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Authors, please fill out the brief questionnaire below.   
1. Brief Questionnaire:

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N (RAB)______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: Olympus IX70 inverted microscope (step 3.2)  
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_____Y__ 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.

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol number. 2.2.1, 3.1.1, 4.1, 4.2, 5.2.1, 5.2.2

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number.   5.2.1-5.2.2 (Adaptation of genetically bar-coded cells to assay of interest. We feel this is still one single step) In order to ensure that bar-coded cells carry the assay elements of interest, it is critical to corroborate the presence of assay elements independently of the bar-coding. It is thus highly recommended to be able to track and/or detect the assay read-out in a robust and independent manner.  
E.  Will the filming need to take place in multiple locations? (Y/N) Y__ If yes, how far apart are the locations? It will be done in two separate rooms but in the same building.
1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

0. Conceptual Narrative:

0.1. The overall goal of the following experiment is to fluorescently barcode mammalian cells to enhance multiplexed, high-throughput biological assays that rely on distinct fluorescent readouts. [Intro]  
0.2. To do this, retroviral particles are used to stably express fluorescent proteins in mammalian cells, thereby barcoding them. [P1]
0.2.1. LM: P1- ANIMATION: Show the viral supernatant tube (left panel), then make it disappear except for the viral particles—dissolve to colored virus particles (middle panel) fall onto cells below – then show arrows and then dishes (right panel)
0.3. Next, fluorescent activated cell sorting is performed to obtain clonal bar-coded populations. [P2] 
0.3.1. ANIMATION: Show left panel (FACS analysis) then show middle panel (results) then finally show arrow with sort and image of dish (right panel)

0.4. The clonal populations are then amplified, combined, and analyzed by flow cytometry to confirm that they can be distinguished from one another, and therefore be used concurrently. [P3]
0.4.1. ANIMATION: Show 3 copies of dish in top right panel in a column (with different colored cells in each)--  then show cells accumulate in the dishes- then show cells from each tube go into a single tube (in a mix).  Then dissolve to bottom panel of FACS results.
0.5. Finally, the barcoded cell lines are transduced with tagged assay proteins, and biological activity is monitored using fluorescent channels distinct from the bar coded channels.  [P1]
0.5.1. ANIMATION:  Show plate of red cells (P1) and below it the top left plot in (p5), then show addition of green viruses (From P1 middle panel)  to the plate (show the cells turn yellow and below it, show the 2nd plot in (P5) 
0.6. The results demonstrate the utility of fluorescent barcoding of mammalian cells for multiplexed applications in a high-throughput environment [P5]
0.6.1. ANIMATION: Show left plot only and highlight green boxed area
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Cameron Smurthwaite:  The main advantage of this technique over methods that require careful calibration of antibody or dyes, is that genetically barcoded cells are readily available with no further manipulation needed. And, because they express the protein of interest for long periods of time, they are useful for further biological adaptations.  
1.1.1. Interview style: Author saying the above 

1.2. Roland Wolkowicz: Coupling genetically barcoded cell lines with cell-based assays enables us to investigate independent biological events in a high-throughput environment. 

1.2.1. Interview style: Author saying the above 

1.3. Alexandra Fetsko: Here, we use fluorescent genetic barcoding to monitor cleavage of different viral substrates. Multiplexing this assay can be exploited to investigate the machineries responsible for cleavage and for high throughput drug discovery. 

1.3.1. Interview style: Author saying the above 
Protocol (read by voice talent at JoVE):

2. Preparation of Mammalian Cells, Viral Production and Transduction for Genetic Barcoding

2.1. The day before transfection, seed a 10 cm plate with 2.5x106 Phoenix-GP cells in DMEM with 10% FBS. [2.1.1-MED-TXT]
2.1.1. TEXT: 50 - 60% confluent

2.2. This packaging cell-line stably expresses Gag and Pol proteins for retroviral particle formation in trans. [2.2.1-LM] 
2.2.1. 2.2.1: Smurthwaite JoVE animation protocol images: 2.2.1  (Show the genetic map (upper left) and cell only)
2.3. On the day of the transfection, use a bright field microscope to examine the cells. [2.3.1-MED] The cells must be healthy and adhered to the plate in a monolayer to be used for transfection. [2.3.2- LM] 
2.3.1. No comment
2.3.2. 52452_Wolkowicz_HealthyCells 
2.4. Next, prepare the DNA transfection mixture.  To 125 μL of serum-free DMEM, add 3 μg of Vesicular Stomatitis Virus Envelope glycoprotein vector, “pCI-VSVg” and 3 μg of transfer vector carrying the fluorescent protein gene of interest. [2.4.1-CU-TXT]
2.4.1. TEXT: 125 μL serum-free DMEM + 3 μg pCI-VSVg + 3 μg of transfer vector 

2.5. Add 15uL of polyethylimine transfection reagent and mix. [2.5.1-MED-TXT] 
2.5.1. TEXT: 15 μL polyethylimine (2 mg/mL)
2.6. To obtain viral particles carrying different fluorescent protein markers, perform each transfection independently with the marker of choice. To do so, incubate each mixture at room temperature for 15 min.  [2.6.1-CU]
2.6.1. Talent transfects additional tubes – no transfection
2.7. Following the incubation, transfect by adding the mixture to the cells drop-wise.  [2.7.1-CU]  Then, incubate the plates at 37 °C. [2.7.2-MED-TXT]
2.7.1. No comment

2.7.2. TEXT- To further increase viral production, incubate at 30 °C or 32 °C instead
2.8. Optionally, after 24 hours, replace the medium with 7 mL of fresh medium. Although this may improve cell health it may decrease the viral load in the supernatant.  [2.8.1-MED-TXT]
2.8.1. TEXT:  OPTIONAL STEP- DECREASES VIRAL LOAD IN SUPERNATANT
2.9. 48 hours after transfection, use a pipettor to transfer the supernatant, which contains the virus particles, to a 10 mL syringe fitted with a 0.20 μM polytetrafluoroethylene filter. [2.9.1-CU] Depress the plunger to dispense the filtrate into 2mL microcentrifuge tubes. [2.9.2-CU]
2.10. Set aside an aliquot of 2mL for immediate use.  [2.10.1-CU] Place the remaining viral supernatant aliquots on ice [2.10.2-CU] and transfer them to -80 °C until they are used. [2.10.3-MED-TXT]
2.10.1. No comment

2.10.2. No comment

2.10.3. TEXT: Avoid freeze-thaw: viral titer decreases by up to 50% with each freeze-thaw cycle.

2.11. 24 hours before transduction, in each well of a 6-well plate, seed 2.0 to 3.0 x105 adherent cells.  Here, 293T cells are used.  [2.11.1-MED-TXT]
2.11.1. TEXT: See text for protocol modifications for non-adherent cells 

2.12. The next day, to transduce the adherent cells, remove the existing media from the plate. Add 5 μg/mL of Polybrene (final concentration before or after adding the viral supernatant?) to the   
 2 mL of the previously collected viral supernatant and add the mixture carefully to the cells.  [2.12.1-CU-TXT]
2.12.1. TEXT: Polybrene= hexadimethrene bromide. 
2.13. Seal the plates with Parafilm, [2.13.1-CU] then, place the plates in a hanging bucket centrifuge.  Centrifuge at 1,500 x g for 120 minutes at 32 °C. [2.13.2-MED] 

2.14. After the spin, incubate the cells at 37 °C and 5% CO2 [2.14.1-MED:TXT] After 24 hours, replace the cells’ medium. A 20% to 40% infection rate is expected  (by what time and judging by what method
?) 
[2.14.2-CU do not show media dripping on plate]  
3. Selection and Amplification of Genetically Barcoded Cells


3.1. At least 72 hours post transduction, prepare to analyze the transduced cells by flow cytometry to quantify the percentage rate of transduction. [3.1.1- MED-TXT]
3.1.1. Talent seated at flow cytometer places negative control tube in loading port  TEXT: a high percentage rate of initial transduction, while not necessary, should speed up the process of amplification. 
3.2. First, using a comparable non-transduced cell line as a negative control [3.2.1-MED], ensure the gates are properly set in the right channels.  Set the parameter/channel voltage so that the negative population is below the value of 103 on each fluorescent axis of interest. [3.2.21-SCREEN]
3.2.1. Talent places tube in loading port of cytometer we feel 3.2.1 is exactly as 3.1.1 - MED
3.2.2
[New 3.2.1] SCREEN: Talent begins collecting events and sets the channel voltage as described above only 1 take
3.3. Next, set the gates for positive fluorescence as events that appear beyond that of the negative control [3.3.1-SCREEN - added]. Then, using the transduced cells, determine the percentage positive for the specific fluorescent channel. [3.3.12-SCREEN]
3.4. Sort the cells into 15 mL conical tubes containing 1mL of 100% FBS.   [3.4.1-CU do not use take 1]  Then, spin down the sorted populations in a hanging bucket rotor centrifuge at 524 g at 32 °C for 5 minutes.  [3.4.1-MED] 

3.5. After the spin, re-suspend the cells in 1 mL of fresh medium.  [3.5.1-CU]  Then, seed 2x106 cells in 2 mL of DMEM on a 6 cm plate.  At this concentration, the confluency is below 60% and will allow growth and division for at least two days.  [3.5.2-MED-TXT combined w/3.5.1]  
3.5.1. TEXT: Adjust number of cells as appropriate 

3.6. Place the cells in an incubator at 37 °C for several days to allow time for amplification. [3.6.1-MED]
4. Obtaining Clonal Populations of Genetically Barcoded Cells at Different Intensities

4.1. Clonal populations can be generated from either the originally transduced or the sorted cells [4.1.1-MED-TXT]
 Sorting tight populations based on chosen fluorescence rather than individual clones at this stage ensures a backup population for future selection if/when needed.  
4.1.1. MED:  Talent removes cells from the incubator (Text:  The cells used should be a tight population with a small CV in mean fluorescence intensity of up to 40%).

4.2. Set the gates for sorting according to populations of interest. [4.2.1-MED SCREEN - please use the first 17 sec] Ensure that the gates are set at least one log-scale apart to obtain distinguishable populations. [4.2.2-LM] 
4.2.1. Talent performs recognizable steps in sorting setup 

4.2.2. LAB MEDIA: Smurthwaite JoVE animation protocol images 4.2.2

4.3. Using an automated cell deposition unit, sort single cells into 96-well plates. [4.3.1-CU - added] Note that there will be an average of one cell per well.  Some wells may not have any cells and others may have more than one. [4.3. 12-CU SCREEN THIS IS FROM THE END OF THE VIDEO 4.2 WHEN IT SHOWS EACH WELL GETTING ONE CELL ON THE SCREEN. SPLIT THE VIDEO TO SHOW 4.3.1 THEN THE END OF THE 4.2 VIDEO.] 
4.3.1. Show fluid being dispensed into each well
4.3.2.  SCREEN please use sec 33 to sec 44 of 4.3.2 – SCREEN zooming at the ‘global sheet’
4.4. Following sorting, incubate the cells at 37 °C for at least two weeks to amplify the individual clones. [4.4.1- MED-TXT] Regularly examine the cells under the microscope [4.4.2-MED] to ensure that growing populations arise from individual cells and not from more than one.  Also ensure that the cells do not become overgrown. [4.4.3-LAB MEDIA]
4.4.1. TEXT:  See accompanying document for tips on successful expansion of clones

4.4.2. No comment

4.4.3. LAB MEDIA: Smurthwaite JoVE animation protocol images 4.4.3 (Show adherent part only and animate as requested (see slide text))
4.5. After 2 weeks have passed, screen the putative clonal populations by flow cytometry, and compare them to a **negative control population**.  True clonal populations should have very tight fluorescence patterns.  [4.5.1-MED-TXT-ANI]
4.5.1. LAB MEDIA: 52452_figure 3A  (Animation: Highlight population 1 when the negative control is mentioned)  TEXT: Analyze only a percentage of the sample and keep the rest as backup.
4.6. Choose the most distinctly separate populations based on average intensity and tightness of the population. Amplify them as needed, or store stocks in freezing medium with 10% DMSO at -80 °C for short periods of time, or liquid nitrogen for longer. [4.6.2-CU]
4.6.1. Talent pipetting into cryo tubes

5. Ensure Multiplexing Capabilities for High Throughput Screening (HTS) 
5.1. Next, to test whether clonal populations can be successfully used in a multiplex high- throughput screening system, choose a set of clones with distinguishable absorption/emission spectra and/or different intensities, and combine them in a single tube.  [5.1.1-CU]
5.1.1. Talent combines cells from different clones in a single tube
5.2. Seed 50,000 of the combined cells in 200 μL of supplemented DMEM in each well of a 96-well plate. [5.2.1-CU-TXT] 
5.2.1. TEXT:  Supplemented RPMI for non-adherent cells. Media is supplemented with 10% fetal calf serum (FCS), penicillin-streptomycin, and 2mM L-glutamine.
5.3. In separate tubes, prepare negative and single color controls for use in setting parameters and compensation values. [5.3.1-CU]
5.4. At the flow cytometer, set the compensation values, then analyze the sample to ensure that each of the independent established fluorescent cell lines can be distinguished. [5.4.1-MED-LAB MEDIA INSET]
5.4.1. LAB MEDIA:  52452_Figure 1
6. Adapt Genetically Barcoded Cell Lines to the Biological Application of Choice

6.1. To adapt the barcoded cell lines to a biological application, first select assay elements that have been engineered such that they are coupled to a tag or fluorescent protein as a fusion or through an internal ribosome entry site (IRES), which enable straightforward detection through western blotting, flow cytometry or microscopy. [6.1.1-LM] 
6.1.1. LAB MEDIA: 52452_MAP (Authors please provide a simple diagram of the engineered fusion protein (including the IRES) (ANIMATION: Editor please highlight the Assay elements, then highlight IRES)
6.2. The system utilized here, consists of a biological assay in which an HIV envelope protein 
is expressed on the surface of the cell, exposing its HA and FLAG tags.  The assay protein is expressed in a bar-coded cell that expresses td Tomato. 
6.2.1. LAB MEDIA : Smurthwaite JoVE Animation protocol images 6.2.1 (ANIMATION:  Editor, use the HIV-1 Env mut example and delete the text in it.   Highlight the grew/red/green protein on the surface (in very small text label the green portion “FLAG” and the red portion “HA”).   
6.3. Cleavage of the protein can be monitored by staining with a FITC labeled anti-FLAG antibody.   When the protein is not cleaved, staining is seen.  [6.3.1 ANI] But, when the protein is cleaved, the green fluorescence labeling is no longer evident.  [6.3.2-ANI]
6.3.1. LAB MEDIA: Smurthwaite JoVE Animation protocol images 6.2.1 ANIMATION- Show antibodies drop down and bind to green part of cell- allow any non-bound antibodies to fall off screen
6.3.2. USE 6.2.1- ANIMATION:  Make all antibodies disappear- then remove green portion of the protein.   Have antibodies drop down again-  but this time they don’t bind to anything so all antibodies fall off screen.

6.4. To establish the biological assay in the bar-coded cells, transduce them with viral particles that contain the assay elements of choice.  
Add viral supernatant to cells of choice and spin by centrifugation. [6.4.1-6.4.2 MED]
6.5. Next, incubate the cells with fluorescently labeled anti-HA antibodies.  [6.5.1-MED-TXT]  Then, sort the barcoded cells to isolate those that contain assay elements, which are positive for HA.   [6.5.2- MED-SCREEN]
6.5.1. Talent adding antibodies to cells Text:  See accompanying document for details 

6.5.2. Talent seated at the flow cytometer, places tube in loading port SCREEN
6.6. Finally, combine distinct barcoded cell lines, each containing an assay bearing a different substrate. Incubate the mixture of cells with anti-FLAG and FITC-conjugated antibody [6.6.1-CU] (combine them?) 
and analyze them by flow cytometry to determine whether cleavage of the protein has occurred.  [6.6.2-MED]
6.7. To track back the assay, analyze or ‘decode’ the populations in the appropriate channel where the distinct genetically barcoded cell lines can be distinguished, here the PE channel for td Tomato.  Then, decode the nature of the substrate by analyzing in the FITC channel to reveal the positive population. [6.7.1-SCREEN]
7. A multiplex analysis of cleavage of the HIV envelope & Dengue Virus pr-M Boundary proteins
7.1. To assay for cleavage of surface-expressed proteins in the secretory pathway, SupT1 cells were fluorescently barcoded to express td Tomato and sorted into 3 populations at different intensities.
7.1.1. LAB MEDIA: 52452 _Figure 5A left panel
7.2. Each of the populations was then transduced with a different retrovirus, to induce the expression of the wild type HIV envelope protein, the mutant HIV envelope protein, or the Dengue Virus pr-M boundary protein - each flanked by FLAG and HA tags. [7.2.1-LM]
7.2.1. LAB MEDIA: 52452__Figure 5A right panel  (Highlight each of the assays (bars on right) when it is mentioned)
7.3. The transduced cells were incubated with anti-HA and anti-FLAG antibodies.   Anti-HA staining was performed to confirm the presence of the engineered assay protein while anti-FLAG staining was performed to determine whether it was cleaved. [7.3.1-LM]
7.3.1. LAB MEDIA: 52452_Figure 5B (Highlight red antibodies, then highlight green antibody and circle area where no green antibody binds on right side “cleaved substrate”)
7.4. When UNSTAINED combined populations were analyzed by flow cytometry, clonal populations were distinguishable based on the td Tomato barcode, but indistinguishable in the FITC channel. [7.4.1-LM]
7.4.1. LAB MEDIA: 52452 _Figure 5C left panels
7.5. In contrast, when the same populations were stained with FLAG-FITC antibody, one population was positive for FLAG. Based on barcoding, this population can easily be identified as the population bearing the mutant HIV Envelope substrate. [7.5.1-LM]
7.5.1. LAB MEDIA: 52452 _Figure 5C right panel
8. Conclusion (said by authors on camera)

8.1. Roland Wolkowicz: After watching this video, you should have a good understanding of how to use retroviral technology and flow cytometry to establish fluorescently distinct clonal populations that can be further used for biological applications in multiplexed formats. [8.1.1 Interview style]
8.2. Cameron Smurthwaite: The ability to couple fluorescent genetically barcoded cells with cell-based assays in a multiplexed format, dramatically enhances high-throughput capabilities. [8.2.1 Interview style]
8.3. Alexandra Fetsko: After the cell lines are generated, it is important to remember to freeze them.  Then, periodically thaw them, analyze them, and freeze them again. [8.3.1 Interview style]
8.4. Cameron Smurthwaite: While establishing fluorescent genetically barcoded cell lines might be time-consuming at first, once established they dramatically enhance repeatability and robustness for future applications.  [8.4.1 Interview style]
Provided Media

Smurthwaite JoVE Animation Conceptual overview
Smurthwaite JoVE Animation protocol images

LAB MEDIA: 52452_MAP (Authors please provide a simple diagram of the engineered fusion protein (including the IRES)
52452 _HealthyCells (an image of healthy, adhered cells as would be seen prior to transfection- 
52452_Figure 1

52442_Figure 3

52452_Figure 5A

52452_Figure 5B

52452_Figure 5C

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, as well as an introduction to your videographer, closer to your filming date.

�Authors please clarify.  DO NOT DELETE THIS COMMENT


�we rather delete this, it is not necessary, and further explanation is described in 3.1


�Authors, please insert how this is assessed.  DO NOT DELETE THIS COMMENT.


�Authors, in what case would you not used the sorted cells?   Or, why is the previous sorting step (3) needed?  Please clarify here.   DO NOT DETELTE THIS COMMENT


�Authors confirm that this is correct-  we are just using one example protein here- so we don’t need to show everything.  PLEASE DO NOT DELETE THIS COMMENT


�Authors must provide more detail in the original text- NOT HERE-  info needed on transduction protocol and incubation periods etc. DO NOT DELETE THIS COMMENT


�(Authors must provide more detail in the original text- NOT HERE- protocol incubations, washes etc. DO NOT DELETE THIS COMMENT


�Is there something missing here about having multiple cells and assays in the same system? This may be more complicated than described here.   More information is needed.  DO NOT DELETE THIS COMMENT
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