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Please revisit the brief questionnaire below.   NOTE: Step numbers have changed from the previous document. Please re-address questions C and D to help the videographer obtain the best shots for your video. 
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_____N____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_____N___ 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.

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document. ____3.8,3.9,3.10, 3.11_________________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document.___________3.10_____________

E.  Will the filming need to take place in multiple locations? (Y/N) _N______ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

The overall goal of the following experiment is to monitor behavior, development, and neural activity of multiple Caenorhabditis elegans. (Intro)
This is achieved by culturing the worms in food-filled agarose microfluidic chambers. (C1)
Long-term calcium imaging is performed using an EMCCD camera and TTL-triggered short exposure times. (C2)  

The procedure can be scaled up by scanning multiple chambers sequentially or by filming several chambers at once. (C3)
The results show calcium transients of command interneurons and larval, as well as adult, behavior. (C4)
C1: LAB MEDIA: graphical abstract.ai, panel C1. First, fill the chamber with the blue liquid in the pipet tip and then fade in the red square containing an example of worms in their chambers.
C2: LAB MEDIA: graphical abstract.ai, panel C2. Starting from the far left, introduce the camera with the EMCCD label, then the arrow with label and finally the blue LED.

C3: LAB MEDIA: graphical abstract.ai, panel C3. Pan from one chamber to the next (to demonstrate sequential scanning) and the pan out to get the entire chamber (to demonstrate scanning several chambers).

C4: LAB MEDIA: graphical abstract.ai, panel C4. First show the left panel and then move to the right panel. Lastly, bring in the red arrow
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Michal: The main advantage of this microchamber technique is that behavior and development can be followed over long time scales with high-quality imaging.   

1.2. Judith: Visual demonstration of this method is critical as filling the microchambers correctly, with the right amount of food and worms, is difficult to learn.   

Protocol (read by voice talent at JoVE):

2. Instruments, Culture Media and Dishes
2.1. To begin, set up a microscope with a lid heater, automatic stage and EMCCD camera system [2.1.1-WIDE-TXT].
2.1.1. TEXT: Electron Multiplying Charge-Coupled Device: EMCCD  
2.2. Fabricate polydimethylsiloxane stamps in a microfluidics facility or by using a commercial foundry [2.2.1-MED-TXT].  Cut the PDMS chip into 16 individual stamps using a scalpel [2.2.2-MED]. 
2.2.1. TEXT: Polydimethylsiloxane: PDMS, See text protocol for details
2.2.2. Film as written
2.3. Next, expose both the stamp and a glass slide to air plasma for about one minute before attaching the stamp onto the slide [2.3.1-CU]. 
2.3.1. Film as written {Slated as 2.2.3}
2.3.2. Added shot: Attach the stamp to the glass slide. {Use take 1 then take 3 (removing the tape)}
2.4. Working slowly to avoid melting the plastic, cut out a square area from the bottom of a 3.5 centimeter dish [2.4.1-MED-TXT]. Prepare several dishes at once [2.4.2-MED]. 
2.4.1. TEXT: 18 x 18 mm

2.4.2. Film as written
2.5. Prepare sterile aliquots of both high and low melting point agarose [2.5.1-MED-TXT]. Prior to use, place 3 aliquots of high-melting point agarose onto a heating block [2.5.2-MED-TXT]. In addition, melt one aliquot of low-melting point agarose before transferring it to a separate heating block [2.5.3-MED-TXT]. 
2.5.1. TEXT: See text protocol for details

2.5.2. TEXT: 95-98°C

2.5.3. TEXT: 30-35°C {Use 2.5.2 take 4}
3. Preparation of Agarose Microchambers 
3.1. First, take the plastic dish with the square opening created earlier and place it upside down with the opening facing upwards [3.1.1-MED]. Use a piece of double-sided sticky tape to cover the opening [3.1.2-MED-TXT].

3.1.1. Film as written
3.1.2. TEXT: 20 x 20 mm
3.2. Turn the dish around so that the sticky tape is on the bottom and place the dish onto a hard surface [3.2.1-MED]. Cut the opening free using a scalpel [3.2.2-CU]. 
3.2.1. Film as written
3.2.2. Film as written
3.3. Next, fill the area that surrounds the opening with 2 milliliters of high-melting point agarose [3.3.1-MED]. Wait until the agarose is solid [3.3.2-CU]. 
3.3.1. Film as written
3.3.2. Film as written {Combine take 1 and take 2 (solidification)}
3.4. Once solidified, remove the protective film that covers the double-sided sticky tape on the other side [3.4.1-MED].  This results in a fine ring of sticky tape that surrounds the outside of the opening [3.4.2-CU]. The agarose serves as a moisture reservoir that will later surround the sample [3.4.3-CU]. 
3.4.1. Film as written
3.4.2. Film as written
3.4.3. Film as written
3.5. Before constructing the microchambers, prepare the PDMS stamp surface by exposing it to air plasma for 20 - 60 seconds [3.5.1-MED].  
3.5.1. Film as written
3.6. Create two spacers of equal height by stacking 5-9 glass slides [3.6.1-MED]. Place a single glass slide in between the two spacer stacks [3.6.2-MED/CU].  
3.6.1. Film as written
3.6.2. Film as written
3.7. Next, place the glass slide that contains the PDMS stamp across the spacers [3.7.1-MED/CU]. Adjust the height of the spacers so that there is a 1.5 mm space between the molding surface and the glass slide [3.7.2-CU]. 
3.7.1. Film as written
3.7.2. Film as written
3.8. When ready, place a drop of hot high-melting point agarose onto the slide near the PDMS stamp and quickly slide the stamp horizontally into the liquid agarose [3.8.1-CU].  Once the agarose has solidified and appears opaque, pull the stamp off vertically with one move [3.8.2-CU]. 
3.8.1. Film as written
3.8.2. Film as written
3.9. Using a fine platinum wire pick, transfer the eggs or worms together with OP50 bacteria onto the agarose [3.9.1-ECU and LM]. Use an eyelash to distribute one egg or one worm per chamber together with food [3.9.2-ECU and LM].
3.9.1. LAB MEDIA: 3.10-52742_Bringmann_Movie3.10.avi. This movie shows a microscopic view of how chambers are filled manually. In the first part, a pick (big black) is used to transfer food and eggs onto the agarose {use ECU on xDCAM filmed on the microscope}
3.9.2. LAB MEDIA: 3.10-52742_Bringmann_Movie3.10.avi. Show the next part of the movie where food and eggs are distributed with an eyelash (fine black) {use ECU on xDCAM filmed on the microscope}
3.10. One agarose pad should contain about 30 worms [3.10.1-CU]. Correctly filling the chambers and controlling moisture are critical for success [3.10.1-CU and LM]. 
3.10.1. Film as written
3.10.2. LAB MEDIA: 3.10-52742_Bringmann_Movie3.10.avi. Use a part of the movie that shows correctly filled chambers (ask authors for a time stamp?).
3.11. Cut the agarose slab containing the microchambers into a square so that it fits nicely into the opening of the dish [3.11.1-CU-TXT]. Use forceps to lift the slab and place it upside down onto a glass coverslip.  Once dropped, do not lift or slide the coverslip to avoid pushing contents out of their chambers. [3.11.2-CU-TXT]. The chambers are now sealed [3.11.3-CU and LM].
3.11.1. TEXT: 15 x 15 mm
3.11.2. TEXT: 20 x 20 mm
3.11.3. LAB MEDIA: 3.10-52742_Bringmann_Movie3.10.avi – Show the end of the movie where agarose microchambers are shown just after they were sealed with a glass coverslip. {use ECU on xDCAM filmed on the microscope}
3.12. Next, place the coverslip into the opening of the plastic dish [3.12.1-CU]. Gently press the coverslip down onto the ring made of double-sided sticky tape. Take care not to break the glass [3.12.2-CU]. 
3.12.1. Film as written 
3.12.2. [combined with 3.12.1] Film as written 
3.13. Turn the dish upside down and use low-melting point agarose to fill the gap between the agar slab and the agarose reservoir [3.13.1-CU]. 
3.13.1. Film as written {Use take 3}
3.14. When the agarose has solidified, seal the dish with a lid and Parafilm. [3.14.1-MED-TEXT].
3.14.1. TEXT: 95-98°C  
4. Calcium Imaging {move after part 5!}
4.1. Calcium imaging is performed on a compound microscope equipped for wide-field epifluorescence [4.1.1-MED]. To limit light exposure, use a transistor-transistor logic signal that triggers an LED to illuminate the sample at the same time the camera records a frame [4.1.2-MED]. 
4.1.1. Film as written
4.1.2. Film as written
4.2. Run a burst movie for 24 hours that images each worm every 15-30 minutes [4.2.1-MED].  First record 20 seconds with DIC, then 20 seconds with GFP fluorescence, and finally an image of the mKate2 signal for control expression levels [4.2.2-MED-TEXT]. 
4.2.1. TEXT: Differential Interference Contrast: DIC 
4.2.2. [combined with 4.2.1] Film as written 
4.3. For visual data inspection, use a false-color map to enhance the visibility of small changes in fluorescence intensity [4.3.1-MED]. Lastly, perform calcium data analysis using standard procedures [4.3.2-MED].
4.3.1. Film as written {Do not use last seconds with a graph}
4.3.2. Film as written {Use take 2}
5. Agarose Microfluidic Chambers Imaging
5.1. To begin, place the dish containing the microchambers onto the microscope and focus on the sample [5.1.1-MED]. Record 40 image frames in 20 seconds every half an hour for 24 hours [5.1.2-MED]. 
5.1.1. Film as written 
5.1.2. Film as written
5.2. Next, set up the scan so that it visits each worm using the stage [5.2.1-MED]. Aim to film about 30 worms in one run [5.2.2-MED]. 
5.2.1. Film as written {don’t use take 1}
5.2.2. [combined with 5.2.1] Film as written  
5.3. Multiple worms can be imaged by zooming out [5.3.1-MED]. Use a lower magnification to cover several microchambers and film several adjacent microchambers simultaneously [5.3.2-MED]. 
5.3.1. Film as written
5.3.2. Film as written
5.4. After the end of image acquisition, separate the data for each individual chamber by cropping a region of interest covering one animal [5.4.1-MED]. 
5.4.1. Film as written
5.5. Frame subtraction can be used to quickly assess mobility data after imaging [5.5.1-MED]. 
5.5.1. Film as written
6. Results: Long-term Calcium Imaging
6.1. This example shows larval development and sleep behavior during L1 lethargus [6.1.1-LM]. A chamber with larger dimensions allows development from an egg into an adult [6.1.2-LM]. Long-term changes in behavior are shown here [6.1.3-LM]. The dauer larva seen here is an alternative life stage that is engaged during adverse environmental conditions [6.1.4-LM]. This adult worm has laid many eggs into the chamber [6.1.5-LM]. Finally, this image shows an adult hermaphrodite and a male mating inside an adult chamber [6.1.6-LM].
6.1.1. Figure 1.pdf, panel A, or show 6.1-52742_Bringmann_Movie6.1A.avi (this movie shows an L1 worm inside a chamber)
6.1.2. Figure 1.pdf, panel B: Show each panel one at a time starting with the upper far left panel labeled “Egg” and ending with the lower far right panel, labelling this one “Adult”. 
6.1.3. Figure 1.pdf, panel C: Highlight the labels on the X axis and the corresponding red data points to demonstrate changes over time.
6.1.4. Figure 1.pdf, panel D, or show 6.1-52742_Bringmann_Movie6.1D (this movie shows a Dauer worm inside a chamber)
6.1.5. Figure 1.pdf, panel E: Show image E and point an arrow at a cluster of eggs.

6.1.6. Figure 1.pdf, panel F, or show 6.1-52742_Bringmann_Movie6.1F.mp4 (this movie shows worms mating inside a chamber)
6.2. Calcium imaging of the command interneuron AVA for an L1 larva is shown here [6.2.1-LM]. These images show calcium activity for the same type of neuron in an adult animal [6.2.2-LM].
6.2.1. Figure 2.pdf, panels AB, or show 6.2-52742_Bringmann_Movie6.2AB.avi (this movie shows calcium imaging of an L1 worm inside a chamber) 

6.2.2. Figure 2.pdf, panels CD, or show 6.2-52742_Bringmann_Movie6.2CD.avi (this movie shows calcium imaging of an adult worm inside a chamber)
6.3. Scaling up long-term imaging allows 30 worms to be imaged on one camera chip [6.3.1-LM]. The image quality of four worms calcium imaged simultaneously is shown here [6.3.2-LM]. 
6.3.1. Figure 3.pdf, panel A, or show 6.3-52742_Bringmann_Movie6.3A.avi (this movie shows 30 L1s filmed simultaneously)

6.3.2. Figure 3.pdf, panel B: Label the chambers 1-4
7. Conclusion (said by authors on camera)

7.1. Michal: While attempting this procedure, it is important to fill the chambers with the correct amount of food and to ensure the correct moistness of the agarose.

7.2. Judith: After watching this video, you should have a good understanding of how to use agarose microchamber imaging on various life stages of C. elegans.

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

graphical abstract.ai
3.9, 3.10, 3.11
3.10-52742_Bringmann_Movie3.10.avi – this movie shows microscopic view of how chambers are filled manually, first with a pick (big black), then food and eggs are distributed with an eyelash (fine), and finally, the this movie shows agarose microchambers just after they were sealed with a glass coverslip. 
The movies below are found in Jove Movies 52742.zip
6.1

6.1-52742_Bringmann_Movie6.1A.avi – this movie shows an L1 worm inside a chamber

6.1-52742_Bringmann_Movie6.1D.avi – this movie shows a Dauer worm inside a chamber

6.1-52742_Bringmann_Movie6.1F.mp4 – this movie shows worm mating inside a chamber

6.2

6.2-52742_Bringmann_Movie6.2AB.avi – this movie shows calcium imaging of an L1 worm inside a chamber

6.2-52742_Bringmann_Movie6.2CD.avi – this movie shows calcium imaging of an adult worm inside a chamber

6.3

6.3-52742_Bringmann_Movie6.3A.avi – this movie shows 30 L1s filmed simultaneously.
General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
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