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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N  
2. Does your protocol include software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
1. How to serially dilute and spot the yeast to assess toxicity (2.2-2.4).
2. What the suppressor plates look like after the transformation (3.8).
3. Patching and the results of the patch (3.8)
4. What the suppressors look like after spotting (3.10)
4. 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.)
The most difficult aspect of this procedure is obtaining a high enough transformation efficiency to ensure 10X coverage of the library. To ensure success, we use 50-100µg of plasmid DNA (pYep13) which we obtain using a Giga Prep isolation. We also added DMSO during the library transformation to increase the transformation efficiency. It is also important to ensure the yeast is in log phase.
5. Will the filming need to take place in multiple locations? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee. 

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. Mary Weber: Intracellular bacteria secrete effector proteins into the host that can manipulate biological pathways to promote pathogen survival. Revealing host targets of effectors is essential for understanding intracellular pathogens like Chlamydia trachomatis.

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Mary Weber: Yeast toxicity and suppressor screens can provide key insights regarding the natural biological targets of bacterial effector proteins and can be particularly useful when a binding partner is unknown.

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.3. Mary Weber: We demonstrate the yeast toxicity and suppressor assays here for screening Chlamydia trachomatis effector proteins, but this technique has also been used for characterizing Legionella pneumophila and Coxiella burnetii effectors.

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Introduction of Demonstrator: (Said by you on camera)

1.4. Mary Weber: Demonstrating the procedure will be Shelby Andersen and Alix McCullough, undergraduate research associates from my laboratory. 

1.4.1. INTERVIEW: Author saying the above 
1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
Section - Protocol
2. Toxicity Testing of the Protein of Interest 
2.1. Begin by inoculating 5 milliliters of single dropout broth with a single colony of yeast transformed with the effector protein-containing plasmid [1]. Use yeast transformed with the vector alone as a negative control [2] and incubate the inoculum overnight at 30 °C while shaking [3]. 
2.1.1. Talent inoculating broth with a yeast colony. Videographer: Obtain multiple reusable takes of this shot because it will be reused.
2.1.2. Talent inoculating broth with negative control, with the tube clearly labeled.
2.1.3. Talent putting tubes in the incubator, closing it, and walking away. Videographer: Obtain multiple reusable takes of this shot because it will be reused. 
2.2. On the next day, add 180 microliters of sterile water to the A2 through A6 wells of a 96-well plate [1], vortex the overnight culture [2], and add 180 microliters of yeast to well A1 [3]. Then, serially dilute the yeast in the wells with the water [4]. Videographer: This step is important!
2.2.1. Talent adding water to the appropriate wells. Videographer: Obtain multiple reusable takes of this shot because it will be reused.
2.2.2. Talent vortexing culture. Videographer: Obtain multiple reusable takes of this shot because it will be reused.
2.2.3. Talent adding yeast to well A1. Videographer: Obtain multiple reusable takes of this shot because it will be reused.
2.2.4. Talent making serial dilutions. Videographer: Obtain multiple reusable takes of this shot because it will be reused.
2.3. Use a multichannel pipette to spot 5 microliters of each dilution onto single dropout glucose and single dropout galactose agar plates [1] and incubate the plates at 30 °C for 48 hours [2]. 
2.3.1. Talent spotting the yeast onto the glucose and galactose plates. Videographer: Obtain multiple reusable takes of this shot because it will be reused.
2.3.2. Talent putting the plates in the incubator and closing the door. Videographer: Obtain multiple reusable takes of this shot because it will be reused.

2.4. After the incubation, visually asses toxicity by comparing the growth of yeast expressing the effector protein grown on the galactose-containing media to the growth of yeast expressing the vector alone [1]. Videographer: This step is important!

2.4.1. Talent visually inspecting the plate. Videographer: Obtain multiple reusable takes of this shot because it will be reused.

3. Transformation of Toxic Yeast with the Yeast Genomic Library 
3.1. Inoculate 100 milliliters of the single dropout broth with 1 milliliter of the previously prepared yeast stock [1] and incubate it for 16 to 24 hours at 30 °C with shaking at 150 rpm [2]. 
3.1.1. Talent inoculating broth. 
3.1.2. Use 2.1.3. 
3.2. On the next day, add the entire 100 milliliters of the overnight culture to 900 milliliters of prewarmed single dropout broth [1] and incubate the flask for 4 to 5 hours at 30 °C while shaking [2]. 
3.2.1. Talent adding the overnight culture to a flask with the broth. 
3.2.2. Flask shaking in the incubator.
3.3. After the incubation, pellet the culture at 6,000 x g for 10 minutes at 4 °C [1]. Discard the supernatant [2] and resuspend the pellet in 250 milliliters of sterile water [3]. Repeat the centrifugation and discard the supernatant [4], then resuspend the pellet in 250 milliliters of 1-millimolar Lithium Acetate [5]. 
3.3.1. Talent putting the culture in the centrifuge, closing the lid, and starting it. Videographer: Obtain multiple reusable takes of this shot because it will be reused. Liquid volume will be different in subsequent steps, so please get a few takes where the amount of liquid being centrifuged isn’t obvious.
3.3.2. Talent discarding the supernatant. Videographer: Obtain multiple reusable takes of this shot because it will be reused.
3.3.3. Talent resuspending the pellet. 
3.3.4. Use 3.3.1. 
3.3.5. Talent resuspending the pellet in LiAc.

3.4. Pellet the culture by centrifugation [1], remove the Lithium Acetate [2], and resuspend the pellet in 9.6 milliliters of 50% PEG 3350 [3]. Then, add transformation reagents as described in the Manuscript and adjust the volume to 15 milliliters with sterile water [4], inverting gently to mix [5]. 

3.4.1. Use 3.3.1.
3.4.2. Use 3.3.2.
3.4.3. Talent resuspending pellet. 
3.4.4. Talent adding water to the transformation mix. 
3.4.5. Talent gently inverting the mixture. 

3.5. Incubate the mixture at 30 °C for 30 minutes [1], then add 750 microliters of DMSO [2] and incubate in a water bath at 42 °C for another 30 minutes [3-TXT]. After the incubation, pellet the yeast by centrifuging at 3,000 x g for 5 minutes [4]. 

3.5.1. Mixture incubating. 
3.5.2. Talent adding DMSO to the mixture. 
3.5.3. Talent putting the mixture into the water bath. TEXT: Gently mix every 10 minutes
3.5.4. Talent putting the mixture into the centrifuge and starting it. Videographer: Obtain multiple reusable takes of this shot because it will be reused.

3.6. Mary Weber: Adding the DMSO before the heat shock is crucial to achieve a high transformation efficiency.

3.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

3.7. Discard the supernatant and wash the pellet with 10 milliliters of sterile water [1], then repeat the centrifugation to pellet the yeast [2]. Resuspend the pellet in 8 milliliters of water [3].

3.7.1. Talent discarding supernatant and resuspending pellet in water. Videographer: Obtain multiple reusable takes of this shot because it will be reused.
3.7.2. Use 3.5.4. 
3.7.3. Use 3.6.1. 

3.8. Determine the transformation efficiency by diluting the sample 1 to 10 [1] and plating 100 microliters of each dilution onto double dropout agar [2]. Then, plate 200 microliters of the sample on double dropout galactose agar plates [3-TXT] and incubate the plates at 30 °C for 48 to 96 hours or until colonies appear [4]. 

3.8.1. Talent diluting the sample. 
3.8.2. Talent plating the dilutions, with the plates and dilution labels visible. 
3.8.3. Talent plating the sample on galactose plates. TEXT: Use 50 plates in total
3.8.4. Use 2.3.2.

3.9. Once colonies have appeared, patch them on double dropout galactose agar [1] and incubate them for another 24 to 48 hours [2]. Use part of the patch to inoculate 5 milliliters of double dropout broth [3] and incubate the inoculum overnight at 26 °C with shaking at 150 rpm [4]. Videographer: This step is important!

3.9.1. Talent patching the colonies on the agar. 
3.9.2. Use 2.3.2. 
3.9.3. Talent inoculating the broth. 
3.9.4. Use 2.1.3. 

3.10. On the next day, add 180 microliters of sterile water to 5 wells of a 96 well plate, starting with well A2 [1]. Vortex the overnight culture mix [2], add 180 microliters of yeast to well A1 [3], and serially dilute it using the water in wells A2 through A6 [4]. 

3.10.1. Use 2.2.1. 
3.10.2. Use 2.2.2.
3.10.3. Use 2.2.3.
3.10.4. Use 2.2.4.

3.11. Spot 5 microliters of each dilution on single dropout glucose and single dropout galactose agar plates, making sure to include the toxic effector alone as a control [1]. Incubate the plates at 30 °C for 48 hours [2], then compare the growth of the yeast with toxic effector alone to the growth of the yeast with the potential suppressor [3]. Videographer: This step is important!

3.11.1. Use 2.3.1. 
3.11.2. Use 2.3.2. 
3.11.3. Use 2.4.1.

3.12. To confirm suppressors that have demonstrated diminished toxicity compared to the toxic effector alone, isolate the plasmid according to manuscript directions and retransform it into the toxic yeast [1]. 

3.12.1. Use 3.5.3. 

3.13. Inoculate double dropout glucose broth with a colony from the transformation plate [1], incubate it overnight, then spot on double dropout glucose and galactose agar to confirm suppression of toxicity [2].

3.13.1. Use 2.1.1. 
3.13.2. Use 2.3.1.  




Section – Results
4. Results: Yeast Suppressor Screen 
4.1. Prior to performing the yeast suppressor screen, the effector proteins of interest were tested for toxicity in yeast [1]. The protein of interest was expressed in yeast under the control of a galactose-inducible promoter and growth on galactose was compared to growth on glucose [2]. 
4.1.1. Figure 3. 
4.1.2. Figure 3. Video Editor: Emphasize the galactose image when VO says ‘growth on galactose’ and the glucose image when VO says ‘growth on glucose’. If possible, label the glucose image ‘control’.
4.2. When CT229 was tested for toxicity, smaller colonies and growth suppression were observed [1]. Ideally, a 2 to 3 log decrease should be observed to proceed with yeast suppressor screens [2]. 
4.2.1. Figure 3. Video Editor: Emphasize the CT299 row in the glucose and galactose images. 
4.2.2. Figure 3. 
4.3. The suppressor screen was conducted by transforming the toxic strain with the yeast genomic library pYep13 (pronounce ‘P-yep-13’) and plating the transformants on galactose agar [1]. The obtained suppressor clones were spotted on double dropout galactose agar to confirm suppression of toxicity [2]. 
4.3.1. Figure 4, Image from step 4. 
4.3.2. Figure 4, Image from step 5.

4.4. Suppressors pSup1 (pronounce ‘P-sup’) and pSup2 suppressed the toxicity of the effector protein [1], whereas pSup3 did not [2]. 

4.4.1. Figure 4, Image from step 5. Video Editor: Emphasize pSup1 and pSup2 rows. 
4.4.2. Figure 4, Image from step 5. Video Editor: Emphasize pSup3 row.




Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

5.1. Mary Weber: These procedures require careful attention to detail in addition to critical preparatory work including having large amounts of media and plates ready prior to performing the experiments.

5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
5.2. Mary Weber: Once suppressors are identified, experiments can be performed to verify interactions with the effector of interest including pulldowns, immunofluorescence colocalization, effector knockout, or knockdown of host factors identified in the screens.

5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
5.3. Mary Weber: Development of this technique for Chlamydia effectors has allowed for expedited preliminary characterization of effector proteins and helped to focus our efforts on the underlying molecular mechanisms that mediate host-pathogen interactions.

5.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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