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A. Microscopy: Does your protocol involve video microscopy? N
B. Does your protocol include software usage? N
C. Which steps of from the protocol section below will viewers benefit most from having filmed?
3.1.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? Understanding the principle of method
E. Will the filming need to take place in multiple locations? Y, different rooms same floor
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the significance of your method to the viewer. Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Yukitomo Arao: This method can help answer key questions about the ability of estrogenic ligands to regulate estrogen receptor alpha and the mechanisms of selective estrogen receptor modulators.
1.2. Yukitomo Arao: The main advantage of this technique is that it is simple method for demonstrating ligand-dependent estrogen receptor alpha ligand binding domain dimerization activity in the cells.   

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. Yukitomo Arao: Demonstrating the procedure will be Tanner Jefferson, a post bac student from our group. 

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.
D. Ethics title card: (for human subjects or animal work, does not count toward word length total)
Protocol: (read by voice talent at JoVE)
2. Mammalian Two-Hybrid Assay

2.1. This method uses three different plasmids to detect the estrogen receptor ligand binding domain dimerization activity in cells [1-LM].

2.1.1. Fig.1 JoVE.tiff: JoVE Video Editor: please sequentially add/emphasizes plasmids
2.2. pG5-Luc (“P-G-five-luke”) is the luciferase reporter plasmid for detecting the efficacy of dimerization activity [1-LM].
2.2.1. Authors: please upload the schematic from Figure 3D through the submission link as its own .ai or .psd file without the D label: no animation

2.3. pBIND-mouse (“P-bind-mouse”) estrogen receptor-alpha EF is a galactose-responsive transcription factor GAL-4 DNA-binding domain-fused mouse estrogen receptor-alpha ligand binding-domain expression plasmid that binds to the GAL-4 responsive element on the pG5-Luc reporter [1-LM]. 

2.3.1. Fig 3D: JoVE Video Editor: please emphasize GAL4 RE box and GAL4DBD oval

2.4. pACT-mouse (“P-act-mouse”) estrogen receptor-alpha EF is a herpes simplex virus transactivating tegment protein VP16 activation domain-fused mouse estrogen receptor-alpha ligand binding domain expression plasmid that does not bind directly to the pG5-Luc reporter [1-LM].
2.4.1. Fig 3D: JoVE Video Editor: please emphasize VP16 oval
2.5. When the proper ligand is present, the proteins derived from the pBIND-mouse estrogen receptor-alpha EF and pACT-mouse estrogen receptor-alpha EF plasmids bind through the estrogen receptor-alpha ligand binding domain [1-LM]. The efficiency of the dimerization is determined by the luciferase activity [2-LM].

2.5.1. Authors: please upload the schematic from Figure 3E through the submission link as its own .ai or .psd file without the E label: JoVE Video Editor: please emphasize bright blue rectangle behind schematic

2.5.2. Fig 3E: JoVE Video Editor: please emphasize Luciferase arrow and add/emphasize ++++

2.6. The most important step is controlling the activity of the pBIND-mouse estrogen receptor-alpha EF-derived protein [1-LM].
2.6.1. Authors: please upload the schematics from Figure 3A-C through the submission link together in a new .ai or .psd file without the A, B, or C labels: JoVE Video Editor: please emphasize bright blue 4OHT triangle and red E2 triangles
2.7. Yukitomo Arao: “The activity of pBIND-derived estrogen receptor-alpha ligand-binding domain in each ligand without the pACT-estrogen receptor-alpha EF plasmid must be evaluated before analyzing the ligand dependent estrogen receptor ligand-binding domain dimerization activity.” [1-MED-interview style]
2.7.1. Yukitomo Arao, speaking the above interview style (looking just off-camera)
3. DNA Mixture Preparation
3.1. Begin by adding the appropriate plasmid combinations into two 1.5-microliter microcentrifuge tubes per combination [1-WIDE-TXT].

3.1.1. Talent adding plasmid to tube(s), with plasmid containers visible in frame (TEXT: See text for DNA calculation details)

3.2. Yukitomo Arao: “Prepare the two combinations of the DNA mixture. First tube contains the pG5-Luc, pBIND-estrogen receptor-alpha EF and empty pACT plasmids, second tube contains the pG5-Luc, pBIND-estrogen receptor-alpha EF and pACT-estrogen receptor-alpha EF plasmids.” [1-MED-interview style]
3.2.1. Yukitomo Arao, speaking the above interview style (looking just off-camera)
3.3. To precipitate the DNA, add a 1/9 of DNA mixture volume of 3-molar sodium acetate [1-MED] and a 20x 3-molar sodium acetate volume of 100% ethanol [2-CU] to the DNA mixture in each tube and vortex the tubes [3-MED].
3.3.1.  Talent adding sodium acetate to tube, with stock sodium acetate container visible in frame
3.3.2. Ethanol being added to tube, with stock ethanol container visible in frame

3.3.3. Talent vortexing tube
3.4. Store the mixtures at -20 °C overnight [1-MED] before centrifugation at maximum speed the next morning [2-MED-over the shoulder-TXT].

3.4.1. Talent placing tube(s) at -20 °C

3.4.2. Talent placing tube(s) into centrifuge (TEXT: 20 min, max speed, 4 °C)

3.5. Discard the supernatants [1-CU] and resuspend the invisible pellets in 120 microliters of 75% ethanol per tube [2-MED], taking care to rinse down any DNA stuck to the insides of the tubes [3-CU].
3.5.1. Supernatant being discarded

3.5.2. Talent resuspending pellet, with ethanol container visible in frame

3.5.3. Tube side being rinsed

3.6. After a second centrifugation under the same conditions [1-MED], discard the supernatants [2-CU] and dry the DNA in a vacuum concentrator for 30 minutes [3-MED].
3.6.1. Talent placing tube(s) into centrifuge

3.6.2. Supernatant being discarded

3.6.3. Talent placing tube(s) into centrifuge
4. Transfection and Dual-Luciferase Assay
4.1. For the transfection, wash the prepared human hepatocellular carcinoma cells two times with 0.5 mL of room temperature of PBS per well per wash [1-WIDE-TXT] and feed the cells with 0.5 mL of fresh, 37 °C phenol red-free, MEM supplemented with 10% charcoal-stripped, heat-inactivated fetal bovine serum and 2-millimolar L-glutamine [2-MED].
4.1.1. Talent washing well(s), with PBS container visible in frame (TEXT: See text for full cell culture details)

4.1.2. Talent adding medium to well(s), with medium container visible in frame 
4.2. Next, suspend dried plasmid DNA mixture and transfection reagent in the appropriate volume of DMEM per number of wells in individual 1.5-mL microcentrifuge tubes [1-CU-TXT]. 

4.2.1. Medium being added to at least one tube with DNA mixture, and transfection reagent labels and medium container label visible in frame (TEXT: See text for medium volume calculation details)

4.3. Add an equal volume of transfection reagent medium to each DMEM suspended plasmid DNA mixture tube [1-MED].
4.3.1. Talent adding transfection reagent to at least one DNA mixture tube

4.4. After a 5-10-minute incubation at room temperature [1-CU], add 25 microliters of DNA mixture to the appropriate experimental wells of the 24-well human hepatocellular carcinoma cell cultured plate [2-MED-over the shoulder] for a 6-hour transfection in the cell culture incubator [3-MED].
4.4.1. Timer being set, with tubes visible in frame

4.4.2. Talent adding DNA to well(s), with tube(s) visible in frame

4.4.3. Talent placing plate into incubator
4.5. At the end of the incubation, replace the transfection medium with 0.5 mL of fresh, 37 °C-phenol red-free MEM supplemented with 10% charcoal-stripped, heat-inactivated FBS, 2 millimolar L-glutamine, 1% penicillin-streptomycin, and ligand per well [1-CU] and return the cells to the cell culture incubator for another 16-18 hours [2-MED].
4.5.1. Medium being added to a few wells, with medium container label visible in frame

4.5.2. Talent placing plate into incubator

4.6. The next morning, wash the cells with 1 mL of PBS per well [1-MED-over the shoulder] and detach the cells from each well with 100 microliters of passive lysis buffer per well [2-CU] and vigorous shaking with a vortex mixer [3-CU].

4.6.1. Talent washing well, with PBS container visible in frame

4.6.2. Lysis buffer being added to well(s), with lysis buffer container label visible in frame

4.6.3. Plate being vortexed

4.7. Then freeze the cell lysates in liquid nitrogen [1-MED-TXT].

4.7.1. Talent freezing lysates (TEXT: Alternative: Store lysates at -80 °C)

4.8. On the day of the dual-luciferase assay, shake the lysates on a shaker until the plate reaches room temperature [1-MED] and transfer 10 microliters of lysate to individual wells of a 96-well white plastic plate [2-CU].

4.8.1. Talent placing plate onto shaker

4.8.2. Lysate being added to well(s), with both 24- and 96-well plates visible in frame

4.9. Then read the luciferase activity of each cell lysate sample on a microplate reader [1-MED-TXT].
4.9.1. Talent loading plate onto microplate reader (TEXT: See text for full luciferase assay/microplate reader preparation details)
5. Results: Representative Ligand-Dependent Dimerization of Mouse Estrogen Receptor Alpha-Ligand Binding Domain (ERalpha-LBD) 
5.1. The treatment of pBIND mouse estrogen receptor-alpha EF- and pACT plasmids-transfected cells with 10-nanomolar estradiol stimulates luciferase activity [1-LM], as the estrogen receptor-alpha-ligand binding domain contains the ligand-dependent transactivation functional domain AF-2 [2-LM]. 
5.1.1. Figure 4A.psd: no animation

5.1.2. Figure 4A.psd: JoVE Video Editor: please emphasize 10 nM data point of white data line

5.2. One- and ten-nanomolar concentrations, however, induce luciferase activity in the cells transfected with the combination of pBIND- and pACT- mouse estrogen receptor-alpha EF plasmids [1-LM], suggesting the feasibility of this procedure for evaluating estrogen receptor-alpha ligand binding domain dimerization activity at up to 1-nanomolar of estradiol treatment [2-LM].  
5.2.1. Figure 4A.psd: JoVE Video Editor: please emphasize 1 and 10 nM data points of red data line

5.2.2. Figure 4A.psd: JoVE Video Editor: please add vertical dotted line from top to bottom of graph at 1 nM data point

5.3. Treatment with 4-hydroxy-tamoxifen does not elicit luciferase activity in the pBIND mouse estrogen receptor-alpha EF and pACT plasmid-transfected cells [1-LM], suggesting that the AF-2 function of estrogen receptor-alpha is not activated by this ligand [2-LM]. 
5.3.1. Figure 4B.psd: JoVE Video Editor: please emphasize dotted data line

5.3.2. Figure 4B.psd: no animation

5.4. Up to ten-nanomolar concentrations, however, induces luciferase activity in the cells transfected with the combination of pBIND- and pACT-mouse estrogen receptor-alpha EF plasmids [1-LM], suggesting that this procedure is feasible for evaluating estrogen receptor-alpha ligand binding domain dimerization activity at up to 10-nanomolar of 4-hydroxy-tamoxifen treatment [2-LM].
5.4.1. Figure 4B.psd: JoVE Video Editor: please emphasize solid data line

5.4.2. Figure 4B.psd: JoVE Video Editor: no animation

5.5. The activity from the combination of pBIND and pACT mouse estrogen receptor-alpha ligand-binding domain expression plasmids with 4-hydroxy-tamoxifen [1-LM] is significantly higher than the combination of pBIND and pACT human estrogen receptor-alpha ligand-binding domain expression plasmids [2-LM].

5.5.1. Figure 5A & B.psd: Video Editor: please emphasize red data lines
5.5.2. Figure 5A & B.psd: Video Editor: please emphasize blue data lines
(Editor: I split 5.5 into two because the sound bite was too long)
5.5a. 
This indicates that the 4-hydroxy-tamoxifen-dependent homodimerization activity of the mouse estrogen receptor-alpha ligand-binding domain is more potent than the human estrogen receptor-alpha ligand-binding domain [3-LM].
5.5.3. Figure 5A & B.psd: JoVE Video Editor: no animation
5.6. Further, the 4-hydroxy-tamoxifen-dependent homodimerization activity of the mouse estrogen receptor alpha ligand-binding domain containing a human F domain is significantly lower [1-LM] than that of the wild-type mouse estrogen receptor-alpha ligand-binding domain [2-LM].

5.6.1. Figure 5C.psd: Video Editor: please emphasize red data line
5.6.2. Figure 5C.psd: Video Editor: please emphasize dotted red data line
5.7. In contrast, the 4-hydroxy-tamoxifen-dependent homodimerization activity of the human estrogen receptor-alpha ligand-binding domain containing a mouse F domain is significantly higher [1-LM] than that of the wild-type human estrogen receptor-alpha ligand-binding domain [2-LM].
5.7.1. Figure 5C.psd: Video Editor: please emphasize blue data line
5.7.2. Figure 5C.psd: Video Editor: please emphasize blue dotted data line
(Editor: I split 5.7 into two because the sound bite was too long)
5.7a. 
This suggests that the F domain has an influence on species-specific 4-hydroxy-tamoxifen-dependent estrogen receptor-alpha ligand-binding domain homodimerization activity [3-LM].

5.7.3. Figure 5C.psd: no animation

6. Conclusion (said by authors on camera):
6.1. Yukitomo Arao: While attempting this procedure, it’s important to remember to test the basal activity of GAL4 DBD fused estrogen receptor alpha ligand binding domain activity with your ligand. The activity should be same as vehicle treatment.  
Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 

3.1.2. 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. 
Fig.1 JoVE.tiff
Figure 3D.psd

Figure 3E.psd 
Figure 3A-C.psd
Figure 4A.psd
Figure 4B.psd

Figure 5A & B.psd

Figure 5C.psd

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 in the email accompanying the finalized script.
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