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Title: Biochemical and High-Throughput Microscopic Assessment of Fat Mass 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_4.1, 4.3, 5.2, 5.3, 6.3, 6.8_____

D.  What is the single most difficult aspect of this procedure and what do you do to ensure its success?  

Mounting worms on microscope slides (step 5.3)
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.  
Procedural Narrative:
The overall goals of these paired procedures are to __determine fat mass in C. elegans using either a Biochemical or a High-Throughput Microscopic method _ (Intro).
This is accomplished by first knocking down each gene of interest by RNAi in 96-well plates    (P1, Editor, begin with the plate, then add in the yellow bacteria on the left into all the wells, then bring the worms into all the wells.)
Once worms have grown to adulthood on the bacterial RNAi, they are fixed in isopropanol and stained in isopropanol with Nile red.  P2, Editor, bring in the flask on the left and add some liquid to all the wells, then bring in the colored flask on the right and add some liquid to all the wells.)
Next, stained and washed animals are imaged on a high-throughput microscope in bright field and fluorescence with a GFP filter.  Fluorescence is quantified to determine overall fat mass (P3, Editor, remove the purple worms in P3 from the plate in P2 and transfer them onto a wells in the slide in P3, then transfer the slide to the stage of the microscope and center and zoom in on the scope.)
The second procedure is a paired method for the biochemical assessment of triglyceride and phospholipid content in C. elegans, carried out using solid phase extraction followed by gas chromatography mass-spectrometry ___ (P4 Editor, bring in the column without the TG/PL labels, bring in the tube with liquid and pour it into the column, then add the TG/PL labels.  Then bring in the G/MS machine on the right.).

Ultimately results can be obtained that show modulations in fat content for each RNAi clone based on microscopic fat staining fluorescence intensity that are confirmed by biochemically determined triglyceride to phospholipid ratio (P5 Editor, scroll the series in P5, beginning with the panel of worms and ending with TG/PL.).
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.   
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 __Alex Soukas___: We first had the idea for this method, when we realized that Nile red, when fed to living worms stains lysosome related organelles rather than lipid droplets, but when used in a fixative-based, isopropanol staining solution, Nile red correctly and effectively stains lipid droplets.
1.2) Author name __Elizabeth Pino_: The main advantage of this technique over existing methods, like feeding or other fixative-based dyes, BODIPY-labeled lipid trackers, or CARS microscopy, is that high throughput analysis can be easily accomplished without sacrificing accuracy or sensitivity.   
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. Stamp Frozen Library Plates onto Rectangular Amp/Tet LB Agar Plates 
2.1. TEXT on White Background: Prepare all media and plates as outlined in the text protocol. 

2.1.1. TEXT of the above statement

2.2. On the first day of experiments, stamp frozen library plates onto rectangular Ampicillin and tetracycline plates, by first sterilizing a 96-pin replicator by immersing the pins serially for 10 seconds each in 10% bleach, deionized H2O, and 70% EtOH; then pass the pins through a flame.  Repeat the EtOH and flame step.
2.2.1. WIDE Talent at bench lights a Bunsen burner

2.2.2. MED/CU Talent dips pins into bleach, water, then ethanol then passes through the flame

2.2.3. MED/CU Talent repeats ethanol then flame; use for 3.1.2 below
2.3. Apply the replicator to frozen 96-well RNAi glycerol stocks, making sure each pin contacts the surface of each well.  Stamp onto A/T plate, drawing a small circle with each pin without damaging agar surface.
2.3.1. CU/ECU Talent dips replicator into glycerol stocks

2.3.2. ECU Talent stamps onto A/T plate, drawing a small circle

2.4. Re-seal and return the library plates to -80(C and incubate the stamped A/T plates at 37(C overnight for bacterial growth.
2.4.1. MED/CU Talent reseals library plates

2.4.2. WIDE Talent places AT plates in incubator

3. Grow and Seed RNAi Bacterial Clones 
3.1. The following day, fill each well of a 96-well deep-well block with 1.5 ml of LB containing 200 ug/mL of carbenicillin. Sterilize the 96-pin replicator.  
3.1.1. MED Talent fills wells of block with LB

3.1.2. MED/CU Use 2.2.3 here

3.2. Apply replicator to the top of the A/T plate, making sure pins make contact with each bacterial RNAi clone. Lift replicator and immerse pins into the deep-well block.  Swirl, and slowly remove, making certain not to contaminate adjacent wells.
3.2.1. CU/ECU Talent applies replicator to A/T plate

3.2.2. CU/ECU Talent lifts replicator and immerses pins in deep-well block, swirls and slowly removes
3.3. Use breathe-easy film to seal the block and incubate overnight at 37(C with agitation.
3.3.1. MED/CU Talent seals block with breathe easy film
3.3.2. WIDE/MED Talent places block in incubator and begins agitation 
3.4. The following day, seed RNAi bacterial clones onto 96-well NGM RNAi plates by first centrifuging the deep well blocks at 4000g for 10 minutes.  Rapidly invert blocks into a sink to drain the medium, and stamp them inverted onto paper towel to eliminate excess medium.
3.4.1. MED Talent removes deep well blocks from centrifuge
3.4.2. MED/CU Talent rapidly inverts blocks over sink
3.4.3. CU Talent stamps onto paper towels
3.5. Under a laminar flow hood, add 40 (L of LB with 200 (g/mL carbenicillin to each well and use sterile film to seal.  Return the blocks to a room temperature bacterial shaker for 10 minutes to resuspend the pellets.
3.5.1. MED Talent at hood adds LB to wells then seals with film
3.5.2. MED Talent places in bacterial shaker
3.6. In the laminar flow hood, remove the sterile film and transfer the bacteria from the deep-well blocks onto 96-well RNAi plates. Add additional medium to the wells at the edge of the plate to prevent over drying and cracking of the agarose.
3.6.1. MED/CU Talent removes film and transfers bacteria to 96-well plates
3.6.2. CU Talent adds extra medium to edge wells
3.7. Leave plates uncovered to dry in hood for 4-6 hours, inspecting regularly for dryness. Dry bacteria appear clear, not cloudy.  Once dry, cover, invert plates and incubate at room temperature overnight.  
3.7.1. WIDE/MED Talent walks away from hood

3.7.2. CU Side by side comparison of dry versus wet plate - label each plate

3.7.3. MED Talent covers dry plates and arranges on bench in hood

4. Add Worms to RNAi Plates and Fix and Stain Worms in Nile Red
4.1. The next day, using a manual multi-channel pipette, add 50-75, synchronous, L1 stage worms in 5 ul into each well of the 96-well RNAi plates.  Allow the plates to dry in the hood for 30 to 60 minutes (TEXT: worms will crawl rather than thrash when dry).  
4.1.1. CU Talent adds L1 stage worms to 96-well plates 

4.2. Grow the worms at 20(C for ~64 hours.

4.2.1. WIDE Talent places worms in incubator

4.3. Using an electronic repeat pipettor, add 150 (L of PBS with 0.01% triton X-100 to each well of an RNAi plate.  With a manual multi-channel pipettor, mix and transfer liquid with worms to the corresponding row in a 96-deep-well PCR plate. Avoid disrupting the agar.  Repeat for a total of 300 (L of worms in PBS per well.  

4.3.1. MED/CU Talent adds PBS/Triton X-100 to wells of an RNAi plate

4.3.2. CU Talent mixes worms and transfers to 96 deep well PCR plate - Videographer, get enough footage for sentences 2-4 of VO

4.4. After transferring four plates, centrifuge them at 500 RPM for 1 minute.  Using a 96-pin vacuum aspirator, aspirate the supernatant, leaving ~25 (L of liquid and the worm pellet at the bottom of the well.
4.4.1. MED Talent places plates into centrifuge

4.4.2. ECU Talent aspirates the supernatant

4.5. To fix the animals, add 150 ul of 40% isopropanol to each well.  Incubate at room temperature for 3 minutes then centrifuge plates uncovered at 500 RPM for 1 minute.  Aspirate supernatant, leaving only 25 (L of 40% isopropanol and the worm pellet at the bottom of the well.
4.5.1. CU Talent adds isopropanol to each well

4.5.2. WIDE/MED Talent places uncovered plates into centrifuge; B need another version for 5.1.3 below

4.6. To each well, add 150 (L of freshly prepared Nile red staining solution.  Seal the plate with non-sterile adhesive film and stain in the dark for at least 2 hours.

4.6.1. CU Talent adds Nile red to the wells

4.6.2. MED/CU Talent covers with adhesive film and places in dark
5. Wash Worms and Image on a High-Throughput Microscope
5.1. After spinning down the worms at 500 RPM for 1 minute, aspirate all but 25 (L of Nile red dye.  Add 150 (L of PBS with 0.01% triton X-100 to each well and store in the dark for at least 30 minutes, then centrifuge at 500 RPM for 1 minute.

5.1.1. MED/CU Talent aspirates Nile red dye

5.1.2. MED Talent adds PBS/Triton-X100 (TEXT: 30 min in dark)
5.1.3. WIDE/MED Use 4.5.2B here
5.2. Using a 12-channel pipettor, aspirate the animals from the bottom of each well with two 7 (L quick strokes and dispense onto a 96-well Teflon-printed glass slide.  Carefully, without removing the worms, aspirate 9.5 (L of PBS from each well of the slide.

5.2.1. CU/ECU Talent uses two quick strokes to aspirate the animals and dispenses on glass slide
5.2.2. ECU Talent aspirates 9.5 ml from the slides
5.3. Slowly lower cover slip onto 96-well slide and use adhesive tack to secure the corners.  Image slide in bright field and fluorescence with a GFP/FITC filter set on an automated microscope.

5.3.1. ECU Talent lowers cover slide onto and secures corners with adhesive tack

5.3.2. MED OVER SHOULDER Talent at scope looking at sample on computer screen

6. Biochemical Lipid Determination Using Solid Phase Extraction and Gas Chromatography-Mass Spectrometry
6.1. To a threaded borosilicate glass tube with 1.5 mL of a 2:1 ratio of chloroform to methanol, add 2500-5000 washed worms that have been treated with RNAi for 64 hours (TEXT: in 250 μL total volume).

6.1.1. CU Talent adds worms to tube of chloroform and methanol
6.2. Using a wiretrol 50 μL pipet, add 25 nM phospholipid standard in 50 (L, and 16.7 nM triglyceride standard in 50 (L (TEXT: see text protocol for further details).  Apply a phenolic cap and vortex. Extract for 1 hour at RT, vortexing every 15 minutes.

6.2.1. CU Talent adds phospholipid standard and triglyceride standards to tube

6.2.2. MED Talent applies cap and vortexes then sets on bench to extract

6.3. After spinning at 1000 RPM for 5 minutes, transfer the lower organic phase without the carcasses to a borosilicate culture tube and add 0.3 mL of 0.9% NaCl.  After vortexing and spinning at 1000 RPM for 5 minutes, transfer the bottom organic layer to a fresh borosilicate culture tube.
6.3.1. CU/ECU Talent transfers lower phase to culture tube

6.3.2. CU/ECU Talent transfers the bottom organic layer to a fresh borosilicate culture tube

6.4.       Next, dry the organic phase under nitrogen. Then, to begin the solid phase extraction, or SPE, resuspend the dried lipid in 1 mL chloroform.  Assemble a silica SPE column on the SPE manifold. Pre-equilibrate the column with 3 mL chloroform, allowing the solvent to flow by gravity.  
6.4.1. MED/CU Talent places sample under nitrogen to dry

6.4.2. CU Talent adds chloroform to dried lipid

6.4.3. MED Talent assembles column on SPE manifold

6.4.4. MED/CU Talent equilibrates column with chloroform

6.5. Load lipid sample onto SPE column, collecting flow-through in a threaded borosilicate tube as part of the first fraction (TEXT: TAG fraction). Add 3 mL of chloroform to fully elute the TAG fraction, collecting the flow-through in the TAG fraction tube.

6.5.1. CU Talent loads sample onto column

6.5.2. CU Flow through coming into first fraction - videographer, shoot this shot and 6.5.4 together - Editor split up the shot for 6.5.2 and 6.5.4

6.5.3. MED/CU Use 6.4.4 here or talent adds chloroform to elute
6.5.4. CU Flow through coming into first fraction

6.6. Remove and cap the first collection tube, and replace it with a clean collection tube.  Elute glycosphingolipids with 5 mL of 9:1 acetone:methanol.  Replace the glycosphingolipid collection tube with a second threaded borosilicate collection tube and elute phospholipids with 3 mL of methanol (TEXT: PL fraction).
6.6.1. MED/CU Talent removes and caps first collection tube and replaces with another tube

6.6.2. MED/CU Taletn adds acetone/methanol to column

6.6.3. CU Talent replaces second tube with threaded borosilicate tube

6.7. To dry the purified liquids, place in a dry heating block at 33(C. and dry under nitrogen. Resuspend the dried lipid fractions in 2 mL of 2% H2SO4 in methanol by vortexing, then cap tightly and incubate overnight in a 55(C water bath to create fatty acid methyl esters, or FAMEs.

6.7.1. MED/CU Talent places tube in heating block then places under nitrogen

6.7.2. MED Talent vortexes sample then caps tightly and places in water bath

6.8.      The next morning, remove them from bath, and allow them to cool. Add 1.5 mL of H2O and then 0.3 mL of hexane to each TAG and PL fraction.  After shaking vigorously and spinning at 1000 RPM for 5 minutes, use a Pasteur pipette to very carefully remove only the top hexane layer and dispense into an autosampler tube. Make certain not to include any acidified methanol.
6.8.1. MED Talent removes samples from bath and sets on bench to cool

6.8.2. CU Talent adds water then hexane to tubes lined up in rack

6.8.3. ECU Talent removes top hexane layer from a sample and dispenses into autosampler tube

6.9. Finally, cap and load the samples onto a gas chromatography, mass spectrometry, or GC/MS system according to the text protocol.
6.9.1. MED Talent loads samples onto GC/MS 
7. Representative Fat Mass Content Results-(second to last section) 
7.1. Specific controls for high fat (daf-2 insulin receptor RNAi), low fat (lpd-3 protein required for lipid storage granules in the gut RNAi), small and low fat (fasn-1 fatty acid synthase RNAi), and empty vector (control) show the variations in fluorescence intensity according to the fat levels of the animals, and the corresponding lipid amounts determined by GC/MS analysis.
7.1.1. LAB MEDIA: 50180_figure_2.tif Editor, point out the RNAi panels with the VO and then highlight the TG/PL row when the VO says ‘corresponding lipid amounts’.
7.2. Average variability between replicates is shown here, indicating high reproducibility of the fat staining method. Note that the strength of the method is highly dependent on obtaining quality images for each plate, under uniform illumination conditions, using identical exposure times, and with minimal bubbles, debris, or crossover of worms into other wells. 
7.2.1. LAB MEDIA: 50180_figure_4.tif

7.3. Gene inactivations leading to developmentally arrested, small animals will often appear to have much lower fat than adult control animals, irrespective of any connection to fat metabolism.
7.3.1. LAB MEDIA: 50180_figure_3.tif
7.4. Secondary analyses, including staining analysis and lipid biochemistry with SPE-GCMS of wild-type control animals of a similar developmental stage must be done to ensure the validity of small or developmentally arrested positive hits. In the case of fasn-1 RNAi, animals arrest in either the L2 or L3 larval stage, and have fat staining lower than adult control RNAi, but similar in abundance to L2-L3 stage control RNAi animals.
7.4.1. LAB MEDIA: 50180_figure_2.tif
7.5. Alternatively, biochemical analysis indicated a lower TG/PL ratio than L2 stage matched N2 control animals.  Thus in this instance it can be confirmed by biochemical analysis that fasn-1 plays a role in lipid storage rather than just a stage-specific reduction in fat mass.
7.5.1. LAB MEDIA 50180_figure_2-1.tif
7.6. The follow-up analysis of imaged worms relies heavily on a computational platform such as Cell Profiler using the WormToolbox.  For smaller numbers of images, a publicly available image analysis platform such as ImageJ, freely available from the NIH, may be used. For our analysis, unique Matlab scripts were used first to identify the well, and subsequently to exclude empty wells or those with bubbles, and distinguish small debris from worms. We found empirically that 90th percentile intensity of worm pixels across a well, normalized to worm area across a well, provided consistent metric of staining intensity at all stages of worm development. Sum integration of total fat mass with the area of the worm, on the contrary, would tend to score small bright worms equivalently with large dim worms.
7.6.1. LAB MEDIA: 50180_figure_2-2.tif

7.7. This figure shows a sample GC-MS trace of N2 wild type animals taken through solid phase extraction and FAME preparation. For both TG and PL, peaks can be identified based upon retention time and parent and daughter ions on the mass spectrum.  The total area under the identified peaks is normalized to the area under the respective internal standards.
7.7.1. LAB MEDIA: 50180_figure_5B.ai
7.8. SPE was performed on pre-mixed, purified standards to determine the degree to which Triglycerides, or TG could be separated from Phospholipids, or PL. In this analysis, we achieved a 100% separation of TG and PL, indicated as a complete absence of 17:0 fatty acids derived from PL in the TG sample and a corresponding complete absence of 13:0 fatty acids derived from TG in the PL sample. Thus SPE is highly efficient at separating lipid classes.

7.8.1. LAB MEDIA: 50180_figure_5A.ai 
7.9. To determine the normalized amount of TG, the area under all peaks of the TG chromatogram, except the 13:0 standard, were added together and divided by the area under the 13:0 peak.  Likewise, to determine the normalized total PL amount, the area under all peaks, except the 17:0 standard, were added together and divided by the area under the 17:0 peak.  The normalized values for the TG and PL samples are then used to calculate the final TG/PL ratio for the sample.

7.9.1. LAB MEDIA JoVE Formulas 7.10 TAG:PL Ratio 

7.10. It should be noted that the data from SPE-GCMS permit a much more sophisticated analysis of fatty acids present in each lipid fraction than simple calculation of the total TG to PL ratio. For example, the investigator can integrate a single peak corresponding to a single fatty acid and compare its normalized abundance across samples.
7.10.1. LAB MEDIA JoVE Formulas 7.10 Relative Abundance
7.11. Should the investigator choose, it would also be possible to determine the percentage of any given fatty acid in the TG or PL fractions as a percentage of the total amount of fatty acid quantified.
7.11.1. LAB MEDIA/TEXT JOVE Formulas 7.10 Percent abundance
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/video/1597/results-example-mably?access=ksw0bprj 

8. 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.
8.5 Author name Elizabeth Pino: After watching this video, you should have a good understanding of how to rapidly and accurately determine fat content in C. elegans, through both an imaging method ideally suited for high throughput screens, and a more rigorous biochemical assay using gas chromatography mass spectrometry.
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.

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


