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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?  No 

3. Filming location: Will the filming need to take place in multiple locations?   No 
If Yes, how far apart are the locations? Harvesting mouse lung will be performed in the animal facility and the other steps will be performed in the lab. The two locations are quite close, only 300 meters apart

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. No 



Current Protocol Length
Number of Steps:  20
Number of Shots: 53 

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

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. Lin Tian: We repurpose Sortase A to efficiently isolate rare cells that lack specific surface markers.
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. Lin Tian: Conventional sorting needs surface markers. Our method uses a genetic tag to bypass this limitation.
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. Lin Tian: This protocol allows for the study of rare cell function and also enables the capture of their interacting partners.
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. Lin Tian: Careful in-vivo dosing of the substrate is key to achieving efficient and specific cell labeling.
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. Lin Tian: Future work can adapt this for ex vivo labeling and apply it to study interactions in harder-to-reach tissues like the brain.
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.

Ethics Title Card
This research has been approved by the Institutional Animal Care and Use Committee at the Sun Yat-sen University Cancer Center 



Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.

[bookmark: _Hlk201588971]NOTE to Authors: Please consider the following key points for shots involving live
animals/survival surgery (as applicable) to avoid raising concerns by JoVE’s veterinary
reviewers.
· If lifting the animal by the tail, hold it close to the tail base, not far from it.
· Shave 150% of the area surrounding a surgical site (preferably using a depilatory
· cream). Ensure that there are no skin injuries and no fur in the surgical field.
· Prep the surgical site with both iodine-based scrubs and alcohol.
· Use sterile gloves only for surgery (not examination or non-sterile gloves).
· Make skin incisions with a surgical blade, not scissors.
· Avoid using silk thread for closing skin incisions in survival surgeries.

2. Labeling the Sortase-A Expressing Cells with Biotin-LPETG In Vivo
Demonstrator: Lin Tian
2.1. To begin, dissolve the biotinylated peptide substrate in water at 200 millimolar [1-TXT]. Store the solution at minus 80 degrees Celsius [2]. Before use, dilute the stock solution with PBS to 20 millimolar for in vivo labeling [3].
2.1.1. WIDE: Talent dissolving biotin-aminohexanoic acid-LPETGS-amide (biotin-LPETG) by adding water and shaking the container. TXT: Substrate: Biotin‑aminohexanoic acid‑LPETGS‑NH₂ (biotin‑LPETG) Authors: Please check if this is correct
2.1.2. WIDE: Talent placing the prepared solution into storage at minus 80 degrees Celsius.
2.1.3. Talent diluting the stock solution with PBS to prepare a 20 millimolar working solution.

2.2. Obtain transgenic mouse models expressing sortase A and fluorescent reporters in either pan-macrophages, perivascular macrophages, or CD11c-expressing cells [1-TXT]. For the in vivo labeling of sortase A-expressing cells, intraperitoneally inject 100 microliters of the 20 millimolar biotin-LPETG solution in PBS [2]. Put the animal back in its cage [3]. Repeat the injection 6 times at 20-minute intervals [4]. 
2.2.1. WIDE: Talent placing the animal on a clean surface for injection. TXT: Refer to the text protocol for generating the transgenic mice
2.2.2. [bookmark: _Hlk164193060][bookmark: _Hlk159527170]Talent performing an intraperitoneal injection of the biotin-LPETG solution into the mouse. Videographer: Please obtain multiple reusable shots for this step. It will be used again
2.2.3. Talent placing the animal in a cage. 
2.2.4. Reuse 2.3.2.


3. Lung Extraction and Sectioning 
Authors: During filming, please point out the organs before dissecting them.
3.1. Twenty minutes after the final injection, euthanize the mouse by carbon dioxide inhalation [1]. Perform whole-body perfusion with 10 milliliters of ice-cold PBS containing 2 millimolar EDTA (E-D-T-A) [2]. Then, intratracheally inject 2 milliliters of PBS to inflate the lung [3] and excise it [4].
3.1.1. WIDE: Talent placing the euthanized mouse on the dissection table.
3.1.2. Talent performing the whole-body perfusion with ice-cold PBS containing EDTA.
3.1.3. Close-up of Talent intratracheally injecting PBS to inflate the lung.
3.1.4. Talent excising the lung. Authors: This step is added, please check if this is correct here and in the narration above

3.2. Fix the tissues in 10 milliliters of 4% paraformaldehyde overnight at 4 degrees Celsius [1]. Wash 3 times with 10 milliliters of PBS at room temperature for 10 minutes each [2]. Then, wipe away the excess PBS from the tissue surface [3].
3.2.1. Talent placing the lung tissue into 4% paraformaldehyde.
3.2.2. Talent washing the tissue with PBS on a shaker.
3.2.3. Close-up of Talent wiping the excess PBS from the tissue surface.

3.3. Dissolve the low-melting agarose in PBS [1]. Incubate the agarose at 90 degrees Celsius for 15 minutes to ensure complete melting [2]. Embed the tissue in the agarose, then cool it to 42 degrees Celsius [2]. Cut 500 micrometer-thick sections using a vibratome [3].
3.3.1. Talent dissolving the low-melting agarose by adding PBS.
3.3.2. Talent placing the agarose into the heating device for incubation.
3.3.3. Talent placing the tissue in the agarose and setting the sample aside. Authors: During which step do you place the tissue in the agarose? The tissues are embedded in the agarose after the agarose is melted in 95 degree and then balanced in 42 degree.
Authors: Please check if 3.3.3 is correct? The tissue is placed when the agarose is at 90 degrees Celsius, and then the tissue + agarose is kept for cooling? 
Or is the tissue placed after the agarose cools a bit?
3.3.4. Talent cutting 500 micrometer-thick tissue sections using a vibratome. 
Authors: Please specify the agarose concentration used for embedding, and the vibratome speed and amplitude settings. You may provide this information after the shoot, no problem.


4. Preparation of the Lung Sections for Whole-Mount Imaging 
4.1. For delipidation, incubate 5 to 10 sections in 5 milliliters of half-strength CUBIC-L (cubic-L) solution for 6 hours at 37 degrees Celsius. Use a multipurpose shaker for all incubations [1]. Then, transfer the sections to 5 milliliters of CUBIC-L [2] and incubate overnight at 37 degrees Celsius [3]. Then, wash the tissues 6 times for 30 minutes each with 5 milliliters of PBS [4-TXT].
4.1.1. WIDE: Talent placing the sections placed in half-strength CUBIC-L in the 37 degrees Celsius shaking incubator. TXT: CUBIC-L: Clear, Unobstructed Brain/Body Imaging Cocktails and computational analysis–Lipid removal 
Authors: Is saying half-strength CUBIC correct?
4.1.2. Talent transferring the sections into full-strength CUBIC-L.
4.1.3. Talent placing the sample in the 37 degrees, shaking incubator.
4.1.4. Talent washing the tissue sections with PBS. 

4.2. If immunostaining is not required, incubate the tissues in 5 milliliters of half-strength CUBIC-R for 6 hours at room temperature [1]. Transfer the tissues to 5 milliliters of CUBIC-R and incubate overnight at room temperature [2].
4.2.1. Talent placing the tissues into one-half CUBIC-R.
4.2.2. Talent transferring the tissues into CUBIC-R.

4.3. If immunostaining is required, after the PBS wash, incubate the tissues in 5 milliliters of Penetration Buffer overnight [1]. Then, incubate them in 5 milliliters of Blocking Buffer for 1 day [2]. Follow with 5 milliliters of Antibody Dilution Buffer containing the primary antibody for 2 days [3]. 
4.3.1. Talent placing the tissue sections in Penetration Buffer.
4.3.2. Talent transferring the sections into Blocking Buffer.
4.3.3. Talent transferring the sections into Antibody Dilution Buffer containing the primary antibody and placing the sample in the shaking incubator.
Authors: Are these incubations done at 37 degrees or room temp?

4.4. Finally, wash the tissues 6 times with 5 milliliters of PBST containing 10 micrograms per milliliter heparin for 30 minutes per wash at room temperature [1-TXT]. Then, incubate the tissues in 5 milliliters of Antibody Dilution Buffer containing the secondary antibody for another 2 days [2]. Then transfer the sample to the CUBIC Refractive index matching solution and proceed with fluorescence imaging [3].
4.4.1. Talent washing the tissue sections by adding PBSTwh. 
4.4.2. Talent transferring the sections into Antibody Dilution Buffer containing the secondary antibody.
4.4.3. Talent transferring the sections into CUBIC-R for refractive index matching.


5. Dissociating the Lung into a Single-Cell Suspension
5.1. After lung excision, briefly mince the lung tissues with scissors [1]. Then, transfer the tissue pieces to a digestion C-tube containing 3 to 5 milliliters of digestion buffer [2-TXT].
5.1.1. Close-up of Talent mincing the lung tissue with scissors.
5.1.2. Talent transferring the minced tissue into the digestion C-tube containing buffer. TXT: Refer to the text protocol for buffer preparation

5.2. Load the sample into a single‑cell suspension dissociator and run the Lung-1 program [1]. Incubate the tube for 10 minutes on the heater [2]. Then, run the Lung-2 program to increase the single-cell yield, and incubate for another 10 minutes at 37 degrees Celsius [3].
5.2.1. Talent loading the C-tube onto the dissociator and starting the Lung-1 program.
5.2.2. WIDE: Talent placing the C-tube on the heater. Videographer: Please obtain multiple reusable takes for this shot
5.2.3. Talent starting the Lung-2 program on the dissociator.
5.2.4. Reuse 4.2.2

5.3. Next, filter the digest through a 70 micrometer cell strainer [1] and add 5 milliliters of ice-cold RPMI-1640 medium to stop the enzymatic digestion [2].
5.3.1. Talent filtering the digest through a 70 micrometer cell strainer.
5.3.2. Talent adding ice-cold RPMI-1640 medium to stop the digestion.
Authors: Is a centrifugation step missing in between here?

5.4. Resuspend the cell pellet in 3 milliliters of ice-cold PBS [1]. Add 1 milliliter of Debris Removal Solution and mix thoroughly [2]. Then, overlay the cell suspension with 4 milliliters of ice-cold PBS [3].
5.4.1. Talent adding ice-cold PBS to the pellet and pipetting up and down.
5.4.2. Talent adding Debris Removal Solution to the tube and mixing thoroughly.
5.4.3. Close-up of Talent overlaying the suspension with ice-cold PBS.

5.5. Centrifuge the mixture at 4 degrees Celsius and 3,000 g for 10 minutes, applying full acceleration and full brake [1]. Then, carefully aspirate and discard the 2 upper phases completely [2].
5.5.1. WIDE: Talent placing the tube in a centrifuge.
5.5.2. Close-up of Talent aspirating and discarding the 2 upper phases.

5.6. Resuspend the cell pellet in 3 milliliters of 1x RBC Lysis Buffer and incubate it on ice for 3 minutes [1]. Centrifuge at 4 degrees Celsius and 300 g for 5 minutes [2]. Finally, resuspend the pellet in 5 milliliters of MACS (macks) buffer [3-TXT].
5.6.1. Talent adding RBC Lysis Buffer to the pellet and placing the tube on ice.
5.6.2. WIDE: Talent placing the tube in a centrifuge.
5.6.3. Talent adding MACS buffer to the pellet and pipetting up and down.  TXT: MACS: Magnetic-Activated Cell Sorting

6. Magnetic-Activated Cell Sorting
6.1. Wash the isolated cells with 5 milliliters of MACS buffer [1]. Then, block the cells with 200 microliters of anti-mouse CD16-32 antibody and monocyte blocker for 15 minutes on ice [2]. Authors: You want us to pronounce CD-16/32 as (CD-16-32) or (CD-16 or 32)?
6.1.1. Talent adding MACS buffer to the cells and mixing.
6.1.2. Talent adding the blocking antibody and the monocyte blocker to the cells.

6.2. Label the Sortase-A-expressing cells with 200 microliters of allophycocyanin-labeled anti-biotin antibody on ice for 25 minutes [1].
6.2.1. Talent adding the APC-labeled anti-biotin antibody to the cells placed on ice.
Authors: Please provide the working dilutions for the blocking antibody, the monocyte blocker, and the APC-labeled anti-biotin antibody. You can provide these after the shoot.

6.3. Wash the cells with 5 milliliters of MACS buffer [1]. Then, incubate the cells with anti-allophycocyanin microbeads on ice for 25 minutes [2].
6.3.1. Talent adding MACS buffer to the cells and mixing.
6.3.2. Talent adding the anti-APC microbeads to the cells placed on ice.

6.4. Wash the cells again with 5 milliliters of MACS buffer [1] and incubate the sample on a magnetic column to enrich the cells according to the manufacturer's instructions [2].
6.4.1. Talent adding MACS buffer to the cells and mixing.
6.4.2. Talent passing the cell suspension through the magnetic column mounted on the separator.

6.5. Finally, resuspend the cells in FACS (facs) buffer supplemented with 5 micrograms per milliliter DAPI (dappy) before performing FACS [1].
6.5.1. Talent adding FACS buffer containing DAPI to the enriched cells. 



Results

7. Results
7.1. In the pan-macrophage model, 92.3% of FLAG (flag)-positive cells were tdTomato (T-D-tomato)-positive [1], and 6 doses of 2 micromoles of biotin-LPETG labeled the SortaseA-expressing cells robustly [2].
7.1.1. LAB MEDIA: Figure 2B. Video editor: Please emphasize the bar labeled 92.3% for the Flag+ population
7.1.2. LAB MEDIA: Figure 2C. Video editor: Please emphasize the right-hand whole-mount image labeled "2 µmol ×6" 
Authors: The Results say that higher LPETG doses enhance labeling of both donor and interacting cells, while the Figure 2D legend says that interacting-cell labeling only increases marginally. Hence, I am deleting 2D from the script.

7.2. Column-based anti-biotin enrichment gave a higher purity of about 85% [1], while the tube-based streptavidin nanobeads method gave a higher recovery [2].
7.2.1. LAB MEDIA: Figure 2E. Video editor: Please emphasize the anti-biotin point at approximately 85% on the upper "Percent of tdTom+" plot
7.2.2. LAB MEDIA: Figure 2E. Video editor: Please emphasize the streptavidin yellow points on the lower "Yield" plot

7.3. Biotin-LPETG labeling did not compromise cell viability [1] or phagocytic activity [2].
7.3.1. LAB MEDIA: Figure 2F. Video editor: Please emphasize the 3 "ns" markers on the "Percent of DAPI+" plot
7.3.2. LAB MEDIA: Figure 2G. Video editor: Please emphasize the "ns" marker on the right-hand plot

7.4. In the splenic CD11c model, Sortase-A-based rare cell enrichment raised the tdTomato-positive fraction [1].
7.4.1. LAB MEDIA: Figure 3A. Video editor: Please emphasize SRACE cluster at 87% on the dot plot

7.5. For perivascular macrophages, enrichment raised the tdTomato-positive percentage more than 10-fold [1], and simultaneously labeled the stromal cells interacting with them [2].
7.5.1. LAB MEDIA: Figure 3C. Video editor: Please emphasize the red bar in "Enrichment" bar chart
7.5.2. LAB MEDIA: Figure 3C. Video editor: Please emphasize the red bars in cell-cell interaction plots
Authors: In Figure 3C, the enrichment bar graph reads about 0.005 and 0.064, while the flow plots in the same panel read 0.05% and 0.67%, a 10-fold difference. Please confirm the units on the bar axis. Please provide a revised figure after the shoot.
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