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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?  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.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

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.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, 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.

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Enter Yes or No.

If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position

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

Current Protocol Length
Number of Steps:  26
Number of Shots:  60  

Interviews
Videographer: Obtain headshots for all authors available at the filming location. 

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to 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 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
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 20 or fewer words.
Describe the research contexts or systems in which this protocol can be applied.
1.3. 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 20 or fewer words.
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.4. 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 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
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 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. 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 20 or fewer words.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. 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 20 or fewer words.


Videographer: Obtain headshots for all authors available at the filming location.

Ethics Title Card
Scriptwriter: If an ethics card is required, please remove the statement that does not apply before sending the draft script. Delete the entire section if there are no animal or human subjects requiring an ethics statement. 
This research has been approved by the Institutional Animal Care and Use Committee (IACUC) or equivalent body at (insert Institutional Name)
OR
This research has been approved by the Institutional Review Board (IRB) or equivalent body at (insert Institutional Name)



Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.	Comment by Poornima  G: Authors: Please review the protocol section titles, narration in purple text and the shot descriptions entirely.	Comment by Poornima  G: Authors: Please check all the pronunciation guides written in red italics below and post a comment at the respective guide if any changes are required
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Preparation of Smooth Muscle Cell Suspension
Demonstrator: Click here to enter name of demonstrator(s) 

2.1. To begin, warm the smooth muscle cell growth medium 2, 0.05% trypsin-EDTA, and DPBS to 37 degrees Celsius in a water bath [1-TXT].
2.1.1. WIDE: Talent placing the required reagents into a water bath. TXT: Refer to the text protocol for preparation of reagents
2.2. Wash the human aortic smooth muscle cells once by adding pre-warmed DPBS and aspirating it [1]. Incubate the cells with the 0.05% trypsin-EDTA at 37 degrees Celsius and 5% carbon dioxide for 3 minutes [2].
2.2.1. Talent adding DPBS to cells and aspirating it.
2.2.2. Talent placing the cells into the cell culture incubator.
2.3. After the cell detachment, dissociate the cell suspension by pipetting [1]. Neutralize the trypsin with an equal volume of the pre-warmed smooth muscle cell growth medium 2 [2]. Centrifuge the cell suspension at 220 g for 5 minutes [3].
2.3.1. Talent pipetting the cell suspension to dissociate the cells.
2.3.2. Talent adding an equal volume of the pre-warmed smooth muscle cell growth medium 2 to the cell suspension.
2.3.3. Talent placing the tube into the centrifuge.
2.4. Resuspend the cell pellet in 10 milliliters of the pre-warmed smooth muscle cell growth medium 2 [1] and determine the cell concentration [2].
2.4.1. Talent resuspending the cell pellet in 10 milliliters of the pre-warmed smooth muscle cell growth medium 2.
2.4.2. Talent placing the sample in cell counter.
2.5. Collect 550,000 cells for each engineered vascular tissue [1] and centrifuge the cells at 220 g for 5 minutes [2].
2.5.1. Talent collecting 550,000 cells for each engineered vascular tissue.
2.5.2. Talent placing the tube into the centrifuge.

2.6. On ice, mix the fibrinogen–aprotinin solution, the smooth muscle cell growth medium 2, and 3× DMEM to prepare 105 microliters of the engineered vascular tissue master mix per engineered vascular tissue [1]. Resuspend the cell pellet in 100 microliters of the master mix [2].
2.6.1. Talent adding the fibrinogen–aprotinin solution, the smooth muscle cell growth medium 2, and the 3× Dulbecco’s Modified Eagle Medium in the specified order. Authors: What will be the volumes of each reagent in the master mix. The concentrations given in the manuscript are the stock concentrations, correct?
2.6.2. Talent resuspending the cell pellet in the engineered vascular tissue master mix.



3. Casting and Culture of Engineered Vascular Tissues
Demonstrator: Click here to enter name of demonstrator(s) 



3.1. Dispense 1.6 milliliters of 2% molten agarose into each required well of a 24-well plate under a hood [1]. Immediately insert the polytetrafluoroethylene spacers into the agarose and allow the agarose to solidify for 10 minutes [2].
3.1.1. Talent dispensing 1.6 milliliters of agarose into each required well of a 24-well plate.
3.1.2. Talent inserting the polytetrafluoroethylene spacers into the agarose and keeping it aside.

3.2. After incubation, remove the polytetrafluoroethylene spacers from the solidified agarose molds [1] and cover the plate with a lid [2]. Position the polydimethylsiloxane, or PDMS, racks in the center of each agarose mold [3].
3.2.1. Talent removing the polytetrafluoroethylene spacers from the solidified agarose molds.
3.2.2. Talent covering the plate with a lid.
3.2.3. Talent positioning the PDMS racks in the center of each agarose mold.

3.3. Prepare one 3 microliter thrombin aliquot for each engineered vascular tissue [1]. Aspirate 97 microliters of the cell suspension with a P100 pipette and adjust the volume to 100 microliters while retaining a small air gap at the tip [2].
3.3.1. Talent adding one 3 microliter thrombin aliquot for each engineered vascular tissue to a tube.
3.3.2. Close up of talent aspirating 97 microliters of the cell suspension with a P100 pipette and adjusting the volume to 100 microliters while retaining a small air gap at the tip.

3.4. Dispense the retained air against the side of the thrombin tube [1]. Add the 97 microliters of the cell suspension directly to the 3 microliter thrombin aliquot [2]. Gently mix twice and immediately aspirate the entire 100 microliter volume [3].
3.4.1. Close-up of Talent dispensing the retained air against the side of the thrombin tube.
3.4.2. Talent adding the cell suspension directly to the thrombin aliquot.
3.4.3. Talent gently mixing the solution twice and immediately aspirating the entire volume.

3.5. Dispense the mixture between the PDMS posts by depressing the pipette plunger only to the first stop to minimize bubble formation [1]. Discard the residual volume remaining in the pipette tip [2]. Incubate the plate at 37 degrees Celsius and 5% carbon dioxide for 1 hour [3].
3.5.1. Close up of Talent dispensing the mixture between the PDMS posts while depressing the pipette plunger to the first stop.
3.5.2. Talent discarding the residual volume remaining in the pipette tip.
3.5.3. WIDE: Talent placing the plate into the cell culture incubator.

3.6. Then, slowly dispense 500 microliters of the pre-warmed smooth muscle cell growth medium 2 into the corner of each well containing an engineered vascular tissue [1]. Return the plate to the incubator for 15 minutes [2].
3.6.1. Talent slowly dispensing the smooth muscle cell growth medium 2 into the corner of each well containing an engineered vascular tissue.
3.6.2. WIDE: Talent placing the plate into the cell culture incubator.

3.7. Next, add 1.5 milliliters of the pre-warmed engineered vascular tissue medium into new wells of a 24-well plate [1]. Carefully lift the PDMS racks [2] and transfer the engineered vascular tissues into the prepared wells [3]. Replace the medium the following day and every 2 to 3 days thereafter for the desired culture duration [4].
3.7.1. Talent transferring 1.5 milliliters of the engineered vascular tissue medium into new wells of a 24-well plate.
3.7.2. Talent carefully lifting the PDMS racks.
3.7.3. Talent transferring the engineered vascular tissues into the prepared wells.
3.7.4. Talent removing spent medium and adding fresh medium to the wells.




4. Extraction of Tissue Lysis Buffer Fraction from Engineered Vascular Tissues
Demonstrator: Click here to enter name of demonstrator(s) 



4.1. After washing the engineered vascular tissues with PBS, use clean tweezers to detach each engineered vascular tissue from the posts and transfer it to a glass slide [1]. Using Vannas-type micro scissors or a scalpel, cut the tissue into smaller pieces [2]. Transfer the fragments to a low-protein-binding 2 milliliter tube containing 100 microliters of the complete tissue lysis buffer [3]. 
4.1.1. Close up of Talent detaching an engineered vascular tissue from the posts with clean tweezers and transferring it to a glass slide.
4.1.2. Close up of Talent cutting the engineered vascular tissue into smaller pieces with Vannas-type micro scissors or a scalpel.
4.1.3. Talent transferring the fragments into a low-protein-binding 2 milliliter tube containing 100 microliters of the complete tissue lysis buffer.

4.2. Seal the tube lids with Parafilm [1] and incubate at room temperature with vigorous shaking at 1,400 revolutions per minute for 24 hours using the specified multi-tube vortexer [2].
4.2.1. Talent sealing the tube lids with Parafilm.
4.2.2. Talent placing the tubes into the specified multi-tube vortexer.

4.3. After incubation, centrifuge the samples at 18,000 g for 2 minutes [1]. Using a gel-loading tip, transfer the supernatant to a new low-protein-binding tube and designate it as the tissue lysis buffer fraction [2]. 
4.3.1. Talent placing the tubes into the centrifuge.
4.3.2. Talent transferring the supernatant with a gel-loading tip into a new low-protein-binding tube labeled as the tissue lysis buffer fraction.

4.4. Add 1 milliliter of PBS to the remaining pellet and invert the tube several times to mix [1]. Centrifuge the samples at 18,000 g for 2 minutes [2] and remove the supernatant. Repeat the wash and centrifugation procedure [3].
4.4.1. Talent adding 1 milliliter of phosphate-buffered saline to the pellet and inverting the tube several times to mix.
4.4.2. Talent placing the tube into the centrifuge.
4.4.3. Talent removing the supernatant and adding PBS again to the remaining pellet.


5. Extraction of Guanidine Hydrochloride Fraction and Protein Quantification
Demonstrator: Click here to enter name of demonstrator(s) 


5.1. Add 25 microliters of the complete guanidine hydrochloride buffer to the washed pellet to fully submerge it [1]. Seal the tube lids with Parafilm [2] and incubate them at 37 degrees Celsius with gentle shaking at 750 revolutions per minute for 48 hours using a heated lid to minimize evaporation [3].
5.1.1. Talent adding 25 microliters of the complete guanidine hydrochloride buffer to the washed pellet.
5.1.2. Talent sealing the tube lids with Parafilm.
5.1.3. Talent placing the tubes into the shaker with a heated lid.

5.2. After incubation, centrifuge the samples at 18,000 g for 2 minutes [1]. Using a gel-loading tip, transfer the supernatant to a new low-protein-binding tube and designate it as the guanidine hydrochloride fraction [2]. 
5.2.1. Talent placing the tubes into the centrifuge.
5.2.2. Talent transferring the supernatant with a gel-loading tip into a new low-protein-binding tube labeled as the guanidine hydrochloride fraction.
5.2.3. Shot of the labeled guanidine hydrochloride fraction tube.

5.3. Measure the protein concentrations in both fractions using a Bradford assay with separate BSA standards prepared in the tissue lysis buffer and the guanidine hydrochloride buffer [1].
5.3.1. Talent adding Bradford assay reagent to a sample and placing the sample in a spectrophotometer.



6. Protein Precipitation and Deglycosylation for Western Blot Analysis
Demonstrator: Click here to enter name of demonstrator(s) 

6.1. To precipitate the proteins, aliquot 10 micrograms of protein from each tissue lysis buffer and guanidine hydrochloride fraction. Precipitation prevents band distortion during SDS-PAGE (S-D-S-page) [1]. 
6.1.1. WIDE: Talent transferring 10 micrograms of protein from each fraction into separate labeled tubes for the protein precipitation.

6.2. Add 10 volumes of the ice-cold ethanol to each sample [1]. Store the samples overnight at minus 20 degrees Celsius to induce the protein precipitation [2].
6.2.1. Talent adding 10 volumes of the ice-cold ethanol to each sample.
6.2.2. Talent placing the samples into storage at negative 20 degrees Celsius.

6.3. The next day, centrifuge the samples at 18,000 g for 30 minutes at 0 degrees Celsius [1]. Remove most of the ethanol supernatant using a pipette [2] and allow the remaining ethanol to evaporate in a fume hood or a vacuum concentrator [3].
6.3.1. Talent placing the samples into the centrifuge.
6.3.2. Talent removing most of the ethanol supernatant using a pipette.
6.3.3. Talent placing the samples in a fume hood or a vacuum concentrator.

6.4. Resuspend each protein pellet in 20 microliters of the deglycosylation mastermix [1]. Incubate the samples at 25 degrees Celsius with shaking at 750 revolutions per minute for 2 hours, then at 37 degrees Celsius with shaking at 750 revolutions per minute for 24 hours [2].
6.4.1. Talent resuspending each protein pellet in the deglycosylation mastermix.
6.4.2. Talent placing the samples into the shaker for the incubation.

6.5. After 24 hours, dry the samples using a vacuum concentrator [1]. Resuspend each sample in 20 microliters of water containing peptide N-glycosidase F at 1 to 100 [2]. Incubate the samples at 37 degrees Celsius with shaking at 750 revolutions per minute for 24 hours [3].
6.5.1. Talent drying the samples using a vacuum concentrator.
6.5.2. Talent resuspending each sample in water containing peptide:N-glycosidase F.
6.5.3. Talent placing the samples into the shaker for the incubation.

6.6. Finally, add 6.66 microliters of the 4× SDS-PAGE loading buffer to each sample [1]. Boil the samples [2] and perform SDS-PAGE and Western blotting following standard protocols [3].
6.6.1. Talent adding 6.66 microliters of the 4× sodium dodecyl sulfate–polyacrylamide gel electrophoresis loading buffer to each sample.
6.6.2. Talent placing the samples into the boiling apparatus.
6.6.3. Talent performing the Western blotting according to the standard procedures.



6.6.4. 

Results
Please review this section to make sure that it accurately reflects your findings.	Comment by Poornima  G: Authors: Please check if the narration is correct and if the figures and areas being highlighted match with the narration
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: XXX.
· Please note that the video cannot include voiceover without an accompanying visual.

7. Results 

7.1. Representative photograph of the engineered vascular tissues after 1 day of culture was obtained [1].
7.1.1. LAB MEDIA: Figure 1B. Video editor: Show the photograph of the engineered vascular tissues suspended between the PDMS posts.

7.2. By day 3, the engineered vascular tissues exhibited aligned smooth muscle cells spanning the PDMS posts [1] together with the widespread deposition of type I collagen throughout the constructs [2] and fibronectin throughout the constructs [3].
7.2.1. LAB MEDIA: Figure 1C. Video editor: Highlight the red ACTA2-positive cells aligned between the PDMS posts in the merged image.
7.2.2. LAB MEDIA: Figure 1D. Video editor: Highlight the yellow COL1A1/2 staining across the longitudinal and transverse sections.
7.2.3. LAB MEDIA: Figure 1D. Video editor: Highlight the green FN1 staining across the longitudinal and transverse sections.


7.3. Transgelin was detected in both fractions, with stronger detection in the TLB fraction [1], whereas type I collagen and the fibrinogen β chain/fibrin were detected exclusively in the GuHCl fraction [2].
7.3.1. LAB MEDIA: Figure 3A. Video editor: Highlight the TAGLN bands in both GuHCl and TLB lanes, showing the stronger TLB signal.
7.3.2. LAB MEDIA: Figure 3A. Video editor: Highlight the COL1A1/2 and fibrinogen β chain/fibrin bands present only in the GuHCl lanes.

7.4. Donor 3 showed lower type I collagen, ACTA2, and CNN1 abundance with reduced baseline contraction [1], and the TGF-β1 treatment increased the contraction to levels comparable with those of the other donors under the baseline conditions [2].
7.4.1. LAB MEDIA: Figure 3A and Figure 3B. Video editor: Highlight the Donor 3 ACTA2, CNN1, and COL1A1/2 bands and the corresponding Donor 3 baseline contraction graph.
7.4.2. LAB MEDIA: Figure 3B. Video editor: Highlight the pink TGF-β1 data points and the corresponding 48-hour darkfield image for Donor 3.

7.5. The variability among the technical replicates for each primary donor was minimal, indicating the good reproducibility of the engineered vascular tissue casting protocol [1].
7.5.1. LAB MEDIA: Figure 3B. Video editor: Highlight the closely clustered technical replicate data points for each donor.
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