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Authors, please fill out the brief questionnaire below.   

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.A._______  
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.) _2.9, 5.6, 5.9, 5.10, 5.11.
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.) __2.3. and 5.11 (Not difficult steps but viewer should be extra cautious at these steps)
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 experiment is to study and validate the heteromeric protein complex-DNA interaction in a heterologous system for any functional genomics study in a regular laboratory setting. (Intro)


B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Prateek Tripathi: This method can help answer key questions in the functional genomics field, such as plant genomics. 
1.2. Prateek Tripathi: The main advantage of this technique is that it detects protein-DNA interactions involving more than one protein or transcription factor.   

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 competent cells 

2.1. Begin this procedure on the afternoon of what will be designated as Day 1. [1-MED] Start a 5-mL culture in synthetic defined or SD medium without uracil from a freshly streaked Petri dish. [2-CU] Incubate overnight in a 30 C shaker. [3-MED-TXT]

2.1.1. Talent setting up at the lab bench, i.e., pipetting 5 ml of SD-ura into a culture tube.
2.1.2. A colony is picked from a Petri dish and used to inoculate the 5 mL SD-ura.
2.1.3. Talent putting the culture tube into the shaker/incubator. TEXT: 30 C; O/N

2.2. On the following afternoon, inoculate 10 mL of YPDA medium with 500 L of the overnight culture [1-MED] and incubate overnight in a 30 C shaker. [2-MED-TXT]

2.2.1. Talent pipetting 500 L of the overnight culture into a 50-mL Falcon tube containing 10 mL of YPDA medium.
2.2.2. Talent putting the 50-mL tube into the shaker/incubator. TEXT: 30 C; O/N

2.3. Early in the morning of the following day, inoculate 100 mL of YPDA medium with 2 mL of the overnight culture. [1-MED] Grow this fresh culture at 30 C until the optical density at 600 nm reaches 0.4 to 0.8.  [2-MED-TXT]  

2.3.1. Talent pipetting 2 ml of overnight culture into a flask containing 100 mL of YPDA medium.
2.3.2. Talent putting the flask into the shaker/incubator. TEXT: 30 C; 3-5 h

2.4. Centrifuge at 1000 x g and 21 C for 5 minutes. [1-MED]

2.4.1. Talent putting tube(s) of culture into the centrifuge and starting the spin.

2.5. Discard the supernatant. [1-CU] Add 10 mL of sterile water and reconstitute the pellet by vortexing. [2-MED]

2.5.1. *film as written.
2.5.2. *film as written.

2.6. Centrifuge at 1000 x g and 21 C for 5 minutes. [1-MED]

2.6.1. Talent putting the tube(s) into the centrifuge and starting the spin.

2.7. Discard the supernatant, add 2 mL of TE/Lithium acetate and reconstitute the pellet by vortexing. [1-MED]

2.7.1. *film as written.

2.8. Centrifuge at 1000 x g and 21C for 5 minutes. [1-MED]

2.8.1. Talent putting the tube(s) into the centrifuge and starting the spin.

2.9. Discard the supernatant. [1-CU] Add 4 mL of TE/Lithium acetate plus 400 L of salmon sperm DNA and re-suspend the pellet by pipetting up and down. [2-CU-TXT] The cells are now ready for transformation as demonstrated in the next segment. [3-MED]

2.9.1. *film as written.
2.9.2. *film as written.  TEXT: 4 mL TE/LiAc + 400 L (10 mg/mL) salmon sperm DNA 
2.9.3. Talent putting the tube of resuspended cells in a rack at room temperature.

3. Co-transformation of cells by heat shock

3.1. Co-transformation of the cells is performed in a 96-well U-bottom mixing plate. [1-MED] First, distribute 20 L of competent cells per well in the 96-well plate. [2-CU]

3.1.1. Talent setting out a 96-well plate next to the tube of competent cells (from 2.9).
3.1.2. *film as written.

3.2. Then add to the wells 150 ng each of the two plasmids [1-CU] and the normalization control. [2-CU-TXT]  

3.2.1. 1.5 L (equivalent to 150ng/L) of pDEST22:TF being added to wells, followed by 1.5 L (equivalent to 150ng/L) of pDEST32ΔDBD:TF.
3.2.2. pEXP-AD502 plus pDEST32ΔDBD:TF being added to the wells. TEXT: Amounts of plasmids must be optimized with every experiment due to variations in expression.

3.3. This schematic shows the general plate set-up for the co-transformation of the yeast cells with protein of interest. The plate set-up can be modified according to the need of the experiment and number of DNA regions or fragments tested. [1-LM]

3.3.1. 56080fig2large.jpg

3.4. Add 100 L of TE/Lithium acetate/polyethylene glycol per well and mix three times by pipetting.  [1-MED]

3.4.1. *film as written for one row of wells.

3.5. Cover the plate with a breathable seal [1-CU] and incubate at 30 C for 20-30 minutes. [2-MED-TXT] 

3.5.1. *film as written.
3.5.2. Talent putting the sealed 96-well plate into the 30 C incubator (no agitation).  TEXT: 30 C; 20-30 min

3.6. Heat shock at 42 C for precisely 20 minutes. [1-MED-TXT]

3.6.1. Talent putting the 96-well plate into the 42 C incubator. TEXT: 42 C; precisely 20 min

3.7. After the heat shock, centrifuge at 1000 x g and 21 C for 5 minutes. [1-MED] Use a multichannel pipette to remove the supernatant. [2-CU] Add 110 L of TE and mix. [3-CU]

3.7.1. Talent putting the 96-well plate into the centrifuge and starting the spin.  Please get multiple usable takes; shot will be repeated later.
3.7.2. *film as written.
3.7.3. *film as written.

3.8. Centrifuge again for 5 minutes. [1] Remove 100 L of the supernatant from each well. [2-CU] Immerse a puncher in 100% ethanol, flame it [3-MED], wait for one minute for the puncher pins to cool, and then use the sterile puncher to re-suspend the pellet [4-?]. 

3.8.1. Use shot from 3.7.1.
3.8.2. A multichannel pipette is used to remove 100 L of the supernatant from each well.
3.8.3. Talent immerses the puncher into 100% EtOH, flames the pins
3.8.4. ADDED: then inserts the pins into the wells and performs a circular motion to resuspend the cells.

3.9. Transfer cells onto SD tryptophan and leucine dropout agar plates. [1-CU] Incubate the plates at 30 C for 2 days. [2-MED-TXT] 

3.9.1. Sterile puncher used to transfer cells from 96-well plate to a SD-Trp-Ura agar plate.
3.9.2. Talent putting the two SD-Trp-Leu agar plates into the 30 C incubator. Please get multiple usable takes; shot will be repeated later. TEXT: 30 C; 2 d

4. Transferring  cells onto new plates 

4.1. On the afternoon of Day 5, retrieve the agar plates from the incubator. [1-MED] Fill each well of a sterile 96-well U-bottom mixing plate with 50 L of TE. [2-MED] 

4.1.1. Talent taking out the two agar plates from the incubator. Please get multiple usable takes; shot will be repeated later.
4.1.2. Talent using a multichannel pipette to fill the wells of a 96-well U-bottom mixing plate with TE.

4.2. Pre-wet a sterile puncher in TE, punch the colonies from the SD tryptophan and leucine dropout plate and re-suspend them in the TE-filled plate. [1-MED]

4.2.1. Talent dips the pins of a sterile puncher in TE, punches the colonies from one of the agar plates, and transfers the colonies to the wells of the 96-well plate.

4.3. Transfer the colonies onto new SD tryptophan and leucine dropout agar plates for optimal surface coverage. [1-MED]

4.3.1. Talent punching colonies from the 96-well plate and transferring to a new SD-Trp-Leu plate.

4.4. Incubate the plates at 30 C for 2 days. [1-TXT]

4.4.1. Use shot from 3.9.2. TEXT: 30 C; 2 d

5. Preparing culture for measuring β-galactosidase activity

5.1. On the afternoon of Day 7, retrieve the agar plates from the incubator. [1] 

5.1.1. Use shot from 4.1.1.

5.2. Fill each well of a sterile 96-well U-bottom mixing plate with 50 L of SD tryptophan and leucine dropout medium. [1-MED] Fill each well of a sterile 96-deep well block with 180 L of SD tryptophan and leucine dropout medium. [2-MED] 

5.2.1. *film as written.
5.2.2. *film as written.

5.3. Sterilize the puncher, pre-wet the puncher in medium, and transfer colonies from the plate to the wells that each contain 50 L of medium. [1-MED]

5.3.1. *film as written.

5.4. Transfer 20 L of yeast to the 180 L of SD tryptophan and leucine dropout medium. [1-CU] Seal the block with a breathable seal [2-CU] and incubate at 30 C with shaking for 36 hours. [3-MED-TXT]

5.4.1. Talent using a multichannel pipette to transfer yeast from the 96-well plate in 5.3 to the 96-deep well block.
5.4.2. *film as written. Please get multiple usable takes; shot will be repeated later.
5.4.3. Talent putting the sealed 96-deep well block into the shaker/incubator.  Please get multiple usable takes; shot will be repeated later. TEXT: 30 C; 36 h

5.5. On the morning of Day 9, transfer 100 L of culture to 500 L of YPDA medium in a sterilized 96-deep well block. [1-MED] Cover with a breathable seal [2] and incubate at 30 C with agitation at 200 rpm for 3 to 5 hours. [3-TXT] 

5.5.1. Talent using a multichannel pipette to transfer 100 L of culture from each well of the 96-well plate to the wells of a new 96-deep well block prefilled with YPDA.
5.5.2. Use shot from 5.4.2.
5.5.3. Use shot from 5.4.3. TEXT: Grow to OD600 of 0.3-0.6

5.6. After 3 to 5 hours, re-suspend the culture and transfer 125 L from each well to a spectrophotometer plate. [1-CU] Measure the optical density at 600 nm to ensure it is between 0.3 and 0.6.  [2-MED-TXT] 

5.6.1. Talent using a multichannel pipette to resuspend and transfer 125 L from each well to a spectrophotometer plate.
5.6.2. Talent putting the spectrophotometer plate into the spectrophotometer to measure the OD600. Please get multiple usable takes; shot will be repeated later. TEXT: If OD600 is below 0.3, incubate the remaining cells for a longer time.

5.7. Centrifuge the remaining cells in the deep well block at 3000 x g and 21 C for 10 minutes. [1-MED-TXT] Remove the supernatant by inverting. [2-CU] Add 200 L of Z-buffer to each well and vortex. [3-MED]

5.7.1. Talent putting the deep well block into the centrifuge and starting the spin.  Please get multiple usable takes; shot will be repeated later. TEXT: 3000 x g; 21 C; 10 min
5.7.2. *film as written.
5.7.3. *film as written.

5.8. Centrifuge at 3000 x g and 21 C for 5 minutes. [1]

5.8.1. Use shot from 5.7.1.

5.9. Remove the supernatant by inverting. [1-CU] Add 20 L of Z-buffer to each well and vortex. [2-MED] Cover the plate with sealing foil that is resistant to freeze/thaw cycles. [3-CU]

5.9.1. *film as written.
5.9.2. *film as written.
5.9.3. *film as written.

5.10. In a fume hood, perform 4 cycles of freeze/thaw using liquid nitrogen and a 42 C water bath. [1-MED-TXT] 

5.10.1. Talent at the fume hood, immersing the sealed plate into liquid nitrogen for 2 minutes and then putting the plate in a 42 C water bath. TEXT: 2 min freeze/2 min thaw tk 3 is water bath

5.11. Add 200 L of freshly prepared Z-buffer/beta-mercaptoethanol/ONPG solution to each well. [1-MED] Incubate at 30 C for 17-24 hours or until color develops. [2-MED]

5.11.1. *film as written.
5.11.2. Talent putting the plate into the 30 C incubator.



6. Measuring β-galactosidase activity

6.1. On the morning of Day 10, check that the color has developed. [1-MED] Add 110 L of 1M sodium carbonate to each well to stop the reaction. [2-CU] Record the time and vortex the plate. [3-MED]

6.1.1. Talent takes the plate out of the incubator and checks for color development.
6.1.2. *film as written.
6.1.3. *film as written.

6.2. Centrifuge at 3000 x g and 21 C for 10 minutes. [1]

6.2.1. Use shot from 5.7.1.

6.3. Use a multichannel pipette to transfer 125 L of supernatant from each well to a spectrophotometer plate. [1-MED]  Measure the optical density at 420 nm. [2]

6.3.1. *film as written.
6.3.2. Use shot from 5.6.2.

6.4. Calculate β-galactosidase activity in a spreadsheet as described in the text protocol. [1-MED]

6.4.1. Talent at the computer making calculations in a spreadsheet.


7. Results: Y1.5H assay detects heteromeric protein-DNA interactions

7.1. In this study, the promoter region of 2600 base pairs upstream from the start of the transcription start site was segmented into six regions or fragments. [1-LM] This photo is an example of a well-grown and positive plate after Day 5 of the protocol. [2-LM]

7.1.1. 56080fig3large.jpg. Circle the fragment numbers (1-6).
7.1.2. 56080fig3large.jpg.

7.2. In this representative result, DNA fragments 1 and 4 show positive interaction with the protein A and B complex. [1-LM]

7.2.1. 56080fig3large.jpg. Circle the colonies (white dots) that are only present for Fragment 1 and Fragment 4.

7.3. Upon the measurement of beta-galactosidase activity, only Fragment 1 shows an approximately four-fold induction of the reporter gene activity. [1-LM] 

7.3.1. 56080_graph for step 7.3 in video.jpg.  Circle the tallest orange bar.



8. Conclusion (said by authors on camera)
8.1. Prateek Tripathi: Once mastered, this technique can be done in 10 days if it is performed properly.
8.2. Prateek Tripathi: It is important to remember that this procedure is recommended for obtaining information on the DNA regions only after the confirmation of the proposed protein-protein interaction and is not designed to provide information of the target sites.
8.3. Prateek Tripathi: Following this procedure, other methods such as the ChIP assay and EMSA can be performed in order to answer additional questions, for example identifying the target sites in vivo.
8.4. [bookmark: _GoBack]Prateek Tripathi: After its development, this technique paved the way for researchers in the field of functional genomics to explore protein complex(s) with their DNA bait for any system of study.
8.5. Prateek Tripathi: After watching this video, you should have a good understanding of how to test and validate the role of multimeric protein complex binding to a common DNA target using a heterologous system.
8.6. Prateek Tripathi: Don't forget that working with beta-mercaptoethanol can be extremely hazardous and precautions such as working in a fume hood and wearing proper PPE should always be taken while performing this procedure.   


Provided Media

3.3. 56080fig2large.jpg
7.1-7.2. 56080fig3large.jpg.
7.3. 56080_graph for step 7.3 in video.jpg


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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