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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: ___

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____N____ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

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.) ___2.2, 3.1- 3.8____

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.) _no difficult aspects.  Step 3 contains all possible places where problems can occur.
E.  Will the filming need to take place in multiple locations? (Y/N) __N_____ If yes, how far apart are the locations? ____If you wish to film egg collection, we will have to travel between two locations that are two miles apart.  That has been covered in other JoVE videos.
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 high-throughput resazurin based flourometric assay is to monitor the effect of genetic or pharmacological manipulations on NADH2 production, which is a measure of metabolic rate. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Renquist: This method can help answer key questions in the obesity field, such as the effect of a given gene or drug on metabolic rate.   Additionally, this assay allows us to screen potential drug-drug and drug-gene interactions in a whole animal system. 

1.2. Renquist: The main advantage of this technique relative to oxygen consumption assays is the high throughput and the accumulation of signal with time allowing the user to detect small differences in metabolic rate.   

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. Renquist: Demonstrating the procedure will be Caroline Foy, a graduate student from my laboratory. 

1.3.1. Interview style: Author saying the above 

1.3.2. The named student looks up from workbench or desk or microscope and acknowledges the camera.

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.9. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at The University of Arizona Office for the Responsible Conduct of Research).
Protocol (read by voice talent at JoVE):

2. Zebrafish Breeding and Maintenance
2.1. After preparing a 60X stock solution of E3 medium according to the text protocol [2.1.1-WIDE/MED], prepare 1X E3 medium by diluting 16.5 ml of stock in 1 liter of double distilled water [2.1.2-MED/CU].  Then add 100 ul of 1% methylene blue [2.1.3-CU]. 

2.1.1. Talent places E3 stock solution onto bench

2.1.2. Film as written

2.1.3. Film as written

2.2. To make a flame polished disposable pipette for egg and fish transfer [2.2.1-CU], use scissors to cut a graduated disposable transfer pipette at the 0.25 ml graduation [2.2.2-CU].  Then to remove the rough edges, use a Bunsen burner to flame polish the cut tip [2.2.3-CU].
2.2.1. Already prepared flame polished disposable pipette sitting on bench

2.2.2. Film as written
2.2.3. Film as written

2.3. After setting up zebrafish crossings and collecting eggs, allow the eggs to settle to the bottom of the dish and pour off the water [2.3.1-CU-TXT].  Use a fine tip disposable transfer pipette to remove any remaining water [2.3.2-CU] then add back E3 medium [2.3.3-CU].
2.3.1. Talent holds dish of eggs that have settled to the bottom and pours off water (TEXT: refer to text protocol; 100-150 eggs/plate)

2.3.2. Talent uses pipette to remove any remaining water

2.3.3. Film as written
2.4. Incubate the embryonic fish at 28.5 degrees C to 4 days post fertilization, or dpf [2.4.1-WIDE].  Twice each day, use a flame polished graduated disposable transfer pipette to remove any unfertilized eggs or dead embryos [2.4.2-ECU].
2.4.1. Talent places embryos into incubator; B need another version for 3.8.1 below
2.4.2. Talent opens dish and removes dead embryos

2.5. Then once each day, pour off the E3 medium [2.5.1-CU], use a fine tipped transfer pipette to remove any remaining medium [2.5.2-CU], and replace with fresh E3 pre-warmed to 28.5 degrees C [2.5.3-CU].  
2.5.1. Film as written

2.5.2. Film as written

2.5.3. Film as written
3. Energy Expenditure Assay
3.1. To carry out the energy expenditure assay, prepare the assay solution following this table [3.1.1-MED][3.1.2-LM].  Use a 0.22 uM filter to filter sterilize the solution [3.1.3-CU] and warm to 28.5 degrees C in a water bath for the assay [3.1.4-MED/CU].  

3.1.1. Talent at bench preparing assay solution; Videographer frame for a table being placed underneath this shot

3.1.2. LAB MEDIA Table 1, Editor, place this at the bottom of the screen with 3.1.1

3.1.3. Talent adds solution to uses syringe filter to sterilize

3.1.4. Talent places solution into water bath

3.2. Into a petri dish, combine all viable zebrafish embryos from the clutch [3.2.1-CU].  After filter sterilizing 75 ml of E3 medium [3.2.2-CU], use a fine tipped disposable transfer pipette to remove as much of the E3 from the petri dish as possible [3.2.3-ECU].  Add back 20 ml of sterile E3 [3.2.4-CU].  Then remove and replace the sterile E3 two more times [3.2.5-CU].
3.2.1. Talent finishes transferring all viable embryos into a petri dish

3.2.2. E3 medium passing through filter

3.2.3. Film as written

3.2.4. Film as written

3.2.5. Talent removes E3 from dish

3.3. Next, using a flame polished graduated plastic disposable transfer pipette, transfer individual embryonic fish to the wells of a 96-well plate [3.3.1-CU].  

3.3.1. Talent picks up flame polished pipette and transfers embryos into the wells of a plate

3.4. Working with one column of the plate at a time [3.4.1-CU], remove the E3 medium from the eight wells of the first column, taking care not to touch the embryos with the transfer pipette [3.4.2-CU].  Then add 300 ul of assay solution to each well [3.4.3-CU].  Repeat with all 12 columns of the plate [3.4.4-CU]. 
3.4.1. Shot of the plate from the top; Editor, add an arrow from the top to identify the first column of the plate

3.4.2. Film as written

3.4.3. Film as written

3.4.4. Talent works on the second column of the plate

3.5. To include a drug treatment, after preparing a 100X solution of the desired compound, add 3 ul to each of the treatment wells [3.5.1-CU-TXT].  Then add 3 ul of vehicle control to the control wells of fish [3.5.2-CU].  

3.5.1. Talent opens 100X drug compound and begins to add 3 ul to each well for drug treatment  (TEXT: refer to text protocol for details)

3.5.2. Film as written

3.6. To ensure that the fluorescence response to compound is a result of activity within the fish, set up drug and vehicle treatments to 3 blank wells each in a 96-well plate [3.6.1-CU].
3.6.1. Film as written

3.7. Now, using a fluorescent plate reader with excitation and emission wavelengths of 530 nm and 590 nm, respectively [3.7.1-MED/CU], read the wells of the fish plate [3.7.2-MED/CU].
3.7.1. Shot of plate reader with excitation and emission wavelengths set up and visible if possible

3.7.2. Talent adds a plate and reads wells; B need another version for 3.8.2 below
3.8. Place the plate into a humidified incubator at 28.5 degrees C [3.8.1-WIDE].  Depending on the assay and the stability of the compound being tested, read the fluorescence again at a pre-determined time point [3.8.2-MED/CU].  

3.8.1. Use 2.4.1B here

3.8.2.  Use 3.7.2B here

3.9. To assess the relative change in fluorescence, calculate the average change in fluorescence for the control wells, then divide the change in fluorescence of each well by the average change in fluorescence of the control wells [3.9.1-TXT][3.9.2-LM-TXT]. (TEXT: controls can be either vehicle or genetic).  

3.9.1. TEXT ON WHITE BACKGROUND: Editor, using a white background, bring in the text on the left, ‘Relative Change in Fluorescence’ (from the formula below) near the top of the screen, then add in the ‘=’, then the text below the line (Average Change…) with the line, and then the text above the line when mentioned.

3.9.2. LAB MEDIA Spreadsheet of examples of the calculations – Authors will provide.  Bring this in below the formula when the formula has been completely put up on the screen.
	Relative Change in Fluorescence =
	     Change in Fluorescence (Well of interest)    _

	
	Average Change in Fluorescence (Control Wells)


4. Results: Energy Expenditure Assay Results
4.1. As seen here, the assay solution does not change color or absolute fluorescence levels in the absence of embryos [4.1.1-LM].  

4.1.1. LAB MEDIA Figure 1, Editor, point out the black circles grouped below the dotted line in the ‘0’ column.

4.2. However, the assay is highly sensitive to small changes in metabolic rate within the well.  This figure represents signals generated by embryos after incubating for 24 hours.  Pink wells are indicative of fish with a high metabolic rate, purple wells contain fish with moderate metabolic rates, and the blue wells represent a low metabolic rate [4.2.1-LM].

4.2.1. LAB MEDIA Figure 2, Editor, point out some of the purple wells (A3, B3, A7, B10) when mentioned, pink (A4, G3) when mentioned, and blue (B1, D6, F9) when mentioned.

4.3. Because the NADH2 induced reduction of alamarBlue is non-reversible, the signal accumulates with time, which allows for small changes to be amplified.  Shown here is the relative change in fluorescence induced by 1 to 5 fish at 1, 2, and 4 hours.  With each increase in the number of fish, the relative change in fluorescence increased significantly with time and the greater the number of fish, the greater the magnitude in fluorescence change with time [4.3.1-LM].
4.3.1. LAB MEDIA Figure 3, Editor, for ‘With each increase in the number of fish, the relative change in fluorescence increased…’ point out the lines for 1 fish, then 2 fish, then 3 fish, then 4 fish.
5. Conclusion (said by authors on camera)

5.1. Renquist: Once mastered, this technique can be performed on up to 5,000 embryonic fish/day.  

5.2. Renquist: While attempting this procedure, it’s important to remember to take care to avoid injuring the embryonic fish.

5.3. Renquist: Following this procedure, other methods like nile red staining of neutral lipids or measurement of appetite through intake of a fluorescently labeled paramecium can be performed in order to answer additional questions including the relationship between changes in metabolic rate and lipid metabolism and/or phagic drive.

5.4. Renquist: After its development, this technique paved the way for researchers in the field of metabolic diseases to explore energy expenditure in zebrafish without limitations in throughput. 

5.5. Renquist: After watching this video, you should have a good understanding of how to use the colorimetric/fluorometric reagent Resazurin to assess NADH2 production in the embryonic zebrafish.  
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.  

We will name them Lab Media Figure 1-4.tif
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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