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Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  Yes  
If Yes, can you record movies/images using your own microscope camera?
Yes, all microscope shots uploaded and labeled as LAB MEDIA in script
2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  No
3. Filming location: Will the filming need to take place in multiple locations?   No

 

Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Nicole L. Golden: The heat shock response is an essential cellular stress response pathway that maintains cytoplasmic proteostasis and can be characterized at the molecular, cellular and organismal levels in C. elegans.  

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

1.2. Rosemary N. Plagens: We present a series of standardized protocols and best practices that generate robust induction of the heat shock response in C. elegans in order to help enhance reproducibility in the heat shock response field.  

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

OPTIONAL: 
1.3. Nicole L. Golden: We show that thermotolerance, a commonly used organismal assay, is not dependent on the heat shock response.  Instead, we recommend using thermorecovery, an organismal assay that is heat shock response dependent.  

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
1.4. Rosemary N. Plagens: The heat shock response becomes attenuated with the onset of egg-laying, therefore developmental timing is a critical variable that must be accounted for in heat shock response experiments.  

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





Protocol
2. Fluorescent Imaging of HSR Reporters
2.1. Begin by creating a synchronized worm population [1]. Use a platinum wire pick to transfer approximately 10 gravid adult worms to a fresh plate [2-TXT]. 
2.1.1. WIDE: Establishing shot of talent setting up a plate of worms on the microscope. Videographer: Obtain multiple reusable takes of this shot because it will be reused in 3.2.1.
2.1.2. LAB MEDIA: Egg-Laying Synchronization.mp4. 0:00 – 0:22. TEXT: Allow the worms to lay eggs for 1 hour, then remove them from the plate NOTE: Show the text overlay towards the end of this clip.
2.2. Maintain the synchronized worms at 20 degrees Celsius until the desired developmental stage, taking into account that developmental timing varies with each strain and the temperature at which the worms are raised [1]. 
2.2.1. Talent putting the plate in an incubator and closing the door. Videographer: Obtain multiple reusable takes of this shot because it will be reused in 2.4.4 and 3.1.4.
2.3. When the worms are ready for heat shock, wrap the plates with paraffin film [1-TXT] and use a test tube rack and a lead weight to submerge them in a circulating water bath at 33 degrees Celsius for 1 hour [2]. Videographer: This step is important!
2.3.1. Talent wrapping the plates. TEXT: Do NOT cover the bottom of the plate
2.3.1.1. Added shot: Close up of plate NOTE: Show this somewhere between 1 and 2, wherever looks best. 
2.3.2. Talent submerging the plate in the water. Videographer: Obtain multiple reusable takes of this shot because it will be reused in 3.1.2.
2.4. Recover the plates from the water bath [1] and dry them with a paper towel [2]. Remove the paraffin film [3] and allow the worms to recover at 20 degrees Celsius for 6 to 24 hours, which will be sufficient time for GFP synthesis [4]. 
2.4.1. Talent recovering the plate. Videographer: Obtain multiple reusable takes of this shot because it will be reused in 3.1.3.
2.4.2. Talent drying the plate with a paper towel. NOTE: This and 2.4.3 shot together.
2.4.3. Talent removing the film. 
2.4.4. Use 2.2.1. 
2.5. To prepare slides for imaging, position a microscope slide between two other slides that have a strip of laboratory tape on them [3]. Make a 3% agarose solution in water [1] and heat it in the microwave until the agarose is dissolved [2]. Then, use a 1-milliliter pipette to place about 150 microliters of the agarose in the center of the slide [4].   Videographer: This step is important!
2.5.1. Talent dissolving agarose in water. NOTE Move step 2.5.3 (positioning slide) above 2.5.1. (dissolving agarose).
2.5.2. Talent putting the agarose in the microwave and closing the door. 
2.5.3. Talent positioning the microscope slide. Vid NOTE: 2.5.3 take 1 was actually 2.5.4. File name is corrected in deliverables
2.5.4. Talent placing a drop of agarose on the slide. NOTE: 2.5.4 and 2.6.1 filmed together.
2.6. Immediately cover the slide with a blank slide, placing it perpendicularly so that it rests on the laboratory tape [1], then carefully remove it [2]. Videographer: This step is important!
2.6.1. Talent covering the slide with a blank slide. 
2.6.2. Talent removing the top slide. 
2.7. To immobilize the worms [1], add a small drop of 1 millimolar levamisole in M9 buffer to the center of the agarose pad [2-TXT] and transfer 10 worms into the drop using a platinum wire pick [3]. Optionally, spread the levamisole off to the outside of the agarose pad [4] and align the worms with the pick when they become paralyzed [5].
2.7.1. Talent at the microscope.
2.7.2. LAB MEDIA: Mounting Worms for Imaging.mp4. 0:00 – 0:04. TEXT: ~ 5 µL
2.7.3. LAB MEDIA: Mounting Worms for Imaging.mp4. 0:10 – 0:14, then 0:20 – 0:23. 
2.7.4. LAB MEDIA: Mounting Worms for Imaging.mp4. 1:06 – 1:12.
2.7.5. LAB MEDIA: Mounting Worms for Imaging.mp4. 2:07 – 2:12. 
2.8. Cover the worms with a coverslip and image them as soon as possible using a fluorescence microscope [1]. 
2.8.1. Talent covering the slide with a coverslip. 
3. Thermorecovery Assay
3.1. To perform a thermorecovery assay, synchronize the worms and maintain them at 20 degrees Celsius until the desired developmental stage [1], then heat shock them for 6 hours [2]. Remove the plates from the water bath [3] and allow them to recover at 20 degrees Celsius for 48 hours [4].
3.1.1. Talent taking plates with worms out of the incubator. 
3.1.2. Use 2.3.2.
3.1.3. Use 2.4.1.
3.1.4. Use 2.2.1.
3.2. After recovery, count the number of worms [1] that can immediately crawl away after mechanical stimulation without jerky movement or paralysis [2-TXT]. Videographer: This step is important!
3.2.1. Use 2.1.1.
3.2.2. LAB MEDIA: N2 hsf-1 RNAi abnormal movement_1.mp4 (starting at 0:04), N2 hsf-1 RNAi abnormal movement_2.mp4 (starting at 0:09), N2 L4440 normal movement.mp4 (starting at 0:05). Video Editor: Show the three videos as a split screen, labeling each screen as “normal movement” or “abnormal movement” according to the video file name. 


Results
4. Results: HSR Induction Analysis   
4.1. To visualize heat shock response induction at the cellular level, two fluorescent reporter C. elegans strains were analyzed [1]. In the negative control samples without heat shock, the hsp-16.2 reporter showed normal autofluorescence [2], but the hsp-70 reporter had constitutive fluorescence in the anal depressor muscle [3].
4.1.1. LAB MEDIA: Figure 1.
4.1.2. LAB MEDIA: Figure 1. Video Editor: Emphasize the image in row 2 column 1. 
4.1.3. LAB MEDIA: Figure 1. Video Editor: Emphasize the image in row 1 column 1.  
4.2. After 1 hour of heat shock, robust fluorescence was observed in both reporters [1]. When RNAi was used to knockdown hsf-1 before measuring reporter induction [2], fluorescence of both strains was severely reduced, indicating that these reporters are HSF-1-dependent [3].
4.2.1. LAB MEDIA: Figure 1. Video Editor: Emphasize the water bath and incubator images in both rows.
4.2.2. LAB MEDIA: Figure 2. 
4.2.3. LAB MEDIA: Figure 2. Video Editor: Emphasize the RNAi images. 
4.3. To quantitate induction of the heat shock response at the molecular level, two endogenous heat shock proteins were measured with RT-qPCR [1]. It was found that a 1-hour, 33-degree Celsius heat shock results in more than a 2,000-fold increase in relative expression of the two heat shock genes [2].
4.3.1. LAB MEDIA: Figure 3. 
4.3.2. LAB MEDIA: Figure 3. Video Editor: Emphasize the heat shock bars. 
4.4. A thermorecovery assay demonstrated that exposure to a 6-hour heat shock led to a 20% decrease in worms with normal movement after a 48-hour recovery [1]. Knockdown of hsf-1 caused a dramatic decrease in normal movement, with over 95% of worms showing jerky movement or paralysis after being prodded [2].
4.4.1. LAB MEDIA: Figure 4 A. Video Editor: Emphasize the control bar. 
4.4.2. LAB MEDIA: Figure 4 A. Video Editor: Emphasize the RNAi bar (red). 
4.5. In contrast, knockdown of hsf-1 did not have a significant effect on the results of a thermotolerance assay, in which worms are exposed to a continuous 35-degree Celsius temperature and the percentage of worms alive is measured at various timepoints [1]. 
4.5.1. LAB MEDIA: Figure 4 B. 

Conclusion
5. [bookmark: _Hlk27388131]Conclusion Interview Statements

5.1. Nicole L. Golden: When performing this technique for the first time, make sure to wrap the plates with paraffin film twice to prevent water from entering the plates and ruining the experiment. 

5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.3.1. and 2.3.2. 

5.2. Rosemary N. Plagens: Molecular assays can be extended into genomic analyses using RNA-seq.  Other organismal assays affected by the heat shock response can be included such as lifespan.  
5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

5.3. Rosemary N. Plagens: The unique ability to correlate molecular, cellular, and organismal heat shock response assays in C. elegans has proven invaluable for the understanding of the role of this pathway in development and disease.

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






 2020, Journal of Visualized Experiments		Page 3 of 11
image1.png




