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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, the design of customized PUF domain has to be showed in a computer with DNA analysis software___ 
Authors – this part of the protocol was not highlighted for filming. We will make a powerpoint animation to summarize the design and generation of PUF domain.  
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. _Steps 1.3-1.6 that describe the construction of PUF domains. All of these steps are highlighted in the manuscript.
Authors – These steps were not highlighted in the protocol that I received and so they have not been included. If you would like these steps to be included then we should discuss which aspects of the video protocol we can cut to make room for them. 
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 to be filmed by their protocol numbers. (Please do not list an entire section.) __The most difficult aspect of this procedure is _to stitch the PUF fragments into an entire PUF domain (step 1.4 and 1.5) and assay for splicing changes. We can set multiple PCR condition to ensure success. _
Authors – again, this part was not highlighted for filming. 
E.  Will the filming need to take place in multiple locations? (Y/N) __ NO__ If yes, how far apart are the locations? ___________________________________________________ 

Response:
We should add Steps 1.3-1.6 in the film, we use a powerpoint animation to help audiences understand this part easily.

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 protocol is to engineer artificial splicing factors that can specifically manipulate alternative splicing of a given target. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Zefeng Wang: This method can help answer key questions in the RNA processing field, such as splicing regulation and misregulation in cancer cells. 
1.2. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Zafeng Wang: The main advantage of this technique is its flexibility, we can design different factors that either promote or inhibit various types of alternative splicing events. 

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. [bookmark: OLE_LINK5][bookmark: OLE_LINK8]** Zefeng Wang: Demonstrating the procedure will be Huanhuan, a research associate from my laboratory, and Qianyun, a post-doc 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. Construction of a PUF scaffold with customized RNA binding specificity by overlapping PCR
2.1. Wild-type PUF DNA is used as a template for generating the customized PUF domain scaffold [1-LM]. 
2.1.1. LAB MEDIA: 54967_Wang_protocol_2_ppt_animation. The orange-capped blue bar (DNA template) zooms into view. 
2.2. Use PCR primers containing PUF sequences that specifically recognize different RNA nucleotides in each position [1-LM-TXT]. For each PUF repeat, use four different primers to recognize a different base on each position [2-LM].
2.2.1. LAB MEDIA: 54967_Wang_protocol_2_ppt_animation. All the arrows appear under the blue region. TEXT: see Table 1 for primer sequences and Figure 1A for RNA:PUF recognition code. 
2.2.2. LAB MEDIA: 54967_Wang_protocol_2_ppt_animation. The letters U, G, C, A appear. 
2.3. [bookmark: OLE_LINK99][bookmark: OLE_LINK100]In round 1 PCR [1-LM], use the primer pairs shown [2-LM] to generate coding sequences for four PUF repeats, universal bridge fragments, and cap fragments [3-LM]. 
2.3.1. LAB MEDIA: 54967_Wang_protocol_2_ppt_animation. “Round 1 PCR’ appears. 
2.3.2. LAB MEDIA: 54967_Wang_protocol_2_ppt_animation. Dotted lines between ‘primers’ appear, followed by blue arrows, and then red and black and green and black fragments
2.3.3. LAB MEDIA: 54967_Wang_protocol_2_ppt_animation. Grey writing above the DNA template appears followed by blue arrows and text above blue arrows. 
2.4. [bookmark: _GoBack]In round 2 [1-LM], use the PCR products generated in the last step as templates with the primer combinations shown [2-LM] to generate coding sequences for RNA-recognition codes R1 to R4 and R5 to R8 [3-LM]. 
2.4.1. LAB MEDIA: 54967_Wang_protocol_2_ppt_animation. “Round 2 PCR’ appears. 
2.4.2. LAB MEDIA: 54967_Wang_protocol_2_ppt_animation. Grey arrows and ‘bridges’ appear. 
2.4.3. LAB MEDIA: 54967_Wang_protocol_2_ppt_animation. Blue arrows and black and red and black, red and green bars appear. 
2.5. In round 3 [1-LM], use the products from round 2 and bridge 4 to 5 [2-LM] as templates with the R1 forward primer and R8 reverse primer [3-LM] to generate coding sequences for R1 to R8 without caps [4-LM].
2.5.1. LAB MEDIA: 54967_Wang_protocol_2_ppt_animation. “Round 3 PCR’ appears. 
2.5.2. LAB MEDIA: 54967_Wang_protocol_2_ppt_animation. Video Editor please change the order of the animation here so that ‘bridge 4-5’ appears before the two primers on each end. 
2.5.3. LAB MEDIA: 54967_Wang_protocol_2_ppt_animation. Primers appear at both ends. 
2.5.4. LAB MEDIA: 54967_Wang_protocol_2_ppt_animation. The red back and green bar appears. 
2.6. In round 4 PCR [1-LM], use R1 to R8, 5-prime end cap and 3-prime end cap as templates to generate coding sequences for complete PUF domains [2-LM]. 
2.6.1. LAB MEDIA: 54967_Wang_protocol_2_ppt_animation. “Round 4 PCR’ appears. 
2.7. LAB MEDIA: 54967_Wang_protocol_2_ppt_animation. Blue arrows then orange, red, black and green bar followed by text. 
3. Transfection of ESFs for Modulation of Exon Inclusion and Alternative Splice-Site Use
3.1. [bookmark: OLE_LINK87][bookmark: OLE_LINK88]To begin transfection of HEK293T cells [1-WIDE], mix the liposomal transfection reagent by gently inverting the bottles [2-MED]. Then dilute 2-microliters of liposomal transfection reagent in 50 microliters of reduced serum medium per transfection [3-MED]. Mix gently and then incubate for 5-minutes at room temperature [4-CU-TXT].
3.1.1. Talent brings cells to the TC hood which is already set up with all reagents for steps 3.1. to 3.6. 
3.1.2. *film as written. 
3.1.3. A volume of transfection reagent is added to a volume of media (around 8 ul of LTR and 200 ul of media). 
3.1.4. The volume is pipetted up and down or stirred with the pipette tip to mix and then the lid of the tube is closed. TEXT: 5 minutes. 
3.2. Next, dilute 0.04-micrograms of glycine-rich domain expression vector [1-MED-over the shoulder-TXT] and 0.2-micrograms of the modular splicing reporter plasmid in 50-microliters of reduced serum medium in a sterile tube [2-MED-TXT]. 
3.2.1. Talent picks up the tube labeled pGL-Gly-PUF from the rack/ice bucket and pipettes a volume from the tube. TEXT: pGL-Gly-PUF.  
3.2.2. Talent pipettes from a second tube and deposits it into the tube containing 50 ul media. TEXT: pGZ3 is used to evaluate the effect of RS-PUF on exon skipping. 
3.3. Then dilute 0.4-micrograms of RS effector domain expression vector [1-CU-TXT] and 0.2-micrograms of pGZ3 reporter plasmid in 50-microliters of reduced serum medium [2-MED]. 
3.3.1. A volume is pipetted from the tube labeled pGL-RS-PUF. TEXT: pGL-RS-PUF. 
3.3.2. Talent pipettes from a tube labeled pGZ3 and deposits the volume in the tube containing media and pGL-RS-PUF. 
3.4. [bookmark: OLE_LINK60][bookmark: OLE_LINK61]Lastly, dilute 0.4-micrograms of pGL-RS-PUF expression vector [1-CU] and 0.2-micrograms of pEZ-1B or pEZ-2F reporter plasmids in 50-microliters of reduced serum medium in a sterile tube [2-MED-TXT].
3.4.1. A small volume of pGL-RS-PUF is added to a tube containing media in the tube rack. 
3.4.2. Talent pipettes from a tube labeled pEZ-1B and deposits the volume in the tube containing media and pGL-RS-PUF. TEXT: pEZ-1B or pEZ-2F are used to evaluate the effects of RS-PUF on the competing 5’ or 3’ splice site. 
3.5. After 5-minutes of incubation at room temperature, gently mix the diluted liposomal transfection reagent with the diluted plasmid mixtures [1-MED-over the shoulder]. Incubate the final mixtures for 20 minutes at room temperature [2-MED-TXT]. 
3.5.1. Talent adds a volume of diluted LTF to the 3 tubes containing diluted plasmids.  
3.5.2. Talent closes the lids of the tubes. TEXT: 20 min. 
3.6. Then add the transfection mixtures containing the expression vectors to each well of a 24-well plate seeded with HEK293 cells [1-MED-over the shoulder-TXT], and incubate for at least 12-hours in a humidified incubator at 37 C and 5% CO2 [2-WIDE].
3.6.1. Talent pipetting from the 3 tubes and adding the volume to the wells of the 12-well plate.  TEXT: Seed 2x105 HEK293T cells into each well of a 24-well plate the day before transfection. 
3.6.2. Talent puts the plate in the incubator and closes the door.
4. Cell Harvest and Identification of Spliced Isoforms
4.1. After 12-hours of incubation [1-MED], harvest the transfected cells by trypsinization [2-MED-over the shoulder] and centrifugation [3-MED-TXT]. 
4.1.1. Talent brings the cells to the hood/bench. 
4.1.2. Talent adds trypsin to the cell sheet. 
4.1.3. Talent places tubes into the centrifuge. TEXT: 3 min at 5,000 x g.
4.2. Following centrifugation, discard the medium [1-MED] and add 0.5-milliliters of RNA extraction buffer per tube.  Lyse the cells by repeated pipetting and then incubate for 5 minutes [2-CU-TXT].
4.2.1. Medium is discarded. 
4.2.2. Extraction buffer is added to a tube and pipetted up and down and then the lid of the tube is closed. TEXT: 5 min. 
4.3. Add 0.1-milliliters of chloroform per 0.5-milliliters of RNA extraction buffer to each sample [1-MED-over the shoulder]. Invert the tubes for 15-seconds and then incubate for 3 minutes at room temperature [2-MED-TXT].
4.3.1. Talent adding chloroform to all the tubes. 
4.3.2. Shot begins with the tubes inverted then the tubes are set down on the bench.  TEXT: 3 min. 
4.4. Following the incubation, centrifuge the tubes for 15 minutes at 12,000 x g and 4 C [1-MED/MED-over the shoulder]. 
4.4.1. Talent loads the tubes into the centrifuge, closes the lid and starts the spin. Please also get footage of talent removing the tubes. Shot will be reused twice.
4.5. Then transfer the aqueous phase to a fresh tube [1-CU]. Add 0.25-millilters of isopropanol per 0.5-milliliters of RNA extraction buffer used in the initial homogenization. Mix by vortexing and incubate at room temperature for 10 minutes [2-MED-TXT]. 
4.5.1. The aqueous phase is pipetted from the tube. 
4.5.2. *film as written. Text: 10 min. 
4.6. After a centrifugation as before [1-MED-over the shoulder-TXT], the RNA precipitate is usually visible on the bottom of the tube [2-CU]. Discard the supernatant and wash the RNA pellet with 0.5-milliliters of 75% ethanol per 0.5-milliliters of RNA extraction buffer [3-MED].
4.6.1. Use 4.4.1. Talent removing the tubes from the incubator. TEXT: 12,000 x g for 10 min at 4 C 
4.6.2. Show precipitate on bottom of tube. 
4.6.3. *film as written. Show for one tube. 
4.7. Vortex vigorously [1-CU] and then centrifuge at 7,500 x g for 5 min at 4C [2-MED]. 
4.7.1. *film as written. 
4.7.2. Use 4.4.1. Talent loading tubes into centrifuge. 
4.8. After the spin, remove the supernatant and air-dry the RNA pellets [1-MED]. Dissolve the RNAs in 50-microliters of RNase-free water [2-CU]. 
4.8.1. *film as written. 
4.8.2. *film as written. 
4.9. Next, add 2-microliters of 5-units per microliter DNase I [1-CU], 7-microliters of 10x buffer [2-MED], and 11-microliters of water to each 50-microliter RNA solution [3-MED-over the shoulder]. Incubate the tubes at 37 C for 1-hour [4-MED]. 
4.9.1. DNase pipetted from tube. 
4.9.2. Talent pipettes from tube of buffer and dispenses into a tube of RNA solution. 
4.9.3. Water added to tube of RNA solution. 
4.9.4. Talent places the tubes in the water bath/heat block. 
4.10. After the incubation, heat the solutions to 70 C for 15-minutes to inactivate the DNase [1-MED-over the shoulder].
4.10.1. Talent places the tubes in a different heat block/water bath. 
4.11. After performing a reverse transcriptase reaction to synthesize cDNA from each sample [1-MED-TXT], add the components of the body-labeled PCR reaction in the order shown on screen to PCR tubes. Prepare one reaction per sample [2-MED]. 
4.11.1. Talent taking tubes out of PCR machine. TEXT: See written protocol for details. 
4.11.2. BROLL Talent pipetting reagents in ice bucket into the PCR tubes. TEXT: 2.5 µL of 10x PCR buffer, 0.5 µL of 10 mM dNTP mix, 1 µL of 10 µM forward primer, 1 µL of 10 µM reverse primer, 0.25 µL of 5 U/µL Taq DNA polymerase, 0.5 µL of 25 nM Cy5-dCTP, and 2 µL cDNA.
4.12. Run the RT-PCR program on the thermal cycler [1-MED-over the shoulder-TXT]. 
4.12.1. Talent puts PCR tubes into thermal cycler. Presses shuts lid and starts program. (TEXT: 1 x 94 C 2 min. 25 x 94 C for 30 s, 60 C 30 s, and 72 C 30 s. 1 x 72 C 7 min. 4 C hold. 
4.13. Finally, resolve the PCR products by electrophoresis through a 10% polyacrylamide gel with TBE buffer [1-CU]. Use a fluorescence scanner to visualize the products [2-MED] and measure the amount of each spliced isoform using densitometry software [3-MED-over the shoulder].
4.13.1. Shot of gel running. 
4.13.2. Talent working at the fluorescence scanner. Get include image of gel under fluorescence in shot if possible. 
4.13.3. BROLL Talent working at computer using the densitometry software. 
5. Modulation of Endogenous Bcl-x Splicing and Apoptosis by ESFs
5.1. [bookmark: OLE_LINK115][bookmark: OLE_LINK116]For the immunofluorescence assay to measure apoptosis [1-WIDE], prepare a transfection mix containing glycine-rich domain expression plasmids as previously shown [2-CU] and transfect HeLa cells grown on poly-lysine-coated glass coverslips in a 6-well plate [3-MED-TXT].  
5.1.1. Talent bringing the plate of cells to the bench/hood. 
5.1.2. [bookmark: OLE_LINK19]Talent pipettes TEXT: pGL-Gly-PUF(wt) or pGL-Gly-PUF(531)
5.1.3. Talent lifts the lid of the plate. TEXT: Seeded at 5x105 the day before. 
5.2. 24 hours after transfection [1-MED], fix the cells on the coverslips with 1-milliliter of 4% paraformaldehyde in 1x PBS for 20 minutes at room temperature [2-MED-over the shoulder]. 
5.2.1. Talent (wearing something different to signify the passage of time) removes the plate of cells from the incubator. 
5.2.2. Talent adds 4% PFA to the wells of the plate and then puts the lid on the plate TEXT: 20 minutes. CAUTION: Paraformaldehyde is toxic; handle with care in a fume hood.
5.3. Then gently wash the cells on the coverslips with 2 milliliters of 1x PBS for 5 minutes [1-MED-TXT]. 
5.3.1. Talent pipettes from a bottle of PBS and dispenses multiple volumes into the wells of the plate. Also, get shot of Talent aspirating the PBS with a pipette. Parts of shot will be reused twice. TEXT: Remove PBS with pipette. 3 x 5 min.
5.4. Next, permeabilize the cells with 0.2% Triton X-100 in 1x PBS for 10 minutes [1-CU-TXT].  
5.4.1. 0.2% Triton X-100 in 1x PBS is pipetted into one or two wells of the plate. 
5.5. [bookmark: OLE_LINK93][bookmark: OLE_LINK94][bookmark: OLE_LINK117]After washing three times with 1x PBS as before [1-MED], block non-specific binding with 3% bovine serum albumin in 1x PBS for 10 minutes [2-MED-over the shoulder-TXT]. 
5.5.1. Use 5.3.1 Talent removing PBS from wells with a pipette. 
5.5.2. Talent pipetting from a bottle labeled 3% ‘BSA in 1x PBS’ and dispensing the volume into the wells of the plate. TEXT: Wash again after blocking. 
5.6. [bookmark: OLE_LINK95][bookmark: OLE_LINK96]Dilute the FLAG (pronounced as the word “flag”) antibody 1:1,000 in 3% BSA in PBS [1-MED] and pipet 30-microliters of the diluted FLAG antibody onto a parafilm sheet [2-CU].  
5.6.1. Talent pipettes a small volume from the vial of antibody and adds it to a tube containing a small volume of liquid. 
5.6.2. *film as written. 
5.7. [bookmark: OLE_LINK20]Use forceps to remove a coverslip, carefully dry off excess buffer with lab wipes [1-MED], and then place the coverslip cell-side down on the anti-FLAG solution [2-CU/MED]. Incubate for 1 hour at room temperature [3-MED-TXT].
5.7.1. *film as written. 
5.7.2. *film as written. Multiple takes. Shot will be reused once. 
5.7.3. Talent places a cover to protect the coverslips during the incubation. TEXT: 1 hour. 
5.8. Following the incubation, add approximately 500-microliters of 1x PBS to the cell-side of the coverslip until it floats on top of the solution [1-CU]. Return it to the 6-well plate with 1x PBS in the wells [2-MED-TXT].
5.8.1. *film as written. 
5.8.2. *film as written. TEXT: Wash three times with 1x PBS for 5 min each.
5.9. Incubate with secondary antibody on Parafilm as before for 15 minutes [1-MED-TXT]. 
5.9.1. Use 5.7.2. Talent places the coverslip over a drop of liquid on Parafilm. TEXT: Anti-mouse 1:500 in 3% BSA/PBS.  
5.10. Wash as before [1-MED] and then mount the coverslips on microscope slides using mounting medium containing DAPI [2-CU]. 
5.10.1. Use 5.3.1. Talent washing the cells. 
5.10.2. *film as written.  
5.11. [bookmark: OLE_LINK75][bookmark: OLE_LINK76]Visualize the cells using a fluorescence microscope and photograph them using a digital camera [1-MED-TXT].
5.11.1. BROLL Talent working at fluorescent microscope visualzing and photographing cells. TEXT: 100x magnification.  
6. Results: Subcellular Localization of ESFs in Transfected HeLa Cells
6.1. Using immunofluorescence microscopy, many cells expressing Gly-PUF (531) (pronounced “gly” “P.U.F” “531”) had fragmented nuclear DNA, indicating that they were undergoing apoptosis [1-LM]. 
6.1.1. [bookmark: OLE_LINK18][bookmark: OLE_LINK21]LAB MEDIA: 54967_Wang_Figure2E_531_DAPI. Show image. Video Editor please add an arrow pointing to the more diffuse blue area on the right side of the image. 
6.2. As a control, cells expressing Gly-PUF (WT) (pronounced “gly” “P.U.F” “wild-type”) had less fragmented nuclear DNA when compared to Gly-PUF (531) transfected cells [1-LM].
6.2.1. [bookmark: OLE_LINK22][bookmark: OLE_LINK23]LAB MEDIA: 54967_Wang_Figure2E_WT_DAPI. Show image. 
6.3. Here, immunofluorescence microscopy using the anti-FLAG antibody merged with DAPI stained cells, shows that the Gly-PUF (531) localized predominantly in the nuclei of transfected cells [1-LM].
6.3.1. [bookmark: OLE_LINK24][bookmark: OLE_LINK25]LAB MEDIA: 54967_Wang_Figure2E_531_FLAG_and _531_MERGE. Show image. Video Editor please add an arrow pointing to areas of green and blue overlap. 
6.4. Gly-PUF (WT) also localized in the nuclei of transfected cells, suggesting that these ESFs dissociate from their targets when the fully spliced mRNAs are transported into the cytoplasm [1-LM].
6.4.1. LAB MEDIA: 54967_Wang_Figure2E_WT_FLAG_and_WT_MERGE. Show image. Video Editor please add an arrow pointing to areas of green and blue overlap. 
6.5. The percentage of apoptotic cells with fragmented nuclear DNA was measured from randomly-chosen fields of fluorescence microscopy images. [1-LM]. 
6.5.1. LAB MEDIA: 54967_Wang_Figure2F. Show figure. TEXT: Figures modified from our earlier report by Wang et al 16 in accordance with the policy of Nature Publishing Group. 

7. Conclusion (said by authors on camera)

7.1. Huan-Huan Wei: Once mastered, the construction of PUF scaffolds with customized RNA binding specificity can be done in two days if it is performed properly.
7.2. Huan-Huan Wei: After watching this video, you should have a good understanding of how to specifically manipulate alternative splicing in human cells by engineering artificial factors. 
   

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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