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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_____No____  
Can you record movies/images using your own microscope camera? (Y/N)_Yes________  
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: 
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___No_____ 
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.) 3.3., 3.4, 3.9., 4.2., 5.7 (Note: The goal of the extraction is to separate the soluble proteins from the insoluble proteins. Therefore it is important to remove all residual RIPA supernatant before adding formic acid in the next step.), 5.8 
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.) 3.4 
E.  Will the filming need to take place in multiple locations? (Y/N) __Yes_____ If yes, how far apart are the locations? The ultracentrifuge is on another floor. 

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 experiment is to detect changes in protein insolubility with age in C. elegans and to evaluate how targeted gene knockdown influences this aging markers. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Della David: This method can help answer key questions in the field of aging and proteostasis, such as why organisms fail to maintain a healthy proteome with age. 
1.2. Della David: The main advantage of this technique is the opportunity to study protein aggregation during normal aging in the absence of disease processes.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Nicole Groh: Though this method can provide insight into protein aggregation in C. elegans, it can also be adapted to other model organisms, for example to study age-related protein insolubility in mouse.

Protocol: (read by voice talent at JoVE)
2. Liquid Culture for Treatment with RNAi Starting at L1 

2.1. To begin treatment, add 207.45 mL of S basal media with additional reagents as described in the accompanying text protocol to a 2800 mL Fernbach culture flask [1-MED]. Add a final concentration of 50 µg/mL of Carbenicillin and 1 mM of IPTG and close the flask with a membrane screw cap [2-MED-TXT]. 

2.1.1. Talent measures out S basal media with additional reagents to Fernbach flask, if possible, capture the labels of the reagents in the shot, TEXT: Prepare 4 flasks

2.1.2. Talent adds Carbenicillin and IPTG and closes the flask with membrane screw cap, if possible, capture the labels of the reagents in the shot 
2.2. Take the L1s out of the 25 °C incubator and transfer them to 15 mL tubes [1-MED]. Centrifuge the L1s at 1,900 x g for 3 min [2-MED]. After spinning, remove the supernatant [3-MED] Under a microscope, count the L1s per 2 µL and average the numbers obtained from at least nine drops [4-MED]. 
2.2.1. Over the shoulder, talent removes L1s from incubator and  Talent transfers L1s them to tubes Author Comment: Was not filmed. Not sure if this applies to only the portion that’s struck through, or if it means the whole shot was not filmed.
2.2.2. Over the shoulder, talent places the tubes in the centrifuge and enters speed and time setting 
2.2.3. Over the shoulder, talent removes supernatant. and counts the L1s 
2.2.4. [Added shot]: Talent counts the L1s under microscope Editor: Please also add the microscope view of the L1s: file 2.2.4 _L1_photo or 2.2.4_L1_video. If it is good as an inset please use it that way.
2.3. Next, add 50,000 worms for the young worm collection and 100,000 worms for the aged worm collection into four Fernbach culture flasks prepared in the previous step [1-CU]. Then add control RNAi bacteria and RNAi bacteria for the gene of interest proportionally to the number of worms [2-MED-TXT]
2.3.1. Show the 50,000 worms, and the 100,000 worms (Comment: same tube), then s Show talent adding 50,000 worms, and the 100,000 worms them to their respective flasks 
2.3.2. Talent adds RNAi bacteria to flasks, TEXT: Example: 50,000 worms – 13 mL RNAi bacteria
2.4. After adding bacteria, add complete worm culture with S basal to bring the total volume to 300 mL [1-MED]. Incubate the worm culture at 25 °C in a shaking incubator with 150 rpm until collection [2-MED]. 
2.4.1. Side view, focus on the flask as talent adds worm culture with S basal to bring up the total volume to 300 mL, show the flask filled to 300 mL for a beat 
2.4.2. Over the shoulder, talent places flask in shaker, if possible, capture the temperature and speed settings in the shot 
3. Collection of Young and Aged Worms Subjected to RNAi in Liquid Culture 
3.1. Collect young worms at day 2 or 3 to measure basal levels of protein solubility [1-MED-TXT]. Pour the worms from one flask into a separation funnel and let the worms sediment for 10 min at room temperature [2-CU]. After the worms sediment, open the stopcock and drip the worms into one 50 mL tube [3-CU]. 
3.1.1. Talent collects worms, TEXT: Steps for 1 flask, but cultures should be processed together
3.1.2. Show worms poured into separation funnel, then talent setting timer for 10 min 
3.1.3. Show the worms, then show stopcock being opened and the worms dripping into a 50 mL tube 
3.2. Next, split the worm pellet into two 15 mL tubes, fill up the tubes to 15 mL with M9 and centrifuge the worms [1-MED-TXT]. To wash the worms, remove the supernatant and fill the tube up to 15 mL with M9 [2-CU]. Repeat the centrifugation [3-MED]. 
3.2.1. Talent divides the worm pellet, and places it into two 15 mL tubes and fills the tubes up to 15 mL with M9, then places them in the centrifuge, TEXT: 1,900 x g, 5 min, room temperature
3.2.2. Talent holds up tube to camera and removes supernatant, shows how much supernatant is removed, and then fills up tube with M9 up to 15 mL 
3.2.3. Talent places both tubes in centrifuge 
3.3. Once washing is complete, transfer the worms to two 50 mL tubes and use ice cold M9 to fill up the total volume to 20 mL [1-MED]. To remove bacteria and dead worms, add the two 20 mL diluted worm pellets to two 50 mL tubes filled with 20 mL of ice cold 60% sucrose [2-MED]. Quickly centrifuge the tubes [3-MED-TXT]. 
3.3.1. Talent transfers worms to 50 mL tubes, takes M9 off ice and uses it to fill up tubes to 20 mL 
3.3.2. Talent transfers worm pellets to 50 mL tubes, show that the tubes are pre-filled with sucrose 
3.3.3. Talent starts the centrifuge, TEXT: 2,700 2,670 x g, 5 min, 4°C room temperature, acceleration 9, deceleration 7
3.4. With a 25 mL pipet carefully remove up to 15 mL of the top worm layer [1-CU-TXT]. Place the top worm layer directly into 37 mL of M9 + Octoxynol-9 prepared on ice [3.4.1.] [2-CU-TXT]. Then centrifuge the tubes at 2,700 x g for 3 min at 4°C, acceleration 9, and deceleration 7 [3-MED].
3.4.1. Talent holds up tube to camera as he/she carefully removes top worm layer, TEXT: Less if there are dead worms 3.4.1 and 3.4.2 were combined to one shot
3.4.2. Talent adds top worm layer into solution on ice, TEXT: 3 tubes/sucrose tube
3.4.3. Talent places tubes in centrifuge, if possible, capture the centrifuge settings 
3.5. After discarding the supernatant, transfer the pellet into four 15 mL tubes and wash them twice with ice cold M9+ Octoxynol-9 [1-MED]. Then centrifuge the tubes [2-MED-TXT]. Remove the supernatant and fill the tubes up to the 15 mL mark with ice cold M9+Octoxynol-9 [3-CU-TXT]. 
3.5.1. Over the shoulder, talent divides pellet into 15 mL tubes, and adds M9 + Octoxynol-9
3.5.2. Side view, talent places tubes in centrifuge, TEXT: 1,900 x g, 1 min, room temperature 
3.5.3. Focus on the tube as talent removes supernatant and then fills them up to the 15 mL mark, TEXT: Repeat these steps 
3.6. Wash the worms with ice cold M9…and combine the four tubes into two tubes [1-MED]. Fill up the tubes to 15 mL and centrifuge [2-MED]. Remove the supernatant, fill up the two tubes with M9 at room temperature to a total volume of 4 mL and rotate them on a nutating mixer at 25 °C for 40 min [23-MED-TXT]. 
3.6.1. Talent adds M9 and combines the four tubes into two tubes 
3.6.2. [Added Shot] Talent fills up the tubes to 15 mL and centrifuge
3.6.3. Over the shoulder, talent adds more M9 and visually inspects to ensure they are at 4 mL, then places tubes on nutater, TEXT: After 40 min check for dead worms under the microscope
3.7. After nutating, wash the worms twice with ice-cold M9+Octoxynol-9 [1-MED]. Then wash them twice with M9…and transfer the worms to one tube [2-MED].
3.7.1. Side view, talent adds solution, if possible, capture the label of the M9+Octoxynol-9 solution in the shot 
3.7.2. Talent has tubes (as if the second wash was completed) and transfers the worms to one tube Author Comment: Cut the shot before flooding!
3.8. Wash the worms in the reassembly, or RAB, high-salt extraction buffer, without inhibitors, before collection [1-CU]. Remove the supernatant until there is no liquid on top of the worm pellet [2-CU]. 
3.8.1. Focus on the worms as talent adds RAB
3.8.2. Talent holds up worms to camera and shows how much liquid is removed, TEXT: Perform this step rapidly 
3.9. Then estimate the volume of the worm pellet [3.9.1. Take1] and add an identical volume of RAB with inhibitors [3.9.1. Take 2] [1-MED]. Prepare a 50 mL tube half filled with liquid nitrogen on dry ice, and using a Pasteur pipette, draw up the worms and slowly drip them into the tube [23-CU-TXT]. 
3.9.1. Take 1: Talent estimates the volume of the worm pellet 3.9.1. split into 2 shots
3.9.1 Take 2: Talent adds RAB with inhibitors to tube 
3.9.2. Show the 50 mL tube filled with liquid nitrogen on dry ice, then focus on worms dripping into the tube 
3.10. Allow the liquid nitrogen to evaporate and store the frozen worms at -80 °C until further processing.
3.10.1. Show that the liquid nitrogen has evaporated from the tube. Talent places tube in freezer. TEXT: Caution: Wear appropriate protection when using liquid nitrogen 
4. Disruption of Animals 
4.1. Cool down the mortar with liquid nitrogen and perform the animal disruption on dry ice [1-MED-TXT]. Transfer the frozen worms to the pre-cooled mortar and grind them for 2.5 min [2-CU-TXT].
4.1.1. Talent adds liquid nitrogen to mortar, and prepares dry ice for following steps, TEXT: Caution: Avoid thawing worm samples 
4.1.2. Talent sets timer and grinds worms on mortar, TEXT: Caution: Avoid thawing worm samples 
4.2. Add 100 mL of liquid nitrogen to the powder and grind for another 2.5 min [1-MED]. Use a microscope to check that the worm bodies are broken into small pieces [2-MED]. 
4.2.1. Over the shoulder, talent adds liquid nitrogen, sets timer, and grinds again 
4.2.2. [bookmark: _GoBack]Talent is at microscope and checks that worm bodies are broken Editor: Please also add the microscope view of the broken worms: file 4.2.2 _brokenworms. Please use it as an inset.
4.3. Then transfer the powder into 2 mL tubes…and store them at -80 °C [1-MED]. 
4.3.1. Talent finishes transferring powder into last 2 mL tubes, (show how many tubes result in the collection) and places them in the freezer
5. Isolation of SDS-insoluble Proteins for Mass Spectrometry 
5.1. On dry ice weigh out two times 350 mg of ground worms per time point and per RNAi bacteria into 2 mL tubes [1-CU-TXT]. To remove the high-salt soluble proteins, add two volumes per weight of already prepared RAB with inhibitors, 1 mM PMSF, 200 U/mL DNase I, and 100 µg/mL RNase A to each tube and solubilize the powder on ice [2-MED].
5.1.1. Talent weighs ground worms into 2 mL tubes. Show scale reaching 350 mg, TEXT: Perform all following steps on ice  
5.1.2. Talent adds RAB buffer to tubes each ingredient one by one. TEXT: Perform all following steps on ice See text protocol for composition of RAB buffer
5.2. Draw up the suspension into a 1 mL syringe 15 times and incubate it on ice for 10 min [1-MED]. Centrifuge at 18,400 x g for 20 min at 4 °C [2-MED]. Go through the fat layer and collect the supernatant containing high-salt soluble proteins into one 2 mL tube per condition [3-CU]. 
5.2.1. Talent draws up suspension in syringe (do not capture all 15 times, but do film it for more than one draw) and incubates the suspension on ice 
5.2.2. Talent places sample in centrifuge 
5.2.3. Tip goes through fat layer and supernatant is removed, then placed into 2 mL tube 
5.3. Remove the fat and discard it [1-CU]. Aliquot high-salt soluble proteins to freeze at -80 °C [2-MED]. 
5.3.1. Show the layers, talent removes fat and discards it
5.3.2. Over the shoulder, talent aliquots high-salt soluble proteins, show how many tubes have been filled, then places them in the freezer 
5.4. To discard lipids, solubilize the pellet with 700 µL of RAB with inhibitors containing 1 M sucrose without DNaseI and RNaseA [1-MED]. Draw up the suspension into a syringe 10 times and incubate it on ice for 5 min [2-MED-TXT]. Be sure to remove all of the supernatant and lipids and discard them [3-CU]. 
5.4.1. Talent adds RAB to pellet 
5.4.2. Talent draws up suspension in syringe for tenth time (do not capture all ten times), and sets timer, TEXT: Centrifuge: 18,400 g, 20 min, 4 °C
5.4.3. Talent removes supernatant and lipids and discards them 
5.5. To remove SDS-soluble proteins, solubilize the pellet with 700 µL of RIPA buffer [1-MED]. 
5.5.1. Over the shoulder, talent adds RIPA buffer to pellet, if possible, capture the label of the RIPA buffer in the background 
5.6. Draw up the suspension into a syringe 10 times and incubate it for 10 min on ice [1-MED]. Centrifuge at 18,400 g for 20 min at 4 °C [2-MED]. Collect the supernatant containing SDS-soluble proteins and aliquot for freezing at -80 °C [3-CU].
5.6.1. Side view, talent draws up suspension into syringe, places on ice, then sets timer for 10 min 
5.6.2. Talent place sample in centrifuge and enters settings, if possible, capture the settings in the shot 
5.6.3. Talent collects supernatant…then aliquots into tubes
5.7. Pool two samples of each condition together after solubilizing each pellet with 500 µL of RIPA buffer and draw up the suspension into a syringe 10 times [1-MED-TXT]. Be careful to remove all of the supernatant and discard it [2-CU-TXT]. 
5.7.1. Talent combines samples and adds RIPA buffer and combines samples, then draws up suspension. Do not capture drawing up the complete 10 times, only capture it once or twice. TEXT: Centrifuge 18,400 g, 20 min, 4 °C
5.7.2. Talent removes supernatant, discards it and shows to camera that it has been completely removed, TEXT: Caution: Remove all residual RIPA supernatant 
5.8. Solubilize the final pellet containing highly insoluble proteins with 400 µL 70% formic acid and draw up the suspension into a syringe 20 times [1-MED]. Incubate the suspension for 20 min on ice [2-MED]. 
5.8.1. Talent adds formic acid, capture the label of the formic acid in the background if possible, then draws up the suspension (do not capture the drawing up all 20 times, only capture it once or twice) 
5.8.2. Over the shoulder, talent places the suspension on ice and sets timer for 20 min
5.9. Centrifuge the suspension in ultracentrifuge tubes to remove worm cuticle debris [1-MED-TXT]. Collect the supernatant that contains highly insoluble proteins…and freeze it at -80 °C [2-CU-TXT].
5.9.1. Talent places sample in centrifuge, TEXT: 50,000 x g, 20 min, 4 °C, acceleration 3, deceleration 5
5.9.2. Show the supernatant that is being collected, TEXT: Perform dialysis and mass spectrometry as detailed in the text protocol.
6. Dialysis of Insoluble Protein Fractions for Mass Spectrometry  
6.1. Divide previously prepared dialysis buffer into eight 1 L beakers [1-MED-TXT]. Place three membranes on the buffer surface for each 1 L beaker [2-CU-TXT].
6.1.1. Show the eight beakers on the bench and talent filling last of eight beakers with dialysis buffer, TEXT: Dialyze at 4 °C
6.1.2. Focus on the filters as talent places them on the buffer surface for one beaker, and show the placement of the membrane clearly for a beat, TEXT: Membrane filters = 0.025 µM
6.2. Per membrane, carefully load 65 µL of insoluble protein solubilized in the previously prepared formic acid [1-CU]. Each condition is divided onto six membranes [2-CU]. 
6.2.1. Talent loads insoluble protein onto a membrane 
6.2.2. Show that one condition is divided onto six membranes that have already been loaded 
6.3. Next, check the pH of one sample by removing 5 µL and adding it onto a pH strip [1-CU]. If the pH is between 7 and 8 after 2 h, collect the sample by pipetting up and down gently [2-CU]. 
6.3.1. Talent adds sample to pH strip 
6.3.2. Show pH strip next to pH legend to show that the color matches the pH for 7-8, then show talent pipetting the sample up and down gently 
6.4. Use 10 µL of dialysis buffer to wash the precipitate off each membrane [1-CU]. Finally, freeze samples at -80 °C [2-MED]. 
6.4.1. Show precipitate being removed from the membrane, until it is free of precipitate then show the clean membrane for a beat 
6.4.2. Talent places samples in freezer 
7. Results: Reduced IIS Prevents Age-dependent Protein Aggregation
7.1. Western blot analysis of insoluble protein content of young and aged worms revealed a strong age-related increase in highly-insoluble protein levels in control animals and not in long-lived animals [1-LM].
7.1.1. Figure 2B. When the voice over begins fade in the figure with all text. When “young” is said box the text “3” above both columns for a beat and when “aged” is said box the text “18” for a beat. When “age-related increase” is said box the column of bands under Ctrl RNAi 18. When “not in long-lived animals “ is said box the column of bands under daf-2 RNAi 18.
7.2. Antibody staining of PAB-1, an RNA-binding protein with a predicted prion-like domain, confirmed mass spectrometry data that long-lived animals maintained PAB-1 soluble with age [1-LM]. 
7.2.1. Figure 2C. Fade in the entire figure with all text. After a beat add “PAB-1” next to the small red arrow below 80 kDa. 
7.3. In vivo analysis was performed of transgenic animals expressing tagRFP::PAB-1 in the pharyngeal muscles [1-LM]. In young animals, tagRFP::PAB-1 was mainly diffusely located throughout the pharynx [2-LM]. With age a progressive accumulation in bright puncta starting in the posterior pharyngeal bulb [3-LM]. During aging, we also observed aggregation in the anterior pharyngeal bulb in an increasing number of animals [4-LM]. 
7.3.1. Figure 3A. Show all the panels and text 
7.3.2. Figure 3A. Only show the “Low” row 
7.3.3. Figure 3A. Fade out 8.3.2 and fade in the “Medium” row
7.3.4. Figure 3A. Only show the “High” row 
7.4. Quantification of different tagRFP::PAB-1 aggregation levels with age in wild-type and daf-2 mutant background reveals strongly delayed tagRFP::PAB-1 aggregation with age in long-lived animals [1-LM]. 
7.4.1. Figure 3B. Show the entire figure without the “Aggregation” legend. When “wild-type” is said highlight the text “wild-type” when “daf-2” is said highlight the text “daf-2(2). When “reveals…” is said reveal the legend and text. 

8. Conclusion (said by authors on camera)
8.1. Della David: After watching this video, you should have a good understanding of how to collect a large number of worms for protein extraction and how to isolate highly-insoluble large aggregates for further analysis by mass spectrometry or by SDS-PAGE.


Provided Media


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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