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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _Zeiss LSM-510 META laser- scanning microscope using a Zeiss 63× 1.4 numerical aperture oil immersion lens__
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.
Note: Some software may not be compatible with the computer associated with the microscope. The computer is not stable and some software may interfere with microscope function. We are working on this to see if we can get the screen capture program working.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document. _ Highlighted sections of step 3 are important. Particularly the 3.5 (for defining the ROIs) and 3.7-3.10 where we carry out the photoactivating experiments.  Step 5 is an important control and should be filmed. Particularly step 5.5 and 5.8 where we describe how to set up the z-stack and subsequent rapid acquisition of the z-stack.  Step 4 is important for out investigation of APP and maybe of interest to other researchers studying lysosome trafficking and  degradation. However, the applicability to other biological systems is not as important. The photoactivation protocol here is the same as in step 3. Step 6 is important but Imaris may not be available to all investigators. If there is time we’d like to include the steps about creating surfaces.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document number.__Step 3.5-3.10 are crucial for the success of the experiment______
E.  Will the filming need to take place in multiple locations? (Y/N) __N_____ If yes, how far apart are the locations? ___N

1. Introduction (Schematic Overview and Interview)

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


Procedural Narrative:
The overall goal of this procedure is to follow the intracellular trafficking of amyloid precursor protein, or APP in live cells. (Intro)

This is accomplished by first transfecting cells with APP tagged with photoactivatable GFP and compartment markers for lysosomes and the Golgi. (P1, Editor, start with slide 1 here.  Start with the black line and the stack of blue bars (Golgi body) and the round circle with the rectangles (Lysosome).  Then add in the blue bars.  For compartment markers for lysosomes and the Golgi, transition to slide 2).

Next, the cells are photoactivated in specific regions of interest in the Golgi. (P2, Editor, transition to slide 3 here and then slide 4.)

Then, photoactivation is stopped and the clearance of APP from downstream compartments is imaged. (P3, Editor, transition to slide 5 here, then 6 and then 7 where the APP structure is cut using the yellow arrowhead and the pieces separate as shown.)

Finally, trafficking of APP is analyzed using analysis software, such as Imaris. (P4, Editor, use Figure 1a here – 0 min through 15 min.)

Ultimately, photoactivation and confocal imaging are used to show the clearance of APP protein in live cells. (P5, Editor, use Figure 3 here.)



B.  Interview: (Said by you on camera. Don’t forget to smile!)  


1.1. **Author name Stephen Pasternak: Demonstrating the procedure will be Joshua Tam a grad student (technician, post doc, grad student) from my laboratory. 
1.1.1. Interview style: Author saying the above 
1.1.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.


Protocol (read by voice talent at JoVE):

2. Cell Transfection and Microscope Stage Preparation
2.1. After plating SN56 cells and allowing them to proliferate according to the text protocol, in a cell culture hood [2.1.1-WIDE-TXT], use plasmids expressing a fluorescent protein tagged galactosyltransferase, a fluorescent protein tagged compartment marker, and a protein of interest tagged with paGFP to transfect the cells [2.1.2-CU].   
2.1.1. (TEXT:  ~2 ug of DNA to 5 uL transfection reagent)
2.1.2. Talent picks up labeled tube of plasmid from tube holder with additional plasmid tubes visible and begins to transfect cells in background (TEXT: refer to text for details)  
2.2. Incubate the transfected cells at 37°C in a 5% CO2 incubator for 24 hours [2.2.1-WIDE].
2.2.1. Talent places cells into incubator  
2.3. To prepare the microscope stage, pre-warm PBS and HBSS to 37°C [2.3.1-MED].  Warm up the microscope stage to 37°C [2.3.2-MED/CU].  
2.3.1. Talent places buffers at 37 degrees C
2.3.2. Talent turns on stage warmer set for 37 degrees C
2.4. Remove the differentiation medium by using the PBS to wash the cells twice [2.4.1-CU] and add 2 ml of pre-warmed HBSS [2.4.2-CU].  Then place the cells on the warmed microscope stage and allow 5-10 minutes for the confocal plate temperature to equilibrate with the microscope stage [2.4.3-MED/CU].  
2.4.1. Talent adds PBS to cells to wash
2.4.2. Film as written
2.4.3. Talent places plate on stage; Editor, get enough footage here of plate warming on stage for last portion of VO
3. Photo-activation of ROIs Over the Golgi 
3.1. With the microscope eyepiece [3.1.1-MED], find cells transfected with GalT-CFP, LAMP1-mRFP, and βAPP-paGFP [3.1.2-LM/SCREEN].  Then set the confocal slice for each channel to 1 um and take a low resolution image [3.1.3-LM/SCREEN].  Crop to image only the cell of interest [3.1.4-LM/SCREEN].
3.1.1. Talent looking into eyepiece of scope
3.1.2. LAB MEDIA Talent locates cells transfected with GalT-CFP, LAMP1-mRFP, and βAPP-paGFP 3.1.2 – 3.1.4: Beginning of the ‘Screen Capture Step 3’ video finding the cell. (0:00-0:30) Time 0:30 – 04:20 was used to optimize the cell for imaging.
3.1.3. LAB MEDIA Talent sets confocal slices for each channel and takes low resolution image
3.1.4. LAB MEDIA Talent crops image
3.2. Using the adjustment knob [3.2.1-CU], manually set the focal plane to the middle of the cell [3.2.2-LM/SCREEN].  Then select the ‘Edit ROI’ button in the command console and draw 3-5 circular ROIs within the trans Golgi network, or TGN [3.2.3-LM/SCREEN].  
3.2.1. Talent use adjustment knob
3.2.2. LAB MEDIA Film/record as written
3.2.3. LAB MEDIA Film/record as written (TEXT: GalT-CFP fluorescence) 04:20-04:39 of ‘Screen Capture Step 3’ video = Selecting ROIs
3.3. Select the circular ROI button and click and drag over GalT-CFP positive regions of the cell [3.3.1-LM/SCREEN].  Then take an image of the cell with the overlaid ROIs and save a copy of the ROIs for later reference [3.3.2-LM/SCREEN].
3.3.1. LAB MEDIA Film/record as written
3.3.2. LAB MEDIA Film/ record as written

3.4. DELETED
3.5. Next, to set up the microscope for a bleach time course, se the laser diode to maximum power [3.4.1-LM/SCREEN-TXT].  Then set the microscope for 120 cycles of imaging [3.4.2-LM/SCREEN].  
3.5.1. LAB MEDIA Film/record as written (TEXT: 25 mW nm laser)
3.5.2. LAB MEDIA Film/record as written
3.6. Set the microscope to bleach only the ROIs for 20-30 iterations after each image [3.5.1-LM/SCREEN].  The time to image and bleach an image will vary.  Set a time delay between images so each cycle is ~30 seconds.  Then start the time course [3.5.2-LM/SCREEN]. 
3.6.1. LAB MEDIA Film/record as written
3.6.2. LAB MEDIA Film/record as written
05:00-23:20 of ‘Screen Capture Step 3’ video = 15 minutes photobleaching.  Imagine continues for an additional few frames.  In interest of time the entire course was not shown.
3.7. After 15 minutes, turn off the bleaching but continue capturing images of the cell [3.6.1-LM/SCREEN].  Continue capturing images for 45 minutes to follow the clearance of βAPP-paGFP [3.6.2-LM/SCREEN].
3.7.1. LAB MEDIA Film/record as written
3.7.2. LAB MEDIA Film/record as written
4. Determine the Downstream Compartment
4.1. To determine if lysosomes are the final compartment for βAPP, add membrane-permeable protease inhibitors such as L685, 458 (TEXT: 0.5 M, overnight) or chloroquine to cause proteins to accumulate in the lysosome before imaging [4.1.1-CU].
4.1.1. Talent adds protease inhibitor to cells  chloroquine (TEXT: 100 uM; 30 minutes)

4.2. DELETED
4.3. Then find cells and photoactivate as just demonstrated [4.2.1-LM/SCREEN].  Image the cells for an additional 45 minutes to determine where βAPP-paGFP accumulates in the absence of cleavage [4.2.2-LM/SCREEN].
4.3.1. LAB MEDIA Talent photoactivates cells
4.3.2. LAB MEDIA Imaging of cells showing where accumulation occurs (or use Figure 3b and c)
4.4. Analyze the delivery of protein to lysosomes or another downstream compartment and subsequent clearance according to the method outlined in the text protocol [4.3.1-MED OVER SHOULDER].
4.4.1. Talent at computer analyzing delivery of protein to lysosomes
5. Ensuring Accuracy of Photo-activation Within the Golgi
5.1. To ensure accuracy of photoactivation within the Golgi, warm up HBSS to 37C [5.1.1-MED/CU].  Prepare 66 uM nocodazole and DMSO [5.1.2-CU].  For one confocal plate pipette 2 ml of 37C HBSS and add 7.96 uL of nocodazole from 16.60 mM nocodazole stock [5.1.3-CU].
5.1.1. [5.1.1 to 5.2.2 combined] Film as written
5.1.2. Nocodazole and DMSO labeled and together on bench
5.1.3. Film as written
5.2. As a control solution, pipette 2 ml of 37C HBSS into a 2 ml tube and add 7.96 uL of DMSO [5.2.1-CU].  Incubate the cells in the solutions for 5 minutes before imaging [5.2.2-MED].  
5.2.1. Film as written
5.2.2. Talent adds solutions to cells
5.3. Next, find the cells [5.3.1-LM/SCREEN].  Then before photoactivation, to prepare the microscope to take a Z-stack after the photoactivation period, click on the Z-stack button and use Fast XY to start scanning [5.3.2-LM/SCREEN]. 
5.3.1. LAB MEDIA Record as written
5.3.2. LAB MEDIA Record as written
‘Screen Capture for 5.3’ video starting at time 0:18 may also be used for STEP 5.4 and 5.5.  We scanned using fast XY and set the first and last frames for the cell.  Note:  We did not perform a full experiment with this cell.  There is another video that shows the full experiment (photoactivation and imaging of the stack).
5.4. Adjust the focal plane to the top of the cell and press ‘Mark First’ to set the first position in the stack [5.4.1-LM/SCREEN].  Adjust the focal plane to the bottom of the cells and press ‘Mark Last’ to set the position of the stack [5.4.2-LM/SCREEN].  
5.4.1. LAB MEDIA Record as written
5.4.2. LAB MEDIA Record as written
5.4-5.5: ‘Screen Capture for Step 5.4-5.5’ video, this video shows a full experiment.  It does not include the set up of the intervals per stack (Step 5.3).
5.5. In the Z stack panel, press the ‘Z sectioning’ button and set the ‘Interval’ to 1 um, or less for higher spatial resolution [5.5.1-LM/SCREEN].  Bleach the cells as described earlier in this video [5.5.2-LM/SCREEN], then photoactivate and image from 0 to 15 minutes [5.5.3-LM/SCREEN].  
5.5.1. LAB MEDIA Record as written
5.5.2. LAB MEDIA Talent bleaches cells
5.5.3. LAB MEDIA Record as written
5.6. [bookmark: _GoBack]Stop imaging after 30 frames and immediately save an image of the video [5.6.1-LM/SCREEN].  After saving the video, immediately acquire a Z-stack using the parameters just described [5.6.2-LM/SCREEN].  Filter and carry out co-localization according to the text protocol [5.6.3-MED OVER SHOULDER].
5.6.1. LAB MEDIA Record as written
5.6.2. LAB MEDIA Record as written
5.6.3. Talent at computer filtering and carrying out co-localization
6. Results: Photoactivatible Intracellular Trafficking Analysis using βAPP-paGFP Photoactivation  
6.1. As demonstrated here, βAPP leaves the TGN and it appears to traffic rapidly to LAMP1.  During the photo-activation period, vesicles are seen leaving the Golgi destined for lysosomes.  After photoactivation, the βAPP-paGFP is rapidly cleared from the lysosome [6.1.1-LM].
6.1.1. LAB MEDIA Figure 1a and b, Editor, for the photoactivation period, point out the white spots in Figure 1a at 0s, then point out the green signal in b moving from the blue area to the top right red area (it turns yellow when overlapping with red). Place b above a
6.2. Treatment with nocodazole leads to the accumulation of APP within the GalT-CFP labeled compartments and prevents trafficking to lysosomes [6.2.1-LM].
6.2.1. LAB MEDIA Figure 1c, Editor, point out the clump of green signal that overlaps with the red and for ‘prevents trafficking to the lysosomes,’ point out the blue signals.
6.3. After delivery of βAPP to the lysosome, the paGFP fluorescence is cleared rapidly, which could be the result of trafficking from the lysosome to another compartment. Conversely, cleavage of βAPP by γ-secretase would be expected to lead to diffusion of paGFP fluorescence from the lysosomal membrane [6.3.1-LM].
6.3.1. LAB MEDIA Figure 3a, Editor, for ‘after delivery…’, point out the green/yellow signal at the top right in the 15 min panel with white arrowheads, then for ‘paGFP fluorescence is cleared rapidly,’ point out the same region in the 45 min chase panel that has less green and yellow signal (one white arrowhead).  
6.4. To determine whether βAPP is delivered to another compartment or cleared, SN56 cells were treated with a specific inhibitor against γ-secretase or an alkalinizing agent. The addition of either L685, 458 or chloroquine resulted in APP accumulation in the lysosome [6.4.1-LM].
6.4.1. LAB MEDIA Figure 3b and c, Editor, point out ‘b’ for the inhibitor of gamma secretase and point out ‘c’ for the alkalizing agent.  For the last sentence, point out the yellow signals by the addition of the white arrowheads in the 15 min panels in b and c. 
6.5. APP is delivered to the cell-surface before being endocytosed and processed in endosomes and lysosomes; however, in untreated cells, cell-surface βAPP could not be detected by confocal microscopy. Interestingly, γ-secretase inhibitor treatment leads to detectable βAPP-paGFP at the cell surface, suggesting that γ-secretase inhibitor treatment may route more βAPP to the cell surface [6.5.1-LM]. 
6.5.1. LAB MEDIA Figure 3b, Editor, for the last sentence, point out the green coloring around the perimeter of the cell for the cell surface.
 
7. Conclusion (said by authors on camera)

7.1. Author name Stephen Pasternak: After its development, this technique paved the way for researchers in the field of Alzheimer’s disease to explore a novel trafficking pathway for APP in a neuronal cell line.
7.2. Author name Joshua Tam: After watching this video, you should have a good understanding of how to label and follow the intracellular trafficking of proteins using live cell microscopy.

       

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