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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)__N______ 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.) Viewers will benefit from seeing how a rose chamber is set up for live cell imaging (step 2.7), and the drug washout on the microscope ( steps 4.3-4.4). It will be helpful for viewers to see some of the cell fixation steps (steps 5.5, 5.7, 5.12)

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.) _ 
I don’t consider it a difficult step, but rather it’s hard to imagine how it’s done by reading it. I think the rose chamber drug washout on the microscope while imaging is challenging. (Steps 4.3, 4.4)

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 experiment is to generate a Drosophila S2 cell line that is sensitive to small molecule inhibitors of kinesin 5 motor, so they can be used to study error correction. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Author Name: Anna Ye: Error correction during cell division is the process in which erroneous interaction between the KT and MT is destabilized to provide an opportunity to form proper attachment so the genome can be evenly segregated. This method can help answer key questions in the cell biology field, Related to the error correction process.
1.2. Author Name: Anna Ye: The main advantage of this technique is that we can use an S2 cell line that contains fewer chromosomes and is also sensitive to kinesin-5 inhibitors, both of which facilitate the visualization of individual error correction events. 

Protocol (read by voice talent at JoVE):

2. Transfecting S2 Cells
2.1. Beginning with a previously cultured 25 cm2 (centimeter square) flask of 100% confluent GFP-α-tubulin-expressing S2 cells [2.1.1-WIDE/MED], transfer 2 ml of the culture to a 35 mm dish [2.1.2-MED/CU].  Then incubate the cells at room temperature for approximately one hour to semi-adhere [2.1.3-MED/CU].
2.1.1. Talent at flow hood picks up flask of cells and opens

2.1.2. Film as written

2.1.3. [combined with 2.1.2] Talent leaves plate and walks away

2.2. Remove the medium from the dish [2.2.1-CU] and add 1 ml of Schneider’s medium supplemented with FBS into 2 ug of the Eg5-mCherry (“egg 5-M-cherry”) construct and Transfection Reagent to transfect the cells following the manufacturer’s protocol [2.2.2-CU-TXT]. 

2.2.1. Film as written

2.2.2. Talent adds Eg5-mCherry construct to Schneider’s medium (TEXT: referred to hereafter as Schneider’s medium)
2.3. Use Parafilm to seal the dish [2.3.1-CU] and incubate the cells at 25°C for 16-18 hours [2.3.2-WIDE].  Then add 1 ml of Schneider’s medium and return the cells to the incubator [2.3.3-CU].
2.3.1. Film as written

2.3.2. Talent places cells into incubator; B need another shot for 2.5.3 below; C need another shot for 3.3.2 below; D need another version for 3.4.2 below. The highlighted steps were filmed in order of the script 
2.3.3. Talent adds medium to cells

2.4. On day 3 post-transfection, transfer 500 ul of transfected cells into a new 35mm tissue culture dish containing 1.5 ml of Schneider’s medium for a test induction [2.4.1-CU].
2.4.1. Film as written

2.5. To induce expression of Eg5-mCherry, add CuSO4 (Copper Sulfate) to a final concentration of 500 uM [2.5.1-CU].  Seal the dish in Parafilm [2.5.2-CU] and incubate at 25°C overnight [2.5.3-WIDE].  

2.5.1. Film as written

2.5.2. Film as written

2.5.3. Use 2.3.2B here

2.6. Place a previously prepared 22 mm x 22 mm concanavalin A-coated coverslip in a clean 35 mm tissue culture dish [2.6.1-CU/ECU-TXT], then seed 500 ul of the 100% confluent induced cells onto the coverslip [2.6.2-CU] and allow the cells to adhere at room temperature [2.6.3-MED].  

2.6.1. Film as written (TEXT: refer to text for details)

2.6.2. Film as written

2.6.3. [combined with 2.6.2] Talent covers plate and walks away

2.7. To check for Eg5-mCherry expression, assemble the coverslip into a rose chamber with medium [2.7.1-CU] and image at room temperature using a fluorescence microscope according to the guidelines in the text protocol [2.7.2-MED].
2.7.1. Film  as written

2.7.2. Talent at scope looking through eyepieces at sample

2.8. After ensuring that the cells are expressing both Eg5-mCherry and GFP-α-tubulin [2.8.1-LM], transfer the remainder of the transfected, uninduced cells to a 25 cm2 tissue culture flask containing 4 ml of Schneider’s medium [2.8.2-CU].
2.8.1.   LAB MEDIA Figure 1, panels A and D, Editor, add in the labels on the left for Eg5-mCherry and GFP-tubulin when mentioned

2.8.2. Film as written 

2.9. Add Blasticidin (blas-te-cye-din) S HCl at a final concentration of 25 ug/ml to the flask [2.9.1-CU] and continue splitting the cells in the presence of Blasticidin S HCl until cell death ceases [2.9.2-MED/CU]. 

2.9.1. Film as written

2.9.2. Talent under hood splitting cells We did not have a microscope attachment, so we weren’t able to take an image of cell death
3. RNA Interference
3.1. After preparing Klp61F (K-L-P-61-F) double stranded RNA according to the text protocol [3.1.1-MED], seed S2 cells expressing Eg5-mCherry to a 35 mm culture dish at 25% confluency and allow them to adhere for 1 hour [3.1.2-CU].

3.1.1. Talent at bench prepares double stranded RNA

3.1.2. Talent seeds cells and closes dish to incubate

3.2. Remove the medium from the dishes and add 1 ml of serum-free Schneider’s medium to 5 ug of double-stranded Klp61F RNA [3.2.1-CU].
3.2.1. Talent finishes removing medium and adds RNA in Schneider’s medium

3.3. After incubating at room temperature for 1 hour, add 1 ml of Schneider’s medium with 10% FBS [3.3.1-CU].  Incubate the cells at 25 degrees C [3.3.2-WIDE].

3.3.1. Film as written

3.3.2. Use 2.3.2C here

3.4. Twenty-four hours after dsRNA treatment, induce expression of Eg5-mCherry by adding CuSO4 to a final concentration of 500 uM [3.4.1-CU].  Incubate the cells at 25 degrees C for an additional 24 hours [3.4.2-WIDE].
3.4.1. Film as written

3.4.2. Use 2.3.2D here
4. Live Cell Imaging
4.1. To carry out live cell imaging, place a 22 mm x 22 mm concanavalin A coated coverslip into a clean 35 mm tissue culture dish [4.1.1-CU].
4.1.1. Film as written  
4.2. Seed 500 ul of the dsRNA-treated cells that have been induced overnight onto the coverslip and allow them to adhere for about 1 hour [4.2.1-CU/ECU].
4.2.1. Talent seeds cells and covers dish
4.3. After collecting time-lapse images of bipolar spindles according to the text protocol [4.3.1-LM], remove the medium from the rose chamber and add Schneider’s medium containing 1 uM STLC and replace the STLC medium two more times, discarding the medium after each wash, [4.3.2-CU/ECU-TXT]  to visualize spindle collapse [4.3.3-LM].
4.3.1. LAB MEDIA Figure 1D

4.3.2. Talent finishes removing medium and adds STLC in Schneider’s (TEXT: ~5 ml)

4.3.3. LAB MEDIA Figure 1D and 1F (Before and after spindle collapse), Editor, for spindle collapse, point out Figure 1F 

4.4. To washout the drug and reverse spindle collapse, carefully remove the STLC-containing medium from the rose chamber and discard it in a waste container [4.4.1-CU] and use 6-8 ml total of Schneider’s medium to wash the cells 4 times, discarding the media after each wash [4.4.2-CU].  Then after adding fresh medium to refill the chamber, continue imaging [4.4.3-MED]. To get access to the medium for drug washing and washout, carefully remove the top coverslip from the rose chamber while secured on the microscope [4.4.5 CU]. Alternatively, a glass bottom petri dish, treated with concanavalin A similarly to the coverslips, can be used for live cell imaging [4.4.6].
4.4.1. Film as written

4.4.2. Talent adds STLC medium and then removes it. 

4.4.3. Talent at scope imaging with image on screen if possible.

We added the following shots: 4.5 is a close up for the first step of 4.3 and 4.4 (removing the top coverslip from the rose chamber to get access to the Schneider’s medium). 4.6 is an alternative method for labs that do not have rose chamber. Showing the same method, but using a glass bottom petri dish.
5. Error Correction Assay
5.1. After seeding 500 ul of S2 cells treated with Klp61F dsRNA onto a concanavalin A coverslip and allowing the cells to adhere [5.1.1-CU], add 1.5 ml of Schneider’s medium to bring the final volume to 2 ml [5.1.2-CU].

5.1.1. Talent seeds cells and covers plate

5.1.2. Talent adds Schneider’s medium
5.2. Once cells have been arrested in mitosis according to the text protocol, add 1 uM STLC [5.2.1-CU] and incubate for 1 hour to allow monopoles to form [5.2.2-LM].
5.2.1. Talent adds STLC

5.2.2. LAB MEDIA Figures 2A and E

5.3. Wash out the STLC by using 2 ml of fresh Schneider’s medium to rinse the coverslips 3X [5.3.1-CU].  

5.3.1. Talent adds fresh Schneider’s medium

5.4. To fix the cells at different time points of bipolar spindle formation and to assess kinetochore attachment sites, begin by using 2 ml of 1X BRB-80 (B-R-B-80) to quickly rinse the coverslips [5.4.1-CU].
5.4.1. Talent opens labeled BRB-80  and adds to coverslips and then removes, Videographer, get enough footage for entire VO here

5.5. In a chemical hood, add 2 ml of 10% PFA in 1X BRB-80 and incubate for 10 minutes [5.5.1-MED/CU].   

5.5.1. Talent adds BRB-80 to cells and covers

5.6. Next, to permeabilize the cells, add 1% Triton-X in 1X PBS and incubate for 10 minutes [5.6.1-CU].  Then use 2 ml of 0.1% Triton-X in 1X PBS to wash the cells 3 times [5.6.2-CU].
5.6.1. Talent adds Triton-X in PBS and covers cells

5.6.2. Talent removes the buffer and adds fresh buffer to wash cells

5.7. Next, transfer the coverslips cell side facing up onto a sheet of Parafilm in a 150 mm Petri dish [5.7.1-CU-TXT].
5.7.1. Film as written (TEXT: use marker to label Parafilm to keep track of slides).

5.8. Add 150 ul of boiled donkey serum, or BDS to the coverslips and incubate at room temperature for 1 hour to block non-specific antibody binding [5.8.1-MED/CU].
5.8.1. Talent adds BDS and covers samples and walks away

5.9. After the incubation, remove the block [5.9.1-CU] and add 150 ul of primary antibodies prepared according to the text protocol before incubating at room temperature for 1 hour [5.9.2-CU-TXT].
5.9.1.  Film as written

5.9.2. [combined with 5.9.1] Talent adds primary antibody and covers cells (TEXT: diluted in BDS)

5.10. After washing the coverslips 3 times [5.10.1-CU-TXT], add fluorophore-conjugated secondary antibodies diluted in BDS and incubate at room temperature for 30-60 minutes [5.10.2-MED/CU].  

5.10.1. Talent removes wash solution from cells (TEXT: 500 µL 1X PBS; 0.1%Triton-X and all subsequent washes)

5.10.2. Talent adds secondary antibodies and covers cells

5.11. Once the coverslips have been washed three times, incubate them with 150 ul of BDS containing 1 ug/ml of DAPI for 5 minutes [5.1.1-CU].
5.11.1. Talent finishes removing final wash and adds BDS with DAPI

5.12. Then after the coverslips have been washed twice, use 8 ul of mounting medium to mount the sample cell side down on a 3 x 1” slide [5.12.1-CU/ECU].  Use nail polish to paint the corners [5.12.2-ECU].

5.12.1. Talent finishes washing coverslips then mounts one on a slide with mounting medium

5.12.2. Film as written

5.13. Finally, use a 100X objective to image cells with bipolar spindles expressing Eg5-mCherry.  Take a Z-series consisting of 30 planes at 0.2 um intervals in all channels [5.13.1-MED].  Carefully analyze the kinetochores and microtubules to determine the attachment sites [5.13.2-MED OVER SHOULDER-TXT]. 

5.13.1. Talent at scope imaging cells and taking Z series

5.13.2. Talent at computer analyzing images of kinetochores and microtubules (TEXT: bioriented or syntelic attachments)
6. Results: Inhibition of Kinesin-5 in Drosophila S2 Cells
6.1. Klp61F is required to form bipolar spindles in Drosophila S2 cells however small molecule kinesin-5 inhibitors are ineffective against it.  These images show that the human kinesin-5 Eg5 can rescue the function of Klp61F in Drosophila S2 cells [6.1.1-LM].
6.1.1. LAB MEDIA Figure 1A and D, Editor, point out the bright signal in panel A when human kinesin-5 is mentioned.

6.2. When the kinesin-5 inhibitor, STLC is added, microtubule-associated levels of the motor drop [6.2.1-LM] and the spindle collapses, resulting in a monopole in cells lacking endogenous Klp61F as the result of successful RNAi [6.2.2-LM].

6.2.1. LAB MEDIA Figure 1B and E, Editor, bring in panels B and E next to A and D and add the text and arrow for adding the STLC

6.2.2. LAB MEDIA Figure 1C and F, Editor, bring in these panels next to A, B, D, and E
6.3. This figure demonstrates that kinesin-5 inhibition can be reversed by washing out the drug and recovery of a bipolar spindle can be followed over time [6.3.1-LM].  Upon removal of the inhibitor [6.3.2-LM], Eg5-mCherry re-associates with the microtubules [6.3.3-LM] and the cells can progress into a bipolar anaphase [6.3.4-LM].
6.3.1. LAB MEDIA Figure 2A and E

6.3.2. LAB MEDIA Figure 2B and F, Editor, bring in next to A and E along with the text and arrow for STLC washout

6.3.3. LAB MEDIA Figure 2C and G, Editor, bring in next to A, B, E, and F

6.3.4. LAB MEDIA Figure 2D and H, Editor, place next to A, B, C, E, F, and G Alternatively, for ‘Upon removal of the inhibitor…’ transition to washout.mov and play it slow enough to cover the entire rest of the VO, or loop it. 
7. Conclusion (said by authors on camera)

7.1. Anna Ye: After watching this video, you should have a good understanding of how to generate a Drosophila S2 cell line that is sensitive to small molecule inhibitors of kinesin-5. 

7.2. Anna Ye: Once mastered, this technique can be done in about 6 hours if it is performed properly.

7.3. Anna Ye: While attempting this procedure, it’s important to remember to plan ahead, because this method requires preparation a few days in advance.

7.4. Anna Ye: Don't forget that working with small molecule inhibitors can be hazardous and gloves should always be worn while performing this procedure.   

7.5.  Building humanized fruit fly cells could be improved through the application of CRISP/Cas9 technologies to replace Drosophila kinesin-5 with its human counterpart.

7.6. Anna Ye: Development of humanized Drosophila cells should advance our understanding of error correction as well as other essential cellular processes in the future.   
We made some minor changes and rearrangements to the conclusions. It reflects the order and shot numbers that we followed during filming.

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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