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A. Which steps of your protocol will viewers benefit most from having filmed? (use the numbering below) 2.1, 2.2, 2.3, 2.4, 3.2, 4.3, 4.4
LEGEND

Schematic Overview (read by a voice talent at JoVE)

The overall goal of the following experiment is to quantify the chemotactic response of C. elegans using a simple and inexpensive assay. (Intro)  This is achieved by isolating staged worms and placing them at the center of a marked plate, equidistant from all test and control sites. (P1)  Deposited at each site is a compound of interest or a control compound, both combined with an anesthetic that will arrest the worms as they approach. (P2)  After 60 minutes, the final distribution of the worms on the plate is tallied  (P3)  and the ratio of the worms locations is used to provide an assay index.  (P4)  Ultimately, quantifying the attraction of C. elegans to certain compounds can be used to evaluate the behavioral consequences of underlying experimental manipulations.  (P5)

Video editor:  The graphics for the narrative depict the top view of a Petri dish that is the amphitheater for the worms to roam around in.  The ABCD labels for the P1 graphic, top left, show the quadrant names.  In the P2 graphic the red and blue circles are where the odorants are placed in small containers – along with the odorant is a scentless anesthetic, which means as the worms approach any of these scents they are frozen by the drug.   P3 shows a pair of outcomes with squiggly lines being worms.  In actuality, the worms are not visible so easily to the naked eye, but in the right light their little squiggly paths are visible.  This spreading out process by the worms from the center dot takes 60 minutes, so a clock graphic could be added to show an hour pass and the squiggles could be grossly animated.  For P4 we have the equation – nothing fancy about that, except the “CI=” part needs to be moved to be even with the division line and the division line need to extend completely over the words above and below it.  For P5, show Figure 3.


[image: image1]
1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  

1.1. Olivia Margie: The main advantage of this technique is that it encompasses many of the advantages of its predecessors, while allowing for a greater ease of use. 

1.2. Chris Palmer: This method provides insight into the behavior of C. elegans, and is especially useful in combination with neurogenetic manipulations and other neurobiological assays. 

Protocol Chapters (read by a voice talent at JoVE):

Video Editor: There are videographer notes in the drawer next to station 1.
2. Preparing the Test Plates

2.1. Begin with 5-cm plates loaded with chemotaxis agar or NGM.  Mark the underside of the plates into 4 equal quadrants.  Prepare at least three plates for at least 3 trials per genetic strain being tested and per condition tested.

2.1.1. WID: talent unpacks prepared agar plates and begins marking the quadrants
2.1.2. CU: pen to plates, show how the quadrants are marked.
2.1.3. MED: a fifth or sixth plate is marked and set into a stack with the other marked plates
2.2. Next, mark a circle of with a 0.5 cm radius around the origin.

2.2.1. ECU/CU: show the central ring being marked on one plate
LAB MEDIA: Figure 1

2.3. Then, mark points in the opposite quadrants with a “T” for “Test” or a “C” for “Control,” ensuring that the sites are equidistant from the origin and from each other.  The points must be at least two centimeters away from the origin.

2.3.1. CU: marking the quadrants T and C
2.3.2. CU: talent uses a ruler to demonstrate that the T and C marks are equally spaced from each other
2.3.3. CU: talent uses a ruler to demonstrate that the T and C marks are at least 2 cm from the center point and all equally far from the center point
2.4. Chris Palmer: It is critical that the solutions containing azide are placed 2 cm away from the origin. The effective radius of paralysis of the azide is 1 cm. So, placing the azide too close to the origin may immobilize the worms before they leave the inner circle and spoil the assay.
2.4.1. MED/WID: interview shot of Chris at bench, where he marking the plates
2.4.2. WID: last plate is marked, completing the plate preparation, talent turns attention to next step
LAB MEDIA: Figure 1  
2.5. Lastly, mark the different quadrants with the conditions intended to be used on that plate. 

2.5.1. CU: marking the quadrants “test” and “control” or “ethanol” and “diacetyl”

2.5.2. WID: last plate is marked, completing the plate preparation, talent turns attention to next step
LAB MEDIA: Figure 1  

3.  Preparing the Worms

3.1. For this assay, have prepared young adult worms in synchronized development on 5-cm chemotaxis plates.

3.1.1. WID: talent unloads worm plates from their incubator and brings them to the bench
3.1.2. ECU: an example plate of worm, showing typical lab-markings in focus
3.2. Olivia Margie: Worms that are in different stages of development may respond differently to analytes. It is very important that the worms that are employed in the assay are all in the same developmental phase.
3.2.1. MED/WID: interview shot with Olivia, at bench where she has brought worms to in previous step
3.3. Once the worms have cleared a lawn of OP50 E. coli, pipette 2 mL of S-Basal buffer onto the plate.  Manipulate the plate to get all the worms into the buffer.

3.3.1. MED: talent investigates a plate to confirm that the worms have “cleared the lawn” (a.k.a. eaten their food)
3.3.2. MED: talent adds 2 ml of solution to the plate and swirls/manipulates the worms into the solution
3.4. To wash the worms, pipette 1 mL of the worms in buffer into a microcentrifuge tube and centrifuge them for 10 seconds using a PicoFuge at 6,600 rpm.  

3.4.1. MED: talent takes 1 ml of solution from plate and adds it  to a tube, then loads tube into a microcentrifuge and starts it up
3.4.2. CU: unloading the centrifuge
3.5. Aspirate the S Basal, leaving the pellet of worms undisturbed.  Now, wash these worms three more times, using the same method.  Begin by adding the S-Basal buffer to the tube and inverting the tube to put the worms back in solution.

3.5.1. ECU: side view of tube after it is spun down, showing pellet of worms at bottom, pipette tip enters and removes solution above
3.5.2. MED/CU: talent adds back solution, caps tube, inverts it a few times and loads it into the centrifuge
3.5.3. Reuse 3.4.2
3.6. After the final wash, centrifuge for the worms for another 10 seconds and then aspirate the supernatant to a final volume of 100 µL.

3.6.1. CU: talent programming the centrifuge for 10 second spin down and starting it, show the control panel of centrifuge

3.6.2. ECU: just like 3.5.1, worms in tube after extra 10 seconds, volume is 100 microliters when re-filled
3.7. Next, ensure a sufficient density of worms by pipetting 2 µL of the washed worms from the pellet onto an NGM plate.  There must be at least 50 worms but not much more than 200 worms.

3.7.1. MED: talent takes a small sample of it (2 microliters) in pipette, ejects it onto a plate
3.7.2.   MED: places the plate under a microscope and looks through scope
3.8. If there are too many worms, adjust the volume of S-Basal solution; and if there are too few worms, spin them down and re-suspend them in a lower volume. 

3.8.1. MED: talent adds more solution to the tube with pipette, then capping and flicking

3.8.2. Reuse: loading the centrifuge footage from 3.5.2, followed by 3.6.2
Video editor: show 3.8.1 and 3.8.2 in a split screen to indicate that these are the two possible outcomes for this step.

3.9. Set the worm tube in a fume hood. Once prepared, the worms are good to use in the chemotaxis assay for up to an hour.  

3.9.1. WID: talent sets the worm tube onto a rack in a fume hood and gathers materials to prepare the test and control compounds
4. Running the Assay

4.1. First prepare the solutions. Mix the test solution by combining equal volumes of the test compound with the anesthetic, 0.5 M azide.  

4.1.1. WID: talent takes aliquot of test solution and add it to the tube

4.1.2. MED: adding aliquot of sodium azide to same tube, the bottle of sodium azide should be clearly labeled “0.5 M sodium azide”
4.2. Next, mix a control solution of the solvent used to dilute the test compound with 0.5 M sodium azide. 

4.2.1. MED: like 4.1.2 but mixing a different solution with sodium azide in second tube 
4.3. Now prepare a test plate. First, pipette 2 µL of worm solution from the pellet onto the origin of a test plate.

4.3.1. CU: pipette takes worms from the pellet and deposits at origin point on test plate
4.4. Second, add the odorants.  Pipette 2 µL of the test solution onto the two “T” sites and pipette 2 µL of the control solution onto the two “C” sites.  

4.4.1. CU: pipette deposits solution four times onto the same plate, twice at the T sites, then twice at the C sites
4.5. Once the worms and odorant drops have been absorbed into the agar, replace the lids, invert the plates, and allow sixty minutes for the assay time.

4.5.1. THIS TAKE IS VERY LONG. WE APOLOGIZE. THERE ARE TWO ATTEMPTS WITHIN THE SHOT LABELLED ‘TAKE 2.’ PLEASE USE THE SECOND ATTEMPT FROM TAKE 2. THIS IS THE BEST TAKE. PLEASE DON’T HESITATE TO GET IN TOUCH IF THIS IS CONFUSING. ECU: drop of solution from the point it is added to agar plate, to the point where it has seeped into the agar plate (Videographer note: “verbally slated – use time-lapse to show drop seeping into agar base”)
4.5.2. MED: talent covers the test plate, inverts it and starts a timer to countdown 60 minutes, placing the timer at the position of the plate
4.6. For the sodium azide diffusion time to be standardized between trials, it is important that the worms are added immediately before the odorants.  Also, each plate should be fully prepared and that assay begun, before preparing the next plate.

4.6.1. MED: talent goes through the complete process of preparing a plate, covered by shots  4.3.2 – 4.5.2
4.6.2. CU: loading a pipette tip from the worm tube 
4.6.3. CU: loading a pipette tip from the control or test solution
Video editor: mix 4.6.2 and 4.6.3 into an abridged 4.6.1 shot

4.7. After the 60 minute trial, place the worms in a 4 °C refrigerator.  Later, remove the plate from the refrigerator when it can be counted.  Not counting them immediately, and leaving the worms at room temperature may allow them to mobilize again.

4.7.1. ECU: timer next to test plate, both in shot, the timer arrives at 00:00 and begins beeping
4.7.2. WID: talent arrives at bench and retrieves plate and turns off timer
4.7.3. WID: talent loads the plate into a refrigerator
4.8. Record the location of worms that completely crossed out of the inner circle. 

LAB MEDIA: Movie2

4.9. From the data, calculate the chemotaxis index: the value will range from negative one to positive one, representing maximum repulsion to maximum attraction.

LAB MEDIA: Figure 2 

4.10. Repeat the process using the control solution in both the test and control quadrants.  This will serve as the control plate.  Three such plates should be made and run for each experimental condition.

4.10.1. CU: marking a plate with four C instead of 2 C and 2 T
4.10.2. WID: covering plate, flipping it over, starting a timer
LAB MEDIA: Movie3

5. Comparing wild-type (N2) C. elegans to the odr-10(ky10) mutant

5.1. Diacetyl, a known C. elegans chemo-attactant, was used to compare wildtype worms to mutants that lack the receptor for diacetyl. 

LAB MEDIA: Movie1

5.2. As expected, diacetyl elicited a significant chemo-attractive response from wild-type worms.  

LAB MEDIA: Fig. 3 Video editor: highlight the “wt” bars

5.3. In contrast, the odr-10(ky10) mutants were no more attracted to diacetyl as they were to the control compound, ethanol.

LAB MEDIA: Fig. 3 Video editor: highlight the “odr-10” bars

6. Conclusion Interview (spoken by you on camera)

6.1. Chris Palmer: Once mastered, this technique can be completed in less than ninety minutes if it is performed properly.

6.2. Olivia Margie: After watching this video, you should have a good understanding of how to efficiently evaluate the chemotactic response of C. elegans to analyte solutions, taking special care to ensure that the tested worms are in synchronized stages of development and that a sufficient number of worms are employed per trial.

List of Provided Media Filenames and Descriptions

2.2- 50069_Chin-Sang_Figure1.002.tiff

2.4- 50069_Chin-Sang_Figure1.002.tiff

4.8 -50069_Chin-Sang_Figure2.002.tiff

5.2 & 5.3 -50069_Chin-Sang_Figure3.tif

4.8 – Movie2  - Representative result of a test plate, using 0.5% Diacetyl + 0.5M Sodium

Azide on the Test (T) spots.

4.10 – Movie3 - Representative result of a control plate, using 90% Ethanol + 0.5M Sodium

Azide on the Test (T) and Control (C) spots.

5.1 – Movie1 - worms chemotaxing to the chemoattractant, Diacetyl.

The lab movies will be provided to videographer, from lab, because of their size.
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