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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?  Yes  (shot 3.8.1)
If Yes, can you record movies/images using your own microscope camera?
No   
Videographer: Please film the SCOPE shot (3.8.1) using the scope kit

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes (Shot 3.8.2)
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 the screen-captured video file to your project page after the shoot.
Videographer: Please record the computer screen for the shots labeled as SCREEN. The screen should be in focus and the fonts should be clearly visible.

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

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. Yes


Current Protocol Length
Number of Steps:  26
Number of Shots:  59  (1 SC, 1 Scope)

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

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Benedict Moss: I use engineered vascular tissues and proteomics to uncover how vascular cells remodel extracellular matrix in health and disease.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Benedict Moss: Our protocol combines three-dimensional vascular tissues with sequential protein extraction to reveal matrix changes that are invisible in two-dimensional cultures.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

CONCLUSION:
What does this protocol allow researchers to study or measure?
1.3. Manuel Mayr: This protocol can reveal how disease-associated genetic variants and experimental treatments reshape the vascular extracellular matrix in engineered tissues.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera


Describe the most important consideration or challenge when performing this protocol.
1.4. Manuel Mayr: A key challenge is that robust discoveries require sufficient biological replicates and independent donors to distinguish disease mechanisms from natural variability.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera



How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.5. Manuel Mayr: Future studies can uncover how signaling pathways and genetic variants reprogram the vascular matrix and drive abnormal tissue contraction.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera


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


Promotional Interview Questions:
Videographer: Please capture these shots in a wide-angle format with sufficient headspace,
as the final videos will be rendered in a 1:1 aspect ratio. Statements will be presented live by
the authors, sharing their spontaneous perspectives.


Looking ahead, how could this engineered vascular tissue platform be used to model vascular disease or test potential therapeutic interventions? Are there particular applications you are most excited about?
1.6. Enter author name: (authors will present their statements live)
1.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera


Your engineered vascular tissues allow smooth muscle cells to produce their own extracellular matrix in a 3D environment. Why is that important, and what can this model reveal that researchers might miss using traditional 2D cell culture?
1.7. Enter author name: (authors will present their statements live)
1.7.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
1.7.2. 

Testimonial Questions (OPTIONAL): 

Videographer: Please capture all testimonial shots in a wide-angle format with sufficient headspace, as the final videos will be rendered in a 1:1 aspect ratio. Testimonial statements will be presented live by the authors, sharing their spontaneous perspectives.

· Testimonial statements will not appear in the video but may be featured in the journal’s promotional materials.
· Provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author delivering the testimonial. 
· Please answer the testimonial question live during the shoot, speaking naturally and in your own words in complete sentences.


What problem in your field of research does your JoVE article address?
1.8. Benedict Moss, PhD student, Imperial College London: (authors will present their testimonial statements live)
1.8.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera


How does the video format of your article help you to share your work with the broader scientific community?
1.9. Benedict Moss, PhD student, Imperial College London: (authors will present their testimonial statements live)
1.9.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera


Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Smooth Muscle Cell Suspension Preparation
Demonstrator: Benedict Moss 

2.1. To begin, warm the smooth muscle cell, or SMC, 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 all the reagents and media preparation

2.2. Wash the primary human aortic SMCs once by adding pre-warmed DPBS. Then, aspirate the DPBS [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. Authors: Please let us know what volumes of DPBS and Trypsin-EDTA did you add after the shoot
2.2.2. Talent adding trypsin-EDTA and placing the cells into the cell culture incubator.

2.3. After incubation, dissociate the cell suspension by pipetting [1]. Neutralize the trypsin with an equal volume of the pre-warmed SMC 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 SMC growth medium 2 to the cell suspension.
2.3.3. WIDE: Talent placing the tube into the centrifuge.
2.4. After centrifugation, resuspend the cell pellet in 10 milliliters of the pre-warmed SMC 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 SMC 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 in a tube.
2.5.2. Talent placing the tube into the centrifuge.

2.6. On ice, mix the fibrinogen–aprotinin solution, the SMC growth medium-2, and 3× DMEM to prepare 105 microliters of the engineered vascular tissue master mix per tissue [1]. Resuspend the cell pellet in 100 microliters of the master mix [2].
2.6.1. Talent adding the fibrinogen–aprotinin solution, the SMC growth medium 2, and the 3× Dulbecco’s Modified Eagle Medium to a tube labelled master mix. Authors: What will be the volumes of each reagent in the master mix. The concentrations given in the manuscript are the stock concentrations, correct? 
B. Moss: The protocol details that the volumes of each reagent in the master mix are as follows: fibrinogen-aprotinin solution (5% v/v), SMC growth medium (91% v/v), 3X DMEM solution (4% v/v).
Authors: Thank you for confirming that these are the final concentrations in the master mix. So can I write a text overlay as follows?
TXT: Final concentrations:
Fibrinogen-aprotinin solution: 5% v/v
SMC growth medium 2: 91% 
3X DMEM: 4%
2.6.2. Talent resuspending the cell pellet in the engineered vascular tissue master mix.



3. Casting and Culturing the Engineered Vascular Tissues

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]. Then, 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. Authors: I have deleted the shot saying cover with a lid because the shots are now rearranged. Please check PDMS can be placed right after removing PTFE spacers or some incubation is needed in between?
3.2.2. Talent positioning the PDMS racks in the center of each agarose mold.

3.3. Retrieve one 3 microliter thrombin aliquot containing 0.3 Units 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 retrieving one 3 microliter thrombin aliquot for each engineered vascular tissue from the -80°C freezer.
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]. Then, 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. Close up of 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. Next, add the mixture between the PDMS posts by depressing the pipette plunger only to the first stop to minimize bubble formation. Discard the residual volume remaining in the pipette tip [1]. Incubate the plate at 37 degrees Celsius and 5% carbon dioxide for 1 hour [2].
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. WIDE: Talent placing the plate into the cell culture incubator.

3.6. Then, slowly dispense 500 microliters of the pre-warmed SMC 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 SMC 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. Authors: This is a new plate, right? Not new wells in the same 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.

3.8. Acquire images of the tissues at 4x magnification using an inverted light microscope in darkfield mode [1]. Then, using ImageJ, draw a straight line between the inner edges of the 2 PDMS posts, and measure the tissue length [2-TXT].
3.8.1. SCOPE: The engineered vascular tissue being viewed in darkfield mode at 4x magnification. Authors: Please provide this image to us or the videographer can use the scope kit to film this
Videographer: Please film the above-mentioned shots using the scope kit
3.8.2. SCREEN: The straight line being drawn between the inner edges of the 2 posts and the tissue length being measured in ImageJ. TXT: Refer to the text protocol for immunostaining the tissues
Authors: I have added this step to give full context for the results as per our journal guidelines. Can you please demonstrate this on a computer and provide us a 20-second screen recording clip?
[bookmark: _Hlk204179977][bookmark: _Hlk201650592]Videographer: Please record the computer screen for the shots labeled as SCREEN as back-up. The screen should be in focus and the fonts should be clearly visible.





4. Sequential Protein Extraction: Isolation of the Soluble Extracellular and Intracellular Proteins
Authors: Please check if the new title is correct

4.1. While the tissues remain on the racks, wash them with 1.5 milliliters of pre-warmed PBS (P-B-S) per well, 3 times for 5 minutes each, in the cell culture incubator [1].
4.1.1. Talent adding PBS on the tissues.

4.2. Using clean tweezers, detach the engineered vascular tissue from the post 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]. 
4.2.1. Close up of Talent detaching an engineered vascular tissue from the posts with clean tweezers and transferring it to a glass slide.
4.2.2. Close up of Talent cutting the engineered vascular tissue into smaller pieces with Vannas-type micro scissors or a scalpel. Authors: Please let us know what was used after the shoot 
4.2.3. Talent transferring the fragments into a low-protein-binding 2 milliliter tube containing 100 microliters of the complete tissue lysis buffer.

4.3. Seal the tube lids with Parafilm [1] and incubate at room temperature with vigorous shaking at 1,400 rpm for 24 hours using the specified multi-tube vortexer [2].
4.3.1. Talent sealing the tube lids with Parafilm.
4.3.2. Talent placing the tubes into the specified multi-tube vortexer.

4.4. 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. This fraction contains intracellular proteins together with soluble and weakly associated ECM proteins [2-TXT]. 
4.4.1. Talent placing the tubes into the centrifuge.
4.4.2. Talent transferring the supernatant with a gel-loading tip into a new low-protein-binding tube and labelling (writing on) the tube as the TLB fraction. TXT: ECM: Extracellular Matrix Video editor: Add this text overlay when VO says ECM

5. Extraction of the Less Soluble and Highly Crosslinked ECM Proteins
Authors: This step is moved here, please check if this is correct
5.1. Wash the remaining pellet twice with 1 milliliter of PBS, inverting the tube to mix [1] and centrifuging at 18,000 g for 2 minutes after each wash [2].
5.1.1. Talent adding PBS to the pellet and inverting the tube.
5.1.2. Talent placing the tube in a centrifuge.  Authors: Please let us know at t\what temperature the cells were centrifuged after the shoot?

5.2. 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 rpm for 48 hours using a heated lid to minimize evaporation [3].
5.2.1. Talent adding 25 microliters of the complete guanidine hydrochloride buffer to the washed pellet.
5.2.2. Talent sealing the tube lids with Parafilm.
5.2.3. Talent placing the tubes into the shaker and closing the heated lid.

5.3. 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 guanidine hydrochloride fraction. This fraction is enriched for less soluble, highly crosslinked ECM proteins and other insoluble matrix-associated components [2]. 
5.3.1. Talent placing the tubes into the centrifuge.
5.3.2. Talent transferring the supernatant with a gel-loading tip into a new low-protein-binding tube and labelling the tube as the guanidine hydrochloride fraction.

5.4. 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].
5.4.1. Talent adding Bradford assay reagent to a sample aliquot and placing the sample in a spectrophotometer.

6. Protein Precipitation and Deglycosylation 
6.1. To precipitate the proteins, aliquot 10 micrograms of protein from each of the fractions [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 and allow the remaining ethanol to evaporate in a fume hood or a vacuum concentrator [2].
6.3.1. Talent placing the samples into the centrifuge.
6.3.2. Talent removing most of the ethanol supernatant using a pipette under the fume hood and placing the samples aside under the hood.

6.4. Resuspend each protein pellet in 20 microliters of the deglycosylation master mix [1]. Incubate the samples at 25 degrees Celsius with shaking at 750 rpm for 2 hours, then at 37 degrees Celsius 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 and adjusting the temperature settings.

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 a 1 to 100 ratio [2]. Incubate the samples at 37 degrees Celsius with shaking at 750 rpm for 24 hours [3].
6.5.1. Talent placing the samples in 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. For western blotting, add 6.66 microliters of the 4× SDS-PAGE loading buffer to each sample and boil them [1]. Perform SDS-PAGE and Western blotting following standard protocols [2-TXT].
6.6.1. Talent adding 6.66 microliters of the 4× SDS-PAGE loading buffer, mixing and placing on a heat block.
6.6.2. Talent loading a gel for SDS-PAGE. Authors: This is a representative shot only.
TXT: Refer to the text protocol for proteomic analysis 



6.6.3. 

Results
7. Results 


7.1. After 3 days of culture, the engineered vascular tissues contained aligned smooth muscle cells spanning the PDMS posts [1], together with widespread deposition of type 1 collagen and fibronectin [2].
7.1.1. LAB MEDIA: Figure 1C. Video editor: Please emphasize the ACTA2 panel showing the aligned cells without deleting other parts
7.1.2. LAB MEDIA: Figure 1D. Video editor: Please emphasize the COL1A1/2 and the FN1 panels 

7.2. Proteomic profiling of the tissues from 7 donors showed enrichment of several collagens and fibrillogenesis regulators in the Guanidine hydrochloride fraction [1], while the secreted proteins, including MFGE-8 and EDIL-3, were more abundant in the tissue lysis buffer fraction [2].
7.2.1. LAB MEDIA: Figure 2B. Video editor: Please sequentially emphasize the bold COL labels in the red sector, and then the FMOD, PCOLCE, and PCOLCE2 labels
Authors: COL7A1 sits in the blue, TLB-enriched sector of Figure 2B, and LAMC2 does too. I have therefore narrated "several collagens" rather than all collagens and have highlighted only few. Please confirm 
7.2.2. LAB MEDIA: Figure 2B. Video editor: Please emphasize the MFGE8 and the EDIL3 labels in the blue sector 

7.3. By Western blotting, the type 1 collagen, the fibrinogen beta chain, and fibrin were detected exclusively in the Guanidine hydrochloride fraction [1].
7.3.1. LAB MEDIA: Figure 3A. Video editor: Please emphasize the COL1A1/2 and  and fibrinogen β chain/fibrin bands in the GuHCl lanes 
7.3.2. LAB MEDIA: Figure 3B. Video editor: Please emphasize the pink TGF-beta-1 points lying below the black vehicle points at 72 hours without deleting other parts

7.4. Transgelin was detected in both the fractions [1], with a stronger detection in the lysis buffer fraction [2].
7.4.1. LAB MEDIA: Figure 3A. Video editor: Highlight the TAGLN bands in both GuHCl and TLB lanes
7.4.2. LAB MEDIA: Figure 3A. Video editor: Highlight the TAGLN bands in the TLB lanes only.

7.5. SMC donors showed variability in ECM production and contractile marker abundance [1]. Donor 3 showed lower abundance of type 1 collagen [2], ACTA2 (acta-2), and CNN1 [3] compared with the other donors [4].
7.5.1. LAB MEDIA: Figure 3AB. Video editor: Highlight the rows for COL1A1/2 and ACTA2, CNN1.
7.5.2. LAB MEDIA: Figure 3AB Video editor: Highlight COL1A1/2 lane in the Donor 3 column showing no band.
7.5.3. LAB MEDIA: Figure 3AB. Video editor: Highlight the lanes for ACTA2, CNN1 IN DONOR 3 column.
7.5.4. LAB MEDIA: Figure 3AB. Video editor: Highlight the lanes for COL1A1/2, ACTA2, CNN1 in DONOR 1 and 2 column.
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