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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: _____

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.

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.) ____3.1 – 3.9

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.) __The steps are quite straight forward

E.  Will the filming need to take place in multiple locations? (Y/N) ____Y___ If yes, how far apart are the locations? __100 ft apart on 5th and 6th floors.

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 facilitate expeditious preclinical discovery of clinically relevant single nucleotide variants that may functionally drive resistance to various classes of therapies. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Manav Korpal: This method can help answer key questions in the oncology field, such as which gene mutations may contribute to functional resistance to therapies in the clinic that may ultimately guide improvement in therapies and alternative clinical management strategies for drug-resistant patients. 

1.2. Manav Korpal: The main advantage of this technique is that since we are facilitating the emergence of spontaneous mutations and applying an unbiased screening technology in resistant clones, there is a greater likelihood these variants are driving relapse to targeted therapies in the clinic.   

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. **  Manav Korpal: Demonstrating the procedure will be  Xiaoling Puyang, a  very talented investigator from my laboratory. 

1.3.1. Interview style: Author saying the above 

1.3.2. 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. Assessing GI50 for Compounds of Interest and Setting up Drug Resistance Assays

2.1. To assess the GI50 for cell lines [2.1.1-WIDE], prepare an assay plate by seeding cells in non-transparent, clear bottom 96-well plates in 100 ul of cell medium [2.1.2-MED/CU] according to the map shown here [2.1.3-LM]
2.1.1. Talent sits at hood and begins process of seeding cells

2.1.2. Talent pipettes cells into 96-well plate

2.1.3. LAB MEDIA Figure 1 of map, Editor, place this underneath 2.1.2 when mentioned

2.2. Prepare a control plate in a similar manner, adding cells to the blue wells [2.2.1-CU] and only medium to the white wells [2.2.2-CU].  

2.2.1. Talent adds cells to blue wells

2.2.2. Talent adds medium to white wells
2.3. After incubating the plates at 37(C overnight [2.3.1-WIDE], equilibrate the luminescent cell viability reagent to room temperature [2.3.2-MED/CU] and mix gently by inverting to obtain a homogeneous solution [2.3.3-CU].  

2.3.1. Talent removes plates from incubator; B need a version of talent placing plate into incubator for 2.7.3 below; C need another version of talent placing plate into incubator for 3.7.1 below; D need another version for 3.9.2 below (filmed talent placing plates into incubator for 3.7.1 and 3.9.2 in order of the protocol- we felt it was better to do it this way since plates/reagents were different for each shot of talent placing plates into incubator)
2.3.2. Talent picks up viability reagent now at room temperature on bench

2.3.3. Talent mixes solution and stops to show it is homogeneous

2.4. Add 80 ul of reagent to the wells of the control plate [2.4.1-CU] and shake the contents for 30 minutes to induce cell lysis [2.4.2-MED].  Use a luminometer with an exposure of 0.1 - 1.0 seconds and a detection wavelength of 560 nm to record the luminescence [2.4.3-MED/CU].
2.4.1. Film as written

2.4.2. Talent places plate onto shaker and turns on

2.4.3. Talent places plate into luminometer and reads value; B need another version for 2.10.1 below 
2.5. Next, to add the test compounds to the assay plates, make a series of 1 in 4 dilutions of compounds in DMSO [2.5.1-CU] beginning with a 2000 (M concentration for a total of 10 dilutions [2.5.1-MED/CU].
2.5.1. Talent finishes adding DMSO to plate for dilutions 

2.5.2. Talent picks up 2000 uM concentration reagent and adds to first dilution well
2.6. Then add the serially diluted compounds to medium to make a compound-medium mix at a 10x final concentration [2.6.1-CU]. Store the compound plate at -20(C for use on day 3 of the assay [2.6.2-WIDE].
2.6.1. Film as written

2.6.2. Talent places compound plate in freezer

2.7. Next, add 10 ul of the diluted compounds to cells in triplicate [2.7.1-CU] such that the highest dose is 10 (M [2.7.2-LM].  Incubate the plates at 37 degrees C for three days [2.7.3-FF-TXT].
2.7.1. Film as written

2.7.2. LAB MEDIA Figure 1; Editor, point out rows B, C, and D for day 0

2.7.3.  Use 2.3.1B here (TEXT: discard intermediate plates after use)

2.8. On day 3, prepare a 400 µL 1X compound-medium mix using the compound plates prepared three days prior [2.8.1-CU]. 
2.8.1. Talent begins to prepare compound medium mix using previously prepared compound plates
2.9. Invert the assay plates to remove the medium and pat dry on autoclaved paper towels 2 to 3 times [2.9.1-MED/CU]. Add 1X compound to wells shaded in blue [2.9.2-CU][2.9.3-LM] and add 100 µL of medium to perimeter wells to prevent evaporation [2.9.4-CU-TXT].
2.9.1. Film as written

2.9.2. Film as written (TEXT: 100 µL/well)
2.9.3. LAB MEDIA Figure 1, Editor, place under 2.9.2 and point out the blue areas for ‘wells shaded in blue’.  Use with 2.9.4 as well to point out the perimeter wells when mentioned.
2.9.4. Film as written (TEXT: incubate at 37(C for 3 days), Editor, point out the perimeter wells in Figure 1 when mentioned.
2.10. On day 6, assess the relative number of viable cells by taking a luminescence reading as demonstrated earlier in the video [2.10.1-MED/CU]. Then calculate the GI50 values using software such as Prism [2.10.2-MED OVER SHOULDER].
2.10.1. Use 2.4.3B here

2.10.2. Talent at computer calculating GI50s in Prism
2.11. Using the calculated GI50 values, set up cells for drug resistance assays [2.11.1-MED/CU].  If working with a cytostatic agent [2.11.2-LM], seed cells at 30-40% confluence in 150 mm2 culture dishes [2.11.3-CU].  If working with a toxic agent [2.11.4], seed the cells at 70-80% confluence [2.11.5-CU].
2.11.1. Talent under hood setting up cells
2.11.2. LAB MEDIA Figure 2, Editor, point out the left graph labeled cytostatic agent

2.11.3. Talent seeds cells at 30-40% 
2.11.4. LAB MEDIA Figure 2, Editor, point out the right graph labeled cytotoxic agent

2.11.5. Talent seeds cells at 70-80%
2.12. After determining the initial compound concentrations according to the text protocol, treat the cells with the test compounds [2.12.1-CU].  For highly toxic compounds which cause cell death in a 6-day viability assay [2.12.2-LM], start with the GI50 and incrementally increase the concentration every 2-3 weeks until robust resistance is observed [2.12.3-CU-TXT].
2.12.1. Test compounds labeled and arranged on bench near plates and talent picks one up ad starts treating cells
2.12.2. LAB MEDIA Figure 4B, Middle (Compound 2) graph
2.12.3. Talent adds a test compound at its GI50 concentration (TEXT: multiples of GI50); Editor, add the text for ‘increase the concentration every 2-3 weeks.’
3. Isolating Single Cell Clones
3.1. To isolate single cell clones, use phase contrast microscopy at 40x magnification to examine the culture dish [3.1.1-MED] and identify viable clusters of cells [3.1.2-SCREEN/LM].
3.1.1. Talent at scope looking through eyepiece with computer screen in background

3.1.2. LAB MEDIA Screen capture of viable cell clusters in dish.  Alternatively, an image of the clusters.  
3.2. On the bottom of the dish, use a pen to mark clones that are of average size and well isolated from other colonies [3.2.1-CU/ECU].


3.2.1. Film as written
3.3. To pick clones using a P200 pipettor, remove the growth medium from the dish [3.3.1-CU] and use 1X PBS to rinse away any floating cells [3.3.2-CU].  

3.3.1. Talent removes growth medium from dish

3.3.2. Talent adds PBS to rinse away floating cells

3.3.3. Added shot: Add 20 mls fresh 1xPBS to plate(s) to prevent clones from drying. 

3.4. With the pipette tip, lift clones [3.4.1-ECU] and transfer into the wells of a 48-well plate containing 50 ul of 0.25% trypsin [3.4.2-CU]. Incubate at 37(C for 1-2 min [3.4.3-WIDE/MED] then add 200 uL of fresh medium with half the concentration of compound to allow optimal recovery of cells [3.4.4-CU].
3.4.1. Talent lifts a clone
3.4.2. Film as written

3.4.3. FREEZE FRAME from 2.3.1B here
3.4.4. Film as written

3.5. To isolate the clones using 3 mm cloning discs, place the discs into a 10 cm tissue culture dish containing 5 ml of 0.25% trypsin-EDTA for 2 minutes [3.5.1-CU].

3.5.1. Talent places cloning discs into dish with trypsin-EDTA

3.6. Next aspirate the medium from the dish containing the resistant clones [3.6.1-CU] and overlay the clones with the trypsin-soaked cloning discs [3.6.2-CU/ECU]. 
3.6.1. Film as written

3.6.2. Film as written

3.7. Incubate at 37 degrees C for 1 to 2 minutes, depending on how easily the clones lift off the plates [3.7.1-WIDE].
3.7.1. Use 2.3.1C here
3.8. Then, using sterile forceps, pick up the cloning discs and transfer into 48-well plates with 200 ul of fresh medium and half the concentration of compound [3.8.1-CU].
3.8.1. Film as written

3.9. Gently pipette up and down to dislodge the cells from the cloning discs [3.9.1-CU] and incubate at 37 degrees overnight [3.9.2-WIDE].  

3.9.1. Film as written

3.9.2. Use 2.3.1D here
3.10. The following day, remove the cloning discs [3.10.1-CU], incubate the cells [3.10.2-FF], then assess for drug resistance according to the text protocol [3.10.3-MED]. 

3.10.1. Film as written

3.10.2. FREEZE FRAME from 3.9.2 of talent placing plate into incubator

3.10.3. Talent at scope looking at colonies in plate
4. Results: Assessment of Drug Resistance 
4.1. As shown here, HCT116 cells treated for a prolonged period with cytotoxic compound number 1 led to the spontaneous emergence of resistant clones that continued to grow during treatment.  The clones were picked using a pipetteman [4.1.1-LM].
4.1.1. LAB MEDIA 52879_Korpal_Figure 4A; Editor, point out black dashed circles for resistant clones

4.2. In this figure, resistant clones 1 through 3 all demonstrated significant resistance to compound number 1 and its close analog, compound  number 2, whereas all clones showed sensitivity to an unrelated cytotoxic compound velcade [4.2.1-LM].  
4.2.1. LAB MEDIA 52879_Korpal_Figure 4B, Editor, point out the yellow, pink, and red lines in the graphs for compound 1 and compound 2 when mentioned. Then point out the graph for velcade when mentioned. 

4.3. Following confirmation of phenotypic resistance, gDNA was isolated and submitted for whole-exome sequencing analysis.  Structural variants that were recurrent and had the potential for functional impact were confirmed by an independent sequencing tool, such as Sanger sequencing [4.3.1-LM].  

4.3.1. LAB MEDIA 52879_Korpal_Figure 5A, Editor, begin with the top panel of the three green rectangles for the first sentence.  For the last sentence, add in the arrows and text for 1 (Merge) and 2 (Filter non-recurrent) and the green rectangles, then the arrow and text for 3 (Filter for functional impact) and the white box and text on the right.
4.4. An example shown here carried a heterozygous missense mutation and the parental cell line was subsequently engineered to express the mutated cDNA [4.4.1-LM].
4.4.1. LAB MEDIA 52879_Korpal_Figure 5B, Editor, for ‘carried a missense mutation, add in the black arrows in the WT and mutant sequences. 

4.5. Whereas overexpression of the WT cDNA failed to confer drug resistance, the mutant cDNA significantly conferred phenotypic resistance to compound #1, confirming the functional role of the structural variation as the driver of resistance [4.5.1-LM].
4.5.1. LAB MEDIA 52879_Korpal_Figure 6, Editor, point out the green line for ‘the mutant cDNA significantly…’  

5. Conclusion (said by authors on camera)

5.1. Ping Zhu: After watching this video, you should have a good understanding of how to develop spontaneous resistant clones to screen for genes that are responsible for the drug resistance in cancer cells.
5.2. Ping Zhu: After its development, this technique paved the way for researchers in the field of oncology to explore drug resistance mechanisms in an unbiased way in cancer cell lines and animal models.
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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