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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_____No___  

Can you record movies/images using your own microscope camera? (Y/N)__No_______  

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: Nikon, model: TMS-F
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__No______ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 2.4, 2.8, 2.10, 2.14, 4.2, 4.4
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

D.  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.) The most difficult aspect is in steps 2.4 and 2.8. In step 2.4, if the flask is not rinsed well with the media, cells will be left in the flask and this will cause large spheres to form, or aberrant differentiation. In step 2.8 it is critical that the spheres are completely dissociated by pipetting up and down. If the spheres do not dissociate completely, you will be unable to acquire accurate counts form the hemocytometer, which will affect plating density which in turn will affect sphere size and differentiation status. Conversely, dissociating the spheres too vigorously will result in cell death.
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

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

1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this in vitro procedure is to observe the effect of Zika Virus infection on survival and differentiation of human fetal neural stem cells. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Erica McGrath: This method can help answer key questions in the neural stem cell and infectious disease fields, such as how viral infection influences innate immune responses and how these changes contribute to survival and differentiation of neural stem cells.
1.2. Erica McGrath: The main advantage of this technique is that the cells used are human and not genetically modified, which enhances the translational application of the results.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Ping Wu: The implications of this technique extend toward therapy for the neurological deficits associated with Zika Virus, because it provides a means to evaluate the mechanism of infection and screen therapeutics.
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Human neural stem cells were originally derived from discarded human fetal cortexes in the first trimester.  All procedures adhere to the University of Texas Medical Branch ethics guidelines concerning the use of human tissue samples, and the cell lines were approved by the Institutional Biosafety Committee. 
Protocol: (read by voice talent at JoVE)
2. hNSC Passage
2.1. After preparing culture medium and plating human neural stem cells according to the text protocol, retrieve from the incubator the flask of cells to be passaged [1-WIDE] and bring it into the biosafety cabinet, or BSC [2-WIDE/MED].  Gently tilt the flask, allowing the cells to sink to the bottom of the pooled medium [3-CU-TXT].
2.1.1. Talent approaches incubator and removes flask of cells

2.1.2. Talent places flask onto bench in BSC

2.1.3. Talent gently tilts flask and cells are seen pooling at bottom of medium (TEXT:  ~15mL of medium)
2.2. Transfer 10 mL of medium in two 5-mL portions into a clean 15 mL tube labeled ‘CM’ for ‘conditioned medium.’  Take care not to aspirate any of the cells settled in the flask [1-CU].
2.2.1. Talent transfers two 5-mL portions of medium into 15 mL tubes labeled CM
2.3. Transfer 3 mL of medium from the CM tube to a 15 mL tube labeled ‘trypsin inhibitor solution.’  Then set the CM tube aside [1-CU].
2.3.1. Talent transfers 3 mL of medium from CM tube to trypsin inhibitor solution tube and sets CM tube aside

2.4. Next, remove the 5 mL of medium and cells remaining in the T75 flask and place it in a clean 15 mL tube labeled ‘Cells’ [1-MED/CU].  Then using a serological pipette and 3.5 mL volumes of the CM, rinse the T75 flask twice, transferring the CM rinse into the ‘Cells’ tube.  This will remove all neurospheres from the T75 flask [2-CU].
2.4.1. Talent removes 5 mL of medium and cells from flask and transfers to clean 15 mL tube labeled ‘Cells’

2.4.2. Talent uses 3.5 mL volumes of CM to rinse flask twice, transferring the CM rinse into the ‘Cells’ tube
2.5. Centrifuge the “Cells” tube at 100 x g and room temperature for 5 min [1-MED]. While the cells are spinning, obtain the previously prepared dPBS/glucose solution from the 37 °C water bath [2-MED] and add the appropriate amount of trypsin and DNase [3-CU-TXT].
2.5.1. Talent places tubes into centrifuge and sets speed and time 
2.5.2. Talent obtains dPBS/glucose solution from water bath 
2.5.3. Talent adds appropriate amount of trypsin and DNase (TEXT: Refer to text protocol for details)
2.6. After the “Cells” tube has stopped spinning, remove all the conditioned medium supernatant and transfer it to the “CM” tube [1-CU].
2.6.1. Talent removes conditioned medium supernatant and transfers it to the CM tube
2.8 Add trypsin solution to the cell pellet in the 15 mL tube and use a 5 mL pipette to pipette up and down approximately 5 - 10 times [1-CU]. Close the cap of the tube and incubate it in a 37 °C water bath for 5 min [2-MED/CU].
2.8.1 Talent adds trypsin to cell pellet and pipettes with 5 mL pipette
2.8.2 Talent closes cap and places tube into water bath 
2.7. To the trypsin inhibitor tube, add the appropriate volume of trypsin inhibitor, adding the same volume of solution as was used for the trypsin solution [1-CU-TXT].  Then place the trypsin inhibitor solution in the 37 °C water bath until needed [2-MED].
2.7.1. Talent adds trypsin inhibitor solution to trypsin inhibitor tube (TEXT: Refer to Table 3 of text protocol)

2.7.2. Talent places trypsin inhibitor solution into 37 °C water bath

2.8. Add trypsin solution to the cell pellet in the 15 mL tube and use a 5 mL pipette to pipette up and down approximately 5 - 10 times [1-CU]. Close the cap of the tube and incubate it in a 37 °C water bath for 5 min [2-MED/CU].
2.8.1. Talent adds trypsin to cell pellet and pipettes with 5 mL pipette
2.8.2. Talent closes cap and places tube into water bath 
2.9. Following the incubation, pipette the cells up and down 5 - 10 times [1-MED/CU]. Then incubate the sample in the 37 °C water bath for an additional 10 - 15 min [2-MED].  
2.9.1. Talent pipettes the cells up and down
2.9.2. Talent places sample into incubator water bath
2.9.3. Talent approaches BSC and places tube on bench
2.10. Following the cell incubation, pipette the cells up and down until the spheres are completely dissociated [1-CU-TXT]. Then immediately add the trypsin inhibitor solution and pipette the cell suspension up and down 10 times [2-CU].
2.10.1. Talent pipettes cells until spheres are completely dissociated (TEXT: 20 - 30 times)
2.10.2. Talent adds trypsin inhibitor solution and pipettes up and down Video editor: 2.10.1 and 2.10.2 were filmed in one shot and slated as 2.10.1
2.11. To count the number of cells in the suspension, pipette 15 µL of Trypan Blue pre-mixture onto a small weigh boat, and add 5 µL of the cell suspension [1-CU-TXT]. Pipette up and down 3 - 5 times to mix. Then, transfer 10 µL of the Trypan Blue/cell suspension onto either side of a hemocytometer covered with a glass coverslip [2-CU].
2.11.1. Talent pipettes Trypan Blue onto weigh boat then adds cell suspension (TEXT: 5 µL of 0.4% Trypan Blue and 10 µL of dPBS)
2.11.2. Talent mixes sample then pipettes onto either side of hemocytometer covered with coverslip
2.12. Observe the cells under a light microscope [1-MED] and count the total number of cells in each of the four corner grids [2-LM]. Then add these numbers together [3-CU].
2.12.1. Talent sitting at microscope counting cells
2.12.2. LAB MEDIA step 2.12.png
2.12.3. Talent finishes recording 4 values for each corner of grid and adds them together to arrive at total
2.13. After calculating the number of cells according to the text protocol, add a volume of cell suspension to each T75 flask to obtain 5 x 106 cells per flask.  If the volume is less than 5 mL, add additional conditioned medium up to 5 mL [1-CU].  Then add 10 mL of new DFHGFPS medium containing growth factors to the flask [2-CU-TXT].  
2.13.1. Talent adds cell suspension to T75 flasks, then adds additional medium to bring up to 5 mL
2.13.2. Talent adds 10 mL of DFHGFPS medium containing growth factors to flask (TEXT: Refer to Table 1 of text protocol)
2.14. Ensure the flask is labeled with the type of cells, the dates, the number of cells in the flask and the passage number [1-CU].  If desired, incubate the cells at this point [2-WIDE].
2.14.1. Talent finishes labeling flask with type of cells, etc.
2.14.2. Talent places cells into freezer incubator
3. Plating Adherent hNSC for Validation
3.1. To plate adherent hNSCs, the day before passaging, clean the BSC as explained in the text protocol [1-WIDE/MED], and use forceps to place single, sterile 12 mm glass coverslips into the wells of a 24-well plate [2-CU].  
3.1.1. Talent finishes cleaning BSC with 70% ethanol
3.1.2. Talent uses forceps to place single sterile 12 mm glass coverslips into wells of 24-well plate
3.2. Coat the wells and cover slips with 250 (L per well of 0.01% poly-D-lysine, or PDL, in sterile water [1-CU] and incubate the plates at 37 ˚C for 1 h [2-WIDE].
3.2.1. Talent adds poly-D-lysine to wells/coverslips
3.2.2. Talent places plates into incubator 
3.3. Remove the PDL from the wells, and then coat them with 1 µg/cm2 of laminin/dPBS [1-CU]. Incubate the plate at 37 °C overnight [2-WIDE]. If not needed the next day, wrap parafilm around the edges of the plate to seal it and store it at 4 °C [3-MED].
3.3.1. Talent finishes removing PDL from wells then adds laminin/dPBS
3.3.2. Talent places plate into incubator
3.3.3. Talent places wrapped plate into fridge, Videographer, have the wrapping visible on the plates if possible 
3.4. Remove any excess laminin solution from the wells through aspiration, and use 0.5 mL of dPBS to rinse the wells once [1-CU]. Then seed the cells into each well at a density of 0.6 - 1 x 105 cells/cm2 [2-CU-TXT].
3.4.1. Talent finishes removing laminin solution and rinsing in PBS
3.4.1a Added shot: Talent removing PBS
3.4.2. Talent seeds cells (TEXT: Use any remaining cells according to the text protocol)
4. Zika Virus Infection
4.1. After passaging the cells according to the text protocol, transfer 1 mL of cell suspension into a 1.5 mL microcentrifuge tube [1-CU], and centrifuge the sample at 200 x g and room temperature for 5 min [2-MED]. Then remove the supernatant by aspiration [3-CU].
4.1.1. Talent transfers cell suspension into tube
4.1.2. Talent places tubes into centrifuge and starts spin with speed and time visible
4.1.3. Talent aspirates supernatant
4.2. Resuspend the pellet in ZIKV stock at a multiplicity of infection, or MOI of between 1 and 10. The volume of ZIKV solution should not exceed 0.5 mL [1-CU]. For mock treatment, resuspend cells in the same volume and type of medium used in ZIKV stock [2-CU].
4.2.1. Talent resuspends pellet in ZIKV stock
4.2.2. Talent resuspends control pellet in medium used for infection
4.3. Incubate the samples at 37 °C for 1 h [1-WIDE]. After, invert the tube 2 - 3 times, and centrifuge the mixture at 216 x g and room temperature for 5 min to obtain a cell pellet [2-WIDE/MED]. 
4.3.1. Talent places samples into incubator
4.3.2. Talent inverts tubes and places into centrifuge and starts spin 
4.3.3. Talent removes the tubes from the centrifuge (TEXT: 216 x g, RT, 5 min)
4.4. Remove the supernatant by aspiration and resuspend the cells with 12 mL of the appropriate medium [1-CU].  Then load 500 (L of the infected cells into a 24-well plate [2-MED/CU-TXT].   
4.4.1. Talent removes the supernatant by aspirating 
4.4.1.a Added shot: Talent resuspends pellet in PBS
           4.4.1.b Added shot: Talent inverts tubes and places into centrifuge and starts spin
           4.4.1.c Added shot: Talent removes supernatant from cell pellet
           4.4.1.a Added shot: talent adds 12 mL of medium
4.4.2. Talent resuspends pellet in 12 mL of medium
4.4.3. Talent loads 500 (L of suspension into wells (TEXT: Stain the cells according to the text protocol)
5. Results: Human Fetal Brain Neural Stem Cell Infection with Zika Virus 
5.1. As seen here, healthy spheres should be approximately 1 - 2 mm in diameter, 9 - 10 days following a passage from non-adherent neurospheres.  Healthy spheres will also appear translucent and display pseudo-cilia around the edges of the sphere [1-LM].
5.1.1. LAB MEDIA Figure 1C, Editor, for the first sentence, use the large panel.  Then for the second sentence, add in the red box and the zoomed in box to the right of the large panel and for the pseudo-cilia, add in the white arrow/arrowhead.
5.2. Following the appropriate priming steps and addition of differentiation medium, the cells will spread out across the surface of the culture vessel and grow as an interconnected monolayer of cells, as shown in this figure [1-LM].
5.2.1. LAB MEDIA Figure 2B, Editor, for interconnected monolayer of cells, use arrows to point out some of the stick-like structures that connect the round parts of the cells.
5.3. This immunohistochemistry experiment identified Nestin, an intermediate filament commonly expressed in NSCs that can be used to verify an hNSC culture [1-LM].  Class III β-tubulin is labeled here to verify the presence of neurons and glial fibrillary acidic protein, or GFAP, reveals the presence of astrocytes following differentiation [2-LM].
5.3.1. LAB MEDIA Figure 3A, Editor, add in the word Nestin when mentioned and then DAPI
5.3.2. LAB MEDIA Figure 3B, Editor, add in the text for Class III β-tubulin and use arrows to point out the green staining.  Then add in the text for GFAP when mentioned and use arrows to point out the red staining that looks like threads.
5.4. Immunofluorescence staining with specific ZIKV antibodies showed that the K048 line of NSCs was infected by both African and Asian strains of ZIKV.  The virus tends to stay in the peripheral region of an infected cell one day after a 1-hour infection, but fills the whole cell at 3 to 7 days [1-LM].
5.4.1. LAB MEDIA Figure 4, Editor, begin with panels A, B, and E.  For the African strain of Zika, use arrows to point out the red staining in B and for the Asian strain, point out the red staining in panel E.  For the virus in the peripheral region, use arrows to point out the red staining in B again and then for ‘but fills the whole cell at 3 to 7 days,’ add in panels C and D and use arrows to point out the red staining that extends out from the round part to the ‘thread-like’ structures.
6. Conclusion (said by authors on camera)

6.1. Erica McGrath: Once mastered, the passaging technique can be done in 1 hour if it is performed properly. Medium changes can be performed in 20 minutes.
6.2. Ping Wu: While attempting this procedure, it’s important to remember to make sure neurospheres do not become too large before passaging.

6.3. Erica McGrath: Following this procedure, other methods like various drug treatments can be performed in order to answer additional questions like the efficacy of pharmacotherapies on prevention or reversal of Zika-mediated deficits.

6.4. Erica McGrath: After its development, this technique paved the way for researchers in fields like infectious disease, addiction, and trauma to explore how viruses, drugs of abuse, and traumatic physical injury impact human neural stem cells. 
6.5. Ping Wu: After watching this video, you should have a good understanding of how to passage, infect, and plate primary fetal human neural stem cells for your own investigations. Specifically, how the cells should be handled to yield the most successful culture.
6.6. Ping Wu: Don't forget that working with Zika virus can be extremely hazardous and precautions such as double gloves should always be taken while performing this procedure.   

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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