEDIA: Figure 7.
6.5.2. LAB MEDIA: Figure 7. Video Editor: Emphasize red cytoplasm of cells.
6.5.3. LAB MEDIA: Figure 7. Video Editor: Emphasize blue nucleus of cells.

6.6. In the intact IVD, single as well as pairs of chondrocytes were spotted [1]. Whereas, in the degenerated anulus, cell clusters were found [2].
6.6.1. LAB MEDIA: Figure 7 A; Video 1.AVI. 0:00-0:01.
6.6.2. LAB MEDIA: Figure 7 B; Video 2.AVI. 0:00-0:03.



Conclusion
7. [bookmark: _Hlk27388131]Conclusion Interview Statements

Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Answer one or two of the prompts below.
· Limit the statements to 30 words.
· Answer the questions in full sentences; you will need to memorize and deliver the interview statements during filming. 
· Indicate the full name of the author who will deliver each statement. 
What is the most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section of the script that this advice applies to.
7.1. Enter author name: (Enter step numbers referred to.) Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
7.2. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
7.3. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.


Thank you for addressing our questions. We will incorporate your answers and suggestions, and send you the final script before your filming day. You will also receive detailed preparation instructions in the email accompanying the final script.
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