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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Y  
Can you record movies/images using your own microscope camera? N 
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.
Olympus MZ6, Olympus BX51WI microscope
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? 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.) 3.1 - 3.6  
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.) 3.3
5. Will the filming need to take place in multiple locations? Y
If yes, how far apart are the locations? 1 mile


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. Ashley Martin: This protocol provides 2 methods to immobilize C. elegans to perform in vivo calcium imaging of body wall muscles. This method can help answer questions related to calcium homeostasis and calcium handling at an accessible synapse in a genetically tractable organism.

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

1.2. Janet Richmond: The main advantage of the two techniques described here is that they provide the ability to use and compare two alternative immobilization methods to thoroughly investigate research questions that require calcium-imaging at the neuromuscular junction of C. elegans. 

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. Simon Alford: This technique can provide a better understanding of the mechanisms regulating muscle calcium homeostasis and could therefore be important in identifying conditions or molecular pathways that impact excitation-contraction coupling through the misregulation of calcium cycling. 

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

1.4. Janet Richmond: This method can provide insight into areas of research including, but not limited to, neurobiology, developmental biology and cell biology. This technique could be adapted to study a variety of cell types in C. elegans, other related nematodes as well as Drosophila larvae.

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

1.5. Ashley Martin: Visual demonstration of this method is critical so the experimenter can understand the dissection technique and be able to accurately assess calcium transients from properly immobilized animals.

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





Section - Protocol
2. Microscope Setup
2.1. Start by setting up the microscope for fluorescent imaging [1]. Use a scientific CMOS (pronounce ‘C-mos’) camera capable of full frame imaging at 100 hertz in order to track rapid changes in calcium levels [2]. Control camera acquisition and LED fluorescence excitation with a micromanager software running in Image J [3]. 
2.1.1. WIDE: Establishing shot of talent walking to the microscope. 
2.1.2. Microscope with attached camera. 
2.1.3. Talent opening micromanager software.
2.2. Use an open-source electronic platform plugin, which connects to an external open-source microcontroller board, to manage the external timing pulses that control fluorescence excitation [1]. To control the timing logic, activate the micromanager acquisition protocol in the software according to manufacturer’s instructions [2]. 
2.2.1. SCREEN: Electronic platform plugin activated. NOTE: Authors responsible for all screen captures.
2.2.2. SCREEN: Micromanager acquisition protocol activated.
2.3. Use two LEDs to stimulate channelrhodopsin with blue light and record RCaMP (pronounce ‘R-camp’) changes. Activate channelrhodopsin with an LED with a peak emission wavelength of 470 nm and a bandpass filter and excite RCaMP with an LED with a peak emission wavelength of 594 nm and a bandpass filter [Added Shot]. 
2.3.1. SCREEN: LED emission wavelengths and bandpass filters being programmed. Added shot: CU of LED and bandpass filter being built into the same apparatus

2.4. Co-illuminate both LEDs and transmit the light to the same optical path using a dichroic beam combiner [1]. Control the timing of the LED illumination with solid state switches controlled by TTL signals according to manuscript directions [2] and set the LED intensity with the current controlled low noise linear power supplies [3].

2.4.1. Talent setting up the dichroic beam combiner.  
2.4.2. Talent controlling the timing of the LEDs. 
2.4.3. Talent setting the LED intensities.  

2.5. Then, program the blue light stimulation protocol into a stimulator. In this experiment, turn on blue light stimulation after 2 seconds of capturing RCaMP fluorescence only and use a train of 5 2-millisecond blue light pulses with 50-millisecond intervals to activate channelrhodopsin [1].

2.5.1. Talent programming the blue light stimulation. 

3. C. elegans Sample Preparation and Data Acquisition 
3.1. If using the dissection preparation, perform C. elegans dissection in low light [1]. Place the animals in a dissection dish with a silicone-coated coverslip base that is filled with a 1-millimolar calcium extracellular solution prepared according to manuscript directions [2]. Videographer: This step is important!
3.1.1. Proper dissections setup. 
3.1.2. Talent placing worm in the dissection dish. 
3.2. Glue down the animals using the liquid topical skin adhesive with blue coloring along the dorsal side of the worm [1] and make a lateral cuticle incision along the glue and worm interface using glass needles [2]. Videographer: This step is important!
3.2.1. Talent gluing down the animal. 
3.2.2. Talent making a lateral cuticle incision. 
3.3. Use a mouth pipette to clear the internal viscera from the worm cavity [1], then glue down the cuticle flap of the animal to expose the ventral medial body wall muscles for imaging [2]. Videographer: This step is difficult and important!
3.3.1. Talent clearing internal viscera with a mouth pipette. 
3.3.2. Talent gluing down the cuticle flap. 

3.4. If using the nanobead preparation, make a molten 5% agarose solution using distilled water to a final volume of 100 milliliters [1]. Videographer: This step is important!

3.4.1. Talent making agarose solution. 

3.5. Use a Pasteur pipette to place a drop of molten agarose solution onto a glass slide [1] and immediately place a second glass slide over the top, using gentle pressure to create an even agarose pad [2]. Remove the top slide [3] and add approximately 4 microliters of polystyrene nanobeads to the middle of the pad [4]. Videographer: This step is important!

3.5.1. Talent putting a drop of molten agarose onto a glass slide. 
3.5.2. Talent putting a second slide on top of the agarose and applying gentle pressure. 
3.5.3. Talent removing top slide. 
3.5.4. Talent pipetting nanobeads on the agarose pad. 

3.6. In low light, add 4 to 6 C. elegans into the nanobead solution, making sure that the animals do not lay on top of each other [1], and carefully place a coverslip on top [2]. Videographer: This step is important!

3.6.1. Talent adding worms to nanobead solution.  Author NOTE: Also filmed SCOPE shot of this
3.6.2. Talent putting a coverslip on top.  Author NOTE: Also filmed SCOPE shot of this

3.7. When ready to image, place the prepared slide or dissection dish on the microscope [1] and find and focus on a worm using 10 X magnification and dim bright field illumination [2]. 

3.7.1. Talent placing the slide or dish on microscope. 
3.7.2. SCOPE: Worm coming into focus with the 10X magnification.

3.8. Switch to 60 X magnification and RCaMP (pronounce ‘R-camp’) fluorescence excitation to identify a ventromedial body wall muscle that is anterior to the vulva and in the correct focal plane [1]. Then, change the image pathway from the eyepiece to the camera by pulling out the toggle and clicking ‘Live’ within the data acquisition software [2]. 

3.8.1. SCOPE: Talent switching to 60X magnification (did not film and fluorescence excitation), then identifying the ventromedial body wall muscle. 
3.8.2. SCREEN: Live being clicked and live feed appearing. NOTE: Authors responsible for all screen captures.

3.9. Click the ‘ROI’ button in the data acquisition software and create a box around the muscle that is being focused on [1]. On the stimulator, switch on the previously programmed blue light stimulation pathway [2]. Then, click acquire on the imaging software to capture the image [3-TXT]. 

3.9.1. SCREEN: ‘ROI’ being clicked and box created. 
3.9.2. SCREEN: blue light stimulation pathway being switched on. 
3.9.3. SCREEN: Acquire clicked and image acquired. 





Section – Results
4. [bookmark: _GoBack]Results: Baseline Calcium Levels and Evoked Calcium Transients in C. elegans Body Wall Muscles
4.1. When C. elegans are grown on all-trans retinal, successfully incorporating retinal and activating the channelrhodopsin, a calcium transient can be evoked [1]. If animals are not exposed to all-trans retinal, no muscle calcium transient is triggered [2]. 
4.1.1. Figure 2 A. Video Editor: Emphasize the calcium transient (hill that follows the 5 spikes) when VO says ‘calcium transient’. 
4.1.2. Figure 2 B.  

4.2. This protocol was used to investigate loss-of-function sca-1 mutants, which impact the sarcoplasmic reticulum calcium pump encoded by the SCA-1 gene. 

4.2.1. Figure 3 A and B. 

4.3. With the dissection preparation, increases in baseline levels of RCaMP (pronounce ‘R-camp’) fluorescence were observed in the mutant compared to the control, suggesting that the mutation leads to elevated levels of resting cytoplasmic calcium [1].

4.3.1. Figure 3 A and B. Video Editor: Emphasize the second image in A and blue bar in B, sca-1(5339). 

4.4. There was a significant decrease in peak calcium levels in the sca-1 mutants as compared to the control [1]. However, no change was seen in the rise to peak time or the half decay time [2]. Importantly, similar results can be observed using the less technically challenging nanobead preparation [3]. 

4.4.1. Figure 3 C and D. Video Editor: Emphasize the blue line in C and blue bar in D. 
4.4.2. Figure 3 E and F.
4.4.3. Figure 4. 

4.5. Loss-of-function slo-1(eg142) (pronounce ‘slow-one-eggul-142’) mutants, which disrupt the calcium-activated big potassium channels, were evaluated in order to investigate mutants that indirectly impact calcium handling in C. elegans [1]. 

4.5.1. Figure 5. 

4.6. When baseline levels of RCaMP were measured, the mutants displayed increased fluorescence compared to the controls [1]. 

4.6.1. Figure 5 A and B. Video Editor: Zoom in on A and B and emphasize the second image in A and purple bar in B, slo-1(eg142).

4.7. When evaluating the kinetics of the calcium transient, no changes in peak calcium levels were seen [1]. The slo-1(eg142) (pronounce ‘slow-one-eggul-142’) mutants, however, exhibited a significantly increased rise to peak time [2]. 

4.7.1. Figure 5 C and D. 
4.7.2. Figure 5 E. Video Editor: Emphasize the purple bar.




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

5.1. Ashley Martin: The most important step to remember when completing this procedure is to rear the experimental animals in all-trans retinal. Without this step the channel rhodopsin will be inactive, preventing light-induced calcium transients from being triggered.

5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.5.1.
5.2. Ashley Martin: Following this procedure electrophysiology and behavioral assays can be done to evaluate the functional impact of any observed changes in calcium homeostasis.

5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
5.3. Janet Richmond: Using the immobilization methods outlined here paves the way for further exploration of calcium dynamics and demonstrates that comparable results can be observed in response to optogenetic neuronal stimulation and capture of muscle calcium transients using the far less challenging bead immobilization technique.

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