
Submission ID #: 56069
Editor Name:
Videographer name:
Film Date: 
Link: http://www.jove.com/files_upload.php?src=17101093

Authors and Affiliations: 
James S. Byers1 and Daniel F. Jarosz1,2

1Department of Developmental Biology, Stanford University School of Medicine, Stanford, CA
 
2Department of Chemical and Systems Biology, Stanford University School of Medicine, Stanford, CA


Title: High-throughput Screening for Protein-based Inheritance in S. cerevisiae




Corresponding Author: 
Daniel F. Jarosz
jarosz@stanford.edu




Co-authors:
James S. Byers
jsbyers@stanford.edu



















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: N/A
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.) 2.2 - 2.5.  
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.) Setting up large amounts of plates in steps 2.3 and 2.4.
E.  Will the filming need to take place in multiple locations? (Y/N) _Y______ If yes, how far apart are the locations? Within the same building

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 high-throughput yeast phenotyping is to screen for proteins that elicit a lasting phenotypic memory of past overexpression as a proxy for protein-based inheritance. (Intro)


B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. James Byers: This method can help answer key questions in the yeast prion field, such as how many proteins can elicit inheritance of this type. 
1.2. James Byers: The main advantage of this technique is that you can screen many proteins and pathways in an unbiased fashion.   

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. Initial Overexpression

2.1. Start this procedure by growing the appropriate yeast cells in a 96-well plate at 30 °C as described in the text protocol.  [1-MED] 

2.1.1. Talent taking out a 96-well plate from the incubator. 

2.2. Visually inspect the cultures to confirm that the cultures are saturated: [1-MED] cells should be visible by eye at the bottom of each well. [2-CU/ECU]

2.2.1. Talent taking the cover off the 96-well plate and checking the cultures.
2.2.2. A shot of a few wells with visible cells at the bottom.

2.3. Use a liquid handling robot to prepare 384-well plates containing 45 μL of the appropriate medium per well.  [1-MED] First, dispense SGal-URA (Voiceover: “S. gal minus your-ah”) into the wells of a 384-well plate. [2-MED] Then dispense SGal-URA plus the stressor of interest into the wells of a second plate; 20 mM of manganese chloride is used as the stressor in this experiment. [3-CU]  Thirdly, dispense SD-URA (Voiceover: “S. D. minus your-ah”), which will not induce plasmid expression, plus manganese chloride into another plate.  [4-CU] 

2.3.1. Talent loading 384-well plates (3-4) onto the robot.  
2.3.2. Robot dispensing SGal-URA into the wells of a 384-well plate.
2.3.3. Robot dispensing SGal-URA + manganese chloride into the wells of another 384-well plate. 
2.3.4. Robot dispensing SD-URA + manganese chloride into the wells of another 384-well plate.

2.4. Load the 96-well plate containing the cultures onto the liquid handling robot [1-MED] and inoculate a 1 to 4 array of 1 μL from each well of the 96-well plate into 4 separate wells of each 384-well plate filled with the different media. [2-MED] 

2.4.1. Talent loading the 96-well culture plate onto the robot.  
2.4.2. Robot performing the inoculation of 384-well plates with cultures from the 96-well plate.

2.5. Immediately place the plates with cells on a microplate stacker at room temperature and atmospheric CO2 [1-MED]. Set the protocol for a 72-hour continuous loop [3], measuring the optical density at 600 nm with a microplate reader. [2-MED] 

2.5.1. Talent placing 384-well plates on a microplate stacker and then setting the protocol for a 72-hour continuous loop.
2.5.2. Robot stacking and reading each plate automatically. Please get 1-2 minutes of footage.
2.5.3. Added shot: Talent sitting in front of the computer to set the protocol for the microplate reader. Editor: May also be slated as 2.5.2.

2.6. After the growth measurements, [1-MED] transfer 1 μL per well of the SGal-URA-induced cultures that experienced protein overexpression to new 384-well plates containing 45 μL per well of SD-URA, medium that does not permit protein expression of the plasmid. [2-CU]

2.6.1. Talent removing the 384-well plates from the microplate stacker/reader.
2.6.2. Talent manually inoculating a 384-well plate containing SD-URA with cultures that experienced protein overexpression.

2.7. In parallel, perform analogous inoculations of a second set of 384-well plates containing 45 μL per well of SD-URA from the cultures that were grown in SD-URA in the presence of the stressor. [1-MED] 

2.7.1. Talent manually inoculating a 384-well plate as written.

2.8. Place the plates in a humidified chamber [1-CU] and grow the plates for 48 hours at 30 °C to saturation. [2-MED-TXT] 

2.8.1. Four 384-well plates being placed inside a plastic bin with a damp paper towel inside and the lid is put on.
2.8.2. Talent putting the sealed plastic bin into the 30 °C incubator.  TEXT: 30 °C; 48 h

2.9. After 48 hours, use the plates to re-inoculate 1 μL per well in 384-well plates containing 45 μL per well of SD-URA. [1-MED] Then, perform a separate re-inoculation of 1 μL per well from the same source plate into a separate 384-well plate containing 45 μL per well of SD-URA with the stressor. [2-MED]  

2.9.1. Talent manually inoculating a 384-well plate containing SD-URA with cultures from the plates from step 2.8.
2.9.2. Talent manually inoculating a 384-well plate containing SD-URA + stressor with cultures from the plates from step 2.8.

2.10. Immediately place the plates with cells on a microplate stacker at room temperature and atmospheric CO2 [1-MED] and set the protocol for a 48-hour continuous loop, measuring the optical density at 600 nm with a microplate reader. [2-MED] 

2.10.1. Talent placing 8 plates on a microplate stacker.
2.10.2. Talent setting the protocol, starting it, and then walking away from the equipment.

3. Identifying Cultures affected by the Stressor

3.1. When the growth measurements are complete, use the plate reader software to export the time versus optical density at 600 nm measurements as an XY table. [1-MED] Group columns of the optical density measurements for each biological replicate together and calculate the mean. [2-LM] Create an XY plot of time versus optical density at 600 nm to generate growth curves. [3-LM-TXT] 

3.1.1. Talent sits down by the computer of the microplate reader and then exports the time versus OD600 measurements as an XY table.
3.1.2. Graphics of an example data set and calculation– the OD600 for each biological replicate grouped together and the mean calculated.  (to be provided by author)
3.1.3. Graphics of example growth curves. (to be provided by author) TEXT: Refer to manuscript for analysis of growth rates of cultures.

3.2. [bookmark: _GoBack]For cultures that show significant growth differences in response to a given stressor, dependent upon ancestral protein overexpression, take 1 μL from each biological replicate, dilute in 10 mL of water, [1-MED] and then plate 50 μL on plates containing 5-FOA. (Voiceover: “five F.O.A.”) [2-MED-TXT]  

3.2.1. Talent diluting the selected cultures in water into tubes.
3.2.2. Talent plating a 5-FOA plate with 50 μL of a diluted culture. TEXT: 5-FOA: 5-fluoroorotic acid

3.3. Grow at 30 °C for 3 days. [1-MED-TXT] 

3.3.1. Talent putting the plates into the 30 °C incubator.  TEXT: 5-FOA will cause a loss of the URA3-marked expression plasmid transformed at the beginning of the protocol.

3.4. If this results in too many or too few colonies per plate, adjust the dilution factor accordingly. [1-LM] 

3.4.1. Figure with photos of 3 plates: too many colonies, too few colonies, 100-200 colonies. (to be provided by author)

3.5. Pick 8 to 32 single colonies with autoclaved toothpicks and pin them to 96-well plates containing 150 μL of SD-CSM (Voiceover: “S.D.C.S.M.”) per well. [1-MED]

3.5.1. *film as written.

3.6. Place the plates in a humidified chamber [1-CU] and grow to saturation for 48-72 hours at 30 °C. [2-MED-TXT]

3.6.1. 96-well plates being put inside a plastic bin and sealed.
3.6.2. Talent putting the sealed plastic bin into the 30 °C incubator. TEXT: 30 °C; 48-72 h

3.7. Use these cultures to inoculate two new sets of 96-well plates containing 150 μL per well of SD-CSM, both with and without the stressor. [1] Place the plates on a microplate stacker and set the protocol to measure the optical density at 600 nm on a 48-hour continuous loop. [2-MED]

3.7.1. Talent inoculating two new sets of 96-well plates manually. This shot was supposed to be of a robot inoculating, but due to equipment issue, it is manual. If that is not sufficient, there is extra footage at step 2.4.2.
3.7.2. Talent placing the plates on a microplate stacker, setting the protocol, and then walking away.

3.8. After 48 hours, analyze the data as shown earlier and confirm that the significant growth differences seen earlier are maintained after plasmid loss. [1-MED]

3.8.1. Over the shot shoulder of talent at the computer analyzing the data. 

3.9. The cells that maintained the induced phenotypes are then tested for classic hallmarks of protein-based inheritance as described in the text protocol.  [1-MED-TXT] 

3.9.1. General shot of talent picking a colony of a yeast strain harboring a stable phenotypic state and streaking to single colonies on a YPD plate. TEXT:  Refer to text protocol for prion-like inheritance tests.

4. Results: identification of ORFs that modulate protein-based inheritance 

4.1. This protein-based inheritance screen revealed that transient overexpression of the PSP1 ORF (Voiceover: “P.S.P. one open reading frame) drives a resistance to manganese chloride that was maintained for hundreds of generations in cells long after overexpression had ceased. [1-LM]

4.1.1. Panel A of 56069fig1large.jpg

4.2. Prion-predicting algorithms scored the N-terminus of Psp1 as moderately “prion-like.”  [1-LM]

4.2.1. Show only left graph of panel B of 56069fig1large.jpg. 

4.3. In contrast, the algorithms predicted virtually no significant prion-like sequence features for most inducing proteins recovered in the screen, as shown by this representative analysis. [1-LM]

4.3.1. Add the right-side graph of panel B of 56069fig1large.jpg

4.4. Growth measurements of strains in SD-CSM with manganese chloride, normalized to a corresponding naïve [psp1-] (Voiceover:  “P. S. P. one minus”) control [1-LM] indicated that inhibition of the Hsp104 (Voiceover: “H.S.P. one oh four”) disaggregase does not impair Psp1-dependent manganese chloride resistance, [2-LM] whereas the removal of the Hsp70 (Voiceover: “H.S.P. seventy”) chaperone [3-LM] and the PSP1 gene heritably eliminates this phenotype. [4-LM]

4.4.1. 56069fig2large.jpg.
4.4.2. 56069fig2large.jpg. Highlight GdnHCl ‘cured’ and circle its corresponding bar.
4.4.3. 56069fig2large.jpg. Highlight ssa1Δ ssa2Δ ‘cured’ and circle its corresponding bar.
4.4.4. 56069fig2large.jpg. Highlight psp1Δ‘cured’ and circle its corresponding bar.

4.5. All spores from single tetrads of crosses between strains harboring the Psp1-dependent phenotypic state and naïve strains [1-LM] display manganese chloride resistance, indicating non-Mendelian inheritance of the phenotype. [2-LM]

4.5.1. 56069fig2large.jpg. Highlight Single tetrad
4.5.2. 56069fig2large.jpg. Circle the 4 blue bars representing the 4 spores.

4.6. A comparison of the infectivity for protein transformation between mock lysates and PSP1 harboring lysates as the transmissible material [1-LM] showed that over 53% of naïve cells transformed with seeded PSP1 received the corresponding manganese chloride resistance phenotype. [2-LM]

4.6.1. 56069fig3large.jpg
4.6.2. 56069fig3large.jpg. Circle the [PSP1+] blue bar.


5. Conclusion (said by authors on camera)
5.1. James Byers: Once mastered, this technique can be done in a couple of weeks including the incubation steps, and the preparation of most screening steps can be done in less than 2 hours per day even with a large number of plates.
5.2. James Byers: While attempting this procedure, it’s important to remember to plan exactly what you want to test beforehand and keep in mind the scale of the experiment; this is especially important for beginners to the technique.
5.3. James Byers: Following this procedure, other methods like those described in the text protocol can be performed to determine whether the phenotypes observed in the screening display a true prion-like pattern of inheritance.
5.4. James Byers: After its development, this technique paved the way for researchers in the field of epigenetics to explore the breadth of prion biology in Saccharomyces cerevisiae.
5.5. James Byers: After watching this video, you should have a good understanding of how to design a high-throughput screen for new forms of protein-based inheritance in yeast in both an unbiased and targeted fashion.
5.6. James Byers: Don't forget that working with certain chemical stressors such as DNA damaging agents can be extremely hazardous and precautions such as wearing personal protective equipment 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.  

3.1. Graphics of an example data set – the OD600 for each biological replicate grouped together and the mean calculated.  (to be provided by author)
3.1.Graphics of example growth curves. (to be provided by author)
3.4. Figure with photos of 3 plates: too many colonies, too few colonies, 100-200 colonies. (to be provided by author)
4.1 – 4.3. Panel A of 56069fig1large.jpg
4.4 – 4.5. 56069fig2large.jpg
4.6. 56069fig3large.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.
 2017, Journal of Visualized Experiments

