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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)____Y_____  

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: __

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.) _____2.4, 3.1, 3.2, 3.3, 3.4______
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.) ____Nothing special_______________________
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) __Y_____ If yes, how far apart are the locations? ____Within 10 meters (m)_______________________________________________

1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this experiment is to modulate transgene expression by the administration of the chemical inducer, Tebufenozide. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Seoghyun Lee: This method can help answer key questions in the cell and molecular biology field, such as stimulating the expression of a gene of interest at a desired time with a desired strength.
1.2. Seoghyun Lee: The main advantage of this technique is that by combining all the required elements for transgene expression within a single vector, transgene expression can be stimulated by the administration of the chemical inducer, Tebufenozide.
Protocol: (read by voice talent at JoVE)
2. Transient Transfection and Teb Treatment
2.1. After subcloning the EGFP or ANKRD13A transgenes according to the text protocol [1-LM], prepare four cell culture dishes containing freshly passaged HEK293 cells [2-WIDE] in 5 mL of DMEM supplemented with 5 – 10% FBS and antibiotics, which will hereafter be referred to as culture medium [3-MED/CU-TXT].  Maintain the cells at 37 (C [4-WIDE].
2.1.1. LAB MEDIA Figure 1A

2.1.2. Talent at hood begins passaging cells

2.1.3. Talent plates the cells into 4 plates (TEXT: 100 U/mL penicillin, 100 μg/mL streptomycin)
2.1.4. Talent places cells into incubator
2.2. When the cells reach 50 – 60% density, add 3 (L of transfection reagent to 200 μL of diluent containing the DNA [1-CU-TXT]. After incubating the reaction at RT for 30 min, add the mixture to the HEK-293 cells. Use two dishes for transfection, and leave the other two untreated as controls [2-CU].  Incubate the cells at 37 (C for 12 – 24 h [3-WIDE].

2.2.1. Talent adds transfection reagent to diluent with DNA (TEXT: DMEM w/o FBS and antibiotics)
2.2.2. Talent transfects two plates and leaves two as controls; have the controls visible and labeled

2.2.3. Talent places cells into incubator
2.3. Following the incubation, add Teb to one of the transfected samples and to one of the non-transfected controls. Leave the other two samples untreated as experimental controls [1-CU-TXT].  Incubate the plates for 12 – 48 h [2-WIDE-TXT].
2.3.1. Talent adds Teb to one transfected plate and one control plate; have other two plates visible in background as well for second sentence (TEXT: 0.2–10 μmol)
2.3.2. Talent places plates back into incubator (TEXT: 37 (C)
2.4. If using the EGFP insert, analyze EGFP expression under a fluorescent microscope [1-LM].
2.4.1. LAB MEDIA Figure 2
2.5. Otherwise, to harvest the cells for immunoblotting, use ice-cold PBS to rinse the cells twice [1-MED/CU] then use a cell scraper to remove them from the plate and transfer them into a 15 mL conical tube [2-CU]. 
2.5.1. Talent rinses cells with ice-cold PBS 
2.5.2. Talent scrapes cells and transfers them to conical tube
2.6. Next, spin the tubes at 21,000 x g and 18 – 25 (C for 2 min [1-MED].  Then after discarding the PBS, add 0.5 mL of ice-cold mammalian protein extraction regent, or M-PER and protease inhibitor to the pellet [2-CU-TXT].
2.6.1. Talent places tubes in centrifuge and sets speed and time with temp visible 
2.6.2. Talent adds M-PER to pellet (TEXT: 5 µL of 100X protease inhibitor cocktail)
2.7. Re-suspend the cells with several rounds of pipetting, then incubate the cell suspension at 18 – 25 °C and RT for 15 min [1-MED/CU].
2.7.1. Talent pipettes sample then sets it on bench to incubate
2.8. Spin the cell lysate at 21,000 x g and 4 (C for 10 min [1-MED].  Then transfer the aqueous supernatant into a fresh 1.5 mL microcentrifuge tube [2-CU] and analyze it by immunoblotting with the appropriate antibodies [3-LM-TXT].
2.8.1. Talent removes samples from centrifuge 

2.8.2. Talent transfers supernatant to fresh 1.5 mL tubes 

2.8.3. LAB MEDIA Figure 3, Editor, use only the 0 h and +24 h columns here. Eliminate the remaining 3 columns on the right, however, keep the alpha-Flag and alpha-Tubulin labels on the right of the two columns (TEXT: Refer to text protocol for the generation of a stable cell line).  

3. Depletion of Teb
3.1. To quench the Teb stimuli, remove the teb containing culture medium from the cells, and use pre-warmed PBS to rinse the cells twice [1-MED/CU].  Then add 1 mL of 0.25% trypsin/EDTA [2-CU] and incubate the cells at 37 (c for 1 min [3-WIDE].
3.1.1. Talent removes culture medium and adds pre-warmed PBS to rinse cells

3.1.2. Talent adds trypsin to cells

3.1.3. Talent places cells in incubator
3.2. Add 10 mL of pre-warmed Teb-free culture medium to the cells and use a cell scraper to harvest them [1-CU].  Transfer the cells to a 15 mL conical tube [2-CU].  Then spin the cells at 21,000 x g and 18 – 25 (C for 2 min [3-MED].
3.2.1. Talent adds pre-warmed Teb-free medium to cells and scrapes them (TEXT: 37 (C)
3.2.2. Talent transfers cells to conical tube

3.2.3. Talent places cells into centrifuge and starts the spin  

3.3. Re-suspend the cells in 50 mL of pre-warmed Teb-free culture medium, and transfer 5 mL of the cells into three 60 mm fresh cell culture dishes [1-CU]. Incubate the cells at 37 °C for 24, 48, and 72 h respectively [2-WIDE]. 
3.3.1. Talent finishes resuspending the cells and transfers to three dishes
3.3.2. Talent places plates into incubator
3.4. Finally, harvest the cells at different time points [1-MED] and measure the expression levels of the transgene using immunoblotting [2-LM-TXT].
3.4.1. Talent under hood harvesting cells

3.4.2. LAB MEDIA Figure 3, Editor, show the entire figure here (TEXT: Refer to the text protocol for additional details)
4. Results: Modulation of Transgene Expression of the pEUI(+) Singular Gene Switch using Teb
4.1. In this experiment that evaluated the activity and leakiness of pEUI(+)-EGFP, mock vector transfectants showed no fluorescence signal regardless of Teb treatment [1-LM].  However, pEUI(+)-EGFP transfectants became progressively sensitized to the increasing amount of Teb.  More importantly, pEUI(+)-EGFP transfectants not treated with Teb did not elicit any detectable EGFP signals [2-LM].
4.1.1. LAB MEDIA Figure 2A, B, Editor, add in each panel one at a time and add in the top labels at the end of the sentence.
4.1.2. LAB MEDIA Figure 2C-F, Editor, add in each panel one at a time from left to right.  For the last sentence, use an arrow pointing up at panel C.
4.2. FLAG-tagged ANKRD13A was used to further validate the responsiveness of pEUI(+) to Teb.  As shown in this Western blot using anti-Flag antibodies, transfected HEK293 cells exhibited strong ANKRD13A expression following a 24 h treatment with Teb.  In addition, depletion of Teb demonstrated the reversibility of the pEUI(+) gene switch as ANKRD13A was no longer detectable in cells cultured without Teb [1-LM].
4.2.1. LAB MEDIA Figure 3, Editor, add in the two gray panels first.  Then, for ‘using anti-Flag antibodies,’ add in the Flag and Tubulin labels on the right.  For the second half of the same sentence, add in the ‘0 h’ and ‘+ 24 h’ top labels.  For the last sentence, add in the ‘- 24 h,’ – 48 h,’ and ‘- 72 h’ labels and for ‘no longer detectable in cells cultured without Teb,’ draw a red empty box in the gray space under the – 72 h label.
5. Conclusion (said by authors on camera)

5.1. Seoghyun Lee: Once mastered, this technique can be done in 1 hour if it is performed properly.

5.2. Seoghyun Lee: While attempting this procedure, it’s important to remember to carry out almost all the experiments under germ-free conditions.
5.3. Seoghyun Lee: Following this procedure, other methods like the Tet-On or Tet-Off system can be applied to differentially express two distinct transgenes.
5.4. Seoghyun Lee: After its development, this technique paved the way for researchers in the field of cell biology to explore molecular physiology at the cellular level.
5.5. Seoghyun Lee: After watching this video, you should have a good understanding of how to use the pEUI(+) gene switch vector for the purpose of inducing transgene expression at a desired time with a desired strength.
5.6. Seoghyun Lee: Don't forget that working with tebufenozide can be hazardous, and precautions such as wearing a lab coat should always be taken 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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