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Authors, please fill out the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N.  If yes, please list make and model of your microscope: 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) Yes
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps Steps 4-6
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Live cell imaging cannot be done with over-confluent cells or cells overexpressing the POI, and both cannot be corrected by minor tweaks. To achieve the optimal expression levels of the POI we titrate the amount of plasmid DNA that we use for the transfection. To achieve optimal confluency of cells we seed and transfect multiple plates.


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 capture the formation of LC3-positive autophagosomes in conjunction with omegasomes and lysosomes. (Intro )

This is accomplished by using HEK-293T cells that stably express GFP-DFCP1, a marker for omegasomes, (Video editor: show the dish with the three green cells and if possible make the cells ‘glow’ green to highlight that they express GFP) and transfecting them with CFP-LC3 I (Video editor: add the cartoon of the CFP-LC3 construct and the arrow going into the cells) and marking the lysosomes with Red Lysotracker. (Video editor: show the tube with the red liquid and the arrow pointing from the tube to the cells) (P1)

The second step is to prepare the incubation chamber. (Video editor: animate the assembly of the chamber: the coverslip being placed on top of the plastic O-ring, and then the metal O-ring being placed on top of the plastic O-ring) (P2)

Next, the incubation chamber is placed on the microscope stage [Video editor: show the chamber with the red liquid being placed on top of the thick line (representing the microscope stage)], and the rich medium is replaced by starvation medium to induce the autophagy response. (Video editor: show the tube/pipette going into the red liquid and the red liquid being siphoned off, then show a pipette dispensing the starvation medium into the chamber). (P3) 

The final step is to select the appropriate cells and set the parameters of the video microscopy. (P4)

Ultimately, live-cell imaging is used to show that the LC3-positive autophagosomes originate from the DFCP1-positive omegasomes and they eventually fuse with the lysosomes. (P5)

Video editor: Schematic Overview graphics are in ‘50484_Graphic overview_NEW.pptx’

B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Simon Walker: The main advantage of this technique over existing methods, like fixed cell imaging, is that we can carefully monitor the progression of events in the same cells over time.   
1.2. Eleftherios Karanasios: This method can help answer key questions in the autophagy field, such as the course of events leading to autophagosome formation.  


Protocol (read by voice talent at JoVE):

2. Preparing cells

2.1. This study utilizes a HEK-293T cell line that stably expresses GFP-DFCP1, a marker for omegasomes, which are precursor structures leading to autophagosome formation. Forty- eight hours prior to live-cell imaging, seed a low passage number of the cells on 22-mm round coverslips in DMEM. Culture overnight at 37°C in 5% CO2 to a confluency of 30-40%. (TEXT: 37°C; 5% CO2; overnight to a confluency of 30-40%)

Shots:
2.1.1. MED: Talent approaching tissue culture hood with a plate of HEK-293T cell line that stably expresses GFP-DFCP1 and sets the plate down.
2.1.2. CU: Cells being seeded on a 22-mm round coverslip in DMEM.
2.1.3. MED: Multiple takes from different angles of talent putting the plate into the incubator.  Shot will be repeated later.

2.2. On the following day, prepare the transfection complex mix for each plate, containing OptiMEM I reduced serum medium, X-tremeGENE 9 DNA Transfection Reagent, and pECFP-LC3 plasmid DNA (TEXT: Transfection complex mix: 100 μl OptiMEM I reduced serum medium + 3 μl X-tremeGENE 9 DNA Transfection Reagent + 0.5 μg pECFP-LC3 plasmid DNA).  LC3 is the protein of interest whose contribution to autophagosome formation will be analyzed in this experiment.

Shots:
2.2.1. MED: Talent preparing the transfection complex mix.
2.2.2. CU: Match action above: reagents being added into a tube (Video editor: you can freeze this shot and add text overlay of each reagent as it is being narrated)

2.3. Mix gently by pipetting up and down and then incubate for 15 minutes at room temperature (TEXT: 15 min; room temperature). 

Shots:
2.3.1. MED: Talent gently mixing by pipetting up and down and then sets the mixture aside at room temperature.

2.4. Next aspirate the medium from the plates of cells and add fresh DMEM pre-warmed at 37°C. 

Shots:
2.4.1. CU: Medium being aspirated from a plate of cells.
2.4.2. CU: Fresh medium being added to plate of cells.

2.5. Add the transfection complex to cells and incubate cells at 37°C, 5% CO2 for 24 hours (TEXT: 37°C; 5% CO2; 24 h). 

Shots:
2.5.1. CU: Transfection complex being pipetted onto cells.
2.5.2. Use shot from 2.1.3.
2.5.3. Talent – interview style to camera: “For successful live cell-imaging, the cells must not be over-confluent; therefore we usually seed and transfect multiple plates and aim for a confluency of 80% on the day of imaging.”

2.6. Twenty four hours later, the cells should be 80% confluent and ready for live cell imaging.

Shots:
2.6.1. MED: Talent checking cells under the microscope.
2.6.2. LAB MEDIA: 50484_Cells confluency.tif

2.7. If using an organelle marker in the experiment, remove a 2 ml aliquot of a previously prepared mitotracker or lysotracker-containing medium and warm it to 37°C.  In this experiment, Red lysotracker will be used to mark the lysosomes.

Shots:
2.7.1. MED: Talent transferring an aliquot of mitotracker/lysotracker-containing medium into a tube.
2.7.2. CU: Tube being put into a 37°C water bath/incubator.

2.8. Aspirate medium from transfected cells, replace with the lysotracker-containing medium, and incubate cells for 30 to 60 minutes. (TEXT: 37°C; 5% CO2; 30-60 min)

Shots:
2.8.1. MED: Talent aspirating medium from transfected cells.
2.8.2. CU: Lysotracker-containing medium being added to cells.
2.8.3. Use shot from 2.1.3.


3. Preparing the incubation chamber for live cell imaging

3.1. To begin this procedure, clean metal and plastic O-rings with 75% ethanol and apply silicon grease on the rim of the metal O-ring.

Shots:
3.1.1. MED: Talent cleaning the metal and plastic O-rings with 75% ethanol.
3.1.2. CU: Silicon grease being applied on the rim of the metal O-ring.

3.2. Using forceps, remove the coverslip from the plate and dry the excess medium from the bottom side of the coverslip. This is to avoid mixing too much medium with the grease, which will increase the likelihood of leakage.

Shots:
3.2.1. CU: Coverslip being removed from plate with forceps and excess medium dried.

3.3. Leave the coverslip to rest on the ledge of the plastic O-ring, and fit the metal O-ring on top of the plastic O-ring, with the coverslip sandwiched in between, in order to create a closed chamber.

Shots:
3.3.1. CU: Coverslip being left to rest on the ledge of the plastic O-ring.
3.3.2. CU: Metal O-ring being fitted on top of plastic O-ring with coverslip sandwiched in between.

3.4. Top up the chamber with the medium from the plate. From this point on, avoid prolonged incubation of the cells in DMEM medium without a buffering agent, to prevent changes in pH.

Shots:
3.4.1. CU: Medium from plate being added to chamber.

3.5. Next put the incubation chamber on the microscope stage.

Shots:
3.5.1. MED: Talent placing the incubation chamber on the microscope stage.

3.6. To starve the cells and induce the autophagy response, aspirate the complete medium and wash twice with 2 ml of starvation medium (TEXT: Wash 2x with starvation medium). After the second wash, add 2 ml of fresh starvation medium and set the timer ON. 

Shots:
3.6.1. CU: Complete medium being aspirated from chamber.
3.6.2. CU: 2 ml of starvation medium being added to chamber.
3.6.3. CU: Starvation medium being aspirated (Video editor: can freeze this shot and add text overlay “Wash 2x with starvation medium.”).
3.6.4. CU: 2 ml of starvation medium being added to chamber (after 2nd wash).
3.6.5. MED: Talent setting the timer on.

4. Microscopy

4.1. An appropriate imaging system configured for live-cell wide-field epi-fluorescence is required for this experiment.

Shots:
4.1.1. MED: Talent at the imaging system getting ready to begin experiment.

4.2. This system will typically comprise a research-grade inverted microscope frame, an intense broad-spectrum light source, mirrors and filters specific for the fluorescent proteins or dyes of interest, a high quality objective lens, a sensitive CCD/sCMOS camera, and an incubation chamber. The most important factor is to use a system of high sensitivity so that expression levels of the fluorescent reporters can be kept to a minimum.

Shots:
4.2.1. MED/CU: Footage of the components of the system in this order: the microscope frame, the light source, mirrors and filters, objective lens, camera, and incubation chamber. Videographer: you can get as many shots as needed to get footage of all the components.

4.3. In terms of selecting appropriate cells to image, large and flat cells will allow more autophagosome formation events to be captured. In addition, select cells that have already started producing a greater number of omegasomes.

Shots:
4.3.1. MED/over the shoulder: talent at the microscope selecting appropriate cells.
4.3.2. LAB MEDIA: 50484_Example of optimal cells.tif

4.4. Use a high magnification lens (TEXT: 100x 1.4 NA). 

Shots:
4.4.1. CU: The proper lens being selected.

4.5. To prevent photo-bleaching, adjust the intensity of excitation light to 10-20% of maximum.

Shots:
4.5.1. SCREEN: intensity of excitation light being adjusted to 10-20% of maximum.

4.6. Set the camera to 100-500 msec exposure, 2x2 binning and 100 gain. Set the image acquisition rate to 1 frame every 10 seconds.  

Shots:
4.6.1. SCREEN: Camera being set appropriately: 100-500 msec exposure, 2x2 binning and 100 gain.
4.6.2. SCREEN: Image acquisition rate being set to 1 frame every 10 seconds.

4.7. Start the video capture after 30 minutes or well into the autophagy response in order to capture a larger ratio of autophagosome formation events per video.

Shots:
4.7.1. MED/over the shoulder: talent checking the timer and then starting the video capture.





5. Results: LC3-positive autophagosomes originate from DFCP1-positive omegasomes

5.1. In this study, cells expressing GFP-DFCP1 and CFP-LC3 were starved for 30 minutes and then imaged at a rate of 1 frame every 10 seconds.  This video shows an autophagosome formation event. The playback rate is 4 frames per second. (Video 1)

Shots:
5.1.1. LAB MEDIA: Video 1.avi

5.2. (Figure 2) A montage of the representative autophagosome formation event captured in the video is shown in this figure. Signals from the green channel, indicating DFCP1, are pseudo-colored green, and signals from the blue channel, indicating LC3, are pseudo-colored red. 

Shots:
5.2.1. LAB MEDIA: Figure 2.tif

5.3. (Figure 2) The formation of an omegasome becomes apparent from the second frame, in the form of a small spot, indicated by the arrow (Video editor: highlight the white arrow in row 1, column 2). The omegasome starts expanding in order to form the characteristic ring-like structure, and reaches its maximum diameter after approximately 6 minutes (Video editor: highlight the image in row 7, column 5). Next, the omegasome starts collapsing (Video editor: zoom into or draw a box around the green channel images from 7’ to 10’) and eventually disappears, after approximately 10 minutes (Video editor: highlight the image at 10’)

Shots:
5.3.1. LAB MEDIA: Figure 2.tif

5.4. (Figure 2) When the formation of the LC3-positive structure or autophagosome is placed in the context of the omegasome formation, it was observed that the autophagosome appears after the omegasome, and becomes clearly visible after approximately 1.5 minutes (Video editor: highlight the white arrow in row 2, column 11). The omegasome starts expanding in close association with the omegasome, first as a spot and then a ring. [Video editor: this is observed between 2’ (row 1, column 13) and the end of 6’ (row 7, column 5): can you somehow draw viewers’ attention to those images?]

Shots:
5.4.1. LAB MEDIA: Figure 2.tif

5.5. [bookmark: _GoBack](Figure 2) When the omegasome starts collapsing, the autophagosome buds off. [Video editor: the time points that best illustrate this are between 7’ to 9’ min (columns 6-18 in row 9): please draw viewers’ attention to those images]. Eventually the autophagosome stays behind, apparently to fuse with the lysosomes after the omegasome disappears. [Video editor: the time points that best illustrate this are the last 2 minutes (columns 1-12 in row 12)].

Shots:
5.5.1. LAB MEDIA: Figure 2.tif

5.6. In this next video (Video 3), a lysosome tracker, indicated in blue, was added in order to capture the temporal and spatial association of the forming autophagosome with lysosomes. The playback rate is 4 frames per second. The arrow indicates first, the formation of the omegasome, and second, the fusion of the autophagosome with the lysosome. 

Shots:
5.6.1. LAB MEDIA: Video 3.avi

5.7. (Figure 3) This figure is a montage of the events captured in the video. As indicated by the arrowhead (Video editor: row 15 column 8), a few minutes after the collapse of the omegasome, the nascent autophagosome starts associating with lysosomes and eventually it fuses with one lysosome. Fusion of the autophagosome with the lysosome largely quenches CFP-LC3 fluorescence, presumably due to the exposure of the CFP tag in the acidic environment of the lysosome.

Shots:
5.7.1. LAB MEDIA: Figure 3.tif

5.8. However, the same kind of analysis can sometimes produce uninterpretable results, due to a variety of reasons. In this example, the results become uninterpretable due to a drift in focus (Video 2).

Shots:
5.8.1. LAB MEDIA: Video 2.avi

5.9. (Figure 4) An analysis of the images shows that the formation of an autophagosome is successfully captured by video in the beginning; however a drift in focus occurs after the 3 minute mark. The video capture continues out of focus for the next 6 minutes, but eventually the focus is manually corrected after the 9 to 10 minutes mark.

Shots:
5.9.1. LAB MEDIA: Figure 4.tif

5.10. (Figure 4) Unfortunately this analysis makes it impossible to discriminate whether the autophagosome formation event captured when the focus is corrected is the initial event which is almost completed, or a new one that started after the drift in focus. To prevent a drift in focus, the video should be constantly monitored and corrections made as needed, either manually or by using the autofocus feature of the microscope, if available.

Shots:
5.10.1. LAB MEDIA: Figure 4.tif




6. Conclusion (said by authors on camera)
6.1. Eleftherios Karanasios: Once mastered, this technique can be done in no more than one hour per filmed video if it is performed properly.
6.2. Simon Walker: After watching this video, you should have a good understanding of how to set up a fluorescence microscope for live cell imaging applications including imaging autophagosome formation in conjunction with omegasomes and lysosomes.

       

Provided Media

1A. 50484_Graphic overview_NEW.pptx
2.6. 50484_Cells confluency.tif
4.3. 50484_Example of optimal cells.tif
5.1. Video 1.avi
5.2. – 5.5. Figure 2.tif
5.6. Video 3.avi
5.7. Figure 3.tif
5.8. Video 2.avi
5.9. – 5.10. Figure 4.tif


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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