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Authors, please check the answers to the brief questionnaire below.   
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.) 3.5 – 3.8, 5.10, 5.13.
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.) 3.7; center the plate under the brightest part of the UV lamp.
E.  Will the filming need to take place in multiple locations? (Y/N) __Y_____ If yes, how far apart are the locations? __2 floors up (step 4.5)____________________________ 


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 procedure is to identify the binding proteins of small molecules by using a photoaffinity probe that can bind to its target in live cells, allowing the subsequent isolation and identification of the target. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Sarah Head: This method can be used to elucidate the molecular mechanism of action of drugs or other small molecules. 
1.2. Sarah Head: The main advantage of this technique is that binding and covalent labeling of the target proteins occur within the native cellular environment, removing the risk of disrupting native protein structure and binding conditions upon cell lysis.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
	N.A.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)

	N.A.

Protocol (read by voice talent at JoVE):

2. Preparation of cultured cells

2.1. Begin this procedure by preparing sterile 6-cm cell culture dishes for the number of samples desired; typically one dish of cells is used per treatment condition. [1-MED] 

2.1.1. Talent at tissue culture hood setting out the 6-cm dishes.

2.2. Three dishes of cells will be prepared for this demonstration: a negative control with DMSO only, Probe treatment only, and probe plus competitor. [1-CU] 

2.2.1. Three dishes being labeled as “D”, “P” and “C”, respectively.

2.3. [bookmark: _GoBack]To each culture dish, add 3.5 million HEK293T cells in 4 ml of culture medium.  [1-MED-TXT] Two takes for pronunciation alternates

2.3.1. Talent pipetting appropriate volume of a HEK293T cell suspension to one of the three dishes and then adding culture media to the dish. TEXT: 3.5 million cells/plate

2.4. Incubate the cells overnight. [1-MED-TXT] 

2.4.1. Talent putting the 3 dishes into the incubator. Please get multiple usable takes; shot will be repeated later. TEXT: 37°C, 5% CO2; overnight

3. Treatment of cells and photocrosslinking

3.1. Prior to treating the cells, pre-aliquot the needed drugs into 1.5-ml microcentrifuge tubes. [1-MED] 

3.1.1. Talent working in the cell culture hood labeling 6 tubes and putting them into a rack.

3.2. For the competitor pre-treatment, add 4 μl of DMSO to each of two tubes, and 4 μl of 10 mM competitor to one tube. [1-CU] For the probe treatment, add 16 μl of DMSO to one tube, and 16 μl of 50 μM photoaffinity probe to each of two tubes. [2-CU]

3.2.1. *film as written.
3.2.2. *film as written.

3.3. Bring the cell culture dishes into the cell culture hood for the addition of the pre-aliquoted drugs. [1-MED] Aspirate 1 ml of culture medium from the competition treatment dish, transfer it to the microcentrifuge tube that contains the pre-aliquoted competitor, and resuspend the drug in the medium. [2-CU] Gently add the medium and drug mixture drop-wise back to the dish. [3-CU] 

3.3.1. Talent approaching the hood with the 3 cell culture dishes and places them inside the hood. 
3.3.2. *film as written.
3.3.3. *film as written.

3.4. In the same manner, add DMSO to both the negative control dish and the probe dish. [1-MED] Return the dishes to the incubator for 30 minutes. [2-TXT] 

3.4.1. Talent adding the media and DMSO mixture from a microcentrifuge dropwise into the D or P plate.  Only need to film DMSO being added to one plate.
3.4.2. Use shot 2.4.1. TEXT: 37°C, 5% CO2; 30 min

3.5. After 30 minutes, bring the dishes back to the culture hood and dim the lights. [1-MED] Add the pre-aliquoted probe to the probe and competition dishes [2-CU], and DMSO to the negative control dish. [3-CU] Return the dishes to the incubator for 1 hour. [4-TXT] 

3.5.1. Talent putting the 3 plates into the hood and then dimming the lights.
3.5.2. 1 ml media being transferred from probe dish (P) to the microcentrifuge tube with pre-aliquoted probe, mixed well, and then probe + media is added dropwise back to the P dish.  Only need to film addition of probe to one dish.
3.5.3. *film as written.
3.5.4. Use shot 2.4.1. TEXT: 37°C, 5% CO2; 1 h

3.6. After 1 hour, place the dishes on ice. [1-MED] Wash the cells in each dish gently with 5 ml of ice-cold PBS to remove excess probe. [2-CU] Re-cover the cells with 4 ml of ice-cold PBS. [3-CU] 

3.6.1. Talent putting the 3 dishes in a tray of ice.
3.6.2. Media from one dish is aspirated and 5 ml of PBS is added.
3.6.3. PBS is removed and 4 ml of fresh PBS is added to the dish.

3.7. Place a dish of cells centered 3 cm under the UV lamp on top of an ice pack to minimize heating from the lamp, and irradiate for 3 minutes. [1-CU] Remove the dish and place it on ice. [2-MED] In this manner, irradiate all the samples. [3-MED]

3.7.1. A dish is placed under a UV lamp (already turned on) on top of an ice pack.
3.7.2. *film as written.
3.7.3. Talent putting another dish under the UV lamp.

3.8. After irradiation of all samples, aspirate the PBS from the cells and add 200 μl of ice-cold PBS with protease inhibitors to each dish. [1-MED] Detach the cells from the dish using a rubber scraper and transfer to pre-labeled microcentrifuge tubes on ice. [2-CU]

3.8.1. PBS from one dish is removed and 200 μl of ice-cold PBS is added.
3.8.2. A rubber scraper being used to scrape one dish and then the cell suspension is transferred to a microcentrifuge tube and put on ice.

3.9. Add SDS to each sample to a final concentration of 0.4%. [1-CU-TXT] 

3.9.1. SDS solution being added to a sample. TEXT: Add 10 μl of 10% SDS into 250 μl of sample.

3.10. Lyse the cells by sonicating the suspension for 10 pulses, [1-MED-TXT] incubating on ice for 1 minute, [2-CU] and then sonicating for another 10 pulses. [3]

3.10.1. Talent at the sonicator, sonicating a tube with cells for 10 pulses. Please get multiple usable takes; shot will be repeated later. TEXT: output 1, duty cycle 30%
3.10.2. Tube of cells being placed on ice.
3.10.3. Use shot 3.10.1.

3.11. Boil the samples on a heat block set to 95°C for 5 minutes to complete cell lysis and denature all the proteins. [1-MED] 

3.11.1. Talent putting the 3 tubes into the heat block.

3.12. After measuring the protein concentration in each sample as described in the text protocol, normalize the protein concentration to 2.5 mg/ml by adding PBS pH 8.5 plus 0.4% SDS as needed.  [1-MED] 

3.12.1. Talent adding PBS and SDS to one or two samples.  Please get at least 30 seconds of footage.

4. Attachment of fluorescent tag by click chemistry for visualization of labeled proteins

4.1. To begin this procedure, transfer 40 μl of each cell lysate prepared in the previous segment to a new microcentrifuge tube. [1-MED] Add the following reagents in this order: 0.2 μl of fluor-azide, 0.58 μl of TCEP (pronounce as T-C-E-P), and 3.38 μl of TBTA (pronounce as T-B-T-A). [2-CU] Vortex to mix. [3-CU]

4.1.1. Talent transferring 40 μl of cell lysate to a microcentrifuge tube. 
4.1.2. Reagents being added to the microcentrifuge tube in the order narrated.
4.1.3. Microcentrifuge tube being vortexed.  Please get multiple usable takes; shot will be repeated later.

4.2. Add 1.14 μl of copper sulphate pentahydrate to start the reaction. [1-CU-TXT] Vortex briefly [2] and incubate at room temperature for 30 minutes in the dark. [3-MED]

4.2.1. Copper sulphate pentahydrate being pipetted into the microcentrifuge tube. TEXT: 50 mM CuSO4.5H2O in water
4.2.2. Use shot 4.1.3.
4.2.3. Talent covering tubes with foil and leaving them at room temperature.  

4.3. Add 50 μl of 2x SDS sample buffer to quench the reaction. [1-MED]

4.3.1. *film as written.  

4.4. Run the samples on an SDS-PAGE gel, and when the dye front has reached the end of the gel, continue running the gel for an additional 5 minutes to ensure all of the excess unreacted fluor-azide has completely exited the gel. [1-LM][2-LM]

4.4.1. 54529_gel photo_1.jpg
4.4.2. 54529_gel photo_2.jpg.  Show both photos side by side at the same time with Photo 2 to the right of Photo 1.  (Photo 2 is a close-up of Photo 1)

4.5. After washing away all excess fluor-azide, place the gel onto a glass plate and scan the gel using a Typhoon fluorescent gel scanner according to the manufacturer’s instructions. [1-MED]

4.5.1. Talent placing the gel on the glass plate and starts the scanner.

5. Attachment of biotin tag by click chemistry for affinity purification of labeled proteins

5.1. For the attachment of a biotin tag, use the maximum amount of cell lysates after protein normalization such that all samples are of the same volume. [1-MED]
 
5.1.1. Talent pipetting remaining cell lysate into new tubes so all 3 tubes will have same volume, i.e., 500 μl.  

5.2. Pre-clear the lysates by adding each sample to a new tube containing 50 μl of pre-washed high-capacity streptavidin agarose beads. [1-CU] Incubate for 1 hour at 4°C with rotation. [2-MED]

5.2.1. Beads being added to one of the tubes. 
5.2.2. Talent putting the 3 tubes into a roller at 4°C. Please get multiple usable takes; shot will be repeated later.

5.3. Pellet the beads by centrifugation. [1-MED] Remove the supernatant to a new microcentrifuge tube on ice and discard the beads. [2-CU]

5.3.1. Talent putting the tubes into the centrifuge and closing the lid. Please get multiple usable takes; shot will be repeated later. TEXT: 1000 x g; 3 min
5.3.2. Film as written for one tube.

5.4. Per 500 μl of lysate, add the following reagents: 1.38 μl of biotin-azide, 5.5 μl of TCEP, and 32.5 μl of TBTA. [1-CU] Vortex to mix. [2-CU]

5.4.1. Biotin-azide, TCEP and TBTA being added to one of the tubes with cells.
5.4.2. Tubes being vortexed.

5.5. Add 11 μl of copper sulphate pentahydrate per 500 μl of lysate and vortex briefly. [1-MED] Incubate at room temperature for 30 minutes. [2-MED]

5.5.1. Talent adding copper sulphate pentahydrate to one of the tubes and then vortexes the tube.
5.5.2. Talent setting aside the 3 tubes at room temperature.

5.6. Add 4 sample volumes of acetone chilled to −20°C, vortex the samples, [1-CU] and incubate overnight at −80 °C to completely precipitate the proteins and remove unreacted biotin-azide. [2-MED-TXT] 

5.6.1. Acetone being added to the 3 tubes and then tubes are vortexed.
5.6.2. Talent putting the 3 tubes into the −80 °C freezer. TEXT: −80°C; overnight

5.7. On the following day, centrifuge the samples at 17,000 x g for 15 minutes at 4 °C to pellet the precipitated proteins. [1-MED-TXT] Aspirate the supernatant completely, add 150 μl of PBS pH 7.4 and 1% SDS to each sample, [2-CU] and resolubilize the proteins by sonication. [3]

5.7.1. Use shot 5.3.1  TEXT: 17,000 x g; 15 min; 4 °C
5.7.2. Supernatant is aspirated from one tube, and then PBS and SDS are added to the tube.
5.7.3. Use shot 3.10.1.

5.8. Add 600 μl of PBS to each sample to dilute the concentration of SDS to 0.2%, followed by 30 μl of pre-washed high-capacity streptavidin agarose beads. [1-CU] Incubate for 1 hour at 4°C with rotation.  [2] 

5.8.1. 600 μl of PBS being added to one of the samples and then the sample is transferred to a tube that already contained pre-washed beads.
5.8.2. Use shot 5.2.2. 

5.9. After 1 hour, pellet the beads by centrifugation at 1,000 x g for 3 minutes. [1-TXT] Aspirate and discard the supernatant containing unbound proteins. [2-CU]

5.9.1. Use shot 5.3.1. TEXT: 1,000 x g; 3 min
5.9.2. film as written for one tube.

5.10. Add 1 ml of wash buffer to the beads [1-CU], and incubate for 5 minutes at room temperature with rotation. [2-MED] Centrifuge, [3] discard the supernatant, and wash with wash buffer again. [4-CU-TXT] 

5.10.1. Wash buffer being added to a tube.
5.10.2. Talent putting the 3 tubes into the roller at room temperature.
5.10.3. Use shot 5.3.1.
5.10.4. Supernatant being removed from a tube and wash buffer added. TEXT: Wash 3x

5.11. After the final wash, aspirate the wash buffer completely from the beads, and add 30 μl of 2x SDS sample buffer. [1-CU] Incubate for 5 minutes in a 95°C heat block to release the proteins from the beads. [2-CU]

5.11.1. Buffer from one tube being aspirated and then SDS sample buffer added.
5.11.2. Tubes being placed in heat block.

5.12. Centrifuge the beads at 13,000 x g at room temperature for 1 minute. [1]

5.12.1. Use shot 5.3.1. TEXT: 13,000 x g; room temperature; 1 min 

5.13. Carefully pipette the sample buffer containing proteins off of the beads for SDS-PAGE. [1-MED-TXT] 

5.13.1. Talent transferring sample buffer from a tube to a new tube and sets the tube in a rack next to two other tubes that have the other two sample buffers. TEXT: After SDS-PAGE, target proteins are detected by silver staining or Western blot.

6. Results: live-cell photoaffinity labeling identifies a major itraconazole-binding protein 

6.1. The visualization of proteins after labeling with a fluorescent tag is illustrated by this fluorescence-scanned gel. [1-LM] The major specific binding protein band at approximately 35 kDa is only present in the probe lane [2-LM] and is competed away by excess parent compound. [3-LM]

6.1.1. Figure 1.pdf. Do not add blue arrow yet.
6.1.2. Figure 1.pdf. Circle ‘P’ and add blue arrow.
6.1.3. Figure 1.pdf. Circle ‘C’.

6.2. The same 35 kDa band was visualized by silver staining after biotin pull-down and subsequently identified by mass spectrometry as the membrane protein VDAC1 (pronounce as V-“dac”-one). [1-LM]

6.2.1. Figure 3.pdf. Show figure without blue arrow first, then add blue arrow.

6.3. The identity of the protein was further validated using a specific antibody for VDAC1. [1-LM] The signal is present in the probe lane [2-LM] and decreased in the competition lane. [3-LM] Including the input fraction ensures that the antibody works and the protein of interest can be detected in the lysate. [4-LM] The slight increase in molecular weight of the pull-down samples is due to the covalently attached probe. [5-LM]

6.3.1. Figure 5.pdf. 
6.3.2. Figure 5.pdf.  Circle ‘P’
6.3.3. Figure 5.pdf.  Circle ‘C’
6.3.4. Figure 5.pdf.  Circle ‘Input’
6.3.5. show Figure 5.pdf without any circling.

6.4. The consequences of not performing certain steps in the protocol correctly are illustrated.  Incomplete removal of excess fluor-azide results in large black smears at the bottom of the fluorescence-scanned gel, [1-LM] while insufficient pre-clearing of the lysates and/or washing of the beads results in a silver-stained gel with very high background staining. [2-LM]

6.4.1. Figure 2.pdf.
6.4.2. Figure 4.pdf.  Add this figure next to Figure 2.


7. Conclusion (said by authors on camera)
7.1. Sarah Head: From start to finish, the pull-down experiment requires 2-3 days to complete. 
7.2. Sarah Head: After the target protein has been isolated and identified by mass spectrometry or western blotting, further target-specific validation experiments should be performed to assess the relevance of the target to the drug-induced phenotype. 

Provided Media
4.4. 54529_gel photo_1.jpg; 54529_gel photo_2.jpg
6.1. Figure 1.pdf
6.2. Figure 3.pdf
6.3. Figure 5.pdf. 
6.4. Figure 2.pdf.
6.4. Figure 4.pdf.



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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