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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  N
2. Does your protocol include software usage? (Y/N)  N
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.
Step 3.2 ;  Step 3.3;  Step 4.2 ; Step 4.3 
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. 
Step 3.3;  Step 4.2
5. Will the filming need to take place in multiple locations? (Y/N) 
Yes, the step 7 will be performed in Nanjing Forestry University, 12KM away from our school (Half an hour drive).
We can provide a car on 9th Apr.

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 and clarity.

1.1. Dr. Lining Wang: This method is significant because it can be used to obtain large amounts of fully differentiated osteoclasts in vitro [1].

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

1.2. Dr. Lining Wang: The main advantage of this method is that it is more stable and safe, and isolates bone marrow in less time and with less effort compared to the traditional procedure [1].

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

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

1.3. Dr. Suyang Zheng: This technique can provide a stable source of osteoclasts, which are the important object of bone metabolic disease including osteoporosis, periodontitis, and periprosthetic osteolysis [1].

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

1.4. Dr. Suyang Zheng: With minor modifications, this protocol can also be appropriate for obtaining various kinds of bone marrow-derived cells in rats or other animals [1].

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

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

1.5. All the methods involving the animals described here are approved by the Institutional Animal Care and Use Committee (IACUC) of Nanjing University of Chinese Medicine.
1.6. 

Section - Protocol
2. Traditional Method of Isolating Bone Marrow-derived Cells
2.1. To begin, place euthanized animals on a disinfectant board in a supine position [1-TXT]. Using sterile scissors, make an incision approximately 1 centimeter in length at the proximal femur to peel the skin [2].
2.1.1. MED: Talent approaches the work area and places the animal on the disinfectant board. TEXT: See text for details on euthanizing animals.
2.1.2. CU: Talent uses scissors to make an incision at the proximal femur.
2.2. Next, dissect out the femurs and tibias [1-TXT]. Carefully and gently cut the bilateral connection parts around the hip, knee, and ankle joints to isolate the tibias and femurs [2]. Cut off part of the tissues around the bone, making sure to be thorough [3].
2.2.1. [bookmark: _Hlk4234729]CU: Talent dissects out the femurs and tibias. Any action in this process can be filmed for this shot. TEXT: Do not fracture the femurs and tibias. Video Editor: Keep this text overlay up for all of 2.2.
2.2.2. CU: Talent carefully cuts the bilateral connection parts around the hip, knee, and ankle joints.
2.2.3. CU: Talent cuts off part of the tissues around the bone.
2.3. Then, place the cleaned bones into a dish with 5 milliliters of the complete culture medium [1-TXT]. Use sterile scissors to cut off the long bone [2] use a 1 milliliter syringe needle to carefully flush the marrow cavity with 10 milliliters of complete media, until the marrow cavity turns white [3].
2.3.1. MED: Talent places the bones into a dish containing complete culture medium. TEXT: See text for details on preparing culture medium.
2.3.2. CU: Talent uses scissors to cut off the long bone.
2.3.3. CU: Talent uses a syringe needle to flush the bone marrow cavity.
2.4. Transfer this cell suspension to a 50 milliliter tube [1] and filter it with a 70 micrometer strainer to remove the remaining tissue [2].
2.4.1. MED: Talent transfers the cell suspension it a 50 mL tube. Use shot 3.5.1
2.4.2. CU: Talent filters the cell suspension through a strainer.
2.5. Add 5 milliliters of red blood lysis buffer [1] and incubate the cells on ice for 8 minutes [2]. After this, centrifuge the cells at 250 x g for 5 minutes to yield the cell pellet [3].
2.5.1. MED: Talent adds red blood lysis buffer to the cell suspension.
2.5.2. MED: Talent places the suspension on ice.
2.5.3. MED: Talent places the tube of suspension into a centrifuge, closes the centrifuge lid, and turns the centrifuge on.
2.6. Aspirate the supernatant and re-suspend the cells in 10 milliliters of complete media [1]. Use a hemocytometer to count the cells [2], and calculate the time spent on the actions taken for this method [3].
2.6.1. MED: Talent re-suspends the cells in complete cell media.
2.6.2. MED: Talent, at the microscope, counts the cells.
2.6.3. MED: Talent calculates the time spent either on a computer or in a lab notebook.

3. Improved Method of Isolating Bone Marrow-derived Cells 
3.1. First, place euthanized animals on a disinfectant board in a supine position [1-TXT]. Using sterile scissors, make an incision approximately 1 centimeter in length at the proximal femur to peel the skin [2].
3.1.1. Use shot 2.1.1. TEXT: See text for details on euthanizing animals.
3.1.2. Use shot 2.1.2.
3.2. Next, dissect out the femurs and tibias [1-TXT]. Cut off the parts of the tissues around the bone, though there is no need to remove the tissue completely [2].
3.2.1. Use shot 2.2.1. TEXT: Do not fracture the femurs and tibias. Video Editor: Keep this text overlay up for all of 3.2.
3.2.2. CU: Talent cuts off the parts of the tissues around the bone.
3.3. Rinse the tibias and femurs with 12 milliliters of PBS [1] and then cut them in half [2]. Place the snipped tibias and femurs into a prepared 1 milliliter pipette tip, and place this into a prepared microcentrifuge tube [3-TXT].
3.3.1. MED: Talent rinses the bones with PBS.
3.3.2. CU: Talent cuts the tibias and femurs in half Use shot 2.2.3.
3.3.3. MED: Talent places the snipped bones into a prepared pipette tip, and places the pipette tip into a microcentrifuge tube. TEXT: See text for details on preparing pipette tips and microcentrifuge tubes.
3.4. Centrifuge the tube 3 times at 1,000 x g and at 4 degrees Celsius for 45 seconds [1]. After this, remove the pipette tip containing the bone from the tube, leaving the bone marrow in the tube [2]. Add 200 microliters of PBS to the tube, and pipet up and down repeatedly to disintegrate the marrow thoroughly [3].
3.4.1. MED: Talent places the tube into a centrifuge, closes the centrifuge lid, and turns the centrifuge on.
3.4.2. MED: Talent removes the pipette tip from the tube.
3.4.3. CU: Talent adds PBS to the tube, and pipets up and down.
3.5. Transfer this cell suspension to a 50 milliliter tube [1] and filter it with a 70 microliter strainer to remove any remaining tissues [2]. Then, use a hemocytometer to count the cells [3], and calculate the time spent on the steps taken in this section [4].
3.5.1. MED: Talent transfers this cell suspension to a 50 mL tube.
3.5.2. Use shot 2.4.2.
3.5.3. Use shot 2.6.2.
3.5.4. Use shot 2.6.3. Took a separate one
4. Purification by Density Gradient Centrifugation
4.1. [1]. Add 6 milliliters of cell separation solution to a sterile silicified centrifugal tube [2].
4.1.1. MED: Talent adjusts the cell suspension volume with PBS.
4.1.2. MED: Talent adds some of the cell separation solution to a sterile silicified centrifugal tube.
4.2. Add the diluted cell suspension to the tube [1]. After adding the suspension, a clear limit will appear between the layer of cells and the separation solution [2]. Next, adhere a pipette tip to the inner surface of the tube at a 45 degree angle [3].
4.2.1. MED: Talent adds the diluted cell suspension to the tube.
4.2.2. CU: Close up showing the clear limit between the layers.
4.2.3. CU: Talent adheres a pipette tip to the inner surface of the tube.
4.3. Centrifuge the layered solution in a horizontal centrifuge at 500 x g for 30 minutes [1-TXT]. After this, aspirate the cloudy second layer – which contains the target cells – from top to bottom [2].
4.3.1. MED: Talent places the tube into a centrifuge, closes the centrifuge lid, and turns the centrifuge on. TEXT: Cancel acceleration/deceleration of centrifuge before centrifugation.
4.3.2. CU: Talent aspirates the cloudy second layer.
4.4. Transfer the target cells to a new tube [1]. Add 5 milliliters of PBS to wash the cells [2] and centrifuge at 250 x g for 5 minutes [3]. Repeat this washing process by adding PBS and centrifuging for a total of 3 washes [4].
4.4.1. MED: Talent transfers the target cells to a new tube.
4.4.2. MED: Talent adds PBS to the tube.
4.4.3. MED: Talent places the tube into a centrifuge, closes the centrifuge lid, and turns the centrifuge on.
4.4.4. MED: Talent adds PBS to the tube and places it into a centrifuge. Show 4.4.2 and 4.4.3 again to represent that the washing is repeated.
4.5. Re-suspended the cell pellet with bone marrow induction medium [1]. Use a hemocytometer to count the cells [2]. Then, add 5 – 8 milliliters of bone marrow inductions medium to obtain a final cell solution of 300,000 cells per milliliter [3]. Add 1 milliliter of this cell solution to each well of a 24-well plate [4].
4.5.1. MED: Talent re-suspends the cell pellet with bone marrow induction medium.
4.5.2. Use shot 2.6.2.
4.5.3. MED: Talent adds of bone marrow inductions medium to the cells.
4.5.4. MED: Talent adds the cell solution to the wells of a 24-well plate.

5. Culture and Differentiation
5.1. After incubating the cells at 37 degrees Celsius for 24 hours [1], gently aspirate off the medium and add 1 milliliter of the osteoclast induction medium to each well [2]. Gently agitate the plate and return it to the incubator [3].
5.1.1. MED: Talent retrieves the plate from the incubator.
5.1.2. MED: Talent aspirates the medium from some wells and replaces it with osteoclast induction medium.
5.1.3. MED: Talent agitates the plate.
5.2. Every 48 hours, remove and replace 0.8 milliliters of osteoclast induction medium from each well [1]. Agitate the plate gently before returning it to the incubator [2].
5.2.1. MED: Talent removes and replaces the osteoclast induction medium from some wells.
5.2.2. MED: Talent agitates the plate. Use shot 5.1.3
6. Bone Resorption Assay Using Toluidine Blue Staining
6.1. To begin pretreating the bone slices, use a microelectric saw to cut the fresh bovine femoral bone cortex into 2 centimeter-thick slices along the longitudinal axis [1]. [2].
6.1.1. MED: Talent uses a microelectric saw to cut the fresh bovine femoral bone cortex into slices along the longitudinal axis.
6.1.2. MED: Talent uses hard tissue grinders to cut and grind the slices.
6.2. After cutting and grinding the slices, wash the slices by immersing them in a beaker of deionized water and subjecting them to ultrasound at 100 Hz for 1 hour [1-TXT]. Repeat this washing process 3 times [2].
6.2.1. MED: Talent washes the slices as described. TEXT: See text for details on cutting/grinding slices.
6.2.2. MEDS: Talent washes the slices again.
6.3. Immerse the washed slices in 75 percent alcohol for 2 hours [1]. Then, aspirate off the alcohol [2] and expose each slide of the slices to ultraviolet light for 1 hour on a clean platform [3].
6.3.1. MED: Talent immerses the slices in 75% alcohol.
6.3.2. MED: Talent aspirates the alcohol.
6.3.3. MED: Talent exposes the slices to ultraviolet light.
6.4. To begin toluidine blue staining, place the pretreated bone slices into the wells of the 24-well plate [2]. After this, add culture medium into the 24-well plate to immerse the bone slides for 2 hours [1]. Plant and induce the cells as demonstrated previously [3].
6.4.2. MED: Talent places the bone slices into the wells of the 24-well plate
6.4.1. MED: Talent immerses the slices adds in culture medium into the 24-well plate.
6.4.2. MED: Talent places the bone slices into the wells of the 24-well plate. (Move above 6.4.1)
6.4.3. MED: Talent plants/induces the cells. Any action in this process can be filmed for this shot.
6.5. After osteoclasts have appeared at 4 – 6 days, wash the slices with 1 milliliter of 0.25 molar ammonium hydroxide [1]. Sonicate the slices 3 times for 5 minutes each to remove the living cells and to allow for the analysis of the resorption pits on the bone slices [2].
6.5.1. MED: Talent washes the slices in ammonium hydroxide.
6.5.2. MED: Talent sonicates the slices. Use Step 6.2.1.
6.6. Then, remove the ammonium hydroxide and stain the slices with 1 milliliter of 1 percent toluidine blue solution per slice for 2 minutes [1]. Wash the stained slices with PBS [2] and randomly select five views and use an image analysis software to perform a semiquantitative analysis of the resorption area [3].
6.6.1. MED: Talent stains the slices with 1% toluidine blue solution. The ammonium hydroxide should be be removed prior to this shot.
6.6.2. MED: Talent washes the slices with PBS.
6.6.3. MED: Talent uses an image analysis software to perform a semiquantitative analysis of the resorption area. Alternatively, the talent can be filmed reviewing previously obtained images/data.
7. Scanning Electron Microscopy
7.1. First, prefix the bone slices with 1 milliliter of 2.5 percent glutaraldehyde per slice for 2 hours at room temperature [1]. Sonicate the prefixed slices 3 times for 3 minutes each with 1 molar ammonium hydroxide to remove the cells [2].
7.1.1. MED: Talent prefixes the bone slices with 2.5% glutaraldehyde.
7.1.2. MED: Talent sonicates the bone slices in ammonium hydroxide.
7.2. Then, remove the ammonium hydroxide and wash the bone slices 3 times with PBS, with each wash lasting 12 minutes [1]. Fix the washed bone slices with 1 percent osmic acid for 2 hours at room temperature [2].
7.2.1. MED: Talent washes the bone slices in PBS. The ammonium hydroxide should be removed prior to this shot.
7.2.2. MED: Talent fixes the bone slices in 1% osmic acid.
7.3. Perform ethanol gradient dehydration as outlined in the text protocol [1]. After this, replace the ethanol with isoamyl acetate for 15 minutes [2]. Coat the slices with gold palladium [3] and analyze them by scanning electron microscopy [4].
7.3.1. MED: Talent performs ethanol gradient dehydration. Any action in this process can be filmed for this shot.
7.3.2. MED: Talent replaces the ethanol with isoamyl acetate.
7.3.3. MED: Talent coats the slices in gold palladium.
7.3.4. MED: Talent, at the scanning electron microscope, analyzes the bone slices. Alternatively, the talent can be filmed reviewing previously obtained images.


[bookmark: _GoBack]Section – Results
8. Results: Analysis of the Osteoclast Precursors Isolated, Purified, and Differentiated from Rat Bone Marrow
8.1. In this study, large numbers of osteoclast precursors are isolated, purified, and successfully induced to become osteoclasts [1]. By supplementing with M-CSF (“M-C-S-F”) and RANKL (“rank-L”), giant osteoclasts are seen on day 5 – 6 [2]. The formation of these osteoclasts is successfully identified by TRAP staining [3].
8.1.1. LAB MEDIA:  Figure 1.
8.1.2. LAB MEDIA:  Figure 1. Video Editor: Emphasize Figure 1A.
8.1.3. LAB MEDIA:  Figure 1.
8.2. Large and purple cells are regarded as TRAP-positive cells with multiple nuclei [1]. Through this method, it is typical to obtain 800 osteoclasts, containing as many as 30 nuclei per osteoclast, in a 24-well plate [2]. Compared to the traditional method, this improved method saves approximately 20 minutes during the whole isolation process [3].
8.2.1. LAB MEDIA:  Figure 1.
8.2.2. LAB MEDIA:  Figure 1. Video Editor: Emphasize Figure 1B.
8.2.3. LAB MEDIA:  Figure 1. Video Editor: In Figure 1C, emphasize the light grey data column (labeled “Improved Method”).
8.3. Using bone slices to assess the activity of bone resorption is a typical in vitro method [1]. Through toluidine blue staining, the resorption area is visualized as light green [2]. The structure and characteristics of the bone pits can be clearly observed by scanning electron microscopy [3].
8.3.1. LAB MEDIA: Figure 2.
8.3.2. LAB MEDIA:  Figure 2. Video Editor: In Figure 2A, emphasize the areas pointed out by the red arrows.
8.3.3. LAB MEDIA:  Figure 2. Video Editor: Emphasize Figure 2B.
8.4. The CTR, one of the osteoclast-specific cell markers, is critical to identify osteoclasts and study the formation of osteoclasts in bone [1]. The positive expression of CTR clearly identifies osteoclasts and distinguishes them from macrophage polykaryons [2]. CTR is clearly indicated the immunofluorescence assays by a green color [3], while the blue indicates the cell nuclei [4]. 
8.4.1. LAB MEDIA: Figure 3.
8.4.2. LAB MEDIA: Figure 3.
8.4.3. LAB MEDIA: Figure 3. Video Editor: Emphasize the green in Figure 3A and 3C.
8.4.4. LAB MEDIA: Figure 3. Video Editor: Emphasize the blue in Figure 3B and 3C.



Section - Conclusion
9. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
9.1. Dr. Lining Wang: Make sure to not fracture the femurs and tibias to avoid losing bone marrow [1] [2].
9.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
9.1.2. Use shot 3.2.1.

9.2. Dr. Suyang Zheng: An individual who has never performed this technique before may struggle when adding the cell separation solution [1]. The pipette tip must be adhered to the inner surface of the tube and kept at a 45° angle to the inner surface [2].

9.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

9.2.2. Use shot 4.2.3.
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