
Submission ID #:  50879

Editor Name:  Linda DiBella
Videographer name:

Film Date: 

Authors and Affiliations: 
Marshall L. Deline and Jennifer L. Watts

 School of Molecular Biosciences and Center for Reproductive Biology, Washington State University, Pullman, WA 99164-7520 U.S.A. 
Corresponding Author:

Jennifer L. Watts, School of Molecular Biosciences and Center for Reproductive Biology, Washington State University, Pullman, WA 99164-7520 U.S.A. jwatts@vetmed.wsu.edu.  Phone:  509-335-8544
Title: Dietary Supplementation of Polyunsaturated Fatty Acids in Caenorhabditis elegans
Authors, please fill out the brief questionnaire below.   
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)?  ______N____

B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? ___N______

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_Preparation of the Fatty Acid Supplementation Media_____
D.  What is the single most difficult aspect of this procedure?  Being very consistent, especially with monitoring the temperature of the media.
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Conceptual Narrative:
The overall goal of the following experiment is to use dietary means to alter the fatty acid composition of C. elegans in order to study fatty acid function and regulation._ (Intro).
This is achieved by culturing the nematode food source in the presence of unsaturated fatty acids. (P1, Editor, using DGLAmedia figure.tif, bring in the DGLA supplemented plate on the left, then bring in the capsule-shaped bacteria on the right with the brackets, and then the rectangle below them with the blue vertical lines). 
Next, C. elegans are fed the supplemented bacteria, allowing for uptake of the fatty acid and its incorporation into the worm lipids (P2, Editor, from DGLA-wormFigure.tif, bring in the plate with the worms on the left, then bring in the zoomed-in worm with the bacteria to the right, and then add the rectangle below with the squiggly lines).   

Then, changes in C. elegans’ fatty acid composition are confirmed by Gas Chromatography/Mass Spectrometry analysis (P3, Editor, use Figure 1B here).

Finally, after feeding on unsaturated fatty acids, the worms are scored for sterility (P4, Use image of worms with eggs versus without eggs).
Results are obtained that show the physiological effects of altered fatty acid composition through development, behavior, and changes in gene expression (P5, Editor, use Figure 3 here).
Paste a copy of your graphic overview here.  The original file should be adobe illustrator (preferred) or powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website.   
This will be 

1. DGLAmedia figure.tif

2. DGLA-wormFigure.tif

B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.    Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.  **If individuals will be doing the demonstrations but not speaking in the introduction, please use statement 1.8 to introduce these demonstrators (ex PI introducing students).   
1.1) Author name  Jennifer Watts: This method can help answer key questions in the C. elegans development and physiology field, because we can use both genetic manipulations and dietary contributions to alter fatty acid composition and monitor the consequences..  

1.2) Author name _Marshall Deline : Generally, individuals new to this method must be cautious and careful because it difficult to obtain consistent results due to the sensitivity of unsaturated fatty acids to oxygen and high temperature.
Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Preparation of Fatty Acid Supplemented Medium
2.1. To prepare 1 liter of fatty acid supplemented medium, measure out the following components into a flask: (TEXT: 17 g Bacto-agar, 2.5 g tryptone, 3 g NaCl, 1 mL 5 mg/mL cholesterol in ethanol, and 10 mL 10% Tergitol in water).
2.1.1. WIDE Talent approaches bench with flask and places on bench
2.1.2. MED Talent begins to add the ingredients to the medium to flask (Videographer, frame this for a bulleted list; Editor, with the VO ‘measure out the following components, make a bulleted list to the right of talent)
2.2. Add Milipore water up to 800 ml and autoclave the medium along with an empty glass bottle for each fatty acid concentration to be tested, as well as appropriate graduated cylinders. 

2.2.1. MED Talent adds water

2.2.2. WIDE Talent places flask and glass bottles into autoclave and shuts door

2.3. While the medium is cooling at 55˚C, prepare the working stock solution of the fatty acid sodium salt by carefully breaking open the glass vial so as not to get glass particles into the powder, and weighing out enough to make a 100 mM stock solution.
2.3.1. MED Talent places medium into 55˚C bath
2.3.2. CU Talent picks up glass vial and carefully breaks open
2.3.3. CU Talent pours some of powder onto weigh paper or boat on scale  (We did not have the correct scale to show the weighing for this step, so we did not film 2.3.3)
2.4. Add the necessary amount of purified water.
2.4.1. CU Talent adds water to tube of powder and places tube on bench to dissolve (Added a supplemental shot here to show the calculation for how much water to add to make the 100mM stock solution).
2.4.2. CU Talent picks up tube of dissolved fatty acid solution and shows to camera  (We moved this shot to AFTER shot 2.5.2, because we purge the solution BEFORE all of the fatty acid dissolves.).
2.5. Next, using argon or nitrogen gas, purge the solution to prevent fatty acid oxidation.  Then cap the vial and store the vial in the dark while the fatty acid sodium salt is dissolving.  (TEXT:  20-30 minutes).  

2.5.1. MED/CU Talent applies gas to purge the solution

2.5.2. CU Talent caps vial and places tube in box 
2.4.2
CU Talent picks up tube of dissolved fatty acid solution and shows to camera
2.6. When the agar has cooled to 55˚C, add the following: (TEXT: 1 mL 1 M MgSO4, 1 mL 1 M CaCl2, and 25 mL phosphate buffer).  Then near a flame, transfer the solution into a sterile graduated cylinder before adding sterile water up to 1 liter.  Transfer the medium back to the flask and continue to mix.
2.6.1. MED Talent takes medium from water bath and begins to add the ingredients in list (Videographer, frame for bulleted list; Editor, add list to the right of talent)

2.6.2. MED Talent near flame transfers solution into sterile graduated cylinder

2.6.3. MED/CU Talent adds water to 1 liter

2.6.4. MED Talent transfers solution back to flask and places on stir plate
2.7. Use a sterile graduated cylinder to transfer an aliquot of medium into one autoclaved bottle for each fatty acid concentration to be tested.  
2.7.1. MED Talent pours medium into a graduated cylinder and transfers to an autoclaved bottle - have several bottles visible
2.8. Then, keeping the bottles warm on a stir plate, stir in the appropriate concentration of fatty acid stock solution before using a sterile 25 ml pipet to pour the plates (TEXT: medium will be slightly cloudy).   After the plates have solidified, cover and store at room temperature in a well-vented area in the dark.
2.8.1. MED/CU With bottles on stir plate, talent pipettes in fatty acid stock solution
2.8.2. MED/CU Talent pipettes medium and adds to plates
2.8.3. MED Talent covers cooled plates then places in dark
2.9. Two days later, use E. coli OP50 to seed the plates, then incubate the plates in a dark environment at room temperature while the bacterial lawn is drying (TEXT: incubate 1-2 days before use). 
2.9.1. CU Talent pipettes E. coli from culture and seeds plates- have tube or flask of E. coli labeled and visible when pipetting

2.9.2. MED Talent places seeded plates in box and covers 
3. Inducing Germ Cell Destruction by DGLA Supplementation 
3.1. Prepare a synchronized population of L1 larvae by treating gravid hermaphrodites with alkaline hypochlorite solution (TEXT: refer to text protocol for recipe).
3.1.1. CU Talent adds alkaline hypochlorite solution to larvae in tube or flask/beaker
3.2. Gently rock the gravid hermaphrodites in this solution until the adult worms dissolve, then centrifuge at low speed to pellet the eggs.  
3.2.1. CU Talent places animals in solution on rocker and turns on

3.2.2. MED Talent places tubes of worm solutions into centrifuge and closes door
3.3. Use M9 buffer to wash the eggs three times, then in a 15 ml tube, resuspend them in 5 ml of M9 buffer and rock overnight.

3.3.1. CU Talent pipettes up M9 from bottle or tube and adds to pelleted eggs

3.3.2. CU Talent adds 5 ml of M9 to tube of eggs (We removed 3.3.2, because this is done in 3.3.1.)
3.3.3. MED Talent places tubes on shaker/rocker

3.4. Add the L1 larvae to OP50 seeded plates that have been supplemented with 0.3 mM dihomo-gamma-linolenic acid, or DGLA, and incubate them at 20 ˚C for three days or until the larvae reach the adult stage.
3.4.1. CU Talent opens a plate and adds the L1 larvae

3.4.2. WIDE/MED Talent places plates into incubator
3.5. Use a dissecting microscope to score adult worms for sterility.  Successful germ loss will appear as a clear uterus devoid of eggs. 

3.5.1. MED Talent looks through eye pieces of dissecting scope and scores adult worms

3.5.2. LAB MEDIA Image of fertile and sterile worms

3.6. Alternatively, score worms by picking them into a drop of M9 buffer on a watch glass.  Then use 1 ml of 0.2 ng/mL of DAPI solution (TEXT: in 95% EtOH) to flood the watch glass and incubate for ~5 minutes. 

3.6.1. CU/ECU Talent picks worms and drops in M9 buffer on watch glass

3.6.2. CU Talent pipettes up 1 ml of DAPI from labeled tube and floods watch glass

3.7. After the incubation, pick the worms into a drop of mounting medium on a slide before covering with a coverslip.  Seal the coverslip and store at 4 ˚C in the dark overnight or view immediately under a fluorescent microscope.
3.7.1. ECU Talent picks worms into mounting medium
3.7.2. ECU Talent covers with coverslip
3.7.3. ECU/CU Talent seals coverslip
3.7.4. WIDE Talent places covered slides into fridge
4. Confirming Fatty Acid Uptake by Gas Chromatography
4.1. To produce fatty acid methyl esters, or FAMES, to quantify fatty acid uptake, collect 500-1000 adult worms by using water to wash them off of the plates and transfer them to silanized 13x100 mm glass screw top tubes.
4.1.1. MED Talent places plates on bench

4.1.2. CU Talent washes worms from a plate

4.1.3 CU Talent transfers worms to screw top tubes (We shot 4.1.2 and 4.1.3 as one shot (labeled 4.1.2).)
4.2. Let worms settle by gravity, and then use a glass Pasteur pipette to remove as much water as possible.
4.2.1. CU Talent holding a tube of settled worms then talent removes as much water as possible

4.3. Add 1 ml of 2.5% H2SO4 in methanol and heat the tubes in a water bath at 70 ˚C for 1 hour.  After cooling for one minute, under the hood, extract the FAMEs by adding 1.5 ml of water and 0.25 ml of hexane.
4.3.1. CU Talent adds H2SO4 to tubes
4.3.2. MED Talent places tubes into water bath
4.3.3. CU Talent adds water and then hexane to tube 
4.4. Recap the tubes and shake vigorously, then centrifuge the tubes in a tabletop clinical centrifuge for 1 minute to separate the hexane from the aqueous solvent.
4.4.1. CU Talent recaps a tube and shakes
4.4.2. MED Talent places tubes in centrifuge
4.5. Transfer the top, hexane layer to a gas chromatography, or GC, vial insert within a GC vial.
4.5.1. CU/ECU Talent pipettes up the top hexane layer to a GC vial insert in vial
(First shot of 4.5.1 is the Talent placing the vial insert into a GC vial.  Then we show pipetting up the top hexane layer into the vial insert.)
4.6. To analyze by GC, inject 1-2 ml of FAMEs onto a polar capillary gas chromatography column suitable for FAME analysis.  Set the injector at 250˚C, with a flow rate of 1.4 ml/min.
4.6.1. MED/CU Talent injects sample onto a GC column
4.6.2. MED/CU Talent sets injector at 250˚C, with flow rate of 1.4 ml/min

(We did not have a GC to show during filming, so we will use media image (picture of GC) for 4.6.1 and 4.6.2.  We did not film anything for 4.6.)
4.7. Program the oven for an initial temperature of 130˚C, held for 1 minute, then ramp the temperature 10 ˚C/min until it reaches 190 ˚C, and then ramp it again at 5 ˚C/min up to 210 ˚C and then hold for an additional 1 min.
4.7.1. LAB MEDIA Image of GC machine
4.8. To ensure that uptake of DGLA has occurred, analyze FAMEs by flame ionization detection or mass spectrometry, or MS detection, using authentic standards for the identification of the C. elegans fatty acids.  
4.8.1. LAB MEDIA GC/MS trace with fatty acids labeled
5. Representative Fatty Acid Supplementation Results-(second to last section) 
5.1. Supplementation of the C. elegans diet is limited by the ability of the bacterial food source to uptake and incorporate fatty acids into the bacterial membrane.  To determine the ability of E. coli OP50 to assimilate various fatty acids into its membranes, OP50 was plated onto media with no supplement, 0.1mM and 0.3mM concentrations of stearic acid (18:0), sodium oleate (18:1n-9), and sodium DGLA (20:3n-6).  As seen in this figure, FAME analysis by GC/MS demonstrates that unsaturated fatty acids, including oleate and DGLA incorporate into OP50 at higher levels than the saturated fatty acid, stearic acid.
5.1.1. LAB MEDIA Figure 1A
5.2. In addition, measuring the amounts of fatty acids in L1 stage N2 larvae reveals that supplementation with saturated fatty acids has no effect on the relative amount of saturated fatty acids in worm tissues; however, supplementation with unsaturated fatty acids increased the relative amounts of these fats.  Taken together, these data indicate that the relative accumulation of supplemented fatty acids in C. elegans correlates directly with the relative accumulation of fatty acids in the dietary E. coli.
5.2.1. LAB MEDIA Figure 1B, Editor, place next to 1A
5.3. As we previously demonstrated, this graph illustrates the dose response of DGLA induction of sterility in C. elegans. The concentration of DGLA in worm lipids in which 50% of the population will be sterile is approximately 12% and interestingly, the response to DGLA can be altered by genetic mutations in the worms.
5.3.1. LAB MEDIA Figure 2 (Editor, for 50% of the population that are sterile at 12%, point to the overlapping squares on the curve at 50% sterile on the Y axis)
5.4. Based on a recent finding that the insulin growth factor-dependent stress pathways can suppress DGLA-induced germ cell destruction, we supplemented the diet of worms containing deleterious mutations in either the DAF-2 insulin/IGF receptor, or the daf-16/FOXO transcription factor, with DGLA.  A scoring of sterility in each strain showed that daf-2 mutants were fertile, with little to no induced germ cell loss compared to wild type worms at both DGLA concentrations. In contrast, DGLA supplemented worms with inactive FOXO displayed a higher percentage of sterile worms compared to wild type when fed on plates containing 0.15 mM of the fatty acid.
5.4.1. LAB MEDIA Figure 3 (Editor, point to the daf16 column for the ‘worms with inactive FOXO’).
INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/index/Details.stp?ID=1597
6. Conclusion (said by authors on camera

Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.
6.1 Author name Jennifer Watts: Following this procedure, researchers can perform numerous assays on the supplemented C. elegans, such as behavioral assays, reproductive and developmental analysis, and gene expression studies, to answer the question of whether fatty acid composition affects these processes. 
6.2 Author name Marshall Deline: After watching this video, you should have a good understanding of how to consistently prepare fatty acid-supplemented media that can be used to alter the fatty acid composition of C. elegans.  (restate overall goal of the procedure mention specific steps).
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 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.  

3.5  50879  We will send an image of fertile and sterile C. elegans.

4.7  50879  We will send an image of the Gas Chromatograph machine 

4.8  50879  We will send an image of a representative GC/MS trace with fatty acids labeled. 

5.1.1 50879 Watts_Figure1a.tif. 

5.2.1 50879 Watts_Figure1b.tif. 

5.3.1  50879 Watts_Figure2.tif. 

5.4.1  50879 Watts_Figure3.tif.
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.

( 2010, Journal of Visualized Experiments


