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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

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

Current Protocol Length

Number of Steps:  20
Number of Shots:  53 

Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. [bookmark: _Hlk75857764]Bruna Melo: 3D bioprinting of astrocytes represents an advance in neural tissue engineering, allowing the biofabrication of in vitro models that are useful to understand mechanisms involved in neurological diseases.

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


1.2. [bookmark: _Hlk75857775][bookmark: _Hlk75858136]Elisa Cruz: The main advantage of 3D bioprinting is to biofabricate cell-laden structures that mimic the tissue’s biochemical and mechanical features, providing a better understanding of cell dynamics in health and damaged tissues.

1.2.1. [bookmark: _Hlk75857787]INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: LAB MEDIA: Figure 3B (ii)


OPTIONAL: 
1.3. [bookmark: _Hlk75858171]Bruna Melo: This protocol can be applied to the biofabrication of other soft tissues, as it is based on the 3D bioprinting of a bioink composed of natural polymers and extracellular matrix components. 

1.3.1. [bookmark: _Hlk75858183]INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.4.1



Ethics Title Card
1.4. Procedures involving animal subjects have been approved by the Committee for Ethics in Research of Universidade Federal de São Paulo.


Protocol
2. Astrocyte Isolation and Culture 
2.1. To begin with [1], cut the cortical tissue isolated from the euthanized mouse into small pieces with a curved micro scissor [2]. Wash the tissue pieces three times with 1 milliliter of HBSS (H-B-S-S) by pipetting up and down [3]. 
2.1.1. WIDE: Establishing shot of talent in front of the laminar flow hood.
2.1.2. Talent cutting the cortical tissue in small pieces.
2.1.3. Talent washing the tissue with HBSS.

2.2. After removing HBSS added for the third time, add 1 milliliter of 0.05% trypsin [1] and incubate the tissue for 5 minutes at 37 degrees Celsius [2].
2.2.1. Talent adding trypsin to the tissue.
2.2.2. Talent put the tube inside the incubator

2.3. For mechanical tissue dissociation, gently pipette the tissue-trypsin mixture up and down 15 times [1]. Next, transfer the dissociated mixture to a 15-milliliter conical tube [2] and add an equal volume of FBS (F-B-S) to neutralize trypsin activity [3].
2.3.1. Talent pipetting the tissue-trypsin mixture up and down.
2.3.2. Talent transferring the dissociated mixture to a 15-milliliter conical tube.
2.3.3. Talent adding FBS in the tube containing dissociated mixture.

2.4. Filter the suspension through a 0.4-micrometer cell strainer filter to remove non-dissociated fragments [1]. Wash the filter with 1 milliliter of astrocytes medium [2]. Pellet down the filtered cell suspension by centrifugation [3-TXT].
2.4.1. Talent adding suspension to the filter.
2.4.2. Talent adding astrocyte medium to the filter.
2.4.3. Talent placing the tube in the centrifuge. TEXT: Centrifugation: 200 x g, 25 °C, 5 min

2.5. After discarding the supernatant, suspend the cell pellet in 1 milliliter of astrocytes culture medium [1]. Transfer the cell suspension to a T25 (T-twenty five) culture flask [2], make up the total medium volume of 3.5 milliliters [3], and incubate the cells at 37 degrees Celsius and 5% carbon dioxide [4].
2.5.1. Talent resuspending the cell pellet.
2.5.2. Talent transferring the cell suspension to a T25 culture flask. 
2.5.3. Talent adding medium in the flask.
2.5.4. Talent placing the flask in the incubator. 
3. Astrocytes-laden Gelatin/GelMA/Fibrinogen Bioink Preparation
3.1. For obtaining the fibrinogen at the final concentration of 3 milligrams per milliliter, transfer 0.9 milliliters of 10 milligrams per milliliter fibrinogen solution to the gelatin-gelatin-methacryloyl solution [1]. 
3.1.1. WIDE: Talent adding fibrinogen solution to the gelatin/GelMA solution.

3.2. For obtaining the photoinitiator at the final concentration of 0.5% weight by volume, add 0.015 grams of photoinitiator to the prepared gelatin- gelatin-methacryloyl-fibrinogen solution [1]. After vortexing, keep the solution at 40 degrees Celsius protected from light to avoid PI degradation [2].
3.2.1. Talent adding photoinitiator to the gelatin/GelMA/fibrinogen solution.
3.2.2. Talent mixing content of the tube.

3.3. Next, filter the solution through a 0.2-micrometer filter into a sterile 15-milliliter conical tube [1]. Transfer 980 microliters of the biomaterial solution to a 15-milliliter conical tube [2]. 
3.3.1. Talent adding the solution to the filter.
3.3.2. Talent adding biomaterial solution to a conical tube.

3.4. For obtaining the laminin at the final concentration of 2 micrograms per milliliter, add 20 microliters of diluted laminin to the tube containing bioink [1]. Mix gently by pipetting up and down, avoiding bubbles, and keep the bioink solution at 37 degrees Celsius until ready to get mixed with the cells [2-TXT].
3.4.1. Talent adding diluted laminin to the tube containing bioink.
3.4.2. Talent mixing the solution by pipetting. TEXT: Remove bubbles by centrifugation.

3.5. Trypsinize the primary astrocytes with 0.05% trypsin for 5 minutes [1-TXT] and neutralize the trypsin activity with FBS at a ratio of 1 to 1 [2]. Then, transfer the cells to a 15-milliliter conical tube [3] and centrifuge at 200 times g for 5 minutes [4].
3.5.1. Talent adding trypsin solution to the cells. TEXT: Use astrocytes from passages 1 to 3
3.5.2. Talent adding FBS to the trypsinized cells.
3.5.3. Talent transferring the cells to a 15-milliliter conical tube.
3.5.4. Talent placing the tube in the centrifuge.

3.6. After counting the cells, transfer 1 x 106 cells to a different conical tube and centrifuge as demonstrated [1]. Leave only 200 microliters of the supernatant in the tube and suspend the cell pellet by gently tapping the bottom of the conical tube [2].
3.6.1. Talent transferring the cell suspension in a new tube.
3.6.2. Talent tapping bottom of the conical tube.

3.7. To obtain a final concentration of 1 x 106 cells per milliliter, transfer 1 milliliter of gelatin- gelatin-methacryloyl-fibrinogen solution to the tube containing the cells [1] and homogenize by gently pipetting up and down [2]. Videographer: This step is important!
3.7.1. Talent adding 1 mL of gelatin/GelMA/fibrinogen solution to the tube containing the cells.
3.7.2. Talent mixing by pipetting.
4. Bioprinting Syringe Preparation and Bioprinting
4.1. Use a 1000-microliter pipette to slowly transfer the astrocytes-laden gelatin-gelatin-methacryloyl-fibrinogen bioink solution to a 5-milliliter plastic syringe avoiding bubble formation [1]. Connect a sterile 22-Gauge blunt needle to the syringe [2]. Videographer: This step is important!
4.1.1. Talent transferring the astrocytes-laden gelatin/GelMA/fibrinogen bioink to a 5 mL plastic syringe. 
4.1.2. Talent connecting the needle to the syringe. 

4.2. Expose the bioprinter to UV light for 15 minutes [1] and then wipe the bioprinter with 70% ethanol [2]. Then, connect the syringe to the bioprinter printhead [3] and manually flush the bioink to remove the remaining bubbles [4]. Videographer: This step is important!
4.2.1. Bioprinter under UV light.
4.2.2. Talent wiping the bioprinter with 70% ethanol. 
4.2.3. Talent connecting the syringe to the bioprinter printhead.
4.2.4. LAB MEDIA: Screen 62691.mp4: 00:03 to 00:10

4.3. To conduct bioprinting, place a 35-millimeter culture dish on the bioprinter table [1], position the needle 0.1 millimeters away from the culture dish surface to allow movement of the needle, and press the Print button [2]. Videographer: This step is important!
4.3.1. Talent placing a 35 mm culture dish on the bioprinter table.
4.3.2. LAB MEDIA: Screen 62691.mp4: 00:14 to 00:20

4.4. Once the bioprinting over [1], ensure that the syringe moves away from the dish [2] and close the culture dish [3].
4.4.1. The material is getting printed.
4.4.2. The syringe is moving away from the dish.
4.4.3. Talent placing the lid on the culture dish.
5. Bioprinted Construct and Culture Crosslinking
5.1. Place the culture dish under UV light for gelatin-methacryloyl crosslinking [1-TXT]. Use a sterile spatula to transfer the bioprinted construct to a 24-well plate [2]. Add 500 microliters of thrombin-calcium chloride solution and leave for 30 minutes to allow fibrin crosslinking [3]. Videographer: This step is important!
5.1.1. Talent placing the plate under UV light. TEXT: Incubation under UV light: at 2 mW/cm2, 60 s up; 60 s down.
5.1.2. Talent transferring the bioprinted construct to a 24-well plate.
5.1.3. Talent adding thrombin/CaCl2 solution in the wells.

5.2. After removing the crosslinking solution, wash the construct with 2 milliliters of PBS [1]. Then, replace the PBS with 1 milliliter of astrocytes culture medium [2], incubate at 37 degrees Celsius and 5% carbon dioxide, and change the medium every 3 days [3]. Videographer: This step is important!
5.2.1. Talent washing the construct with 2 mL of PBS.
5.2.2. Talent adding astrocytes culture medium to the wells.
5.2.3. Talent placing the plate in the incubator.
6. Astrocytes Viability Assessment
6.1. Use a spatula to transfer the bioprinted construct to a 35-millimeter culture dish [1]. Wash the construct with 1 milliliter of PBS [2]. Deposit 100 microliters of the Live-Dead reagent over the construct [3] and keep it at 37 degrees Celsius for 30 minutes, keeping it protected from light [4].
6.1.1. Talent transferring the bioprinted construct to a 35 mm culture dish.
6.1.2. Talent washing the construct with PBS.
6.1.3. Talent adding the Live-Dead reagent over the construct.
6.1.4. Talent placing the plate in the incubator.

6.2. After removing the Live-Dead reagent, wash the construct with PBS as demonstrated [1]. Transfer the sample to a confocal dish and observe the cells within the construct under a confocal microscope using 488 and 570 nanometers excitation for image acquirement [2].
6.2.1. Talent washing the construct with PBS.
6.2.2. Talent transferring the sample to a confocal dish.


Results
7. Results: 3D Bioprinted Astrocyte Cell Viability and Morphology Assessment
7.1. After 3D bioprinting, the integrity of the bioprinted scaffold was estimated [1], and the formation of a well-defined structure was observed with cells entrapped within the biomaterial [2].
7.1.1. LAB MEDIA: Figure 3C, D, and E
7.1.2. LAB MEDIA: Figure 3C

7.2. After bioprinting and crosslinking processes, most cells presented round morphology when the construct was incubated with an astrocyte medium [1].
7.2.1. LAB MEDIA: Figure 3D

7.3. The bioprinted scaffolds maintained integrity after 7 days of incubation, and although some round cells were observed, many astrocytes spread throughout the construct, presenting astrocytic morphology and interconnection [1].
7.3.1. LAB MEDIA: Figure 3E

7.4. The cell viability was evaluated right after bioprinting [1], and results showed that at the lower speed, viable cells represented up to 74% of total cells [2], being significantly higher than cells bioprinted at the higher speed [3].
7.4.1. LAB MEDIA: Figure 4A
7.4.2. LAB MEDIA: Figure 4A Video editor: Please emphasize the first bar at 400 mm/min.
7.4.3. LAB MEDIA: Figure 4A Video editor: Please emphasize the second and third bar at 400 and 800 mm/min.

7.5. The viability of bioprinted astrocytes was normalized to 2D cultured astrocytes [1], and the results indicated that on the 7th day, the bioprinted astrocytes had significantly increased viability [2].
7.5.1. LAB MEDIA: Figure 4B
7.5.2. LAB MEDIA: Figure 4B Video editor: Please emphasize the bar at Day 7.

7.6. Immediately after the bioprinting [1], the astrocytes showed round morphology in live dead assay [2]. After 1 week, the astrocytes spread throughout the construct and presented a distinct morphology of cells [3] identical to 2D culture [4].
7.6.1. LAB MEDIA: Figure 4C
7.6.2. LAB MEDIA: Figure 4C i
7.6.3. LAB MEDIA: Figure 4C ii
7.6.4. LAB MEDIA: Figure 4C iii

7.7. The 3D bioprinted astrocytes were characterized by Immunofluorescence [1]. After 7 days of incubation, in the bioprinted construct, highly dense astrocytes with a star-like morphology were observed [2].
7.7.1. LAB MEDIA: Figure 5
7.7.2. LAB MEDIA: Figure 5A 

7.8. The bioprinted astrocytes cells expressed the specific astrocytes marker glial fibrillary acidic protein indicates retainment of astrocytic phenotype after 7 days of bioprinting, and these results indicate that the bioink composition provided a biocompatible microenvironment to promote astrocytes’ adhesion, spread, and growth [1].
7.8.1. LAB MEDIA: Figure 5B



Conclusion
8. [bookmark: _Hlk27388131]Conclusion Interview Statements

8.1. [bookmark: _Hlk75858250]Elisa Cruz: The evaluation of specific genes and cell markers expression by the bioprinted astrocytes would provide evidence of the neural tissue-like function, such as the astrocitary reactivity following specific stimuli. 

8.1.1. [bookmark: _Hlk75858268]INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: LAB MEDIA: Figure 5A

8.2. [bookmark: _Hlk75858277]Bruna Melo: This protocol paves the way for the biofabrication of more complex neural-like structures composed of different types of cells and biomolecules, allowing the mimicking of specific neurogenic niches.

8.2.1. [bookmark: _Hlk75858291]INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 4.4.1
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