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A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  No

B. Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? No

C. Which steps of your protocol will viewers benefit most from having filmed? (use the numbering below) Steps in sections 2 and 3 (3.1-3.11) will be most beneficial.

D. What is the single most difficult aspect of this procedure and what do you do to ensure success?  
This is not a difficult procedure.

E. Will the shoot take place in more than one location?  (Y/N, specify travel time between locations) 
Yes: Less than 5 minutes travel time.


Schematic Overview (read by a voice talent at JoVE)

The overall goal of this procedure is to introduce and grow C. elegans in axenic liquid media for numerous downstream applications. (Intro)  This is accomplished by first bleaching gravid worms from starved agar plates. (P1)  The second step of the procedure is to transfer the released eggs to mCeHR with antibiotics and allow them to develop to the gravid stage, which may take 7 to 10 days. (P2)  The third step is to bleach the gravids and allow them to develop a second time to the gravid stage without additional antibiotics. (P3)  The final step is to synchronize the axenic worms and utilize them for nutritional studies examining worm growth and development. (P4)  Ultimately, results show that wild type C. elegans grow well in axenic liquid media and mCeHR media can be utilized to examine the nutritional needs of the worms without bacterial byproducts. (P5)

Video editor:
Use the provided graphics as follows:
P1 – Show the P1 graphic.  Begin with the dish and “S-shaped” worms.  Animate the worms moving into the bleach-filled tube.
P2 – Fade the worms in the bleach tube into many little black specs.  Then fade out the tube, leaving the specks.  The specks should then become the egg-shaped dots in the P2 graphic – fade on the large container around them.  Then fade on “7-10 days” and change the egg-shapes into the many worm shapes.  The “mCeHR+Tet” should be added with the “7-10 days”.
P3 – Now, using the P3 graphic, add the word “Bleach” and fade the worms out and the black specks in.  Zoom in the specks to show they are the egg shapes (as seen in P3).  The “mCeHR” should also be shown after “Bleach”.  Leaving the “mCeHR” the egg-shaped dots should be faded into the worm shapes (seen in P4).
P4 – Now add the “bleach” title and fade in the container of worms that are all the same size and the title “synchronized”.   Then, fade to the larger worms in the P5 graphic and finish by fading to the 12 circles in the rectangle from the P5 graphic.
P5 – show 51796_Hamza_Figure 1 graph with the portion of Figure2_2 showing the green glowing worm, above the graph.


[image: ]


1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  
1.1. Tamika Samuel: The main advantage of this technique over existing methods, like growing worms on agar plates or in liquid media with bacteria, is that the effects of nutritional elements or toxins can be tested without confounding bacterial by-products.   
1.2. Jason Sinclair: Generally, individuals new to this method will struggle because of media preparation and the initial adaptation of the worms to the axenic liquid media.

Protocol Chapters (read by a voice talent at JoVE):
2. Preparation of C. elegans Habituation and Reproduction Medium  (mCeHR)
2.1. This procedure describes the preparation of mCeHR, a liquid media that allows C. elegans to grow without a bacterial food source.  (TEXT: See text protocol for checking milk sterility culturing details.)
2.1.1. WID: talent puts on gloves, sprays gloves with ethanol, has components of mCeHR at ready under hood
2.1.2. MED: pan over the mCeHR components (listed in 2.2) – each should be clearly labeled.  
2.2. Using stringently sterile technique, under a hood, mix the components of the mCeHR in the following order: begin with choline diacid citrate, and follow with the vitamin and growth factor mix, the myo-inositol, the hemin chloride and, last, add DI water.
2.2.1. MED: talent adds choline diacid citrate to beaker to start the mixture
2.2.2. MED: adds vitamin/GF mix – show stirring or heat, if either is used
2.2.3. CU: additions of myo-inositol, hemin chloride and water to the beaker  filter top
2.3. Filter the mCeHR mixture through a 0.22 micron filter with suction.
2.3.1. MED: talent pours mix through filter apparatus, turns on the vacuum to get suction, show mixture collecting below filter
2.4. Next, in the following order, add: the nucleic acid mix, the mineral mix, lactalbumin hydrolysate, essential amino acids, non-essential amino acids, potassium phosphate, D-glucose, HEPES sodium salt and DI water.
2.4.1. MED: talent removes collected solution from under filter and adds nucleic acid mix to the filter apparatus, show mixing
2.4.2. CU: row of components: nucleic acid mix, mineral mix, lact. Hydrolysate, essential a.a., non-essential a.a., potassium phosphate, D-glucose, HEPES salt – show talent taking aliquots from each to add to mix: goal here is to stress order of additions, so stocks should be set up in order and well labeled
2.4.3. MED: adding water to finish the mix
2.5. Now, filter the mixture again, with suction. 
2.5.1. CU: like 2.3.1, tighter angle
2.6. After the filtering, add cholesterol to the media and then check the pH of an aliquot of media. The pH should be between 6 and 6.5 if the solution was made correctly.
2.6.1. CU: preparing/taking cholesterol to add to mix
2.6.2. MED: adding cholesterol – pH meter in mix and stirring of mix, talent checks the meter 
2.7. Add a 20% volume of the pasteurized milk to the mCeHR media using scrupulous sterile technique.  Store the media at 4 ºC.
2.7.1. MED: taking aliquot of the cultured milk and adding it to the mix – ask talent emphasize the technically details that make this step “scrupulously” sterile
2.7.2. WID: loading the mix of media into a refrigerator
3. Preparing C. elegans for mCeHR Culture
3.1. Have ready ten 60-mm NGM plates full of gravid worms that have consumed most of the available OP50 E. coli.
3.1.1. WID: talent unloading plates from the incubator
3.1.2. WID: arrives to bench with worms
3.2. Rinse these worms into a 50 ml conical tube using 5 ml of M9 buffer per plate.  Allow the worms to settle and then carefully remove the supernatant.
3.2.1. MED: rinsing worms from plate to tube using aliquots of M9 buffer
3.2.2. ECU: 50 ml tube, worms settling to bottom, then pipette removes media above the settled worms
3.3. Repeat this rinse two more times by adding M9 buffer, allowing the worms to settle and removing the supernatant.  
3.3.1. MED: talent adds buffer back to tube, waits, remove buffer
3.3.2. ECU: like 3.2.2 worms settling in third addition of M9 buffer, which is then removed
3.4. Then, add six volumes of 0.1 N sodium chloride to the worm aggregate.
3.4.1. MED: taking aliquot of 0.1 N sodium chloride and adding to the tube, talent takes a look at the volume in the tube after the addition – points out meniscus with finger to emphasize reading the volume
3.5. Now, compared to the worm suspension, prepare a mixture of 1 volume of 5 N sodium hydroxide and 2 volumes of fresh bleach solution.  (TEXT: fresh bleach has 5% sodium hypochlorite) Bleach the worms by adding this mixture to the suspension.
3.5.1. MED: takes aliquots of 5 N sodium hydroxide and of bleach, mixes them
3.5.2. MED: adds mixture to the worm suspension
3.6. Next, vortex the mix until the gravid worms are dissolved and only eggs remain in the suspension.  This takes between five and ten minutes.  Use phase contrast microscopy with a 10 X objective to monitor this reaction in the tube.
3.6.1. CU: vortexing the mix, briefly
3.6.2. MED: talent lifts tube away form vortex, and takes an aliquot to a slide
3.6.3. WID: talent arrives to microscope with slide tube and inspects slide tube under a microscope
3.7. Once the eggs are isolated, pellet them at 800 G for 45 seconds and at 4 ºC.
3.7.1. MED: unloading the tube of eggs form the centrifuge 
3.8. Aspirate the supernatant and rinse the pellet twice in 10 ml of sterile water in the hood.  Repeat the centrifugation and aspiration for these rinses.  (TEXT: Wash 2X)	
3.8.1. ECU: aspirating the supernatant from the tube with pellet of eggs
3.8.2. MED: adding water to pellet of eggs, mixing
3.9. Next, resuspend the egg pellet with mCeHR media and transfer the released eggs to a tissue culture flask.  Add 100 µg per ml of tetracycline to the eggs in the flask.  This step should be carried out in a laminar flow hood using stringently sterile techniques.
3.9.1. Reuse 3.7.1, 3.8.1 – briefly
3.9.2. MED: under hood, loading flask with mCeHR media (from section 2) and adding antibiotic supplement
3.9.3. MED: moving eggs from tube to culture flask with media
3.9.4. CU: mixing eggs in the flask of media
3.10. Transfer the liquid cultures to a 20 ºC incubator and culture them with on an orbital platform shaker at 70 rpm.  Monitor the worms’ development, daily.
3.10.1.  MED: loading flask onto shaker in incubator, starting shaking
3.10.2. WID: talent, looking as though on a different day, opens the incubator and removes the flask
3.11. After seven to ten days the worms should develop to the gravid stage.  Transfer the worms to a conical tube and pellet them at 800 G for 5 minutes at 4 ºC in a swinging bucket rotor.
3.11.1. WID: talent at bench, takes sample from flask to dish/slide to check growth of the worms
3.11.2. MED: talent checking dish/slide flask with microscope
3.11.3. WID: transferring flask content to a conical and then loading conical into a rotor for centrifugation
3.12. After aspirating the supernatant, resuspend the worm pellet in one volume of 0.1 M sodium chloride and allow the worms to settle on ice, for five minutes.
3.12.1. ECU: worm pellet in tube, sodium chloride is added to pellet and pellet goes into susupension
3.12.2. MED: talent pushes tube into an ice bucket
3.13. Now, repeat the aforementioned bleaching procedure and culture the eggs in the axenic liquid media, as before.
3.13.1. Reuse 3.5.1 and 3.5.2 – briefly
3.13.2. Reuse 3.9.2 and 3.9.3 - briefly
3.14. Jason Sinclair: It is essential that sterile techniques are utilized when culturing the worms axenically. Avoiding the use of antibiotics ensures that the C. elegans cultures are indeed free of contaminating bacteria.
3.14.1. WID: talent interview in front of hood, talent wearing gloves and lab coat
3.15. When the culturing process is repeated past the second generation, omit the tetracycline from the media.  At this point synchronized cultures can be prepared.
3.15.1. Reuse 3.9.2 without showing addition of antibiotics
3.15.2. Reuse 3.9.4 – briefly
3.15.3. Reuse 3.10.1
4. Synchronizing and Storing Worms in mCeHR Culture
4.1. For synchronization, add 10 ml of M9 buffer to eggs released following bleaching of gravid worms, and allow them to hatch overnight at 20 ºC on an orbital platform shaker.
4.1.1. WID: establish talent at hood, getting aliquot of M9 buffer
4.1.2. MED: adding M9 aliquot to “bleached worms”
4.1.3. CU: setting up “bleached worms” on orbital shaker and starting shaker
4.2. The next day, pellet the larvae at 800 G for five minutes and re-suspend the L1 larvae in 10 ml of mCeHR.  Transfer the suspension to a 25 square-centimeter flask and grow them up to their maximum density.  (TEXT: 20 ºC with gentle agitation; 3,000 worms / mL / cm2)
4.2.1. WID: loading tube into centrifuge
4.2.2. MED: at hood, with “tube containing pellet of worms”, talent adds 10 mL mCeHR and mixes
4.2.3. MED: adds mixture from tube to culturing flask
4.3. Tamika Samuel: Checking the growth of the worms every few days is necessary to ensure that the worms do not become too crowded and deplete the available nutrients in the media. 
4.3.1. WID: interview shot: Tamika opens incubator, removes worm culture, then delivers narrative
4.4. To store an axenic worm culture, re-suspend a pellet of worms in 0.5 ml of S-buffer in storage vials.  Add one volume of S buffer with 30% glycerol, then transfer the vials to negative 80 ºC, followed by long-term storage in liquid nitrogen.
4.4.1. MED: taking aliquot of S-buffer and adding S-buffer to worm pellet, then mixing and sucking up worms in suspension
4.4.2. MED: adding worms in suspension to storage vial, then adding S-buffer to storage vial and then adding 30% glycerol to storage vial
4.4.3. WID: loading storage vial to -80 ºC freezer
4.5. To thaw the worms, incubate the vial at 37 ºC until almost all the ice is melted, which takes about two minutes.  Then, under sterile conditions, transfer them back to mCeHR media.
4.5.1. WID: removing a storage vial from a liquid nitrogen tank
4.5.2. MED: placing storage vial in water bath or incubator at 37 ºC
4.5.3. WID: at hood, transferring storage vial content to container with media 

5. Nutrient Studies and Transgene Delivery in mCeHR 
5.1. One advantage of using mCeHR was seen in studies that examined the exact nutrient requirement on worm development.  Worms were grown in mCeHR supplemented with increasing amounts of heme to determine low, optimal and toxic levels of heme. 
5.1.1. LAB MEDIA: 51796_Hamza_Figure 1
5.2. [bookmark: _GoBack]In addition, an inversely heme-responsive reporter strain (TEXT: Phrg-1::GFP) was utilized to indirectly assess the heme status of the worms in a smaller range of concentrations. These worms grown at 4 μM heme showed high fluorescence, indicating that the worms were in a low heme environment.                                                   
5.2.1. LAB MEDIA: 51796_Hamza_Figure 2_1
Video editor: rearrange the image to show the green worm below the black and white worm.
5.3. When the heme concentration was increased to 8 μM the GFP expression declined.
LAB MEDIA: 51796_Hamza_Figure 2_2 
Video editor: rearrange the image to show the green worm below the black and white worm.
5.4. When the concentration of heme was increased to 10 µM, the worms showed very little GFP expression, and at 20 μM of heme they showed no GFP expression.
5.4.1.  LAB MEDIA: 51796_Hamza_Figure 2_3
Video editor: rearrange the image to show the green worm below the black and white worm.  This time, B+W over green, over B+W, over green.

6. Conclusion Interview (spoken by you on camera)
6.1. Tamika Samuel: While attempting this procedure, it’s important to remember to use scrupulously sterile techniques to ensure that the cultures are axenic and to prevent bacterial contamination.
6.2. Jason Sinclair: After watching this video, you should to make mCeHR, establish and maintain axenic C. elegans cultures that can be utilized for a wide number of applications which require a large number of C. elegans. 


List of Provided Media Filenames and Descriptions (fill this in)

5.3.1- 51796_Hamza_Figure 1.tif- Heme growth curve
5.3.2- 51796_Hamza_Figure 2_1.tif- Heme sensor worms at 4 μM heme
5.3.3- 51796_Hamza_Figure 2_2.tif- Heme sensor worms at 8 μM heme
5.3.4- 51796_Hamza_Figure 2_3.tif- Heme sensor worms at 10 and 20 μM heme, respectively


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.
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