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A. Microscopy: Does your protocol require JoVE to film through your microscope? N
B. Does your protocol include software usage? N
C. Which steps of your protocol will viewers benefit most from having filmed? 
2.3. 2.8., 3.4.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
4.8. We monitor the worms loaded in the device if they are moving and pumping well
E. Will the filming need to take place in multiple locations? N

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance. Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal: (read by voice talent at JoVE)

The overall goal of this procedure is to longitudinally image dynamic processes in adult nematodes under controlled environmental conditions for the tracking of worm behavioral responses and the kinetics of worm gene expression. (Intro)

B. Required Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.1. Erel Levine: This method can help answer key questions about how animals adapt to changes in their environments, including differences in core behaviors, gene expression, memory, and learning.   
1.2. Erel Levine: This technique allows the multiplexed, longitudinal observation of individual animals under dynamically controlled environments, as well as the simultaneous sampling of multiple aspects of adaptation at a high resolution.

C. Optional Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.3. Kyung Suk Lee: The implications of this technique extend toward a quantitative understanding of animal adaptation, as acquiring high-precision kinetic data can facilitate mathematical modeling and the formulation and testing of complex hypotheses.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)

E. Ethics title card: (for human subjects or animal work, does not count toward word length total) 

Protocol: (read by voice talent at JoVE)
2. Microfluidic Environment Preparation
2.1. To set up the device for the procedure, first connect the outlet syringe tip to a 50-cm piece of syringe tube [1-WIDE-TXT].
2.1.1.  Few seconds Talent connecting syringe to syringe tube (TEXT: See text for full device preparation details).
2.2. To make an adapter needle, use pliers to pull the needle shaft from the needle hub of a 20-gauge x ½ inch needle [1-ECU] and use a Bunsen burner to remove the remaining plastic residue [2-CU].
2.2.1. Few seconds needle being pulled from shaft
2.2.2. Few seconds plastic being burned
2.3. Holding both ends of the needle with pliers, bend the adapter needle according to the geometry of the experimental setup [1-ECU-TXT] and plug the needle halfway into the other end of the outlet syringe tube [2-CU].
2.3.1. Few seconds needle being bent (TEXT: Here needle is bent to 110°)
2.3.2. Few seconds needle being plugged into other end of syringe tube
2.4. Next, connect one buffer-inlet syringe tip directly to a 3-way valve [1-MED] and connect a buffer-inlet syringe to a 1-m piece of syringe tube [2-MED-over the shoulder], inserting the adapter needle halfway into the open end of the tube [3-CU].
2.4.1. Few seconds Talent connecting syringe to 3-way valve
2.4.2. Few seconds Talent connecting syringe to syringe tube
2.4.3. Few seconds needle being inserted halfway into open end of tube
2.5. Connect the buffer-exchange syringe to a 50-cm piece of syringe tube via the syringe tip [2-CU]. 
2.5.1. Few seconds Talent connecting tube to second valve. Few seconds syringe being connecting to tube
2.6. Connect the syringe tube to the remaining port of the 3-way valve [1-MED] and close the valve [2-CU].
2.6.1. Few seconds Talent connecting tube to port
2.6.2. Valve being closed
2.7. Using an adapter needle, connect the worm-inlet syringe to a 1-m piece of syringe tube as just demonstrated [1-LM].
2.7.1. Few seconds Talent connecting syringe to tube

2.8. Then rinse all of the materials two times with S-medium [1-CU-TXT] and fill the rinsed syringes and tubes with fresh S-medium, taking care to remove any air bubbles [2-MED].

2.8.1. Few seconds at least one syringe and/or tube being flushed (TEXT: See text for all medium/reagent preparation details)
2.8.2. Few seconds Talent filling tube(s)/syringe(s), with medium container visible in frame  

2.9. Now connect the outlet syringe tube to the device outlet [1-CU] and plug the adapter needle at the end of the outlet syringe tube to the outlet port [2-ECU].

2.9.1. Few seconds syringe tube being connected to outlet
2.9.2. Few seconds adapter needle being plugged into outlet port/shot of needle plugged into outlet port

2.10. Inject a small volume of S-medium through the outlet to fill the device until S-medium comes out of both the buffer and worm inlets [1-CU].

2.10.1.  Few seconds medium being injected/coming out of inlets 

2.11. Connect the buffer-inlet syringe tube to the buffer-inlet port of the device [1-MED-over the shoulder] and plug the worm-inlet with a stainless-steel dowel pin with a 1/32-inch diameter [2-CU].

2.11.1.  Few seconds Talent connecting tube to port
2.11.2.  Few seconds inlet being plugged with pin
2.12. Mount the microfluidic device on an inverted fluorescence microscope with a motorized stage [1-MED] and tape a syringe pump to a shaker near the microscope so that the pump does not jiggle while shaking [2-CU-TXT]. 
2.12.1.  Few seconds Talent placing device onto stage
2.12.2.  Few seconds pump being taped (TEXT: Caution: Shaker vibrations should not transfer to microscope)
2.13. Then load the buffer-inlet syringe onto the syringe pump [1-MED] and set the pump to deliver a continuous flow of S-medium into the device at 3 microliters/min flow rate [2-SCREEN].
2.13.1.  Few seconds Talent loading syringe
2.13.2.  Few seconds pump flow rate being set. Video editor: This is now a screen capture video. 

3. Microfluidic Device Bacteria Loading 

3.1. To load the bacteria into the microfluidic device, first load a new syringe with a high-density suspension of E. coli OP50 (Pronounce: O-P-fifty) [1-WIDE-TXT].

3.1.1. Few seconds Talent loading syringe (TEXT: See text for E. coli OP50 suspension preparation details)

3.2. Turn the syringe vertically [1-MED] and tap the barrel several times to collect all of the air bubbles at the top of the syringe [2-CU].

3.2.1. Few seconds Talent turning syringe vertical
3.2.2. Few seconds syringe being tapped

3.3. Turn off the orbital shaker [2-MED], and close the 3-way valve of the buffer-inlet syringes [1-CU].

3.3.1. Few seconds one valve being closed Talent turning off shaker
3.3.2. Talent turning off shaker Few seconds one valve being closed

3.4. Replace the buffer-inlet syringe with the bacteria-loaded syringe [1-MED] and push out all of the air collected at the top of the syringe until a little bit of the bacterial suspension enters the buffer-exchange syringe [2-CU] and no bubbles remain in the OP50-loaded syringe or the valve [3-ECU].

3.4.1. Few seconds syringe being connected
3.4.2. Few seconds air being pushed out of bacteria-loaded syringe/suspension entering buffer-exchange syringe
3.4.3. Shot of no bubbles in bacteria-loaded syringe

3.5. With the valve closed, connect the bacteria-loaded syringe to the syringe pump [1-MED] and turn on the orbital shaker [2-CU].

3.5.1. Few seconds Talent connect syringe to syringe pump
3.5.2. Shot of shaker being turned on

3.6. Set the shaking speed to approximately 200 rpm [1-MED] and the flow rate to 100 microliters/min [2-SCREEN].

3.6.1. Few seconds Talent setting shaking speed
3.6.2. Flow rate being set to 100 microliters/min

3.7. Once the OP50 buffer has spread throughout the device [1-SCREEN], set the flow rate back to 3 microliters/min [2-SCREEN].

3.7.1. Shot of buffer spread throughout device
3.7.2. Few seconds Talent setting flow rate to 3 microliters/minute 

4. Microfluidic Device Worm Loading

4.1. To load the device with nematodes, first fill a 650-microliter, low-binding microcentrifuge tube with 100 microliters of fresh OP50 suspension [1-WIDE] and use a worm pick to individually transfer 20-30, age-synchronized young adult worms from a nematode growth medium agar plate to the tube [2-MED-TXT].

4.1.1. Few seconds Talent filling tube with suspension, with suspension container visible in frame
4.1.2. Few seconds Talent transferring nematodes (TEXT: Young adult: 46 h post L1 larval arrest at 25 °C)

4.2. Fill the worm-inlet syringe and syringe tube with fresh OP50 suspension [1-CU] and inject approximately 500 microliters of suspension into the microcentrifuge tube [2-MED]. 

4.2.1. Few seconds syringe/tube being filled with bacteria
4.2.2. Few seconds Talent injecting suspension into tube Video editor: Some takes include 4.2.1 and 4.2.2 filmed in one shot.

4.3. Then draw the worm suspension into the worm-inlet syringe tube [1-CU] and connect the worm-inlet syringe to the worm-inlet [2-MED].

4.3.1. Few seconds worms being drawn into tube
4.3.2. Few seconds Talent connecting syringe to inlet 

4.4. Inject all of the worms through the worm-inlet syringe tube into the microfluidic device [1-SCREEN] and disconnect the worm-inlet syringe and syringe tube [2-MED].

4.4.1. [bookmark: _GoBack]Few seconds worms being injected
4.4.2. Few seconds Talent disconnecting syringe 

4.5. Plug the worm-inlet with a pin [1-ECU] and disengage the buffer-inlet syringe from the mechanical pump [2-CU].

4.5.1. Shot of inlet being plugged/with plug 
4.5.2. Few seconds syringe being disconnected

4.6. Use the buffer-inlet syringe to manually move the worms into the channels [1-CU] and the outlet syringe to reverse the worm movement as necessary [2-CU-TXT].

4.6.1. Few seconds worm being moved forward into channel
4.6.2. Few seconds worm being reversed (TEXT: Worm entry blocks loading of other worms into same channel) 

4.7. “Loading the loading animals requires some coordination. Use gentle pushes on the syringe plungers to align a worm with a channel and a somewhat stronger push to drive the worm all the way in.” [1-MED-interview style]

4.7.1. Kyung Suk Lee, speaking the above interview style (looking just off-camera)

4.8. Then let worms adjust to their new environment for 2-3 hours before beginning an experiment [1-MED].

4.8.1. Few seconds Talent setting timer, with worm-loaded device visible in frame

4.9. “The worms are confined to their channels but they are not immobilized. Most worms will stay in their channels for the duration of the experiment but some may escape or get entangled in the microfeatures.” [1-MED-interview style] 

4.9.1. Kyung Suk Lee, speaking the above interview style (looking just off-camera)
5. Results: Representative Gene Expression and Egg Laying Kinetics

5.1. Here bright-field images of a single, representative worm over the course of 10 hours in the device can be observed [1-LM].

5.1.1. Figure 2A.ai: no animation OR sequentially show/add worm images from 0 to 10 hours

5.2. Using transgenic worms that express GFP under the immune response gene-1 promoter upon P. aeruginosa PA14 (Pronounce: P-A-fourteen) infection [1-LM], GFP expression is observed in the mid-body and tail of the worm over the first 5 hours of exposure to the pathogen [2-LM], increasing to a robust, full-body expression over the next 5 hours [3-LM].

5.2.1. Figure 2B.ai: no animation
5.2.2. Figure 2B.ai: please indicate green fluorescence in mid bodies and tails of 1h-5h images
5.2.3. Figure 2B.ai: please indicate green fluorescence in worms of 6h-10h images

5.3. Plotting the total fluorescence of each worm [1-LM] as a function of time post infection illustrates the dynamics of immune response gene-1 induction [2-LM] as well as the worm-to-worm variability in the timing and extent of induction [3-LM].

5.3.1. Figure 2C.ai: please indicate Worm text
5.3.2. Figure 2C.ai: please indicate Time (h) text
5.3.3. Figure 2D.ai: please add/indicate dark green data line OR no animation

5.4. Time lapse imaging of the eggs laid by the worms in each channel [1-LM] allows plotting of the cumulative number of eggs laid by each worm as a function of time post infection [2-LM] and captures the animal-to-animal variability as well as the pathogen-induced decline in egg-laying as the infection progresses [3-LM].


5.4.1. Authors: please upload the images from Figure 3A together in one .ai or .psd file through the submission link without the A label: no animation OR sequentially add/indicate images
5.4.2. Figure 3B.ai: no animation
5.4.3. Figure 3C.ai: please add/indicate black data line OR no animation 

6. Conclusion (said by authors on camera):
6.1. Kyung Suk Lee: Once mastered, the microfluidic device can be prepared and loaded in one hour.
6.2. Kyung Suk Lee: Once the device is loaded and the worms are acclimated, other reagents, such as specific drugs or chemical cues of interest, can be delivered to the worms to answer additional questions about the control of nematode neuronal and genetic systems.
6.3. Erel Levine: After its development, we and our collaborators used this technique to dissect nematode feeding behaviors, as well as worm genetic responses to heat shock, infection, and starvation, in a variety of environments. 
6.4. Erel Levine: After watching this video, you should have a good understanding of how to use a microfluidic device to perform a longitudinal assay.

Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 
3.1.2. 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. 

Figure 2A.ai
Figure 2B.ai
Figure 2C.ai
Figure 2D.ai
Authors: Please upload Figure 3A through the submission link
Figure 3B.ai
Figure 3C.ai

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 in the email accompanying the finalized script.
 2017, Journal of Visualized Experiments

