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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_(changed to Y)__Authors suggested to have videographer film under scope for step 3.2.  Since videographer has scope kit, I have also added in scope shots for step 4.4 and possibly for 3.6, 4.1 and 4.6.   

Can you record movies/images using your own microscope camera? (Y/N)___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: Nikon SMZ1500__

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

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 3.1, 3.2, 3.4, 3.5 and 3.6
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

D.  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.) 3.2
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

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

1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this framework is to identify genes involved in broad-range dietary restriction, quantify the environmental information encoded by their expression levels, and understand the underlying coding strategy that links environment to lifespan. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Dhaval Patel: This method can help answer key questions in the neurobiology of aging field, such as which genes convey information from the environment to modulate lifespan. 
1.2. Giovanni Diana: The main advantage of this technique is that it quantifies the environmental information encoded by groups of neurons and determines the coding strategy employed by neural circuits to convey this information to downstream targets.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Giovanni Diana: Though this framework can provide insight into the C. elegans sensory system, it can also be applied more generally to any biological system whose components cooperate to process environmental information.

Protocol: (read by voice talent at JoVE)
2. Preparation of Bacterial Cultures and Dilutions for Experiments
2.1. After culturing OP50 on NGM plates according to the text protocol [1-WIDE/MED], prepare 500 mL of LB medium in each of 2 L Erlenmeyer flasks and autoclave them [2-MED].
2.1.1. Talent places plates of OP50 down onto bench

2.1.2. Talent places two Erlenmeyer flasks of LB medium into autoclave and closes door to autoclave

2.2. Inoculate each flask with a single colony of OP50 [1-CU] and grow the cultures at 37 °C and 200 rpm for around 14 hours [2-WIDE/MED].
2.2.1. Talent inoculates a flask with the other flask in the background
2.2.2. Talent places flasks into shaking incubator and starts shaking
2.3. Next, supplement the cultures with 50 (g/mL of streptomycin [1-MED/CU].  Then shake the flasks for an additional 30 minutes at 37 °C before placing the flasks on ice for 15 min [2-MED].
2.3.1. Talent adds streptomycin to cultures
2.3.2. Talent removes flasks from shaker and places on ice
2.4. Transfer 450 mL of each culture into separate 500 mL, sterile centrifuge bottles.  Retain the leftover culture on ice, as it will be used to determine the concentration of the bacteria [1-MED/CU]. 
2.4.1. Talent transfers 450 ml from cultures that are still on ice to 500 ml centrifuge bottles 
2.5. Spin down the bottles at 4500 x g and 4 °C for 25 min [1-MED]. Then discard the supernatant and store the bottles on ice [2-MED/CU].
2.5.1. Talent places bottles into centrifuge and sets speed and time with temp already at 4 (C
2.5.2. Talent finishes pouring out supernatant from a bottle and places it on ice
2.6. With 900 (L of sterile LB, dilute 100 (L of leftover culture from each flask [1-CU]. Use 1 mL of sterile LB to zero the spectrophotometer, and then determine the OD600 of the 10-fold dilution of each culture [2-MED/CU]. If for example, the OD600 of the 10-fold dilution of the overnight culture is 0.28 then the culture had an actual OD600 of 2.8 [3-TEXT]. 
2.6.1. Talent dilutes 100 (L of leftover culture with sterile LB
2.6.2. Talent finishes zeroing spectrophotometer then places sample from first culture into spectrophotometer and measures Author note: “The overnight cultures that we set up had their OD600 measured on camera. The 10-fold dilution of flask 1 was 0.251 and flask 2’s was 0.254.”
2.6.3. TEXT ON WHITE BACKGROUND:  OD600 of 10-fold dilution = 0.28; OD600 of culture = 2.8); Editor add in the first part of the text for the first part of the sentence, and the second part underneath it for the second part of the sentence.  Continue to 2.7.1 below. Author note: “If you wish to go with the filmed measurement for flask 1 this value should read 0.251, however this makes the text of section 2.7 more complicated to explain than the theoretical example we provided which uses a neat 20-fold concentration. Culture OD600 would be 2.5.1.” – Editor, I strongly suggest just going with the example numbers of 0.28, and not showing the final measurement in the 2.6.2 shot.
2.7. From this example, to arrive at a working stock solution of 1.12 x 1010 OP50 cells/mL, which equals an OD600 of 56 [1-TEXT], resuspend the pellet from the 450-mL culture in one 20th of the original volume, or 22.5 mL of sterile S basal solution, or SB, supplemented with 50 (g/mL of streptomycin [2-CU-TXT].
2.7.1. TEXT (added underneath the text from 2.6.3): OD600 of 20x culture = 56 (1.12 x 1010 OP50 cells/mL)
2.7.2. Talent resuspends culture in 22.5 mL of S basal medium to make a 20x culture (TEXT: SB + strep)
2.8. Make all subsequent concentrations used in experiments in SB and strep from serial dilutions of the working stock [1-MED/CU] using the dilution factors listed in this table [2-LM]. 
2.8.1. Talent makes different concentrations from working stock with SB and strep; Videographer frame this to have a table come in to the bottom third of the screen
2.8.2. LAB MEDIA Table 1, Editor, bring this table in at the bottom 
3. Treatment of Reporter Strains with egg-5 RNAi 

3.1. After culturing and synchronizing C. elegans reporter strains according to the text protocol [1-MED], use 15 mL of SB to serially wash the worms off the three plates and collect the liquid in a sterile 15 ml tube [2-CU]. Allow the L4 larvae to naturally sediment, and then aspirate all but ~0.5 mL of the liquid [3-CU].
3.1.1. Talent places synchronized C. elegans plates on bench
3.1.2. Talent washes worms off of a plate and collects liquid into 15 ml tube
3.1.3. Talent hold tube of sedimented L4 larvae and aspirates all but 0.5 ml of liquid
3.2. In the wild type reporter strains, this step removes any larvae younger than L4 [1-SCOPE]. In mutant backgrounds, this step aids in the removal of any arrested larvae such as dauers in the case of daf-7(ok3125) [2-SCOPE]. 
3.2.1. Small plate of wildtype before removal of L4 larvae on left and and small plate of wildtype after sedimentation and removal of L4 on right; Videographer, alternatively, shoot the plates separately.  Have talent point out the larvae younger than L4 on the wildtype plate and if any are remaining on the sedimented plate to be shown on the right.  Editor, if shot separately, place footage side by side to show difference and point out with arrows that there are more larvae younger than L4 on the left plate than the right plate. Author note: “The Scope camera used by the videographer had a very small field of view and so I’m not sure how clearly this footage will demonstrate the desired effect as only a small number of worms were ever in shot.”
3.2.2. Similar to 3.2.1 with daf-7; plate on left before sedimentation and plate on right after sedimentation showing the difference.  Videographer, have talent point out the dauers on the left plate and any remaining on the right plate.  Editor, use arrows to point out that there are more dauers on the left plate than the right plate.
3.3. Next, use 9 mL of SB to resuspend the worms [1-CU]. Again monitor the sedimentation rate of the L4 larvae [2-CU/ECU] and then aspirate all but approximately 0.5 mL of the supernatant once most of the L4 larvae have pelleted, before repeating the process [3-CU]. 
3.3.1. Talent resuspends the works in SB
3.3.2. Shot of tube as L4 larvae sink to the bottom
3.3.3. Talent aspirates supernatant
3.4. Add 10 μL of sterile S basal medium supplemented with 0.1% Pluronic F-127 to the liquid containing the L4 larvae.  This acts as a surfactant and prevents the larvae from sticking to the interior surface of plastic pipette tips [1-CU-TXT].
3.4.1. Talent adds sterile S basal medium plus pluronic F-127 to liquid containing L4 larvae (TEXT: SB + Plu)
3.5. Using a P200 low retention pipette tip, gently resuspend the larvae [1-CU] and then aliquot 150 μL onto three 10 cm RNAi plates that are seeded with 5 x 225 μL of egg-5 RNAi bacteria [2-CU]. Ensure that the worms are equally distributed across all five bacterial lawns [3-CU].
3.5.1. Talent gently resuspends larvae
3.5.2. Talent aliquots larvae onto 10 cm plates seeded with egg-5 RNAi bacteria
3.5.3. Talent distributes worms across lawn on a plate with other plates spread and visible in frame
3.6. Once the liquid has absorbed into the agar, remove any non-L4 larvae from the plates that were not eliminated by the washing procedure, by manually picking them off [1-MED]. Then store the plates at 20 °C for 24 hours [2-WIDE/MED].
3.6.1. Talent sitting at scope manually picks non-L4 larvae off of plates; Videographer, if doing by eye, use a CU here; alternatively, use a SCOPE shot.
3.6.2. Talent places plates into incubator
4. Initiation of Broad-range DR
4.1. To initiate broad range DR, pick off any young larvae that escaped the prior manual removal step, leaving only the 1-day old adults on the plates [1-MED].
4.1.1. Talent at scope looking through eyepieces picking off young larvae; Videographer, if talent is doing this by eye, use a CU here. Alternatively, use a scope shot.
4.2. For each strain, use 15 mL of sterile SB + strep to wash the 1-day old adults from the three plates into a 15 mL tube [1-CU]. Allow the worms to naturally sediment, and then aspirate all but 0.5 mL of the supernatant [2-CU]. Resuspend the worms with 9.5 mL of SB + strep and repeat the sedimentation and wash steps [3-CU].
4.2.1. Talent washes adults from plate into a 15 mL tube
4.2.2. Talent aspirates all but 0.5 mL of supernatant from sedimented tube
4.2.3. Talent resuspends worms and then allows them to sediment
4.3. After the final wash and aspiration of all but 0.5 mL of the supernatant, add 10 μL of SB + Plu and use a p200 pipette tip to gently resuspend the larvae [1-CU].  Aliquot 100 μL of the larvae onto an NSC plate seeded with 5 x 225 μL of bacteria at a concentration 2 × 109 cells/mL [2-CU].
4.3.1. Talent adds SB + Plu and gently resuspends larvae
4.3.2. Talent aliquots larvae onto NSC plate seeded with bacteria
4.4. Distribute the 100 μL evenly across all five bacterial lawns [1-CU]. Under a microscope estimate the number of animals present on the plate, aiming for between 100 - 150 worms per plate [2-SCOPE]. 
4.4.1. Talent distributes larvae evenly across the bacterial lawns
4.4.2. Talent counts worms on plate that has about 100 – 150 worms
4.5. Determine the volume of liquid required to achieve a worm density within this range and then aliquot it onto two additional plates [1-CU]. Adjust the number of worms on the first plate to also fall into this range [2-MED] and then store the plates at 20 °C for 24 hours [3-WIDE].
4.5.1. Talent aliquots liquid onto two additional plates
4.5.2. Talent adjusts number of worms on first plate – either siting at scope looking through eyepieces or by eye
4.5.3. Talent places plates in 20 (C incubator

4.6. The next day, collect the 2-day old adults and [1-MED] distribute the worms to new NSC plates seeded with the desired experimental concentration of food [2-CU-TXT]. Once the liquid is absorbed into the agar, shift the plates to the desired experimental temperature for 24 hours [3-WIDE/MED].
4.6.1. Talent at scope collects 2-day old adults; Videographer, alternatively, if doing by eye, use a CU shot.  Or a scope shot.  
4.6.2. Talent distributes worms on new NSC plate with food (TEXT: Refer to Table 1 and text protocol for details)
4.6.3. Talent places plates into incubator 
4.7. On the following day, collect the 3-day old adults and distribute them to fresh NSC plates seeded with the same experimental concentration of food [1-CU]. Once the liquid is absorbed into the agar, return the plates to the experimental temperature for 48 hours [2-WIDE-TXT].
4.7.1. Talent collects 3-day old adults and distributes on NSC plates; Videographer, get shot from side showing talent’s hands as they are picking animals and transferring to fresh plate; 
4.7.2. Talent places plates into incubator (TEXT: On day 5, collect and incubate 5-day old adults in a similar manner)
4.8. Finally, use a microfluidic device to image the animals before assembling and quantifying the data according to the text protocol [1-MED/CU].

4.8.1. Talent introduces worms into microfluidic device for imaging
5. Results:  Information in C. elegans Quantified During Lifespan Modulation through Broad-range Dietary Restriction
5.1. As shown here, the mean lifespan of the wild type N2 strain displays a complex response to broad-range DR.  The magnitude of this response is attenuated in a null mutant of the daf-7 gene, suggesting that this gene affects the ability of the worm to correctly respond to changes in food abundance [1-LM].
5.1.1. LAB MEDIA Figure 1A, Editor, for the first sentence, trace the black line from left to right as remains steady and then quickly drops then rises again before dropping again.  For the second sentence (when attenuation is mentioned), trace the red line, pointing out the that the two dips don’t go as low as they do for the black line.
5.2. The mean expression levels of a transcriptional reporter for the daf-7 gene in the wild type background also display a complex non-monotonic response to broad-range DR. In the daf-7(-) (“daf-seven-minus”) genetic background, the expression of this transcriptional reporter is highly attenuated and shows little response to changes in food level [1-LM].
5.2.1. LAB MEDIA Figure 1B, Editor, place this underneath 1A.  For the first sentence, trace the black line from left to right.  
5.3. This figure illustrates the estimation of the joint distribution of tph-1 expression in ADF neurons and daf-7 expression in ASI neurons for a given food level [1-LM].
5.3.1. LAB MEDIA Figure 2A, Editor, add in the ASI and ADF labels when each is mentioned.
5.4. These bar graphs present the food information encoded, either combinatorially or individually, by ADF, ASI and NSM neurons based on the gene expression levels of tph-1 and daf-7 [1-LM]. 
5.4.1. LAB MEDIA Figure_2B – video.pdf, Editor, for ‘individually for ADF, ASI, and NSM,’ add in the NSM, ASI, and ADF labels with the blue lines in the ‘Synergy’ graph as seen in original Figure 2B.  
5.5. Redundant and synergistic characters of the encoding results from the comparison between combinatorial and individual information encoded by neurons, represented by the difference in height of the stacked bars on the right and the information encoded by the full circuit [1-LM].
5.5.1. LAB MEDIA Figure_2B – video.pdf, Editor, for Redundant and synergistic characters, add in the ‘Redundancy’ and ‘Synergy’ labels and brackets when each is mentioned.  For combinatorial expression, use an arrow to point out the black bars in both graphs. 
6. Conclusion (said by authors on camera)

6.1. Giovanni Diana: While attempting this procedure, it’s important to remember that the application of information theory to quantify the coding strategy requires an accurate estimation of gene expression distributions.  For this reason, the sample size is a critical factor for the general applicability of this framework.

6.2. Dhaval Patel: After watching this video, you should have a good understanding of how to perform broad-range Dietary Restriction experiments to identify and characterize new genes that link food abundance to lifespan.

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.

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 are included in the email accompanying the finalized script.
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