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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.) _2.2, 3.6, 4.7, 4.9
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.) ____none
E.  Will the filming need to take place in multiple locations? (Y/N) ___Y____ 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 methodology is to identify the Kinesin-1 cargos using fluorescence microscopy. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Clement Lee: This method can help answer key questions in the field of molecular motors, such as which cargos are being carried by kinesins and myosins. 

1.2. Clement Lee: The main advantage of this technique is that the dominant negative KIF5B mutant can help us visually identify its cargos using fluorescence microscopy.   

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
Protocol (read by voice talent at JoVE):
2. Cell Culture for Immunofluorescence Microscopy
2.1. To begin, for live cell or indirect fluorescence imaging at 40X or below, seed 0.2-0.3 million HeLa cells in 1 ml of complete medium [2.1.1-WIDE-TXT] in each well of a 6-well plate [2.1.2-CU].  Grow the cells at 37°C with 5% CO2  [2.1.3-WIDE]. 

2.1.1. Talent sitting at hood plating cells (TEXT: DMEM, 10% FBS)

2.1.2. Talent pipetting cells into wells of plate

2.1.3. Talent places plate into incubator; B need another version for 3.5.2 below; C need another version for 3.7.2 below; D need another version for 4.1.2 below; need another version for 2.3.2 below
2.2. For indirect immunofluorescence studies with magnifications above 40X, in a biosafety cabinet to avoid contamination [2.2.1-WIDE/MED], use absolute alcohol to wash cover glasses [2.2.2-MED/CU-TXT] and stand them up in the wells of a 6-well plate to air dry [2.2.3-CU].

2.2.1. Talent working in biosafety cabinet opens alcohol

2.2.2. Film as written (TEXT: 18 mm x 18 mm; 1.5 thickness)

2.2.3. Film as written
2.3. When the cover slips have dried, lay them down in the wells and seed 0.2-0.3 million cells in 1 ml of complete DMEM in each well of the plate [2.3.1-CU].  Culture the cells overnight [2.3.2-WIDE-TXT]. 
2.3.1. Film as written 

2.3.2. Use 2.1.3E here (TEXT: 37°C, 5% CO2)
3. Preparation of Transfection Complex and Transfection of Cells
3.1. The following day, inside a biosafety cabinet, use 0.1 ml of transfection medium [3.1.1-MED/CU] to dilute 0.6µg of a tdTomato-tagged wild-type or motorless KIF5B expression plasmid with or without a plasmid expressing a candidate cargo protein  [3.1.2-CU-TXT].
3.1.1. Talent pipettes up transfection medium and adds to tube

3.1.2. Talent adds tdTomato tagged WT of motorless KIF5B plasmid into tube of transfection medium (TEXT: e.g., pTagCFP-c-MYC) 

3.2. In another 1.6 ml microcentrifuge tube, add 1.8 ul of the transfection reagent to 0.1 ml of transfection medium [3.2.1-CU-TXT].  Then incubate at room temperature for 5 minutes [3.2.2-MED].
3.2.1. Film as written (TEXT: prepare enough for up to 12 samples per tube)

3.2.2. Talent sets tube on bench to incubate
3.3. Next, add 0.1 ml of the diluted transfection reagent to the diluted DNA samples [3.3.1-CU].  Invert the tubes to mix the contents [3.3.2-CU] and spin down for 5 seconds [3.3.3-MED/CU].  Then incubate the samples at room temperature for 45 minutes [3.3.4-MED].

3.3.1. Film as written

3.3.2. Film as written

3.3.3. Talent gives tubes a quick spin

3.3.4. Talent places samples on bench and walks away

3.4. During the incubation period for the formation of the transfection complex, use PBS to wash the cells three times [3.4.1-MED/CU].  


3.4.1. Talent adds PBS to cells to wash

3.5. Then add 0.8 ml of pre-warmed transfection medium to each well [3.5.1-CU] and return the plates to the incubator [3.5.2-WIDE-TXT].

3.5.1. Film as written

3.5.2. Use 2.1.3B here (TEXT: 37(C)

3.6. After the diluted transfection reagent has incubated for 45 minutes, add 0.2 ml of the solution drop-wise to each well of the plate [3.6.1-CU].
3.6.1. Film as written  

3.7. Gently rock the 6-well plate for 5 seconds [3.7.1-CU] and return it to the 37(C incubator for 6 to 8 hours. [3.7.2-WIDE]  Then use complete DMEM to replace the medium [3.7.3-MED/CU].  
3.7.1. Film as written

3.7.2. Use 2.1.3C here

3.7.3. Film as written

4. Live Cell Imaging and Indirect Immunofluorescence
4.1. To carry out live cell imaging, after an additional 16 hours of incubation, add the DNA intercalating stain Hoechst 33342 to the medium to a final concentration of 1 uM [4.1.1-CU] and incubate the cells at 37 degrees C for 10 minutes [4.1.2-WIDE]
4.1.1. Talent adds Hoechst to medium

4.1.2. Use 2.1.3D here  
4.2. Then, using a 40X objective, examine the cells for the expression of fluorescent proteins [4.2.1-LM-TXT].
4.2.1. LAB MEDIA Figure 1A, top panel of tdTomato-KID5B WT (TEXT: refer to text protocol for filter sets).
4.3. To perform indirect immunofluorescence on cells that have been incubated with transfection reagent, after preparing paraformaldehyde according to the text protocol [4.3.1-MED/CU], use room temperature PBS to wash the cells by swirling the 6-well plate for 5 seconds [4.3.2-CU].

4.3.1. Talent finishes preparing paraformaldehyde

4.3.2. Film as written

4.4. Add 1 ml of freshly prepared 4% paraformaldehyde in PBS per well [4.4.1-CU] and incubate at room temperature for 30 minutes [4.4.2-MED/CU].  Then use PBS to wash the cells once by swirling he plate and discard the solution [4.4.3-MED/CU].

4.4.1. Film as written

4.4.2. Talent closes plate to incubate

4.4.3. Film as written

4.5. Next, add 1 ml of 0.1% Triton-X 100 in PBS to each well and incubate at room temperature for 30 minutes to permeabilize the cells [4.5.1-CU].  Then use PBS to wash the cells 4 times, discarding the solution after each wash [4.5.2-CU].
4.5.1. Talent finishes adding Triton-X to cells and covers plate

4.5.2. Talent adds PBS to wash cells

4.6. Add primary antibodies [4.6.1-CU-TXT] and incubate the cells at room temperature with rocking for 4 hours [4.6.2-MED]. 

4.6.1. Film as written  (TEXT: 0.1 µg/mL c-MYC rabbit or p53 mouse in PBS/10% FBS)

4.6.2. Talent places cells on rocker

4.7. Following the incubation, use PBS to wash the cells 4 times by swirling the plate [4.7.1-CU], then add 1 ml of fluorescent dye conjugated secondary antibodies [4.7.2-CU-TXT] and incubate in the dark at room temperature with rocking for 2 hours [4.7.3-MED/CU].
4.7.1. Talent finishes swirling plate and begins to remove wash

4.7.2. Film as written (TEXT: 0.5 µg/mL Alexa Fluor 488-conjugated anti-rabbit or anti-mouse IgG in PBS/ 10% FBS)

4.7.3. Talent covers plate and places on rocker [split into two shots a and b]
4.8. After washing the cells 4 times with PBS, add 1 ml of DAPI [4.8.1-CU-TXT] and incubate in the dark at room temperature for 10 minutes [4.8.2-MED/CU].

4.8.1. Talent adds dapi to cells (TEXT: 0.5 µg/mL in PBS)

4.8.2. Talent covers plate and lets sit

4.9. If using cover glasses with the samples, apply 10 ul of mounting solution at the center of a microscope slide and mount a cover glass over the mounting solution [4.9.1-CU/ECU].  Then incubate in the dark at room temperature overnight [4.9.2-MED].  The next day, use nail polish to seal the edges [4.9.3-CU] and incubate in the dark in a fume hood overnight [4.9.4-MED].

4.9.1. Talent adds mounting solution and mounts cover glass mounting on slide
4.9.2. Talent covers slides and walks away

4.9.3. Film as written Best take labeled 4.9.1
4.9.4. Talent places slides into fume hood  

4.10. To carry out fluorescence microscopy [4.10.1-MED OVER SHOULER], use a 40X objective with the filter sets for DAPI, CFP, FITC, and Cy3 where applicable [4.10.2-LM].
4.10.1. Talent at microscope and computer looking at a sample on the screen

4.10.2. LAB MEDIA Figure 2

5. Results: Identifying Kinesin Cargo via Fluorescence Microscopy
5.1. As demonstrated here, exogenously expressed wild-type KIF5B appeared homogeneously in the cytoplasm, while c-MYC appeared mainly in the nucleus. The motorless KIF5B mutant, however, formed aggregates in the cytoplasm and this led to the aggregation of c-MYC [5.1.1-LM].  

5.1.1. LAB MEDIA Figure 1A, top three rows of panels. Editor, point out the top left panel for wild type KIF5B and then the blue, c-MYC panel when mentioned.  For the motorless KIF5B mutant, point out the two red panels in the motorless section, and then point out the two blue panels next to them for the aggregation of c-MYC when mentioned.
5.2. In addition, the motorless KIF5B also induced aggregation of the endogenous c-MYC [5.2.1-LM] and the transcription factor p53, indicating that c-MYC and p53 are both the cargos of Kinesin-1 and KIF5B regulates the subcellular localization of both endogenous proteins. [5.2.2-LM].  

5.2.1. LAB MEDIA Figure 1B, Editor, point out the green panel in the ‘motorless’ row of the c-MYC antibody group (top two rows)
5.2.2. LAB MEDIA Figure 2, point out the bottom p53 panel here in the ‘motorless’ row when first mentioned.
5.3. This figure illustrates that the movement of transcription factors by KIF5B appears to be specific because the expression of the motorless KIF5B mutant did not affect the subcellular localization of c-Fos or cause it to aggregate.  These data reveal that the method demonstrated in this video allows for the high specificity identification of Kinesin-1 cargos [5.3.1-LM].
5.3.1. LAB MEDIA Figure 3, Editor, for the motorless KIF5B mutant, point out the bottom left panel and then for the subcellular localization of c-Fos, point out the green panel next to it. 
6. Conclusion (said by authors on camera)

6.1. Clement Lee: While attempting this procedure, it’s important to remember that this technique is most suited for cells that have a large volume of cytoplasm so that aggregates in the cytoplasm can easily be observed.

6.2. Clement Lee: After its development, this technique paved the way for researchers in the field of molecular motors to construct similar dominant negative mutants of other kinesins and myosins in order to identify their particular cargos.

6.3. Clement Lee: After watching this video, you should have a good understanding of how to use the dominant negative mutant of a molecular motor to identify its cargos using fluorescence microscopy.

6.4. Clement Lee: Don't forget that working with phenol, ethidium bromide and paraformaldehyde can be extremely hazardous and precautions should always be taken to avoid direct skin contact with them 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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