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Authors, please answer C and D in 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.) ___________________________________________
2.6
2.8-2.20
2.22
3.9
3.11
3.12
3.13
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.) __________2.12, and 2.13_________________
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 protocol is to fully replicate starting populations of bait and a prey-library so that one can directly compare how these library populations change during selection for positive yeast 2-hybrid interactions using deep sequencing.  (Intro)


B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Tabitha Peterson: This method uses the principle of the yeast 2 hybrid system in bulk populations to identify protein-protein interactions that answer key questions about a variety of molecular and cellular processes.  
1.2. Robert Piper: This technique leverages deep sequencing to compare interactions of one protein versus another.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Mark Stamnes: Since this approach is geared to make parallel comparisons, it can identify sets of proteins that interact with one protein versus another, or different conformations of the same protein, or wildtype and a disease-causing mutant version, to reveal differential interactomes.  
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)

	N.A.



















Protocol: (read by voice talent at JoVE)

2. Creating Yeast Populations with Bait and Prey Library

2.1. A new yeast 2-hybrid bait plasmid, pTEF-GBD, was constructed for this procedure as described in the text protocol. [1-LM] This plasmid produces Gal4-DNA-binding domain fusion proteins [2-LM] within a TRP1 centromere-based low copy plasmid carrying the kanamycin resistance gene [3-LM] that also allows cloning of bait fragments both upstream [4-LM] and downstream of the Gal4-DNA-binding domain. [5-LM]

2.1.1. Show 57801fig2large.jpg. 
2.1.2. 57801fig2large.jpg. Highlight the blue rectangle (myc-Gal4 DBD)
2.1.3. 57801fig2large.jpg. Highlight the TRP1 CEN ARS Kanr portions
2.1.4. 57801fig2large.jpg. Highlight the EcoRI NarI 
2.1.5. 57801fig2large.jpg. Highlight the NcoI SfiI BamHI XhoI

2.2. This bait plasmid was used to transform MATA (Voiceover: pronounced “Mat A”) yeast and expression of the Gal4-bait fusion proteins was verified by immunoblotting with anti-myc antibodies. [1-LM]

2.2.1. Show 57801fig3large.jpg

2.3. In addition, a new Y2H library in the streamlined ‘prey’ plasmid vector pGal4AD was created. [1-LM] Genomic DNA was fragmented by shearing, size selected, [2-LM] modified with adaptors, [3-LM] and inserted into pGal4AD to create the SacCer_TAB (Voiceover: pronounced “Sack-Sair Tab”) Y2H library.  [4-LM] 

2.3.1. Show panel B only of 57801fig8large.jpg.
2.3.2. Add the ‘Shear genomic DNA’ cartoon from panel A of 57801fig8large.jpg.
2.3.3. Add the ‘ligate Y oligo adaptor’ and the resulting modified DNA fragments cartoon from panel A of 57801fig8large.jpg.
2.3.4. Add the arrow (and the text) pointing to the pGal4-AD cartoon.

2.4. To begin the procedure for creating yeast populations with bait and prey libraries, inoculate 3 mL cultures of each of the MATA yeast transformants carrying the various TRP1-containing bait plasmids in CSM -Trp medium. (Voiceover: pronounced “C.S.M. minus trip”) [1-MED] Include two separate cultures containing the vector plasmid alone to serve as procedural controls. [2-MED] 

2.4.1. Talent inoculating a culture tube containing 3 mL medium with a match-head-size of yeast from the patch plate.  
2.4.2. Talent inoculating two control cultures. Please get all 4 culture tubes in frame.

2.5. Incubate the cultures at 30 °C and 200 rpm for 6 hours. [1-MED-TXT] Then dilute each culture into a 25-mL culture in a sterile Erlenmeyer flask [2-CU] and incubate overnight. [3-MED-TXT]

2.5.1. Talent putting the 4 culture tubes into the incubator/shaker.  TEXT: 30 °C; 200 rpm; 6 h
2.5.2. *film as written for one culture.
2.5.3. Talent putting 4 Erlenmeyer flasks into the incubator/shaker. TEXT: 30 °C; overnight

2.6. Thaw a frozen vial of MATalpha (Voiceover: pronounced “Mat alpha”) cells containing the LEU2-carrying ‘prey’ library at room temperature. [1-WIDE/MED] Use the entire thawed vial of cells to inoculate 125 mL of CSM-Leu-Met (Voiceover: pronounced “C.S.M. minus leu minus met”) medium in a sterile Erlenmeyer flask. [2-CU]

2.6.1. Talent removing a vial of cells from the -80 °C freezer and placing it at RT to thaw.
2.6.2. *film as written.

2.7. Grow the culture at 30 °C and 200 rpm overnight. [1-MED-TXT]

2.7.1. Talent putting the Erlenmeyer flask into the incubator/shaker.  TEXT: 30 °C; 200 rpm; overnight

2.8. On the following day, after confirming that the OD600 of the overnight MATA transformant cultures range between 1.0 to 1.5, transfer the cultures to 50-mL conical tubes [1-MED] and centrifuge 21 OD600 equivalents of each culture at 4,696 x g at room temperature for 5 minutes. [2-MED-TXT] 

2.8.1. Talent transferring cultures to four 50-mL conical tubes. 
2.8.2. Talent putting the four 50-mL conical tubes into a benchtop centrifuge and starting the spin.  TEXT: 4,696 x g; 5 min

2.9. Resuspend each pellet of MATA cells in 10 mL of sterile water, transfer the suspension to a new 50-mL conical tube [1-MED] and centrifuge at 4,696 x g at room temperature for 5 minutes.  [2-MED] Using a pipette, gently remove the supernatant without disrupting the pelleted cells and resuspend each pellet in 4 mL of bYPDA medium at pH 3.7. [3-CU] 

2.9.1. Talent adding 10 mL water to one of the 50-mL tube (after supernatant is removed), resuspends the pellet and then transfers the suspension to a new 50-mL tube. 
2.9.2. Talent putting the four 50-mL conical tubes into the centrifuge and starting the spin.  
2.9.3. *film as written for one tube. 

2.10. For every 10 mating reactions desired, pellet 39 OD600 equivalents of the MATalpha strain carrying the library plasmids in a 50-mL conical tube.  [1-MED]

2.10.1. Talent putting a 50-mL conical tube containing MATalpha cells into a benchtop centrifuge and starting the spin.  

2.11. Resuspend the MATalpha cells in 10 mL of sterile water [1-MED] and re-pellet in a new 50-mL conical tube at 4,696 x g at room temperature for 5 minutes. [2-MED-TXT] Using a pipette, gently remove the supernatant without disrupting the pelleted cells and resuspend the pellet in 10 mL of bYPDA medium at pH 3.7. [3-CU]

2.11.1. Talent adding 10 mL of sterile water to the 50-mL tube (after supernatant is removed), resuspends the pellet and then transfers the suspension to a new 50-mL tube.
2.11.2. Talent putting the 50-mL tube into the benchtop centrifuge and starting the spin. TEXT: 4,696 x g; 5 min
2.11.3. *film as written.

2.12. To set up each mating reaction, add the following to a new 50-mL conical tube: 1 mL of MATA transformed cells, 1 mL of MATalpha library-containing cells, and 1 mL of bYPDA pH 3.7. [1-CU] Incubate at 30 °C with gentle orbital agitation for 90 minutes. [2-MED-TXT]

2.12.1. *film as written for one mating reaction.
2.12.2. Talent putting four 50-mL tubes into the incubator/shaker. TEXT: 30 °C; 100-130 rpm; 90 min  

2.13. After 90 minutes, centrifuge the cells at 4,696 x g at room temperature for 5 minutes. [1-MED] Remove the supernatant and resuspend the pellet in 2 mL of 1:1 bYPDA:YPD. [2-CU] Plate all 2 mL of cells onto a 100-mm YPD plate [3-CU] and incubate at 30 °C for approximately 20 hours. [4-MED-TXT]

2.13.1. Talent putting four 50-mL tubes into the benchtop centrifuge and starting the spin. 
2.13.2. *film as written for one tube.
2.13.3. 2 mL of cells from one tube being pipetted onto a 100-mm YPD plate.
2.13.4. Talent putting four YPD plates into the incubator.  TEXT: 30 °C; 20 h

2.14. To harvest the cells, pipette 2-3 mL of CSM-Leu-Trp medium onto each YPD plate and use a cell scraper to dislodge the cells. Pipette the dislodged cells into a 50-mL conical tube. [1-MED] Rinse the plate 4-5 times with 2-3 mL of CSM-Leu-Trp medium by using a 1000-µL pipette to pipet up the medium and gently ejecting it across the YPD plate surface. [2-MED]

2.14.1. *film as written for one plate.
2.14.2. *film as written for one plate.

2.15. Centrifuge the cells at 4,696 x g at room temperature for 5 minutes. [1-MED] Discard the supernatant from each conical tube and resuspend the cells in 40 mL of CSM-Leu-Trp medium by pipetting up and down. [2-MED-TXT] 

2.15.1. Talent putting four 50-mL tubes into the benchtop centrifuge and starting the spin. 
2.15.2. *film as written for one tube. TEXT: Do not vortex!

2.16. To estimate the number of diploid cells formed, dilute 4 µL of the diploid mixture into 200 µL and 2000 µL of CSM-Trp-Leu medium, respectively. [1-MED] Plate 200 µL of each dilution onto a CSM-Leu-Trp plate to represent a 1:10,000 and 1:100,000-fold dilution of the stock of diploids harvested. [2-CU] Incubate the plates at 30 °C for 36-40 hours. [3-MED-TXT]

2.16.1. Talent making the two dilutions of the cells from one mating reaction.
2.16.2. The two dilutions being pipetted onto two plates.
2.16.3. Talent putting the 8 plates into the incubator. TEXT: 30 °C; 36-40 h

2.17. Immediately use the remainder of each 40 mL of cell resuspension to inoculate 500 mL of CSM-Leu-Trp medium in a 1-Liter Erlenmeyer flask. [1-MED] Measure the OD600 of each culture. [2-MED]

2.17.1. *film as written for one 40-mL cell suspension.
2.17.2. General footage of talent at the spectrophotometer measuring the OD600 of a culture.  Please get multiple usable takes; shot will be repeated later.

2.18. Incubate these flasks at 30 °C with shaking at 180 rpm until they reach saturation, which typically takes 36-40 hours. [1-MED] Monitor cell growth at 24 hours and 36 hours by measuring the OD600. [2-TXT] 

2.18.1. Talent putting the four 1-Liter Erlenmeyer flasks into the incubator.
2.18.2. Use shot from 2.17.2. TEXT: Saturation: ~2.0 OD/mL

2.19. Before continuing with the procedure, confirm the mating efficiency of the two yeast strains. [1-MED] A minimum number of 200 colonies on the 1:10,000 dilution plate is required. [2-LM] 

2.19.1. Talent taking out the 8 plates from the incubator (from 2.16.3)
2.19.2. Show photo of only the PLY5725 x PJ69-4A plate (right side) from 57801fig5large.jpg

2.20. Once the cultures have reached saturation, use a pipette to remove a 20-mL aliquot from each culture and inoculate 2-liter Erlenmeyer flasks: one flask containing 750 mL of CSM-Leu-Trp medium [1-MED] and a second flask containing 750 mL of CSM-Leu-Trp-His medium with the lowest level of 3-amino-1,2,4 triazole that eliminates background, determined previously as described in the text protocol. [2-MED] Mix the new cultures well by swirling. [3-MED]

2.20.1. Talent removing 20-mL from one culture and inoculating a 2-L flask containing 750 mL of CSM-Leu-Trp medium.
2.20.2.  Talent removing 20-mL from same culture and inoculating a 2-L flask containing 750 mL of CSM-Leu-Trp-His medium with the lowest level of 3AT.
2.20.3. Talent swirling one of the 2-L flasks.  Please get the 8 flasks in frame.

2.21. After measuring the initial OD600, incubate the cultures at 30 °C while shaking at 180 rpm until saturation, which typically occurs within 24 hours for the unselected CSM-Leu-Trp culture but can take over 70 hours for cultures under selection for Y2H interactions. [1-MED]

2.21.1. Talent putting the 8 flasks into the incubator/shaker.

2.22. Once cultures have reached saturation, remove 11 mL of each culture by pipette [1-MED] and sediment the cells with a 5-minute spin at 4,696 x g at room temperature. [2-MED] Discard the supernatant and proceed with DNA extraction as demonstrated in the next section. [3-MED]

2.22.1. Talent pipetting 11 mL from one flask to a conical tube.
2.22.2. Talent putting 4 tubes into the centrifuge and starting the spin. Author note: The flasks as mentioned in 2.21 take 24-70 hours to reach saturation.  We filmed for the unselection being saturated in 24 hours.  You will never have the selected cultures ready at the same time. However, when the selected are saturated, the same protocol should be done.
2.22.3. Talent pipetting off the supernatant from a tube and then setting the tube in a rack next to the other 3 tubes. Author note: Since we only spin down four tubes, we thus only have 3 other tubes in the rack.

3. Sample preparation for DEEPN Deep Sequencing

3.1. To begin the DNA extraction procedure, use a pipette to resuspend each cell pellet prepared earlier in 500 µL of sTE buffer. Transfer to a 1.5-mL microcentrifuge tube and add 10 µL of Zymolase stock to each tube. [1-MED] 

3.1.1. Talent adding 500 µL of sTE buffer into one of the tubes with cell pellet (from 2.22.3), resuspending it, and then transferring the suspension to a 1.5-mL microcentrifuge tube and adding 10 µL of Zymolase stock.

3.2. In a fume hood, add 3 µL of beta-mercaptoethanol to each tube and mix well. [1-MED] Incubate in the 37 °C incubator for 24-36 hours. [2-MED-TXT]

3.2.1. *film as written.
3.2.2. Talent putting the 8 microcentrifuge tubes into the 37 °C incubator.  TEXT: 37 °C; 24-36 h 

3.3. Next, extract the samples two times with 500 µL of phenol/chloroform/isoamyl alcohol as described in the text protocol. [1-MED]

3.3.1. General footage of talent (wearing gloves and a lab coat,) at the fume hood adding phenol/chloroform/isoamyl alcohol to the samples.

3.4. Add 7 µL of 4 M Sodium Chloride and 900 µL of ice cold 100% ethanol, and mix by inversion. [1-CU] Sediment the DNA by spinning in a microcentrifuge at 21,130 x g for 10 minutes at room temperature.  [2-MED-TXT]

3.4.1. *film as written for one sample.
3.4.2. Talent putting the 8 microcentrifuge tubes into the centrifuge and starting the spin. Please get multiple usable takes; shot will be repeated later. TEXT: 21,130 x g; 10 min

3.5. Discard the supernatant by pipetting and wash each pellet 3 times with 900 µL of 70% ethanol. [1-CU]

3.5.1. Supernatant being removed by pipetting and then 900 µL of 70% EtOH added to one of the tubes.

3.6. Sediment the DNA by centrifuging at 21,130 x g for 2 minutes. [1] After removing the residual ethanol, dry the pellets at 42 °C for 7 minutes. [2-CU]

3.6.1. Use shot from 3.4.2.
3.6.2. Talent putting the 8 microcentrifuge tubes with lids open into a 42 °C heat block. 

3.7. Resuspend each pellet in 120 µL of 0.1x sTE [1-CU] in a 37 °C water bath for 90 minutes. [2-MED-TXT]  

3.7.1. *film as written for one pellet.
3.7.2. Talent putting 8 tubes into a 37 °C water bath. Please get multiple usable takes; shot will be repeated later. TEXT:  37 °C; 90 min; flick tube every 30 min

3.8. Pipette 60 µL of the extracted DNA into a sterile 1.5-mL microcentrifuge tube. Add 120 µL of sTE and 3.5 µL of RNase A stock, flick to mix, [1-CU] and incubate at 37 °C for 1 hour. [2-TXT]

3.8.1. *film as written.
3.8.2. Use shot from 3.7.2. TEXT: 37 °C; 1 h

3.9. Add 7 µL of 5 M ammonium acetate and 900 µL of ice cold 100% ethanol to each tube, mix by inversion [1-CU] and sediment the DNA as demonstrated previously. [2] 

3.9.1. *film as written.
3.9.2. Use shot from 3.4.2.
[bookmark: _GoBack]Author note: Between 3.9 and 3.10.  We did not change the filming; however, it should be noted that sections 3.5 and 3.6 actually do occur between these steps.  So, what does this look like, following sedimentation, the pellets are washed with Ethanol and dried on the heat block.


3.10. Resuspend the RNase A-treated DNA in 55 µL of 0.1x sTE in a 37 °C water bath for 90 minutes. [1-MED-TXT] Quantify the DNA by absorbance at 260 nm. [2-MED] 

3.10.1. Talent adding sTE to the samples and then putting them into a 37 °C water bath. TEXT: 37 °C; 90 min
3.10.2. General shot of talent at the spectrophotometer measuring DNA concentration. Please get multiple usable takes; shot will be repeated later.

3.11. [bookmark: _Hlk488737562]The next step is to perform PCR on the cDNA inserts. Perform two, 50-µL PCR reactions per DNA sample. [1-MED] To each reaction, add water, 5 µg of DNA sample, 25 pmol of each forward and reverse primer matching the prey-library plasmid, and 25 µL of High-Fidelity 2x PCR Master Mix. [2-CU]

3.11.1. Talent setting out reagents and PCR tubes on lab bench.
3.11.2. Reagent being pipetted into a PCR tube in the order narrated. 

3.12. Amplify the reactions with this program: [1-LM] a 30-second denaturation at 98 °C,  [2-LM] 25 cycles of denaturing at 98 °C for 10 seconds, annealing at 55 °C for 30 seconds and extension times of 3 minutes at 72 °C, [3-LM] followed by a 5-minute incubation at 72 °C.  [4-LM] 

3.12.1. 57801_PCR graphic for step 3.11.pptx
3.12.2. 57801_PCR graphic for step 3.11.pptx.  Highlight Step 1
3.12.3. 57801_PCR graphic for step 3.11.pptx.  Highlight Step 2
3.12.4. 57801_PCR graphic for step 3.11.pptx.  Highlight Step 3

3.13. Analyze each PCR reaction by 1% DNA agarose gel electrophoresis with a gel containing ethidium bromide and visualize the gel by UV trans-illumination. [1-LM] Samples without selection show a generalized smear of DNA, [2-LM] but upon selection individual bands can be discerned.  [3-LM] 

3.13.1. New Figure 6.
3.13.2. New Figure 6. Draw a box around the four non-selected lanes with the smear.
3.13.3. New Figure 6.. Draw a box around the four selected lanes with some bands.

3.14. Combine duplicate PCR samples and purify using a kit following the manufacturer’s instructions. [1-MED] Quantify the DNA by absorbance at 260 nm on a spectrophotometer. Subsequently, perform Deep sequencing followed by Bioinformatics Processing and Verification as described in the text protocol. [2]

3.14.1. Talent combining duplicate PCR samples and setting the tubes in a rack.
3.14.2. Use shot from 3.10.2.


4. Results: DEEPN screen allows wide-scale protein interaction studies 

4.1. The new random fragment yeast Y2H library [1-LM] was used in the demonstrated procedure and the plasmid inserts amplified by PCR were analyzed by deep sequencing and bioinformatics processing using the DEEPN  (Voiceover: pronounced “DEEP-in”) software and compared with a previously published library. [2-LM]

4.1.1. Panels A and B of 57801fig9large.jpg. Highlight ‘SacCer_TAB’ in both plots.
4.1.2. Panels A and B of 57801fig9large.jpg. Highlight ‘PJ_C1,C2,C3’ in both plots.

4.2. This plot shows the rank order of reads per each gene in the libraries divided by the reads per gene found by sequencing the yeast genome. [1-LM] This histogram shows the number of unique plasmids per gene that encodes a fragment that is both in the protein coding region and in the proper translational reading frame. [2-LM]

4.2.1. Zoom in to only panel A of 57801fig9large.jpg.
4.2.2. Zoom in to only panel B of 57801fig9large.jpg.

4.3. A comparison of the numbers of different plasmids in each library that encode yeast genes and the proportion that are and are not in the correct translational reading frame, or are inserted backwards, is shown. Overall, the new library has many more different plasmids. [1-LM]

4.3.1. Panel C of 57801fig9large.jpg

4.4. These methods ensure that the library can be reproducibly transferred to cells containing different bait proteins [1-LM] and that the selection procedure can yield reproducible sets of genes that are enriched, distinguishing them as specific candidate interacting proteins. [2-LM] 

4.4.1. Show panel A only of 57801fig10large.jpg
4.4.2. Add panel B of 57801fig10large.jpg


5. Conclusion (said by authors on camera)
5.1. Tabitha Peterson: Once mastered, this technique can be done in about a week if it is performed properly; most of this work is incubating cultures of cells and the actual hands-on time is just a few hours.
5.2. Tabitha Peterson: While attempting this procedure, it’s important to remember to create populations of a large number of individual diploid cells so that the library can be reproducibly transferred into cells containing the different bait proteins.
5.3. Tabitha Peterson: It is also important to play close attention to the dilution conditions and growth rate of cells for those populations undergoing selection for positive yeast 2-hybrid conditions.
5.4. Robert Piper: Following this procedure, computational methods that are explained within the accompanying work will identify the candidate interacting partners and provide the path for validating these interactions using a traditional yeast 2-hbyrid format or other biochemical methods. 
5.5. Robert Piper: After watching this video, you should have a good understanding of how to reproducibly create diploid populations containing the prey plasmid library and grow them in batch to select for plasmids that confer a positive yeast 2 hybrid interaction.
5.6. Tabitha Peterson: Don't forget that working with organic solvents during the DNA purification protocol can be dangerous and should be done in the fume hood while wearing gloves and a lab coat. 
   



Provided Media

2.1. 57801fig2large.jpg
2.2. 57801fig3large.jpg
2.3. 57801fig8large.jpg.
2.19. 57801fig5large.jpg
3.12. 57801_PCR graphic for step 3.11.pptx
3.13. 57801fig6large.jpg
4.1-4.2. Panels A and B of 57801fig9large.jpg
4.3. Panel C of 57801fig9large.jpg
4.4. 57801fig10large.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.
 2018, Journal of Visualized Experiments

