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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
Can you record movies/images using your own microscope camera? (Y/N) N
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.
· Fisherbrand™ Inverted Infinity and Phase Contrast Microscope (https://www.fishersci.com/shop/products/fisher-scientific-inverted-infinity-phase-contrast-microscope/11350119?searchHijack=true&searchTerm=11350119&searchType=RAPID&matchedCatNo=11350119).

2. Does your protocol include software usage? (Y/N) N
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

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. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
3.1-3.9, Author comment: section 2 was also videotaped.
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. (Please do not list entire sections.)
3.3

5. Will the filming need to take place in multiple locations? (Y/N) N
If yes, how far apart are the locations? 


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. Devika S Manickam: This protocol is a robust technique to determine the functional integrity of intercellular tight junctions in a cell model of the human blood-brain barrier [1].  

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

1.2. Devika S Manickam: This is a simple and fairly inexpensive protocol that allows calculating the apparent permeability in a shorter time period instead of running a longer kinetic assay [1]. 

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

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


1.3. Wanzhu Zhao: This method can also be used to determine the functional integrity of tight junctions in brain endothelial cells transfected with polymer-DNA nanoparticles [1]. 

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








Section – Protocol
Videographer comments: some of the procedure clips are longer just for safety, but with 3.3.1 and 3.8.1 the editors will probably just want to skip to the last few moments of those clips.
[bookmark: _GoBack]Also, we omitted 2.2.3 because their incubator had no rocker.
2. Cell Plating 
2.1. To begin cell plating, place tissue culture inserts with microporous membranes into a 24-well culture plate [1].
2.1.1. MED: Talent places tissue culture inserts with microporous membranes into a 24-well culture plate. 
2.2. [bookmark: _Hlk515366642]Add 400 microliters of 0.15 milligrams per milliliter collagen type I in each tissue culture insert [1]. Then, incubate for 1 hour in a 37 degree Celsius, 5% CO2 incubator [2]. Rock the 24-well plate gently to allow even spreading of the collagen solution over the microporous membrane in the tissue culture inserts [3].
2.2.1. CU: Plate as talent adds 400 microliters of 0.15 milligrams per milliliter collagen type I in each tissue culture insert. Use labeled containers.
2.2.2. MED: Talent places the plate into the incubator.
2.2.3. CU: Plate as it rocks in the incubator.
2.3. After an hour, remove the collagen solution and gently wash the microporous membrane with 0.4 milliliters of 1x PBS buffer [1]. Now, plate hCMEC/D3 (H-C-M-E-C D-three) cells with the density of 50,000 cells per square centimeter in the cell inserts [2-TXT].
2.3.1. MED: Talent removes the collagen solution and washes the membrane with 1x PBS. Use labeled containers.
2.3.2. CU: Plate as talent plates the cells there. TEXT: See text for hCMEC/D3 cell culture
2.4. Place the 24-well plate with tissue culture setup in the incubator to allow cell attachment and proliferation [1]. Incubate the plate for 7 days to allow the cells to reach 100% confluency [2].
2.4.1. MED: Talent approaches the incubator with the 24-well plate. Continue action in next shot.
2.4.2.  CU: Incubator as talent places the plate into the incubator. 
2.5. Remove the growth medium every other day and transfer 0.5 milliliters of pre-warmed fresh media into tissue culture inserts [1]. 
2.5.1. CU: 24-well plate as talent removes the growth medium and transfers 0.5 mL of pre-warmed fresh media into tissue culture inserts. 
2.6. Repeat the plating procedure for Western blotting to determine changes in ZO-1 (Z-O-one) expression; for DNA nanoparticle transfection; and for the ATP assay to determine cell viability in transfected cells [1-TXT]. 
2.6.1. MED or WIDE: Talent works to plate the cells into the different size plates. TEXT: See text for these procedures
3. Lucifer Yellow Apparent Permeability Assay
3.1. For determining lucifer yellow apparent permeability, on each day post-seeding, remove the growth medium [1]… and add 1.5 milliliters of pre-warmed transport buffer to the basolateral side of the well [2-TXT]. 
3.1.1. MED: Talent removes the growth medium 
3.1.2. CU or ECU: Well as talent adds 1.5 milliliters of pre-warmed transport buffer to the basolateral side. TEXT: See text for transport buffer
3.2. Now, add 58.3 microliters of 20 microMolar lucifer yellow solution to the apical side of each transwell insert [1]. Save 50 microliters of the solution for fluorescence measurements [2].
3.2.1.  CU or ECU: Transwell insert as talent adds 58.3 microliters of 20 microMolar LY solution to the apical side.
3.2.2. MED: Talent saves 50 microliters of the 20 microMolar LY solution for fluorescence measurements.
3.3. After completely removing residual PBS buffer from the apical side, add lucifer yellow solution as quick as possible to avoid drying the cells. Ensure accurate volumes of lucifer yellow solution in the apical side [1].
3.3.1. CU: Plate as talent adds LY solution as quick as possible to avoid drying cells. 
3.4. Wanzhu Zhao: Make sure to add the same, accurate volume of lucifer yellow solution in all inserts. Work quickly to avoid drying the cells [1]. 
3.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
3.5. Incubate the cells in a rotary plate shaker at 100 rpm and 37 degrees Celsius for 60 minutes [1]. Then, remove 30 microliters of the lucifer yellow sample from each apical compartment [2].
3.5.1. MED: Talent places the plate into a rotary plate shaker at 37 degrees Celsius.
3.5.2. CU: Plate as talent removes 30 microliters of the LY sample from each apical compartment.
3.6. Transfer the 20 microMolar lucifer yellow solution and the apical side samples to pre-labeled tubes [1]. Now, dilute the sample 10-fold using transport buffer [2].
3.6.1. CU: Plate as talent transfers 20 microMolar LY solution and the apical side samples to pre-labeled tubes.
3.6.2. MED: Talent dilutes the samples 10-fold using transport buffer. Use labeled containers.
3.7. Remove 500 microliters from each basolateral compartment and transfer the sample to pre-labeled tubes [1].
3.7.1. CU: Plate as talent removes 500 microliters from each basolateral compartment and transfers the sample to pre-labeled tubes.
3.8. Prepare a series of lucifer yellow standards for the standard curve [1-TXT]. Add 100 microliters of each standard apical and basolateral sample to each well of a black 96-well plate, in duplicate [2].
3.8.1. MED: Talent prepares a series of LY standards for the standard curve. TEXT: See text for concentrations
3.8.2. CU: Black 96-well plate as talent adds each standard apical and basolateral sample to each well, in duplicate.
3.9. Use a fluorescence microplate reader to measure the lucifer yellow fluorescence intensity and calculate the apparent permeability. Calculate the apparent permeability and percentage of lucifer yellow recovered as described in the manuscript text [1-TXT].
3.9.1. MED or WIDE: Talent uses a fluorescence microplate reader to measure the LY fluorescence intensity. TEXT (show as first sentence is narrated): Excitation 428 nm, Emission 536 nm


Section – Results
4. Results: Apparent Kinetics of Tight Junction Barrier Formation in hCMEC/D3 cells 
4.1. The effect of culturing time on lucifer yellow permeability was used determine the apparent kinetics of tight junction formation [1].
4.1.1. LAB MEDIA: Figure2a.tif
4.2. The apparent permeability values significantly decreased on day 7… [1] compared with day 1 [2] suggesting that the barrier became tighter [3]. 
4.2.1. LAB MEDIA: Figure2a.tif – Video editors, please emphasize the black square and the statistical bars for day 7.
4.2.2. LAB MEDIA: Figure2a.tif – Video editors, please emphasize the black square and the statistical bars for day 1.
4.2.3. LAB MEDIA: Figure2a.tif
4.3. The apparent permeability values then stabilized until day 10. This implied the barrier formation was complete and functional, resulting in decreased lucifer yellow paracellular transport [1]. 
4.3.1. LAB MEDIA: Figure2a.tif – Video editors, please emphasize the black squares and the statistical bars for day 7, 8, 9 and 10.
4.4. Western blotting was used to detect changes in the expression of the tight junction protein, ZO-1, over time. 
4.4.1. LAB MEDIA: Figure 4 – Video editors, please remove the “a” and “b” labels.
4.5. The two bands represent the two ZO-1 isoforms [1]. Densitometry analysis revealed that the pixel value of ZO-1 increased from day 3 through 7 post-seeding, suggesting that the tight-junction protein ZO-1 formed continually from day 3 through 7 [2]. 
4.5.1. LAB MEDIA: Figure 4 – Video editors, please emphasize the red bands in the upper blot panel (labeled ZO-1) (Highly visible in DAY 5 and DAY 7 and a little bit in DAY 3 and DAY 10).
4.5.2. LAB MEDIA: Figure 4 – Video editors, please sequentially emphasize the bars for Day 3, Day 5, and Day 7 on the bottom graph.
4.6. After calcium depletion-treatment on day 7 post-seeding, the band of ZO-1 was almost undetectable, indicating that ZO-1 was unable to form in the absence of calcium ions [1]. 
4.6.1. LAB MEDIA: Figure 4 – Video editors, please emphasize the bar for Day 7 (no calcium) on the bottom graph.
Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
5.1. Devika S Manickam: As shown in the results, western blotting of ZO-1 protein can be performed to determine changes in expression level of the tight junction proteins, complementing the lucifer yellow-based functional activity data [1].

5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
5.2. Devika S Manickam: We also discovered that the functional activity of tight junctions in human brain endothelial cells was not affected by DNA nanoparticle transfection [1].

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