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A.  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/A  
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: _____________________________________________
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) Y 
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.) 2.7, 2.13 (spontaneous conversion); 2.18, 2.19, 2.20, 2.23 (seeded reaction) 
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.) 2.7, 2.13
E.  Will the filming need to take place in multiple locations? (Y/N) N If yes, how far apart are the locations? ___________________________________________________

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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Adrian Apetri: Aggregation of tau protein and formation of paired helical filaments is a hallmark of Alzheimer’s disease and other tauopathies. Here, we present a robust tau aggregation assay that can help elucidate the tau pathogenesis process. 
1.2. Rosa Crespo: The conversion follows all steps of a nucleation dependent polymerization process and is highly reproducible, allowing drug screening in a more rigorous format than methods available to date. 

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Adrian Apetri: The quality of the reagents is crucial. rTau needs to be purely monomeric and free of aggregates and fragments. 


Protocol: (read by voice talent at JoVE)  
2. Continuous Mode ThT Aggregation Assay on a Multi-Mode Microplate Reader
2.1. First, turn on the computer and the multi-mode microplate reader [1-WIDE/MED]. 
2.1.1. Talent turns on computer and microplate reader. (Author Comment: Cut out the filling in of the password at the computer for security of the company.)
2.2. After allowing the equipment to stabilize, start the software and select standard protocol as the protocol type [1-SCREEN-TXT]. 
2.2.1. SCREEN: 58570_Aperti_SCREEN_2.2.1.mp4. Show from 0:02 to 0:14. TEXT: Data reduction performed for each plate. Insert shot 2.1.1 take 3 for showing equipment equilibration. (Author Comment: Use 2.1.1 take 2 for starting the software….)
2.3. Set the temperature to 37 degrees Celsius and select preheatment before continuing the protocol [1-SCREEN]. 
2.3.1. SCREEN: 58570_Aperti_SCREEN_2.3.1.mp4. Show from 0:03 to 0:12.
2.4. Next, set the kinetic run time to 50 hours and the measurement interval to 15 minutes. Set the orbital shaking to 425 cycles per minute in continuous mode [1-SCREEN]. 
2.4.1. SCREEN: 58570_Aperti_SCREEN_2.4.1.mp4. Show from 0:04 to 0:42.
2.5. Following this, select the read method as Fluorescence intensity – Endpoint/Kinetic – Monochromators. Set the excitation wavelength to 440 nanometers and the emission wavelength to 485 nanometers, the optics position to Top, and the gain to 80. Select normal read speed, and set the read height to 4.50 millimeters [1-SCREEN]. Then, validate and save the protocol [2-SCREEN]. 
2.5.1. SCREEN: 58570_Aperti_SCREEN_2.5.1.mp4. Show from 0:04 to 0:46.
2.5.2. SCREEN: 58570_Aperti_SCREEN_2.5.2.mp4. Show from 0:03 to 0:21.
2.6. Start the run using the created protocol. Name the experiment, select the destination of the newly created file, and allow the instrument to pre-equilibrate to desired temperature [1-SCREEN]. 
2.6.1. SCREEN: 58570_Aperti_SCREEN_2.6.1.mp4. Show from 0:03 to 0:32.
2.7. Next, prepare an 1000 microliter reaction sample, with 800 microliters for thioflavin T fluorescence and 130 microliters for SEC-MALS analysis, by first mixing the protein with the reaction buffer in a 1.5 milliliter tube [1-MED-TXT]. Then, add heparin and thioflavin T and mix well by pipetting up and down 5 times [2-MED-over the shoulder]. 
2.7.1. Talent adds protein and reaction buffer to tube and manually mixes the contents. TEXT: 15 μm huTau441, 8 μm heparin 50 μm ThT. Video Editor: overlay should appear at mention of “800 microliter reaction sample”. [Shots 2.7.1 and 2.7.2 combined] (Author Comment: Keeping the order buffer, protein, heparin and ThT, all reagents are mixed in the same shot- 2.7.1 (2.7.2 starting at 1:10 of shot 2.7.1). The volumes mixed are in a table appearing in the video. This table is in attachment with the name 2.7) 
2.7.2. Talent adds heparin and thioflavin T to tube and mixes the contents. 
2.8. Rosa Crespo: It is important to execute the protocol precisely to ensure high reproducibility. Mix reagents in the same order and keep within timeframes. 
2.8.1. Talent speaks toward the camera, interview style.   
2.9. Spin the sample at 12000 x g and 25 degrees Celsius for 5 minutes to eliminate air bubbles [1-MED].
2.9.1. Talent places sample in centrifuge, inputs settings, and turns on centrifuge.
2.10. Following centrifugation, dispense 200 microliters of reaction sample per well in a 96-well microplate, avoiding the formation of air bubbles [1-CU]. Then, seal the microplate to avoid evaporation [2-MED-over the shoulder].
2.10.1. Microplate as talent dispenses reaction sample in wells.
2.10.2. Perspective from above showing there are not air bubbles in the sample. Talent seals microplate.
2.11. Place the microplate in a multi-mode microplate reader [1-MED]. Select full plate or if the plate is not full and select the wells to be read and start the measurement [2-MED-over the shoulder]. 
2.11.1. Talent places microplate in microplate reader and starts measurement on computer.
2.11.2. Talent at computer selects the appropriate option in the software and starts the measurement.
2.12. Export the data to data processing software [2-MED-over the shoulder]. Then, remove the microplate plate from the equipment [1-MED]. [2-MED-over the shoulder]
2.12.2. Talent at computer exports data to data processing software. (Author Comment: Experiments available are not matching 100% the recorded one. In this concrete case the scale of the plot appearing in the screen corresponds to a gain 60 and not gain 80 (for gain 80 scale goes until 60.000…) For experiments matching gain, wells of the samples are not matching what it is clearly visible in the excel (wells B2-E2). My suggestion in here is cutting this shot and showing and excel file with the data appearing with a certain effect. The right excel file is in attachments with the name 2.12.2.) 
	(Editor: The slating for this and 2.12.1 might be swapped. I’ve also opted to ignore the author’s suggestion for now. This shot is representative of an action, and showing the Excel file won’t provide much additional information. The fact that this experiment didn’t match previous trials shouldn’t matter, as we’re interested in the action here, not the data.)
2.12.1. Talent removes microplate from microplate reader.
2.12.2. Talent at computer exports data to data processing software. (Move above 2.12.2)
2.13. Next, remove the sealer from the microplate [1-MED]. Mix the aggregated sample in the wells by pipetting up and down 2 times and pool the different replicates in 1.5 milliliter tubes [2-MED-over the shoulder-TXT]. 
2.13.1. Talent removes sealer from microplate.
2.13.2.  Talent mixes samples and adds them to tubes. TEXT: Aggregates deposit on bottom of well.
2.14. Mix each sample thoroughly by pipetting up and down 5 times and dispense 10 to 20 microliters on a mica surface for analyzing the aggregates by atomic force microscopy [1-MED-TXT].
2.14.1. Talent mixes sample and dispenses an aliquot on the mica surface. TEXT: See Apetri et al. Acta Neuropathol. Commun. (2018). Video Editor: overlay should appear at mention of “atomic force microscopy”.
2.15. Following this, harvest the aggregates by spinning each 1.5 milliliter tube at 20,000 x g and 4 degrees Celsius for 1 hour [1-MED-over the shoulder-TXT].
2.15.1. Talent places samples in centrifuge, inputs settings, and turns on centrifuge. TEXT: Aggregates can be harvested in 500 L tubes (150 – 200 L). (Author Comment: 2.15.1 take 1 Inputs setting centrifuge (followed by temperature stabilization for 10 min). 2.15.1 take 2 Place samples in centrifuge and start.) (Editor: Take 2 is probably the better one to use, though both can be used if the voiceover narration is too long as both are needed)
2.16. Analyze supernatant by SEC-MALS to confirm the absence of monomeric tau in the sample indicating a successful conversion into aggregates [1-MED].  
2.16.1. Talent transfers supernatant to vial, places sample in SEC-MALS instrument, and starts the analysis.
2.17. Next, remove all remaining supernatant and label the 1.5 milliliter tube containing the remaining aggregates with the initial huTau441 (pronounced recombinant tau) protein concentration and sample volume [1-MED-over the shoulder-TXT]. Snap freeze the aggregates and store at minus 80 degrees Celsius [2-MED].  
2.17.1. Talent removes all supernatant left in the tube and records protein concentration and sample volume on label of tube. TEXT: huTau441: Recombinant tau encompassing longest human tau isoform.
2.17.2. Talent places tube in liquid nitrogen and then places tube in dry ice to be transported to the freezer.
2.18. After removing the huTau441 aggregates from the freezer, add the volume of reaction buffer indicated on the label and allow the tube to stabilize to room temperature [1-MED-over the shoulder]. Then, resuspend the aggregates by pipetting up and down 5 to 8 times [2-MED].  
2.18.1. Talent adds buffer to tube and sets tube on lab bench to stabilize to room temperature.
2.18.2. Talent pipettes mixture in tube.
2.19. Sonicate the 200 microliter aggregated sample on ice using a one-eighth inch microtip for a total period of 15 seconds with pulses of 1 second and 2 seconds at 30 percent amplitude [1-MED-over the shoulder-TXT]. 
2.19.1. Talent places sample in sonicator with ice, inputs the settings, and turns on the sonicator. TEXT: Sonication affords 20 – 50 nm tau fibrils. 
2.20. Next, prepare an 800 microliter reaction sample by first mixing the protein with the reaction buffer in a 1.5 milliliter tube [1-MED-TXT]. Then, add heparin and thioflavin T and mix well by pipetting up and down 5 times [2-MED-over the shoulder].  
2.20.1. Talent adds protein and reaction buffer to tube and manually mixes the contents. TEXT: 15 μm huTau441, 8 μm heparin 50 μm ThT. Video Editor: overlay should appear at mention of “800 microliter reaction sample”. [Shots 2.20.1 and 2.20.2 combined]
2.20.2. Talent adds heparin and thioflavin T to tube and mixes the contents. 
2.21. Spin the samples at 12000 x g and 25 degrees Celsius for 5 minutes to eliminate air bubbles [1-MED].
2.21.1. Talent places samples in centrifuge, inputs settings, and turns on centrifuge.
2.22. Following centrifugation, dispense 198 microliters of reaction sample per well in a 96-well microplate, avoiding the formation of air bubbles [1-MED-over the shoulder]. 
2.22.1. Talent dispenses reaction sample in wells of microplate.
2.23. Homogenize the preformed fibril sample by pipetting up and down 3 times [1-MED-TXT]. Add the amount corresponding to the desired percentage of seeds to each well and mix by pipetting up and down 3 times [2-CU]. Then, seal the microplate to avoid evaporation [3-MED-over the shoulder].
2.23.1. Talent pipettes mixture in tube. TEXT: 2 μL for 200 μL well volume.
2.23.2. Microplate as talent adds mixture to well and pipettes the mixture in the well.
2.23.3. Talent seals microplate.
2.24. Place microplate in multi-mode microplate reader and start the measurement [1-MED].
2.24.1. Talent places microplate in microplate reader and starts measurement on computer.
2.25. After the experiment is complete, remove the microplate plate from the equipment [1-MED]. Then, export the data to a spreadsheet [2-MED-over the shoulder].
2.25.1. Talent removes microplate from microplate reader. (Author Comment: Check if we kept this order in the shots or first was exporting the data and later removing microplate from reader. (missing in my notes)) (Editor: Looks like the step order/VO might need to be switched, depending on the order it was filmed)
2.25.2. [bookmark: _GoBack]Talent at computer exports data to spreadsheet in software. (Author Comment: For the shot of exporting data I suggest exactly the same as in 2.12.2: Experiments available are not matching 100% the recorded one. My suggestion in here is cutting this shot and showing and excel file with the data appearing with a certain effect. The right excel file is in attachments with the name 2.25) (Editor: As with 2.12.2, I have opted to ignore this suggestion for now. This shot is intended to be representative of the action, not the data.)

2. Results: In Vitro Assay to Characterize Tau Protein Aggregation  
2.1. Recombinant huTau441 containing the C291A and C322A mutations and N-terminal His and C-terminal C-tags are highly pure as visualized on SDS-PAGE and virtually 100 percent monomeric as assessed by SEC-MALS [1-LM].  
2.1.1. 58570fig1.jpg: Highlight or emphasize figure A at mention of “highly pure as visualized on SDS-PAGE” and figure B at mention of “virtually 100 percent monomeric as assessed by SEC-MALS”.
2.2. The heparin induced huTau441 aggregation was followed by thioflavin T fluorescence using an excitation wavelength of 440 nanometers and an emission wavelength of 485 nanometers [1-LM]. The assay is highly reproducible, with results from 10 individual wells being virtually indistinguishable [2-LM]. 
2.2.1. 58570fig2.jpg: Zoom into figure A.
2.2.2. 58570fig2.jpg: Continue zooming into figure A and highlight overlapping curves. 
2.3. The huTau441 aggregates are a homogeneous mixture of fibrillar structures of different lengths similar to reported ex vivo morphologies [1-LM]. The final reaction mixture does not contain monomer, suggesting a full conversion into aggregates as shown by SEC-MALS measurements [2-LM]. 
2.3.1. 58570fig2.jpg: Zoom into figure B.
2.3.2. 58570fig2.jpg: Zoom into figure C and highlight supernatant curve.
2.4. The kinetics of huTau441 aggregation in independent experimental runs are similar as emphasized by similar sigmoidal curves and indistinguishable lag and growth phases [1-LM].  
2.4.1. 58570fig3.jpg: Highlight curves in figures A and B at mention of “similar sigmoidal curves”. Highlight curves from 0 to 12 hours at mention of “lag” and 12 to 22 hours at mention of “growth”.  
2.5. The high level of reproducibility is maintained when different batches of protein are used [1-LM]. 
2.5.1. 58570fig4.jpg
2.6. Preformed huTau441 aggregates are efficient in recruiting tau monomer and inducing formation of de novo tau aggregates, and the efficiency of the process is directly proportional with the percentage of seeds [1-LM]. Amounts as low as 0.0025 percent of preformed tau aggregates are capable of bypassing huTau441 nucleation and trigger de novo fibril generation [2-LM].  
2.6.1. 58570fig5.jpg
2.6.2. 58570fig5.jpg: Show whole figure and then highlight the lower concentration (blue curves).


3. Conclusion (said by authors on camera)
3.1. [bookmark: _Hlk515865579]Adrian Apetri: The current assay mimics the misfolding and aggregation of tau, enabling mechanistic studies that will shed light on tau pathogenesis and constitutes a valuable tool for screening drug candidates and evaluating their interference with different steps of the process. 
3.2. Rosa Crespo: The high reproducibility of the assay will allow scientists to implement it with relative ease in their laboratory. Although the current assay focuses only on the longest tau isoform, huTau441, the application can be adapted to study different tau variants.
3.3. Adrian Apetri: Do not forget that selection of the right protein reagents and producing them at high quality standards are crucial steps that should be given maximum attention.
   

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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