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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? Maybe Videographer: Authors have C-mounts but are concerned about their camera resolution; please record through their microscope(s) as necessary. No additional scope kit is required
2. Does your protocol include software usage? Y
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
3. Which steps from the protocol section below are the most important for viewers to see? 
2.1., 2.6., 2.9., 3.2., 3.3.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.2 Under a stereoscope, pick 8-10 late-L4 stage worms with an eyelash or platinum pick [1] and submerge the pick in the plate containing the solution until the worms move off the pick and swim into the solution [2].
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.

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

1.0	Lucia Carvelli: demonstrating the procedure is Sirisha Kudumala and Serena Sossi.
They both work in my laboratory [1].

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

1.1. Sirisha Kudumala: The overall goal of this procedure is to demonstrate swimming-induced paralysis, or SWIP, a behavioral assay to assess dopamine signaling in C. elegans [1].

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

1.2. Sirisha Kudumala: SWIP allows the quick identification of genes within or related to the dopaminergic synapses [1].

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. Serena Sossi: This method allows investigation of the effects produced by an excess of extracellular dopamine that is caused, for example, by drugs or by mutations at the dopamine transporter [1].

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

1.4. Serena Sossi: To ensure that all of the worms tested during the same assay swim for the same amount of time, the animals must be quickly transferred into the solution [1].

1.4.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera

1.5. [bookmark: _Hlk534619233]Serena Sossi: Visual demonstration is instrumental for demonstrating how to identify late-L4 animals, to quickly transfer the animals into the solution, and to discriminate between actively swimming and paralyzed animals [1].

1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
Section - Protocol
2. C. elegans Husbandry
2.1. To set up worm starter cultures, use a sterile spatula to cut small pieces of agar from a plate containing well-fed C. elegans [1] and transfer the agar pieces into individual NA22 (N-A-twenty-two) E. coli plates [2-TXT].
2.1.1. WIDE: Talent cutting agar
2.1.2. CU: Agar being placed onto plate TEXT: See text for all plate/reagent preparation details
2.2. After incubating the plates at 20 degrees Celsius for 3-4 days [1], visually confirm the presence of gravid adults under a stereo microscope [2].
2.2.1. MED: Talent placing plate into incubator
2.2.2. [bookmark: _Hlk534620047]SCOPE/LAB MEDIA: To be provided by Authors: Image of gravid adults Videographer: Authors have C-mounts, please record all SCOPE shots with your camera if Authors’ camera is not high enough resolution
2.3. To obtain a synchronized population of worms, squirt water onto a plate full of gravid adults [1], gently swirl the plate to dislodge the worms [2], and use a disposable pipette to transfer the worms into a 15-milliliter polystyrene conical tube [3].

2.3.1. MED: Talent squirting plate
2.3.2. CU: Plate being swirled
2.3.3. CU: Adults being collected 

2.4. After pooling the worms from a second plate into the tube [1], collect the worms by centrifugation for three washes in 15 milliliters of autoclaved water per wash [2-TXT]. The water should appear clear after the last wash [3]. 

2.4.1. MED: Talent adding worms to 15-mL tube 
2.4.2. MED: Talent adding tube(s) to centrifuge TEXT: 2 min, 140 x g, RT, x3
2.4.3. CU: Shot of pellet and clear water

2.5. After the last centrifugation, add 5 milliliters of a freshly-prepared sodium hypochlorite-sodium hydroxide solution to the worms [1] and mix rapidly with a vortex [2].

2.5.1. CU: Shot of pellet, then sodium hypochlorite-sodium hydroxide solution being added to tube, with solution container label visible in frame 
2.5.2. CU: Worms being vortexed

2.6. Incubate the tube on a rocker [1], place a drop of worm solution onto a glass microscope slide [2] and check for worm lysis under a stereoscope every 2 minutes for 4-8 minutes [3].

2.6.1. MED: Talent placing tube onto rocker
2.6.2. CU: Drop being added to slide
2.6.3. MED: Talent at microscope, checking slide

2.7. When about 70% of the worms have been lysed and the eggs have been released [1], immediately stop the lysis with the addition of egg buffer [2]. 

2.7.1. SCOPE/LAB MEDIA: To be provided by Authors: Shot of lysed worms
2.7.2. MED: Talent adding buffer to tube, with egg buffer container visible in frame

2.8. [bookmark: _Hlk526924947]Then centrifuge the embryos and worm carcasses four times, resuspending the pellet with fresh egg buffer between washes, to remove any remaining bleach [1-TXT]. 

2.8.1. MED: Talent placing tube(s) into centrifuge TEXT: 1 min, 140 x g, RT, x4

2.9. After the last wash, the pellet should appear white [1]. Resuspend the pellet in 5 milliliters of autoclaved water [2] and 5 milliliters of 60% sucrose [3] to separate the embryos from the carcasses by centrifugation [4-TXT].

2.9.1. ECU: Shot of white pellet
2.9.2. MED: Talent adding water to pellet
2.9.3. MED: Talent adding sucrose to tube, with sucrose container visible in frame
2.9.4. MED: Talent adding tube(s) to centrifuge TEXT: 6 min, 160 x g, RT

2.10. Remove the tube carefully from the centrifuge after the density gradient separation [1] and use a glass Pasteur pipette to transfer 3-4 milliliters of the embryos floating at the upper meniscus into a new 15 milliliter conical tube [2]. 

2.10.1. MED: Talent carefully removing tube from centrifuge
2.10.2. CU: Shot of layers, then embryos being collected

2.11. Wash the embryos three times with autoclaved water to remove the sucrose [1-TXT] followed by three washes in M9 (M-nine) buffer [2].

2.11.1. MED: Talent filling tube with water TEXT: 3 min, 140 x g, RT, x3
2.11.2. CU: Shot of pellet if visible, then M9 buffer being added to tube, with M9 buffer container label visible in frame

2.12. After the last wash, incubate the embryos on a shaker overnight in 10 milliliters of fresh M9 buffer to allow the eggs to hatch and remain at the L1 (L-one) larval stage [2-TXT].

2.12.1. MED: Talent placing tube onto shaker TEXT: Worms will remain in L1 stage due to lack of food

2.13. After no more than 14 hours on the shaker, wash the L1 larvae three times with autoclaved water to remove any pheromones released by the larvae [1-TXT] and resuspend the larval pellet in 1 milliliter of water [2].

2.13.1. MED: Talent adding tube(s) to centrifuge TEXT: 2 min, 140 x g, RT
2.13.2. CU: Shot of pellet, then water being added to tube

2.14. Dilute an aliquot of worms to a 1:10 ratio [1] and add two 10-microliter drops onto a glass slide [2] for counting under a stereomicroscope to obtain an average number of worms [3].

2.14.1. MED: Talent adding aliquot to tube
2.14.2. CU: Drop being added to slide
2.14.3. MED: Talent at stereoscope, counting worms

2.15. Use a pipette to add enough droplets of the worm solution onto a room temperature NA22 plate to seed approximately 1 x 103 worms for the culture [1] and leave the plate half open until the drops dry out [2].

2.15.1. CU: Droplets being added to plate, with worm solution container visible in frame
2.15.2. CU: Shot of half-open plate with dried drops

2.16. Then incubate the plate covered and upside down at 20-degrees Celsius for about 44-48 hours [1] or until the worms reach late L4-stage as confirmed visually under a stereomicroscope [2].

2.16.1. MED: Talent placing covered plate upside down in incubator Author comment: Not sure if it will be clear from the shot that the plate is upside down
2.16.2. SCOPE: Shot of L4 stage works OR MED: Talent placing plate onto microscope stage

3. Swimming-Induced Paralysis (SWIP)

3.1. For manual assessment of SWIP, add 40 microliters of control solution with or without 0.5 millimolar amphetamine into a glass spot plate [1].

3.1.1. WIDE: Talent adding solution to plate, with stock amphetamine container visible in frame as possible

3.2. Under a stereoscope, pick 8-10 late-L4 stage worms with an eyelash pick [1] and submerge the pick in the well containing the solution until the worms move off the pick and swim into the solution [2].

3.2.1. SCOPE/LAB MEDIA: To be provided by Authors: Worm(s) being picked
3.2.2. SCOPE/LAB MEDIA: To be provided by Authors: Pick being submerged/worm moving off and/or swimming

3.3. Start the timer, note the number of worms released into the well [1] and observe and record the number of worms exhibiting SWIP at each minute mark for a total of 10 minutes [2] [3].

3.3.1. MED: Talent noting number of worms and/or starting timer
3.3.2. SCOPE/LAB MEDIA: To be provided by Authors: Shot of worm(s) exhibiting swimming-induced paralysis 
3.3.3. [Added Shot] Talent recording number of worms paralyzed in lab notebook

3.4. At the end of the procedure, copy the raw data into a spreadsheet [1] and calculate the percent of worms paralyzed by dividing the number of worms paralyzed at each minute by the total number of worms tested throughout the assay and multiplying by 100 [2].

3.4.1. MED-over the shoulder: Talent adding data into spreadsheet, with monitor visible in frame
3.4.2. [bookmark: OLE_LINK3][bookmark: OLE_LINK4]SCREEN: To be provided by Authors: Percent paralyzed worms being calculated

3.5. [bookmark: _Hlk530047794]Copy the percent values into any graphing and statistical software [1] and plot the data with percent values of SWIP on the Y axis and time on X axis using the XY graph format. Statistical analsis among the control and amphetamine-treated groups and the time of treatment can be performed, for example, by using two-way ANOVA and post-hoc analysis [2].

3.5.1. MED-over the shoulder: Talent adding data into graphing and statistical software, with monitor visible in frame
3.5.2. SCREEN: To be provided by Authors: Data being plotted and/or analyzed
 
3.6. For automated analysis of swimming-induced paralysis, set up the camera, worm tracker software, and script to run the tracking software analysis [1-TXT] and use an eyelash pick to place a single, late-stage L4 worm into a glass spot plate as shown earlier [2]. Author comment: Picking of L4 worms into a spot plate is shown earlier with manual SWIP. So we didn’t include video of single worm being picked.

3.6.1. MED-over the shoulder: Talent at computer, setting up software, with monitor visible in frame TEXT: See text for full automated SWIP analysis setup details
3.6.2. CU: L4 stage larva being placed into glass spot plate Author comment: (This shot is not through the camera, so larval stage (L4) is not visible

3.7. Then record swimming videos of one worm at time [1] and use the worm tracker software to calculate the frequency of body bends, following the script provided with the tracking software to obtain the worm thrashing frequency and to generate heat maps from the worm thrashing data [2].

3.7.1. SCREEN: To be provided by Authors: Swimming video of one worm
3.7.2. SCREEN: To be provided by Authors: Frequency of body bends being calculated, then worm thrashing frequency calculated and/or heat maps being generated



Section – Results
4. Results: Representative Manual and Automated Amphetamine-Induced SWIP Analysis 

4.1. Most of the worms tested in the control solution swim continuously for at least 10 minutes [1].

4.1.1. LAB MEDIA: Figure 2: JoVE Video Editor: please trace red control data line from 0-10 

4.2. Worms exposed to either control or amphetamine do not show SWIP in the first minute of observation [1]. 

4.2.1. LAB MEDIA: Figure 2: JoVE Video Editor: please emphasize 1-min data points in red and blue lines

4.3. However, while worms treated with the control solution continue to swim for 10 minutes [1], worms treated with amphetamine begin to exhibit SWIP after 2 minutes of treatment [2] and, after 10 minutes, 66% of animals show SWIP [3].

4.3.1. LAB MEDIA: Figure 2: JoVE Video Editor: please trace red control data line from 0-10
4.3.2. LAB MEDIA: Figure 2: JoVE Video Editor: please emphasize 2-min data point in blue line
4.3.3. LAB MEDIA: Figure 2: JoVE Video Editor: please emphasize 10-min data point in blue line

4.4. Here examples of heat maps of animals [1] exposed to the control or to amphetamine are shown [2], with an expected considerable increase in paralysis observed in the amphetamine-treated animals [3].

4.4.1. LAB MEDIA: Figure 3: JoVE Video Editor: please emphasize Control heat map
4.4.2. LAB MEDIA: Figure 3: JoVE Video Editor: please emphasize AMPH heat map
4.4.3. LAB MEDIA: Figure 3: JoVE Video Editor: please emphasize green boxes in bottom right of AMPH heat map



Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
5.1. Sirisha Kudumala: (Step: 3.2) Before attempting this assay, one should be well acquainted with the picking and developmental staging of C. elegans [1].
5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
5.2. Sirisha Kudumala: The involvement of the dopaminergic system in SWIP behavior should be confirmed using animals lacking the expression of dopaminergic proteins or by the depletion of dopamine vesicles with reserpine [1].
5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
5.3. Sirisha Kudumala: SWIP can be instrumental in identifying new proteins involved in the mechanisms of action for drugs acting at the dopaminergic synapses [1].
5.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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