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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_No____  (If you can record images/videos using your own camera/software, then mark No)   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
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? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) _2.2, 2.5, 3.5 – 3.8.
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.) _3.6, 3.7. While it is discussed in length during the discussion, it is critical during live cell imaging to set parameters that will capture the full dynamic range of a probe without introducing phototoxicity and photobleaching
E.  Will the filming need to take place in multiple locations? (Y/N) __Yes__ If yes, how far apart are the locations? _The microscope is located two floors under our cell culture facility.


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 observe anti-cancer therapeutic response in single cells in culture. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Russell Burke: This method can help answer key questions in the cancer research field, such as heterogeneous therapeutic response and cell fate. 
1.2. James Orth: The main advantage of this technique is that response in single cells can be observed directly in real time over many days, rather than inferred.   


Protocol (read by voice talent at JoVE):

2. Preparation of Samples and Environmental Chamber Set-up
2.1. To begin, under a certified sterile laminar flow hood, prepare HT1080 cells in culture certified dishes according to the text protocol [2.1.1-WIDE/MED] and incubate the cells in a humidified cell culture incubator [2.1.2-WIDE-TXT].
2.1.1. Talent working under hood plates HT1080 cells
2.1.2. Talent places dishes into incubator (TEXT: 37°C, 5% CO2, 80% relative humidity)
2.2. Two days prior to imaging, plate 50,000 HT1080 FUCCI cells per well into the desired number of wells of a 12-well, number 1.5 glass bottom dish; adjust the number of cells plated depending on their growth rate and the dish used in order to achieve approximately 60% confluence for the start of the experiment [2.2.1-MED/CU-TXT].
2.2.1. Talent under hood plates cells into three wells of 12-well glass-bottom plate with other plating examples in background (TEXT: refer to text protocol for additional plating)
2.3. Set up the environmental chamber to approximately 80% humidity with the temperature at the sample position set at 37°C [2.3.1-MED/CU-TXT].
2.3.1. Talent sets up humidity and temp at sample position.  Have settings visible (TEXT: refer to text protocol for additional details).
2.4. Ensure that the water reservoir is filled with sterile distilled water following the manufacturer’s directions [2.4.1-MED/CU].  
2.4.1. Talent fills water reservoir
2.5. Then turn on the environmental chamber to the desired temperature setting [2.6.1-CU] and position it in the microscope stage inset [2.6.2-MED/CU-TXT].
2.5.1. Film as written
2.5.2. [bookmark: _GoBack]Talent positions chamber in microscope stage inset (TEXT: do not start gas flow at this point)  
2.6. If there is any free space between the stage-top chamber and stage inset, lay pieces of paraffin film over the edges of the stage inset opening prior to inserting the chamber into it to couple the chamber to the stage [2.5.1-CU].
2.6.1. Talent points out where free space is and lays Parafilm over edges of stage
2.7. Ensure that no connections are pulling on the chamber, both of which can introduce motion artifacts [2.7.1-CU].
2.7.1. Talent checks that connections are not pulling on the chamber
2.8. Insert a ‘dummy’ dish with water into the chamber and allow the chamber to equilibrate to 37°C, then maintain a stable temperature [2.8.1-CU-TXT].
2.8.1.  Talent inserts dummy dish and it is allowed to equilibrate (TEXT: will take 30 min – 1 hr)
3. Microscope and Imaging Set-up
3.1. To set up for imaging, turn on the microscope [3.1.1-CU], the computer [3.1.2-CU], and any required peripherals [3.1.3-CU].  Depending on the light source, wait to turn it on until needed [3.1.4-CU].
3.1.1. Film as written
3.1.2. Talent turns on computer
3.1.3. Talent turns on peripherals
3.1.4. Shot of light source not turned on yet
3.2. With the objective turret in a low position, select the 20X 0.7 NA objective [3.2.1-CU].  Then position the sample over the objective, which will make it easier to find the cells when the sample is in the chamber [3.2.2-CU].
3.2.1.  Shot of turret with 20X objective moving into position
3.2.2. Talent positions sample over objective
3.3. After transferring the cells to be imaged to the environmental chamber according to the text protocol [3.3.1-CU], seal the chamber to maintain a stable environment [3.3.2-CU] and turn on the atmospheric gas [3.3.3-CU-TXT].
3.3.1. Talent completes transferring cells and cells shown in chamber (TEXT: refer to text protocol for additional details)
3.3.2. Film as written
3.3.3. Film as written
3.4. Next, select imaging conditions that will prevent phototoxicity by limiting exposure times and using lower intensity light [3.4.1-SCREEN/LM-TXT].
3.4.1. Talent selects exposure times and intensity of light (TEXT: choose probes excited by longer wavelengths of light)
3.5. Define the x, y, and z planes and the desired wavelengths for each position to be imaged [3.5.1-SCREEN/LM].  For long-term time lapse of most cellular processes, acquire one image every 10 – 20 minutes.  Greater time resolution provides more data points and more robust cell tracking, but results in more integrated light exposure and larger data sets [3.5.2-SCREEN/LM].
3.5.1. Record as written
3.5.2. Talent sets imaging frequency
3.6. As HT1080 FUCCI have dynamic green and red fluorescent proteins, use the following exposure times and use a 2 x 2 bin [3.6.1-SCREEN/LM-TXT].
3.6.1. Talent sets exposure times and bin (TEXT: FITC/GFP – 50 ms, Texas Red/TRITC – 40 ms, Brightfield – 20 ms)
3.7. Under advanced settings, enable software controlled autofocusing using the default settings.   Define an autofocus range of 10 um with the recommended step size [3.7.1-SCREEN/LM-TXT].
3.7.1. Talent clicks on advanced settings and enables autofocusing and defines autofocus range of 10 um with recommended step size (TEXT: autofocus with brightfield images only)
3.8. In the experimental dish, to reduce thermal drift, replace half of the medium with medium containing the desired drug  that has warmed to 37C [3.8.1-CU-TXT].  
3.8.1. Talent aspirates half of medium then replaces with medium with drug (TEXT: e.g., DMSO or 1 M selinexor and 10 M PD0332991)
3.9. Finally start the time lapse and acquire images according to the text protocol [3.9.1-SCREEN/LM].
3.9.1. Talent starts time lapse and images are acquired

4. Results:  Time Lapse Tracking of Single Cells to Study Anti-cancer Therapeutics 
4.1. These movies show examples of a pair of matched breast cancer-derived MCF7 cell lines that differ only in their p53 status, that were treated with an anti-cancer drug that inhibits Kinesin-5, resulting in mitotic arrest [4.1.1-LM].
4.1.1. LAB MEDIA Movie 1 and 2, Editor, show a portion of these movies side by side, beginning at around 10 seconds for Movie 1 and 15 seconds for the Movie 2. 
4.2. As seen in this figure, when p53 is removed by stable p53 knockdown, instead of arresting after they leave mitosis, the cells go through repeated cycles where they enter a second round of mitosis, rather than arresting, and leave mitosis without division [4.2.1-LM].
4.2.1. LAB MEDIA Figure 2A-D, Editor, for stable p53 knockdown, point out the panels in B.  Editor, for ‘arresting after leaving mitosis,’ add in the white arrows in the panels in A.  Then for ‘the cells go through repeated cycles…’ add in the arrows in the panels in B.
4.3. Shown here are cervical carcinoma-derived HeLa cells stably expressing the chromatin marker histone-2b fused to mCherry, and beta-tubulin fused to EGFP.  When treated with the microtubule stabilizing drug paclitaxel, chromosome alignment and segregation is disrupted during mitosis, resulting in the formation of nuclear bulges and micronuclei, which are prone to DNA damage [4.3.1-LM].
4.3.1. LAB MEDIA Movie 3, Editor, point out the small darker circles that come off the larger blob and tiny small white dots for the formation of nuclear bulges and micronuclei, respectively.
4.4. This cell line stably co-expresses the two fluorescent ubiquitin cell cycle indicators for Cdt1, in orange; and geminin, in green, and progresses through the cell cycle normally [4.4.1-LM].
4.4.1. LAB MEDIA Figure 4, Movie 4, Editor, replace panel A in the figure with the movie.  For progresses through the cell cycle normally, point out the rise and fall of the green and red traces on the graphs
4.5. When the same cells are treated with a Cdk4/6 inhibitor, the cells progress through G2-phase and divide normally, then strongly arrest in G1 phase, indicating the potential for effective cytostatic effects in growing tumors [4.5.1-LM].
4.5.1. LAB MEDIA Figure 5A, B, Movie 5, Editor, for ‘the cells progress through G2 phase and divide normally,’ point out the green peak on the graph.  For ‘strongly arrest in G1 phase,’ point out the ascending red line on the graph.

5. Conclusion (said by authors on camera)

5.1. Russell Burke: While attempting this procedure, it’s important to remember to limit exposure times to prevent phototoxicity and photobleaching without compromising the full dynamic range of a given fluorescent reporter.
5.2. James Orth: Following this procedure, other methods like fixed cell time courses, flow cytometry, immunoblotting, and expression profiling can be performed to answer additional questions like the localization and expression of other proteins, and which cell stress and death pathways are activated.
5.3. Russell Burke: After watching this video, you should have a good understanding of how to perform long-term longitudinal time lapse to quantify single-cell response to anti-cancer therapeutics.
5.4. James Orth: Don't forget that working with cells and some chemicals can be extremely hazardous and precautions as required by your Institution should always be taken while performing this procedure.   


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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