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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol include software usage? N
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. 

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
Assemble and disassemble the BBB-Minibrain 
Be stringent enough to discard any filter that do not pass the quality controls; 
5. Will the filming need to take place in multiple locations? Y, same floor different rooms


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. Christope Prehaud: This human blood-brain interface model is useful for studying the transport of molecules into the nervous system as well as for studying how microbes reach and infect the brain parenchyma [1].

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

1.2. Christope Prehaud: The addition of the minibrain to this blood brain barrier, or BBB, model, allows the study of how pathogens and molecules that cross the BBB behave in the brain [2].

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

Introduction of Demonstrator (Said by you on camera):

1.3. [bookmark: _GoBack]Monique Lafon: Demonstrating the procedure will be Florian Bakoa, a PhD student from my laboratory [1][2]. 

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.


Section - Protocol
2. Human Cerebral Microvascular Endothelial Cell (hCMEC)/D3 Insert Coating and Blood Brain Barrier (BBB) Preparation
2.1. To set up a BBB-minibrain polyester membrane culture insert device [1], dilute the cells to a 5 x 104 cells/insert concentration in complete endothelial cell medium [2-TXT] and add the appropriate volume of cells to each polyester membrane culture insert in a 12-well plate [3].
2.1.1. WIDE: Talent aspirating cells from flask (step going between 2.1.2B and 2.1.3)
2.1.2. MED: Talent medium to tube, with empty flask and medium container TEXT: See text for all medium/reagent preparation details
2.1.2B EXTRA CU inserts set into the wells (MED a the end)
2.1.3. CU: Cells being added to inserts

2.2. Then place the inserts in the cell culture incubator until the cells reach 100% confluency [1].

2.2.1. MED: Talent placing plate into incubator

2.3. Coat a 12-well plate with 1 milliliter of poly-D-lysine per well for 4 hours at room temperature [1] followed by 1-milliliter of laminin per well overnight [2].

2.3.1. MED: Talent adding poly-D-lysine to well(s), with poly-D-lysine container visible in frame
2.3.2. CU: Laminin being added to well(s), with laminin container label visible in frame

2.4. Replace the laminin with 1 milliliter of endothelial cell medium supplemented with 5% fetal bovine serum, or FBS (F-B-S) [1] and place the plate in the incubator for 1 hour [2].

2.4.1. CU: Medium being added to wells (CU at the end)
2.4.2. MED: Talent placing plate into incubator

2.5. To preprare the minibrain, gently trypsinize the human neurons, astrocytes and CHME (C-H-M-E) clone 5 cells [1] and dissociate the cell pellets with complete endothelial cell medium [2].

2.5.1. MED: Talent adding trypsin to cell container(s), with trypsin container visible in frame
2.5.2. CU: Pellet(s) being dissociated

2.6. After counting, add 3.6 x 105 neurons and astrocytes to 0.4 x 105 CHME clone 5 cells per well of a 12-well plate [1] and seed the 12-well plate [2].

2.6.1. MED: Talent adding cells to cells, with both cell containers visible in frame
2.6.2. MED: Talent adding cells to well(s)

2.7. To construct the BBB-minibrain, 24 hours after seeding, replace the used medium with fresh complete endothelial cell medium [1] and transfer the cerebral microvascular endothelial cell-coated polyester membrane culture inserts over the minibrain cells [2].

2.7.1. CU: Medium being replaced, with medium container label visible in frame
2.7.2. MED: Talent placing insert(s) into well(s) (CU at the end)

2.8. Then place the BBB-minibrain device into the incubator [1].

2.8.1. MED: Talent placing plate into incubator

3. BBB-Minibrain Endothelial Permeability Validation

3.1. To validate the BBB-minibrain endothelial permeability, add 1.5-milliliters of transport buffer per well to a new 12-well plate [1] and flip each filter upside down to carefully remove the medium without affecting the endothelial cell barrier [2].

3.1.1. WIDE: Talent adding transport buffer to well(s), with transport buffer visible in frame
3.1.2. B CU: Shot of flipped insert, then medium being removed from filter bottom (also 3.2.1)

3.2. Place each filter in one well of the transport buffer-filled plate [1] and add 0.5 milliliters Lucifer Yellow into each well [2].

3.2.1. MED: Talent placing filter(s) into well(s) (use 3.1.2)
3.2.2. CU: Lucifer Yellow being added to well, with Lucifer Yellow container label visible in frame

3.3. Then place the plate into the incubator for 10 minutes [1] before transferring the filters into a new transport buffer-filled 12-well plate [2-TXT].

3.3.1. MED: Talent placing plate into incubator
3.3.2. CU: Filter(s) being added to plate TEXT: Keep 1st plate abluminal compartment for OD density reading (CU 1st row, MED 2sd row)

4. BBB Crossing and Multiplication of Yellow Fever Viruses in the Minibrain and Biomolecule BBB Crossing and Brain Cell Targeting 

4.1. After setting up a BBB-minibrain device as demonstrated [1], add 3500 plaque forming units of the French neurotropic virus strain of Yellow Fever Virus diluted in 50 microliters of 2% FBS endothelial cell medium very carefully on the top of the luminal compartment [2].

4.1.1. WIDE: Talent taking device out of incubator
4.1.2. CU: Virus being added to well(s), with virus container label visible in frame

4.2. Inoculate the control BBB-Minibrain with 50 microliters of 2% FBS endothelial cell medium without virus [1].

4.2.1. MED: Talent adding medium to well, with medium container visible in frame
4.2.2. MED: Talent add Lucifer Yellow to companion well, with Lucifer Yellow container visible in frame (MED transfert inserts CU add Lucifer Yellow) (THIS STEP REPLACES 4.4.1)

4.3. Then place virus-exposed BBB-minibrain device in the incubator for 24 hours [1].

4.3.1. MED: Talent placing plate into incubator (2sd part)

4.4. The next day, remove the inserts [1] to determine the endothelial cell permeability in a companion well as just demonstrated and save 1 milliliter of sample from each well to determine the virus titer in the abluminal compartment [2].

4.4.1. MED: Talent removing insert MED: Talent add Lucifer Yellow to companion well, with Lucifer Yellow container visible in frame (MED transfert inserts CU add Lucifer Yellow) (THIS was 4.2.2.)
4.4.2. MED: Talent removing 1 mL of sample from one well

4.5. Christophe Perhaud: Handle the inserts gently to avoid leakage of the luminal compartment into the abluminal compartment [1].

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

4.6. After titrating the virus, replace the medium with fresh 2% FBS endothelial cell medium [1-TXT] and return the device to the incubator [2].

4.6.1. MED: Talent adding medium to well(s) TEXT: See text for virus titration details
4.6.2. MED: Talent placing plate into incubator

4.7. To study the transport of a neuron targeting biomolecule across the blood brain barrier, add the biomolecule of interest to the inserts [1] and return the plate to the cell culture incubator [2].

4.7.1. CU: Biomolecule being added to insert, with biomolecule container label visible in frame and medium for control
4.7.2. MED: Talent placing plate into incubator

4.8. After 24 hours, remove the inserts [1] and determine endothelial permeability [2].

4.8.1. MED: Talent removing insert
4.8.2. MED: Talent removing sample supernatant

4.9. Then stain the minibrain cells with the appropriate monoclonal antibody for detecting the presence of the biomolecule of interest within the minibrain [1].

4.9.1. MED: Talent adding antibody to well, with antibody container visible in frame




Section – Results
5. Results: Representative BBB-Minibrain Testing of Neuroinvasive Variants and Biomolecule Properties 

5.1. Human cerebral microvascular endothelial cells express all the subsets of receptors [1], efflux transporters, or transporters [2] that are key relevant proteins for their biological functions [3].

5.1.1. LAB MEDIA: Figure 2D: JoVE Video Editor: please emphasize Receptors graph
5.1.2. LAB MEDIA: Figure 2D: JoVE Video Editor: please emphasize Efflux Transporters graph
5.1.3. LAB MEDIA: Figure 2D: JoVE Video Editor: please emphasize Transporters graph

5.2. Some French neurotropic virus strain of Yellow Fever virus can cross the blood brain barrier at 24 hours [1]. The viruses then amplify for the next two days by the multiplication of the virus inside the brain cells [2].

5.2.1. LAB MEDIA: Figure 3B: JoVE Video Editor: please emphasize 24 h data cluster
5.2.2. LAB MEDIA: Figure 3B: JoVE Video Editor: please emphasize 72 h data cluster

5.3. Further, the expression of specific viral biomarkers is stimulated when this neuroinvasive viral population is serially passaged on the minibrain cells [1] and strictly correlate to the viral load [2].

5.3.1. LAB MEDIA: Figure 3C
5.3.2. LAB MEDIA: Figure 3C: JoVE Video Editor: please sequentially emphasize data from left to right of figure 

5.4. After being added to the luminal compartment, cell penetrating molecule-NeuroTag-neurotropic virus [1] crosses the blood brain barrier and is able to target human neurons [2].

5.4.1. LAB MEDIA: Authors: please upload the images from Figure 4C to your project  page without the white arrows: JoVE Video Editor: please emphasize green dots in top image (as indicated in the white arrows in original Figure 4C)
5.4.2. LAB MEDIA: Figure 4C: JoVE Video Editor: please emphasize red signal

5.5. Cell penetrating molecule-NeuroTag-delta-neurotropic virus crosses the endothelial cell barrier [1] but targets less efficiently the human neurons [2].

5.5.1. LAB MEDIA: Figure 4C: JoVE Video Editor: please emphasize green dot in bottom image inside neuron (as indicated in the white arrow in original Figure 4D)
5.5.2. LAB MEDIA: Figure 4D: JoVE Video Editor: please emphasize CPM-NeuroTag-NVΔ data

5.6. After being added to the luminal compartment, cell penetrating molecule-NeuroTag-neurotropic virus crosses the blood brain barrier [1] and is able to regenerate the axons of human neurons after wounding [2], in contrast to cell penetrating molecule-NeuroTag-delta-neurotropic virus, the inactive form of neurotropic virus [3].

5.6.1. LAB MEDIA: Figure 4B
5.6.2. LAB MEDIA: Figure 4B: JoVE Video Editor: please emphasize axons above white line in right image
5.6.3. LAB MEDIA: Figure 4B: JoVE Video Editor: please emphasize area above white line in left image

5.7. When applied before the axon scratching, cell penetrating molecule-NeuroTag-neurotropic virus triggers the neuroprotection of the wounded neurons and the axonal regeneration [1].

5.7.1. LAB MEDIA: Figure 5C: JoVE Video Editor: please emphasize CPM-NeuroTag-NV data cluster


Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Christophe Prehaud: (Step: 2) Strictly follow good cell culture practices, do not overuse high cell passages, try to maintain the same lots of medium and reagents, and check for the absence of mycoplasma [1].
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera 
6.2. Christophe Prehaud: Interactions between the minibrain and the drugs or microbes of interest can be further studied by transcriptomic analysis or classical biological techniques [1]. 
6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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