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A.  Will you require JoVE to record video microscopy? Yes
B.   Does your protocol include descriptions of software usage? 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? 2.4., 3.4., 3.7.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  FRET analysis is tricky, but success can be ensured by following standard gating principles. 5.1.-5.6.
E.  Will the filming need to take place in multiple locations? N


1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance. Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this procedure is to detect proteopathic seeding activity from recombinant or biological sources, enabling the sensitive detection of protein aggregates in a sample.

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Jennifer Furman: This method can help to answer key questions in the Neurodegeneration field. For example, how might we quantitatively evaluate changes in seeding activity following therapeutic intervention in animal models of disease? 
1.2. Jennifer Furman: The advantages of this technique include its high sensitivity to low levels of protein aggregates, its exquisite specificity, the ease of its use, and its high throughput. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!) Demonstrating this procedure today will be myself, along with co-author Brandon Holmes. 

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.3. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee at the University of Texas Medical Center.
 
Protocol (read by voice talent at JoVE):
2. Biological seed material preparation

2. To prepare the biological seed material, begin by weighing frozen brain tissue in a disposable weigh boat [2.1.1.-WIDE]. Then transfer the tissue into a conical tube [2.1.2.-MED].

0. Talent placing weigh boat onto scale
0. Talent placing tissue into 5 ml tube 

2. Add ice-cold homogenization buffer such that the final solution is 10% weight/volume [2.2.1.-MED-TXT] and transfer the samples to a cold room on ice [2.2.2.-MED].

1. Few seconds Talent adding buffer, with buffer container label visible in frame if possible (TEXT: See text for all media/reagent preparation details)
1. Talent walking into cold room with tube on ice visible

2. Next, adjust a probe sonicator to the appropriate settings [2.3.1.-MED-TXT] and rinse the sides and bottom of the probe sonicator tip three times as indicated [2.3.2.-CU-TXT], wiping off the probe between each solution [2.3.3.-CU]. 

2. Few seconds Talent adjusting probe (TEXT: e.g. 20% power, 30% pulsing)
2. Few seconds tip being rinsed, with water and isopropanol container labels visible in frame (TEXT: Rinse water -> isopropanol -> water)
2. [combined with 2.3.2] Few seconds tip being wiped off

2. When the probe is ready, submerge the tip into the homogenization buffer of one sample [2.4.1.-CU] and start the sonicator, delivering 25 total pulses [2.4.2.-CU-TXT].

3. *Film as written
3. [combined with 2.4.1] Shot of sonicator in water, then sonicator turned on/few seconds of sonication (TEXT: Caution: Avoid sample foaming) 

2. When the tissue is completely in suspension [2.5.1.-CU], spin down the homogenate [2.5.2.-MED-TXT] and transfer the supernatant to a clean tube, taking care not to disturb the pellet [2.5.3.-CU-TXT].

4. Shot of tissue completely in suspension
4. [added] Pipetting lysate into smaller tubes
4. Talent placing tube(s) into centrifuge (TEXT: 15 min, 21130 x g, 4°C)
4. [added] Shot of pellet after centrifugation 
4. Few seconds supernatant being poured pipetted out (TEXT: Discard pellet)

2. Interview Talent: “While numerous other homogenization techniques are available, probe sonication is superior for isolating small amounts of proteopathic seeds from biological sources, as the high-power mechanical dissociation allows for the consistent and efficient breakdown of the tissue and subsequent seed extraction.” [2.6.1.-MED-Spoken by Talent, interview style (looking just off camera)]

5. Jennifer Furman, speaking the above, interview style

2. Then aliquot the supernatant [2.7.1.-MED] and store the lysates at -80°C [2.7.2.-MED-TXT]. 

6. Talent adding supernatant to at least one tube, with other tubes visible in frame
6. Talent adding tube(s) to -80°C storage (TEXT: Caution: Freeze/thaw cycles reduce seeding efficiency)

1. Biosensor cell replating, treatment and harvest 

3. To replate the biosensor cells, under sterile conditions, rinse each cell line with warm PBS [3.1.1.-WIDE-TXT], followed by a 3 minute incubation with trypsin-EDTA [3.1.2.-MED].

0. Few seconds Talent rinsing one cell line with PBS (TEXT: See text for cell line use/details)
0. [combined with 3.1.1] Talent adding trypsin-EDTA to cells, with trypsin-EDTA container label visible in frame 

3. When the cells have detached, stop the reaction with 9 ml of warm culture medium [3.2.1.-MED] and immediately transfer the cells into a conical tube [3.2.2.-MED].

1. Talent adding medium to cells, with medium container label visible in frame 
1. [combined with 3.2.1] Talent adding cells to tube

3. Centrifuge the cells [3.3.1.-CU-TXT], resuspending the pellet in fresh medium [3.3.2.-CU].

2. Tube(s) being placed into centrifuge bucket (TEXT: 5 min, 1000 x g, RT)
2. Shot of pellet if visible (yes), 
3.3.2B [split shot] Pipetting to resuspend the cell pellet

3. Then count the cells [3.4.1.-MED] and make a master mix cell dilution of 3.5x106 cells/13 ml of medium [3.4.2.-MED].

3. Few seconds Talent counting cells
3. Talent adding medium to cells, with medium container label visible in frame

3. Using a multi-channel pipet, slowly transfer 130 microliters of the cells into each well of a flat bottom, tissue culture-treated 96 well plate [3.5.1.-MED-over the shoulder-TXT], taking care to place the pipet tips in the center of the wells without touching the bottom of the plate [3.5.2.-CU].

4. Talent adding cells to at least one row of cells (TEXT: e.g. n=4 wells/cell lines 1-3/plate; n=84 cell line 4/plate)
4. Shot of pipet tip(s) in center of well(s) dispensing cells

3. After all of the cells have been seeded, allow them to settle undisturbed for 10 minutes at room temperature [3.6.1.-MED] and then incubate the plate overnight at 37°C, 5% CO2, and ≥80% relative humidity [3.6.2.-MED].

5. Talent placing plate at RT
5. Talent placing plate in incubator 

3. The next day, when the biosensor cells are 60-65% confluent, combine reduced-serum medium, liposome reagent, and biological seed source to make transduction complexes [3.7.1.-MED].

3.7.0 [added] SCOPE shot of how these cells should look just prior to treatment.

6. Talent adding at least one component to transduction complex container, with other components visible in frame
6. [added] Combining contents from two tubes used in previous step. 

3. Then gently pipette 20 microliters of transduction complex down the side of each individual biosensor well [3.8.1.-CU-TXT] and return the treated cells to the incubator for another 24-48 hours [3.8.2.-CU].

7. Transduction complex being pipetted down the side of one well, with transduction complex container label visible in frame if possible (TEXT: Use 3 technical replicates if possible) 
7. Plate being placed into incubator 

3. To harvest the cells, replace the cell culture medium with 50 microliters of trypsin-EDTA [3.9.1.-CU], stopping the reaction after 5 minutes with 150 microliters of chilled culture medium [3.9.2.-CU].

3.9.0 [added] Microscope shots. 1st image: cells treated with Tau knockout brain lysate (i.e. no seeding). 2nd image: cells treated with P301S mouse brain lysate (i.e. cells with seeding). Both were at 20x magnification.
3.9.1.A [added, combined to 3.9.2] Aspirating media from wells
8. BTryspin-EDTA being added to at least one well, with trypsin-EDTA container label visible in frame 
8. Medium being added to at least one well, with medium container label visible in frame 

3. Immediately transfer the cells to a 96 well round bottom plate [3.10.1.-CU] and pellet the cells [3.10.2.-CU].

9. Cells being added to at least one well of 96 well plate, with both plates visible in frame
9. Plate being placed into centrifuge 

3. Aspirate the supernatants without disturbing the pellets [3.11.1.-CU], and then gently but thoroughly resuspend the cells in 50 microliters of 2% paraformaldehyde for 10 minutes [3.11.2-CU].
3.11.0 [added] Shot of pellet
10. Few seconds supernatant being aspirated from at least one well
10. Few seconds at least one well/row being resuspended in PFA, with PFA container label visible in frame

3. Then spin down the cells again [3.12.1.-MED] and resuspend the pellets in 200 microliters of chilled flow cytometry buffer [3.12.2.-MED-over the shoulder].

11. Talent placing plate into centrifuge
11. Few seconds Talent resuspending at least one well/row in buffer, with buffer container label visible in frame if possible

1. Förster resonance enegry transfer (FRET) flow cytometry
All of this section was recorded. Please use film, assuming the resolution is of high enough quality.

4. As soon as possible after fixation, load the plate onto a FRET-compatible flow cytometer [4.1.1.-WIDE] and generate a side scatter-area vs forward scatter-area bivariate plot [4.1.2.-MED-over the shoulder].

0. Talent loading plate onto flow cytometer
0. Few seconds Talent generating plot

4. Next, with cell line 1 running, adjust the side scatter and forward scatter voltages until the cell population is in the lower left quadrant [4.2.1.-SCREEN].

1. [4.2.1 to 4.5.1 combined] *To be provided by Authors 

4. Then, using the polygon tool, define the cell population as Gate P1 [4.3.1.-SCREEN].

2. *To be provided by Authors 

4. Now make a forward scatter-height vs forward scatter-area bivariate plot and apply the P1 gate [4.4.1.-SCREEN].

3. *To be provided by Authors  

4. Next, define the single cells as Gate P2 [4.5.1.-SCREEN] and generate one histogram each for the CFP, YFP and FRET filters [4.5.2.-SCREEN].

4. *To be provided by Authors 
4. *To be provided by Authors 

4. Apply the P2 gate to each histogram as demonstrated for the P1 gate [4.6.1.-SCREEN] and adjust the voltages of each filter such that the CFP, YFP, and FRET signals fall between 0 and 1 [4.6.2.-SCREEN].

5. *To be provided by Authors 
5. *To be provided by Authors  

4. For compensation, spike in 30 microliters of the cell line 1 suspension into 200 microliters of the cell line 2 suspension [4.7.1.-CU].

6. *Film as written

4. Then click the “Instrument Settings” icon, followed by the "compensation" tab, and check "matrix" to open the compensation table [4.8.1.-SCREEN].

7. *To be provided by Authors   screenshot of the compensation table (i.e. there was no “clicking” for this shot).

4. Generate a FRET-area vs CFP-area bivariate plot [4.9.1.-SCREEN] and apply gate P2 [4.9.2.-SCREEN]. 

8. [4.9.1 to 4.13.2 combined] *To be provided by Authors 
8. *To be provided by Authors 

4. Then, with cell line 1 and cell line 2 running, click the "quadrant" icon [4.10.1.-SCREEN] and draw quadrants such that the fluorescence-negative and -positive populations are separated by the lower two quadrants [4.10.2.-SCREEN-TXT]. 

9. *To be provided by Authors 
9. *To be provided by Authors (TEXT: i.e. gates LL3 and LR3). 

4. Now create a statistics table that displays the median fluorescence intensity, or MFI (Pronounce: M-F-I), of FRET for the LL3 and LR3 gates [4.11.1.-SCREEN] and adjust the FRET parameter in the compensation matrix until the MFI of the FRET signal is equal between LL3 and LR3 [4.11.2.-SCREEN].

10. *To be provided by Authors 
10. *To be provided by Authors  

4. Next, make a YFP-area vs CFP-area bivariate plot, apply gate P2, and draw two lower quadrants as just demonstrated [4.12.1.-SCREEN-TXT].

11. *To be provided by Authors (TEXT: i.e. LL4 and LR4)

4. Then create another statistics table that displays the mean of YFP for LL4 and LR4 [4.13.1.-SCREEN] and adjust the YFP parameter in the compensation matrix until the MFI of the YFP signal is equal between LL4 and LR4 [4.13.2.-SCREEN]. 

12. *To be provided by Authors 
12. *To be provided by Authors 

4. Interview Talent: “For FRET flow cytometry, the primary fluorescence spillover occurs from the CFP emitting into the FRET detection channel, which can be corrected via fluorescence compensation using the single fluorescence positive control cells.” [4.14.1.-MED – Spoken by Talent, interview style (looking just off camera)]

13. Brandon Holmes, speaking the above, interview style

4. When all of the gates have been set and the CFP signal has been compensated, highlight the wells of interest [4.15.1.-SCREEN] and run the remainder of the plate [4.15.2.-SCREEN].

14. *To be provided by Authors 
14. *To be provided by Authors  

4. Following the completion of the run, export the data by first clicking "file" and then "copy" [4.16.1.-SCREEN]. Then select the "data files" tab, highlight the experiment folder, and click "copy" [4.16.2.-SCREEN].

15. *To be provided by Authors 
15. *To be provided by Authors  

1. Data analysis


5. To analyze the data, first define the cells and single cells, using the same parameters as for setting up the flow analysis [5.1.1.-WIDE].

5.1.0 [added] Brandon Holmes opening data analysis software and flow cytometer files.
0. Few seconds Talent setting up analysis/parameters provided an a .AVI file, can be stopped after 59 seconds.

5. Next, using cell line 3, plot the YFP single-positive cells onto a FRET vs YFP bivariate plot. Draw a polygonal gate that runs along and away from the slope of the FRET-positive cell population to define a false FRET gate which excludes YFP spillover into the FRET filter [5.2.1.-SCREEN].

1. *To be provided by Authors  This AVI file can be stopped after 39 seconds

5. After applying the false FRET gate to all of the samples, plot the empty liposome-treated CFP-YFP cells onto a FRET vs CFP bivariate plot [5.3.1.-SCREEN] and introduce a polygonal gate along the slope of the population that extends upward and leftward away from the population [5.3.2.-SCREEN].

2. *To be provided by Authors Steps 5.3 and 5.4 were combined into one AVI file, which can be stopped after 1 minute, 2 seconds.
2. *To be provided by Authors 

5. This gate should exclude approximately 99% of the cells such that the background FRET is ≥ 1% of cells [5.4.1.-SCREEN].  Any events that shift into this gate are considered FRET-positive [5.4.2.-SCREEN], and the percentage of cells will correlate to the seed titer used during treatment.

3. *To be provided by Authors 
3. *To be provided by Authors please add text to the last portion of this AVI file:
At 57 seconds: 3 month P301S
At 58 seconds: 1.5 month P301S
At 60 seconds: 6 month P301S
[bookmark: _GoBack]At 61 seconds: 9 month P301S

5. Finally, record the analysis parameters of interest, including the percent FRET positivity and the mean fluorescence intensity of the FRET-positive cells [5.5.1.-SCREEN].

4. *To be provided by Authors 5.5.1 and 5.6.1 were combined into one AVI file, which can be stopped after 46 seconds.

5. Then measure the product of the percent positivity and MFI to manually calculate the integrated FRET density [5.6.1.-SCREEN].

5. *To be provided by Authors 

1. Results: Representative FRET analyses
6.1. In the absence of tau aggregates, or seeds, tau is maintained in a soluble, monomeric state as represented by a consistent, diffuse and FRET-negative fluorescent signal [6.1.1.-LM]. 
6.1.1. Authors: please provide Figures 1B and 1C together in one .ai, .psd, or .tif file without the B and C labels: please highlight left image
6.2. Following the introduction of tau seeds into the biosensor cells, endogenous tau is converted into an aggregated and FRET-positive state [6.2.1.-LM].
6.2.1. Figure1BC: please highlight right image
6.3. FRET quantification following flow cytometry analysis confirms that femtomolar concentrations of recombinant tau are sufficient for detection [6.3.1.-LM]. 
6.3.1. Authors: please provide Figure 1D as its own .ai, .psd, or .tif file without the D label: please highlight/trace data line from dotted line to right of graph
6.4. Here, brainstem tissue from tauopathy mice sacrificed at different ages serves as a representative brain region demonstrating a consistent detection of seeding activity across the animals as early as 1.5 months of age [6.4.1.-LM]. 
6.4.1. Authors: please provide Figure 3A as its own .ai, .psd, or .tif file without the A label: please add/highlight dot point clusters from 1.5 mo to 12 mo
6.5. In this experiment, brain homogenates from Alzheimer’s disease subjects exhibited robust seeding activity [6.5.1.-LM], whereas age-matched control [6.5.2.-LM] and Huntington’s disease subjects did not demonstrate the assay's specificity to tau aggregates [6.5.3.-LM]. 
6.5.1. JoVE, Figure 4, v1.pdf: please add/highlight AD data bars
6.5.2. JoVE, Figure 4, v1.pdf: please add/highlight Ct data bar
6.5.3. JoVE, Figure 4, v1.pdf: please add/highlight HD data bar
6.6. Untreated, primary neuronal cultures transduced with tau-CFP and tau-YFP lentiviral constructs exhibit a diffuse fluorescent signal [6.6.1.-LM]. Upon treatment with recombinant tau seeds, however, endogenous tau forms large aggregates detectable by FRET flow cytometry, even in the absence of liposome-mediated transduction [6.6.2.-LM].
6.6.1.  Authors: please provide Figures 5A and 5B together in one .ai, .psd, or .tif file without the A and B labels: please highlight left image
6.6.2. Figure 5AB: please highlight right image
6.7. When seed sources are pre-incubated with drugs and treated in the absence of liposomes, the seeding activity contained within both recombinant fibrils [6.7.1.-LM] and tauopathy mouse brain samples can be blocked [6.7.2.-LM]. 
6.7.1. Authors: please provide Figures 5D and 5E together in one .ai, .psd, or .tif file without the D and E labels: please add/highlight seeds + heparin data bar
6.7.2. Figure 5DE: please add/highlight lysate + heparin data bar
7. Conclusion (said by authors on camera)
7.1. Brandon Holmes: Once mastered, this technique can be completed in three days, with each day requiring only approximately 1-2 hours of bench work.
7.2. Brandon Holmes: While attempting this procedure, it’s important to remember that in-house optimization will be required for certain steps, for example, when determining effective titers of proteopathic seeds from biological materials.   
7.3. Brandon Holmes: After watching this video, you should have a good understanding of how to set up, run, and analyze FRET flow cytometry experiments for detecting proteopathic seeding activity in recombinant or biological specimens.

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.  

JoVE, Figure 4, v1.pdf
Authors: please provide the appropriate files as indicated

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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