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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  

Can you record movies/images using your own microscope camera? (Y/N)___N______  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: ______________N/A_______________________________

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____N____ 

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.) ______2.1, 2.2, 2.3, 2.4, 2.5, 2.6, _____________________________________

Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

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.) ____2.1& 2.2 (This step needs more explanation, because it is the most critical. The cell confluency should be around 65%-80%. If the confluency is too high, the transfection efficiency will become low. And the transfection reagent needs to be incubated more than 10 minutes before the transfection.)_____

Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

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 Lipotransfection protocol is to introduce antisense oligonucleotides into the cells and evaluate the efficacy of these drugs on exon inclusion in SMA cells. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Toshi : This method can help answer key questions in the antisense therapy field, such as the efficacy of new antisense oligos to provide treatment for patients [1-MED].
1.1.1. Toshi speaks towards the camera, looking slightly off frame, interview style. 
1.2. Toshi: The main advantage of this technique is that it is fast, easy and sensitive enough for the testing of various antisense oligonucleotide chemistries [1-MED].
1.2.1. Toshi speaks towards the camera, looking slightly off frame, interview style.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Rika: Though this method can be used for the transfection of antisense oligos into fibroblasts, it can also be applied to other cell types, such as primary myoblasts and various other cell lines [1-MED]. Video editor: Use take 4.
Rika speaks towards the camera, looking slightly off frame, interview style.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. Toshi: Demonstrating the procedure will be Alex, a technician from my laboratory. 

1.4.1. Interview style: Toshi saying the above 

1.4.2. Alex looks up from workbench or desk or microscope and acknowledges the camera. Video editor: Use last take.
*Note to the Authors: Goal and interview statements will be edited to conform to the specified number and length restrictions. I am happy to help if you have any questions.
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Procedures involving human subjects have been approved by the Research Ethics Office at The University of Alberta.
Protocol: (read by voice talent at JoVE)
2. LNA/DNA Mixmer Transfection Followed by One-Step RT-PCR to Measure the Exon Inclusion Rate of SMN2
2.1. First, thaw a 10 micromolar solution of LNA/DNA mixmer on ice [1-MED over the shoulder-TXT]. Then, dilute the mixmer solution with serum-deprived medium to prepare a 10x solution in a 1.5 milliliter tube [2-CU-TXT]. Next, dilute the transfection reagent… and add the diluted transfection reagent to the mixmer in a 1:1 ratio [3-CU-TXT].
2.1.1. Talent thaws the LNA/DNA mixmer on ice. Tube label should be in the shot, if possible. Text Overlay: LNA: Locked nucleic acid
2.1.1.a Added shot: CU of tubes.

2.1.2. Talent dilutes the mixmer with the serum-deprived medium in a 1.5 milliliter tube. Tube label should be in the shot, if possible. Text Overlay: Repeat mixmer dilution prior to adding transfection reagent; final mixmer volume = 50 µL Video editor: Footage of both dilutions was obtained on filming date. 
2.1.2.a Added shot: CU of LNA/DNA mixmers.
2.1.3. Talent adds 1.5 microliters of transfection reagent to the tube and mixes well 
2.1.3.a CU removing transfection reagent from ice.

2.4. Alex:     Do not add FBS before the incubation with the transfection reagent and the LNA/DNA mixmers as it also affects the transfection efficiency [1-MED]

2.4.1
Alex speaks towards the camera, looking slightly off frame, interview style

2.2. Alex:  It is critical that the cell confluency is around 65%-80% while doing the transfection. If the confluency is over 80%, the transfection efficiency will become low [1-MED]. 
2.2.1. Alex speaks towards the camera, looking slightly off frame, interview style.
2.3. Then, incubate the transfection reagent mixture at room temperature for 10 minutes [1-MED]. After 10 minutes, pipette 400 microliters of serum-deprived medium with 5 percent Fetal bovine serum to the tube [2-CU].
2.3.1. Talent leaves the tube in the laminar flow hood and starts the timer. Timer should be in the shot, if possible.  
2.3.2. Talent adds culture medium to the tube. Tube label should be in the shot, if possible.
2.3.3. Added shot: Talent takes cells out of incubator and looks at cells under microscope. Text Overlay: Cell confluency should be 65-80%.
2.2  Alex:  It is critical that the cell confluency is around 65%-80% while doing the transfection. If the confluency is over 80%, the transfection efficiency will be reduced. [1-MED]. 
Alex speaks towards the camera, looking slightly off frame, interview style
2.4. Alex:     Do not add FBS before the incubation with the transfection reagent and the LNA/DNA mixmers. It also affects the transfection efficiency [1-MED].

2.4.1. Alex speaks towards the camera, looking slightly off frame, interview style.
2.5. Then, aspirate the old medium from the culture plate [1-MED over the shoulder]. Now, add 500 microliters of the medium containing the LNA/DNA mixmer to the culture plate [2-CU]. Then, leave the plate in the incubator at 37 degrees Celsius for 24-48 hours [3-MED over the shoulder].
2.5.1. Talent aspirates the old medium from the culture plate.

2.5.2. Talent adds the media containing the LNA/DNA transfection mixture to the culture plate. Tube label should be in the shot, if possible.

2.5.3. Talent leaves the plate in the incubator.  
2.6. Following incubation, aspirate the medium from the culture plate [1-MED over the shoulder]. Then pipette 1 milliliter of GPC reagent to the cells [2-CU-TXT]. Next, wash the well several times with the GPC reagent [3-CU]. After several washes, collect the cells in a 1.5 milliliter tube and keep the samples on ice. [4-CU].
2.6.1. Talent aspirates the medium from the culture plate. 
2.6.2. Talent adds 1 milliliter of GPC reagent to the cells. Tube label should be in the shot, if possible. Text Overlay: GPC: guanidinium thiocyanate-phenol-chloroform

2.6.3. Talent washes the wells with the GPC reagent.

2.6.4. Talent collects the cells in a 1.5 milliliter tube and keeps the samples on ice. Video editor: 2.6.3 and 2.6.4 were combined. 
2.7. Next, vortex the tube at high speed for 30 seconds [1-MED]. Then store the tube at -80 degrees Celsius for an hour [2-MED over the shoulder]. Now, thaw the sample at room temperature [3-MED] and quickly vortex it [4].

2.7.1. Talent vortexes the tube at high speed. Videographer: Take multiple reusable takes of this shot, as this shot will be used later.

2.7.2. Talent leaves the tube at -80 degrees Celsius and starts the timer. Timer should be in the shot, if possible.
2.7.3. Talent leaves the sample on the working bench.

2.7.4. Use shot 2.7.1.  
2.8. Next, add 200 microliters of Chloroform to the sample [1-CU] and vigorously shake it for 15 seconds [2-MED over the shoulder]. Then incubate the tube at room temperature for 3 minutes [3-MED].
2.8.1. Talent adds Chloroform to the sample. Tube/bottle label should be in the shot, if possible.
2.8.2. Talent shakes the tube vigorously.

2.8.3. Talent leaves the tube on the working bench and starts the timer. Timer should be in the shot, if possible.
2.9. After 3 minutes, centrifuge the sample at 12,000 x g for 15 minutes at 4 degrees Celsius [1-MED over the shoulder]. Once the centrifugation is over, collect the aqueous phase from the top of the centrifuge tube [2-CU-TXT]. Then transfer the aqueous phase in a new tube [3-CU].
2.9.1. Talent leaves the tube in the centrifuge machine and starts the run. Centrifuge settings should be in the shot, if possible. 
2.9.1a Added shot for editing

2.9.2. Talent collects the aqueous phase from the top. If possible, the top layer should be in the shot, if possible. Text Overlay: Avoid contaminating the aqueous phase with the white interphase between the upper and the lower phases

2.9.3. Talent adds the aqueous phase to a new tube.

2.10. Next, add 500 microliters of isopropanol and 1 microliter of 8 micrograms per microliter of RNA grade glycogen to the aqueous phase [1-CU]. Quickly vortex the sample for 10 seconds [2] and incubate at room temperature for 10 minutes [3-MED].
2.10.1. Talent adds isopropanol and RNA grade glycogen to the aqueous phase. Tube or bottle label should be in the shot, if possible.
2.10.2. Use shot 2.7.1. Video editor: This shot was actually filmed. 
2.10.3. Talent leaves the tube on the working bench and starts the timer. Timer should be in the shot, if possible.

2.11. After the incubation, centrifuge the sample at 12,000 x g for 10 minutes at 4 degrees Celsius [1-MED over the shoulder]. Decant the supernatant after the run is over [2-CU]. Add 1 milliliter of cold 75 percent ethanol and briefly vortex to wash the obtained pellet. [3-CU].

2.11.1.  Talent leaves the tube in the centrifuge machine and starts the run. Centrifuge settings should be in the shot, if possible. 
2.11.2. Talent expels the supernatant. Videographer: Take multiple reusable takes of this shot, as this shot will be used later.

2.11.3. Talent adds 1 milliliter of cold 75 percent ethanol to the pellet. Tube label should be in the shot, if possible.
2.11.4. Added shot: “Added a brief vortex step (with 75% ethanol)”

2.12. Again, centrifuge the sample at 7500 x g for 5 minutes at 4 degrees Celsius [1-MED over the shoulder]. Then, expel all the ethanol [2-CU] and dry the pellet in the room temperature [3-CU]. 
2.12.1. Talent leaves the tube in the centrifuge machine and starts the run. Centrifuge settings should be in the shot, if possible.

2.12.2. Use shot 2.11.2.

2.12.3. Talent air dries the pellet by leaving it on the working bench.

2.13. After the pellet has dried up, dissolve it in 30 microliters of DNase/RNase free water [1-CU]. Then, incubate the sample at 60 degrees Celsius for 10 minutes [2-MED over the shoulder]. Next, read the concentration of the RNA at 260 nanometers in the spectrophotometer and adjust it to 50 nanograms per microliter [3-MED over the shoulder].
2.13.1. Talent adds DNase free water to the tube. Tube label should be in the shot, if possible.

2.13.2. Talent leaves the tube at 60 degrees Celsius and starts the timer. Timer should be in the shot, if possible.

2.13.3. Talent reads the concentration of the RNA on the spectrophotometer. 

2.14. To constitute the RT-PCR master mix, add the 2X RT-PCR reaction buffer, one-step RT-PCR enzyme mix, forward and reverse primers, and RNase/DNase free distilled water… [1-CU-TXT]. Distribute the master mix into 0.2 mL PCR tubes and add the total RNA for each respective sample. [2-MED-over the shoulder]. Then, start the PCR reaction [3-MED over the shoulder-TXT].
2.14.1. Talent adds all the reagents in the PCR tube kept on ice. Tube labels should be in the shot, if possible. Text Overlay: See the protocol for the concentration and volumes of all the reagents added for the RT-PCR specifications. Author comment: We filmed the correct master mix first. Please use that footage. Because of the confusion we also filmed the incorrect master mix after just ot be safe. Please ignore that footage. Note: the 2nd footage contains the scene where we add the total RNA template to each respective PCR tube. The may be used if the background is blurred or the tubes are zoomed in on.
2.14.2. Talent leaves the tube in the PCR machine and starts the RT-PCR. 
2.14.3. Talent now starts the program. Thermocycler conditions should be in the shot, if possible. Text Overlay: See the protocol in the text for the RT-PCR conditions for amplifying the SMN2 and GAPDH gene

2.15. After the RT-PCR is complete, add 5 milliliters of 6x loading dye to the amplified product [1-CU]. Then, load 5 microliters of the mixture on the 2 percent agarose gel [2-MED over the shoulder]. Start the electrophoresis unit at 100 volts for 40 minutes [3-MED over the shoulder-TXT]. (note from VO talent: changed this to microliters)
2.15.1. Talent adds loading dye to the sample. Tube label should be in the shot, if possible.

2.15.2. Talent loads the sample on the agarose gel.

2.15.3. Talent starts the electrophoresis unit. Electrophoresis settings should be in the shot, if possible. Text Overlay: Use ImageJ software to analyze the gel
3. Results: Use of LNA/DNA Mixmers to Study Efficient Inclusion of SMN2 Exon and Rescue of SMN Protein Expression.
3.1. First the efficiency of different mixmers are studied. To do this, inclusion of the SMN2 exon 7 and GAPDH levels in SMA fibroblasts transfected with the mixmers are analyzed. The gel image shows inclusion of exon 7 where the top and the lower bands represent the exon 7 included and excluded SMN2 mRNA. The inclusion efficiency is also quantified to be 78-98 percent when transfected with the mixmers 1-5 [1-LM]. 
3.1.1. Text Overlay: SMA: Spinal muscular atrophy; SMN: Survival of motor neuron
LABMEDIA: 57530_Maruyama_Figure 4a & b: Editors, please show the ladder and highlight the lanes 1 to 5 in SMN2 in 4a when the VO mentions, “gel image…exon 7. Then please point an arrow to show the top band and then the lower band when the VO mentions, “the top…SMN2 mRNA.” Then please show the bar plots 1 to 5 in the graph when the VO mentions, “inclusion efficiency…mixmers 1-5” 
3.2. Interestingly, no significant results are obtained when mixmers 6 to 8 are used to transfect the patient SMA fibroblasts in comparison to the control. In the experiment, GAPDH is used as a control [1-LM].
LABMEDIA: 57530_Maruyama_Figure 4a & b: Editors, please show the ladder and highlight the lanes 6 to 8 in SMN2 in 4a. Then please show the bar plots 6 to 8 in the graph when the VO mentions, “no significant…comparison to the control. Editors, please show the gel image corresponding to GAPDH when the VO mentions, “GAPDH…control”.
3.3. Next, quantitative PCR is done to analyze the relative expression of the full length SMN2 in comparison to GAPDH. A sharp increase in the quantity of the SMN2 transcript level is observed when transfected with mixmers 1 to 3 and number 5 in comparison to the control [1-LM].
3.3.1. Text Overlay: The data were normalized to non-treated cells.

LABMEDIA: 57530_Maruyama_Figure 4c: Editors, please draw a box to highlight bars from 1-3 and point an arrow on bar 5 when the VO mentions, “a sharp…control”.

3.4. The SMN protein expression level is also studied which shows an increase in the SMN protein expression level in the patient fibroblast transfected with mixmers 1-5. A sharp 1.5 to 1.9 folds increase in the SMN protein level is observed. Here, the control used is Cofilin. On the contrary, mixmers 6-8 do not alter the SMN protein expression level [1-LM].
LABMEDIA: 57530_Maruyama_Figure 5a & b: Editors, please show the lanes corresponding to healthy and the lanes 1 to 5 in SMN when the VO mentions, “an increase…mixmers 1-5”. Then please show the bars 1 to 5 in the graph when the VO mentions, “a sharp…observed”. Next, please highlight the lane corresponding to cofilin when the VO mentions, “the control used is cofilin”. Editors, please highlight the bars 6-8 in the graph when the VO mentions, “mixmers…expression level.
4. Conclusion (said by authors on camera)
4.1. Rika: After watching this video, you should have a good understanding of how to transfect antisense oligoes to fibroblasts and evaluate the efficacy in vitro [1-MED].
4.1.1. Rika speaks towards the camera, looking slightly off frame, interview style.

*Note to the Authors: Interview statements will be edited to conform to the length restrictions. I am happy to help if you have any questions.
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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