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

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

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)____N____ 

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.) ____4.3, 4.4, 4.5, 4.7_______________________________________
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.) __3.2, cells need to be healthy and well activated for high quality imaging. I will perform the step ahead of time to have a specimen prepared as a backup.
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. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this imaging protocol is to visualize multiple proteins in an activated T cell using single molecule localization microscopy. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Jason Yi: This method can help answer key questions in the T cell activation field, such as the single molecule distribution of TCR microcluster components [1-MED].
1.1.1. Jason speaks toward the camera, interview style. 
1.2. Jason Yi: The main advantage of this technique is that it allows greater multiplexing than achieved by current super-resolution microscopy methods [1-MED].   
1.2.1. Jason speaks toward the camera, interview style. 
Protocol: (read by voice talent at JoVE)
2. Preparation of Fluorescent Nano-Diamond-Coated Coverslips
2.1. To begin, directly conjugate antibodies with Alexa-six-forty-seven dye using the Alexa six-forty-seven antibody labeling kit, following the labeling protocol provided by the manufacturer [1-MED].  
2.1.1. Talent pulls the components out of the A647 antibody labeling kit.
2.2. Centrifuge the labeled antibodies for 5 minutes at 20,800 x g [1-CU].  Following centrifugation, collect the supernatant to remove the aggregated antibodies [2-MED-over the shoulder].  
2.2.1. Centrifuge as talent places the antibodies into the centrifuge, shuts lid and starts run.
2.2.2. Talent collects the supernatant from the centrifuged antibodies.
2.3. Next, coat 8-well coverslip chambers with 250 microliters of 0.01% Poly-L-Lysine for 15 minutes [1-CU].  Then, aspirate the solution without rinsing… [2-MED-over the shoulder] and dry the chambers at 65 degrees Celsius for 30 minutes [3-MED].
2.3.1. 8-well chambers as talent coats with Poly-L-Lysine.  Use labeled containers.
2.3.2. Talent aspirates the Poly-L-Lysine.
2.3.3. Talent places the chambers into the incubator. 
2.4. Prepare a dilution of 100 nanomolar fluorescent nano-diamonds, or FNDs, in 1X PBS.  Test various dilutions to ensure that enough FNDs will be visible in each field [1-MED].
2.4.1. Talent prepares a dilution of 100 nM FNDs in 1X PBS. Use labeled containers. 
2.5. Vortex the diluted FNDs for 1 minute [1-CU]. [2-MED]. Next, sonicate the FND supernatant for 30 seconds at a high-power setting [3-CU].
2.5.1. Diluted FNDs as talent vortexes them.
2.5.2. Talent places the diluted FNDs into the centrifuge, shuts lid and starts run.
2.5.3. FND supernatant as talent sonicates it.
2.6. Incubate the sonicated FND supernatant in a Poly-L-Lysine-coated 8-well coverslip chamber for 30 minutes at room temperature [1-MED-over the shoulder].
2.6.1. Talent pipettes the sonicated FND supernatant onto the Poly-L-Lysine-coated 8-well coverslip chamber and starts a timer to count down from 30 minutes.
2.7. After washing the chamber five times with 1X PBS, visualize the FND-coated chamber using 647 nanometer laser excitation on the TIRF microscope [1-MED].
2.7.1. Talent places the FND-coated chamber under the TIRF microscope.  
2.8. Use a 100x objective to yield a 61 by 61 micron field of view.  Ideally, 4 to 10 individual FNDs should be visible in a field of view given the appropriate dilution of FNDs with at least one FND present in each quadrant of the imaging field [1-SCREEN]. 
2.8.1. 55997_Samelson_SCREEN_2.8.1: Screen capture of the microscopy software and viewing field as talent sets the camera to a 256 x 256 pixel setting.  The 61 by 61 micron view that results shows 4 to 10 individual FNDs in the field of view with at least one FND per quadrant.  If possible, highlight each quadrant and use the curser to point out the FND.  
2.9. If the FNDs appear to be clustered, increase the speed and time of centrifugation, and repeat the coating procedure again [1-MED-over the shoulder].
2.9.1. Talent places the FNDs in the centrifuge and shuts the lid. 
2.10. Once the proper density of FNDs has been achieved, add 250 microliters of anti-CD3 antibody to each well [1-CU-TXT].  Incubate the chamber for 1 hour at 37 Degrees Celsius, or overnight at 4 degrees Celsius [2-MED].  
2.10.1. Chamber as talent adds 250 microliters of anti-CD3 antibody to each well. TEXT Overlay: 10 (g/mL
2.10.2. Talent places the chamber into the incubator.
2.11. Following incubation, remove the solution from the wells and add 1X PBS for 30 seconds.  Repeat this wash step 5 times [1-MED-over the shoulder-TXT].
2.11.1. Talent removes the solution and adds 1X PBS from a labeled container.  TEXT Overlay (as the second sentence is narrated): Repeat wash 5x  
3. Activation of Jurkat T Cells
3.1. Spin 1 milliliter of Jurkat T cells at 800 x g for 6 minutes.  Jurkat T cells should ideally be at a concentration of 0.5 to 1.0 million cells per milliliter concentration before spinning [1-MED].  Resuspend the cells in 300 microliters of 1X HBS solution [2-CU-TXT]. 
3.1.1. Talent places the cells into the centrifuge, shuts lid, and starts run.
3.1.2. Cells as talent resuspends them in 300 microliters of 1X HBS solution.  Use labeled containers.  TEXT Overlay: See text for 1 X HBS solution
3.2. Meanwhile, add 150 microliters of 1X HBS solution to each well of the chamber and incubate at 37 degrees Celsius for 15 minutes [1-MED-over the shoulder].  Then, add 50 microliters of the resuspended Jurkat T cells to each well… [2-CU] and incubate for 3 minutes at 37 degrees Celsius [3-MED].
3.2.1. Talent adds 150 microliters of 1X HBS solution to each well of the chamber from a labeled container.
3.2.2. Chamber as talent adds 50 microliters of the resuspended Jurkat cells there.
3.2.3. Talent places the chamber into the incubator.
3.3. Next, add 300 microliters of 4% paraformaldehyde to each well and incubate for 30 minutes at 37 degrees Celsius [1-CU].  After washing 3 times with 1X PBS, permeabilize the cells by adding 250 microliters of 0.01% Triton-X solution for 5 minutes at room temperature [2-MED-over the shoulder].
3.3.1. Chamber as talent adds 300 microliters of 4% paraformaldehyde to each well from a labeled container.
3.3.2. Talent adds 250 microliters of 0.01% Triton-X solution to each well from a labeled container.
3.4. Following three additional washes with 1X PBS, add 250 microliters of 1% fish gelatin solution to each well for 30 minutes at room temperature [1-CU-TXT].  Finally, wash the cells three more times with 1X PBS [2-MED].
3.4.1. Chamber as talent adds 250 microliters of 1% fish gelatin solution to each well.  TEXT Overlay: 1% fish gelatin solution in 1X PBS
3.4.2. Talent washes the cells with 1X PBS from a labeled container.
4. Imaging Activated Jurkat T Cells using madSTORM
4.1. Add 200 microliters of labeled antibody at 0.1 to 0.5 micrograms per milliliter to the fixed cells for 1 hour at room temperature [1-MED-over the shoulder].
4.1.1. Fixed cells as talent adds 200 microliters of labeled antibody at 0.1 to 0.5 micrograms per milliliter and then starts an adjacent timer to count down from one hour.  Use labeled container.
4.2. After washing the cells 5 times with 1X PBS, add 1 milliliter of STORM (pronounced as “storm”) buffer and cover the chamber with a glass coverslip to limit exposure [1-CU-TXT]. 
4.2.1. Chamber as talent adds 1 mL of STORM buffer from a labeled container and covers the chamber with a glass coverslip.  TEXT Overlay: See text for STORM buffer recipe and preparation
4.3. Using a low 647 nanometer laser power in TIRF mode, locate a stained cell with at least 3 FNDs in the field of view.  Increase the 647 nanometer laser power and acquire the images.  Typical parameters can be found in the text protocol [1-SCREEN-TXT].
4.3.1. 55997_Samelson_SCREEN_4.3.1 – Screen capture movie of the microscopy software and viewing field as talent uses a low 647 nanometer laser power in TIRF mode to locate a stained cell with at least 3 FNDs in the field of view.  Then talent increases the 647 nanometer laser power and begins image acquisition.  TEXT Overlay (show as first sentence is narrated): See text for averaged fiducial correction.  
4.4. Wash the cells 5 times with 1X Tris buffered saline, or 1X TBS [1-MED].  Then, add 1 milliliter of elution buffer and incubate at room temperature for 1 minute [2-CU-TXT]. 
4.4.1. Talent washes the cells with 1X TBS.  Use labeled container.
4.4.2. Cells as talent adds 1 milliliter of elution buffer from a labeled container as starts a timer to count-down from 1 minute.  TEXT Overlay: See text for elution buffer
4.5. Repeat the elution 3 times.  Use the exact elution conditions and the number of elution rinses needed to remove the signal as specified for each antibody [1-MED].  Then, wash the cells 3 times with 1X TBS and add 1 milliliter of 1X PBS [2-CU].
4.5.1. Talent repeats the elution and starts timer again.  Use labeled containers.
4.5.2. Cells as talent finishes up washing them with 1x TBS and then adds 1X PBS.  Use labeled containers. 
4.6. Jason Yi: Proper execution of this elution step will result in removal of previously bound antibody, and allow higher efficiency for subsequent antibody labeling.  It is important to use TBS for washes to minimize precipitation between elution steps [1-MED].
4.6.1. Jason speaks towards the camera, interview style.
4.7. Photobleach the cells using a 647 nanometer laser at high power with a 405 nanometer laser at 2 to 5 milliWatts to photo-activate A-647 dyes in the dark state.  Wait until all remaining signal from non-eluted antibody is photobleached.  Typically, this takes 2 to 5 seconds of laser exposure [1-SCREEN-TXT].
4.7.1. 55997_Samelson_SCREEN_4.7.1: Screen capture movie of the microscopy software and viewing field as talent photobleaches the cells using a 647 nanometer laser at high power with a 405 nanometer laser at 2 to 5 milliWatts to photo-activate A647 dyes in the dark state.  TEXT Overlay (as “647 nanometer laser at high power” is narrated): 125 mW
4.8. Acquire sample images using the STORM settings after elution and photobleaching to confirm removal of the signal [1-SCREEN-TXT].
4.8.1. 55997_Samelson_SCREEN_4.8.1: Screen capture movie of the microscopy software and viewing field as talent acquires sample images using the STORM settings after elution and photobleaching to confirm removal of signal.  TEXT Overlay: Acquire ~100 frames
4.9. Next, add 250 microliters of 4% paraformaldehyde for 15 minutes.  This prevents reverse crosslinking of fixed molecules in the cell [1-CU].  Wash the cells 3 times with 1X PBS.  Repeat these steps for sequential labeling of multiple targets [2-MED-over the shoulder].  
4.9.1. Cells as talent adds 250 microliters of 4% paraformaldehyde from a labeled container.
4.9.2. Talent washes the cells with 1X PBS.  Use a labeled container.
4.10. Finally, perform drift correction and alignment of multiplexed image stacks as described in the text protocol [1-MED or WIDE].
4.10.1. Talent works at the computer to perform drift correction and alignment of multiplexed image stacks.
5. Results: Multiplexed Super-Resolution Image of Proteins in an Activated T Cell
5.1. The sequential elution and staining method was used to produce the multiplexed madSTORM image of microclusters and other structures in an activated Jurkat T cell [1-LM].  The final madSTORM image has been corrected for drift and alignment using averaged fiducial correction and FND fiducial markers [2-LM]. 
5.1.1. 55997fig1Alarge – Authors, please provide a version of figure 1A alone without the “A” label.
5.1.2. 55997fig1Blarge – Authors, please provide a version of figure 1B alone without the “B” label.  Editors, please transition to this inset by zooming into the box in the previous figure.
5.2. Shown here are single molecule localization microscopy images of a single FND localized in 30,000 image frames… [1-LM] before… [2-LM] and after drift correction with averaged fiducial correction [3-LM].
5.2.1. 55997fig2A+Blarge – Authors, please provide a version of figure 2A and 2B only without the “A” and “B” label.  
5.2.2. 55997fig2A+Blarge - Editors, please emphasize the image to the left.  
5.2.3. 55997fig2A+Blarge - Editors, please emphasize the image to the right.  
5.3. Similarly, here are single molecule localization microscopy images of an activated Jurkat T cell stained with anti-phosphorylated SLP76 antibody and FND fiducial markers… [1-LM] before… [2-LM] and after drift correction with averaged fiducial correction [3-LM].
5.3.1. 55997fig2C+Dlarge – Authors, please provide a version of figure 2C and 2D only without the “C” and “D” label.  
5.3.2. 55997fig2C+Dlarge - Editors, please emphasize the image to the left.  
5.3.3. 55997fig2C+Dlarge - Editors, please emphasize the image to the right.  
6. Conclusion (said by authors on camera)

6.1. Jason Yi: After watching this video, you should have a good understanding of how to perform multiplexed super-resolution imaging of proteins in an activated T cell using madSTORM.  Once mastered, this technique can be done in 3 hours for each multiplexing round [1-MED].  

6.1.1. Jason speaks toward the camera interview style.

6.2. Jason Yi: While attempting this procedure, it’s important to remember to keep the specimen in the same position on the microscope stage.  This can be done using stage clamps [1-MED].
6.2.1. Jason speaks toward the camera interview style.
6.3. Jason Yi: Following this procedure, other methods like ripley’s K or O-ring bivariate analysis can be performed in order to answer additional questions like how randomly distributed two different molecules within the microcluster nanostructures are [1-MED].
6.3.1. Jason speaks toward the camera interview style.
6.4. Jason Yi: After its development, this technique paved the way for researchers in the field of T cell signaling to explore the molecular mechanisms regulating T cell activation in adaptive immunity [1-MED].
6.4.1. Jason speaks toward the camera interview style.
6.5. Jason Yi: The implications of this technique extend toward cancer immunotherapy because the signaling molecules studied using this technique are important for regulating T cell activation [1-MED].  
6.5.1. Jason speaks toward the camera interview style.
6.6. Jason Yi: Don't forget that working with our modified STORM buffer can be extremely hazardous and precautions such as respirators and goggles should always be taken while performing this procedure [1-MED].   

6.6.1. Jason speaks toward the camera interview style.

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.

LAB MEDIA (LM):

55997fig1Alarge – Authors, please provide a version of figure 1A alone without the “A” label.
55997fig1Blarge – Authors, please provide a version of figure 1B alone without the “B” label.  
55997fig2A+Blarge – Authors, please provide a version of figure 2A and 2B only without the “A” and “B” label.  
55997fig2C+Dlarge – Authors, please provide a version of figure 2C and 2D only without the “C” and “D” label.  

SCREEN Capture Movies:
55997_Samelson_SCREEN_2.8.1: Screen capture of the microscopy software and viewing field as talent sets the camera to a 256 x 256 pixel setting.  The 61 by 61 micron view that results shows 4 to 10 individual FNDs in the field of view with at least one FND per quadrant.  If possible, highlight each quadrant and use the curser to point out the FND.  
55997_Samelson_SCREEN_4.3.1 – Screen capture movie of the microscopy software and viewing field as talent uses a low 647 nanometer laser power in TIRF mode to locate a stained cell with at least 3 FNDs in the field of view.  Then talent increases the 647 nanometer laser power and begins image acquisition.  
55997_Samelson_SCREEN_4.7.1: Screen capture movie of the microscopy software and viewing field as talent photobleaches the cells using a 647 nanometer laser at high power (125 mW) with a 405 nanometer laser at 2 to 5 milliWatts to photo-activate A647 dyes in the dark state.   
55997_Samelson_SCREEN_4.8.1: Screen capture movie of the microscopy software and viewing field as talent acquires sample images using the STORM settings after elution and photobleaching to confirm removal of signal.

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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