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Authors, please fill out the brief questionnaire below.   

A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_____N___
Can you record movies/images using your own microscope camera? (Y/N)____N.A._____  
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:  N.A.
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____Y____ 
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.) 
3.5, 3.6, 3.7, 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.)  Corroborate the sensitivity of the method by confocal microscopy: The microscope is not in the same laboratory. 
E.  Will the filming need to take place in multiple locations? (Y/N) ___N__ If yes, how far apart are the locations? 


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 procedure is to determine the lipid droplet index of cells cultured under different nutritional conditions. (Intro)


B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

Note to videographer:  Please film the authors saying each statement in both English and Spanish.
1.1. Guadalupe Guerra-Sánchez: This method can help answer key questions in the lipid droplet and lipid field, such as the dynamics of accumulation under different nutritional conditions.
1.2. Guadalupe Guerra-Sánchez saying exactly the same statement as 1.1 but in Spanish.
1.3. Guadalupe Guerra-Sánchez Juan Pablo Pardo: The main advantage of this technique is that multiple samples can be read simultaneously as it can be implemented in a microplate. 
1.4. Guadalupe Guerra-Sánchez Juan Pablo Pardo: Saying exactly the same statement as 1.3 but in Spanish.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.5. Lucero Romero-Aguilar: We first thought of this method when we observed refractance of U. maydis cells cultured under nitrogen starvation, and then realized at a yeast meeting that this structure might be lipid droplets.  
1.6. Lucero Romero-Aguilar saying exactly the same statement as 1.5 but in Spanish.
1.7. Lucero Romero-Aguilar: So we contacted Monica Montero from the Universidade Federal do Rio de Janeiro in Brazil who implemented the liquid fluorescence recovery assay of lipid droplets in Saccharomyces cerevisiae to start a collaboration to adapt the procedure for U. maydis.  
1.8. Lucero Romero-Aguilar saying exactly the same statement as 1.7 but in Spanish.



Protocol: (read by voice talent at JoVE)

2. Culture Condition and Cell Fixation

2.1. The first step in this protocol is the preparation of the required buffers and solutions. [1-MED-TXT] 

2.1.1. Talent setting out reagents for making the BODIPY stock solution and quenching solution. TEXT:  Refer to text protocol for details of reagent preparation. (Videographer Comment: Discard take 1)

2.2. To prepare a 10 mM BODIPY (Voiceover: “bo-dee-pee”) stock solution, dissolve 10 mg of BODIPY 493/503 in 3.8 mL of dimethyl sulfoxide. [1-MED] Divide into 100-µL aliquots [2-CU] and keep in the dark at -70 °C. [3-MED]

2.2.1. Talent mixing BODIPY 493/503 powder with DMSO in a tube.
2.2.2. Talent pipetting 100-µL aliquots into multiple dark tubes.
2.2.3. Talent putting the dark tubes into the -70 °C freezer.  

2.3. Prepare a 5 µM BODIPY quenching solution for the liquid fluorescence recovery or LFR assay, by adding 1 µL of 10 mM BODIPY 493/503 to 2 mL of 500 mM quenching solution. [1-MED]

2.3.1. Talent adding 1 µL of 10 mM BODIPY 493/503 to 2 mL of 500 mM quenching solution in a tube.

2.4. Grow the U. maydis cells for this study by starting a culture with an initial optical density at 600 nm of 0.05. [1-MED-TXT] Incubate the cells at 28 °C and 180 rpm for 24 hours. [2-MED-TXT]

2.4.1. Talent pipetting appropriate amount of a pre-culture into a flask with medium. TEXT: OD600 0.05 = 1.15 × 106 cells/mL
2.4.1.b. [Added Shot]: of photospectrummeter, (Videographer Comment: perhaps useful for 2.6.1)
2.4.2. Talent putting the flask into the shaker incubator.  TEXT: 28 °C; 180 rpm; 24 h

2.5. At selected times, withdraw an aliquot of the cells. [1-MED] During the first 8 hours, withdraw 5 mL every 2 hours. [2-CU] After 8 hours of growth, aliquots of 2 mL are enough. [3-CU]

2.5.1. Talent taking the culture flask out of the incubator.
2.5.2. 5 mL of culture being transferred from the flask to a tube.
2.5.3. 2 mL of culture being transferred from the flask to a tube.

2.6. Measure the optical density at 600 nm of each aliquot.  [1-MED]

2.6.1. General shot of talent at the spectrophotometer getting an OD measurement of an aliquot.

2.7. Centrifuge the cell suspension at 14,000 x g for 1 minute at 4 °C [1-MED] and discard the supernatant. [2-CU]

2.7.1. Talent putting a tube of cells into a tabletop centrifuge and starting the spin.  Please get multiple usable takes; shot will be repeated many times later.
2.7.2. Supernatant from tube being discarded. Please get multiple usable takes; shot will be repeated later. (Videographer Comment: Discard takes 1 – 4)

2.8. Suspend the cell pellet in 1 mL of fixing solution containing 3.7% formaldehyde in PBS. [1-CU] Incubate the cells at room temperature for 15 minutes. [2-MED-TXT]

2.8.1. Fixing solution being pipetted into tube and cells are resuspended. (Videographer Comment: if i remember well, discard take 8 (not sure))
2.8.2. Talent leaving the tube at RT.  TEXT:  RT; 15 min
 
2.9. After 15 minutes, centrifuge the cell suspension at 14,000 x g and 4 °C for 1 minute. [1] Discard the supernatant. [2]

2.9.1. Use shot from 2.7.1.
2.9.2. Use shot from 2.7.2.

2.10. Wash the cell pellet with 1 mL of distilled water. [1-CU] Centrifuge the cell suspension for 1 minute. [2] Discard the supernatant and add 1 mL of distilled water for a second wash.  [3-MED] Centrifuge again. [4]  

2.10.1. 1 mL of distilled water being added to the cells.
2.10.2.  Use shot from 2.7.1.
2.10.3. Talent discards the supernatant and then adds 1 mL of distilled water to the cells.  
2.10.4. Use shot from 2.7.1.

2.11. Remove the supernatant from the second wash and adjust the cell pellet with distilled water to an optical density at 600 nm of 5, which is equivalent to 1.15 x 108 cells per mL. [1-MED]

2.11.1. Talent removing supernatant and then adding appropriate volume of distilled water to get desired OD.

2.12. Keep the samples at 4 °C until use. [1-MED]

2.12.1. Talent putting the tube(s) into the fridge.


3. Liquid Fluorescence Recovery Assay (LFR)

3.1. Begin this procedure by turning on the spectrophotometer. [1-WIDE/MED]

3.1.1. Talent approaching the spectrophotometer and turning it on.

3.2. Open the Skanlt software. [1-MED] Click on NEW SESSION; choose START and then Varioskan Lux. [2-SCREEN CAPTURE] From the session tree, select PROTOCOL, enter the settings for the fluorescence wavelengths and choose automatic photomultiplier gain. For the excitation bandwidth, select 12 nm. In the optics, select ‘top’ for excitation of the sample from the top of the well. [3-SCREEN CAPTURE]

3.2.1. Over the shoulder shot of talent at the computer opening the software.
3.2.2. Screen capture of selection of NEW SESSION, START and Varioskan Lux.
3.2.3. Screen capture of PROTOCOL being selected from session tree, then excitation 485 nm/emission 510 nm, optical density 600 nm, automatic photomultiplier gain, 12 nm excitation bandwidth and ‘top’ optics being entered/selected. 

3.3. Enter a gentle and continuous agitation. Select RUN PLATE OUT, and PAUSE UNTIL THE USER ACTION. Repeat the protocol five times. [1-SCREEN CAPTURE]

3.3.1. Screen capture of 300 rpm entered, RUN PLATE OUT and PAUSE UNTIL THE USER ACTION being selected, and a repeat of 5 entered.

3.4. Click SAVE and in the SESSION NAME FIELD, write a name for the session. [1-SCREEN CAPTURE] The protocol is now ready for sample analysis. [2-WIDE/MED]

3.4.1. Screen capture of SAVE being selected and name of session being typed into the SESSION NAME FIELD.
3.4.2. Talent leaving the computer to go to the lab bench.

3.5. Add 200 µL of the 5 µM BODIPY quenching solution to each well of a black 96-well clear bottom plate. [1-MED]

3.5.1. *film as written.

3.6. Place the plate inside the spectrophotometer chamber and incubate at 30 °C for 5 minutes. From here on, protect the plate from light as much as possible. [1-MED]

3.6.1. Talent putting the 96-well clear bottom plate into the spectrophotometer chamber.

3.7. Click the START button and read the fluorescence and the optical density at 600 nm corresponding to the blanks. [1-SCREEN CAPTURE]

3.7.1. Screen capture of START button being clicked and fluorescence and the optical density at 600 nm of blanks being read.

3.8. During the pause time, [1-MED] add 5 µL of the formaldehyde-fixed cell suspension to the wells and mix the samples carefully with the pipette. [2-CU] Put the plate back inside the spectrophotometer and click CONTINUE. The samples will be processed according to the protocol designed in the previous steps. [3-MED]

3.8.1. Talent taking the plate out of the spectrophotometer chamber.  Please get multiple usable takes; shot will be repeated later.
3.8.2. 5 µL of formaldehyde-fixed cell suspension being added to the wells and samples mixed carefully with the pipette. 
3.8.3. Talent putting plate into the spectrophotometer chamber and then clicking CONTINUE. Please get multiple usable takes; shot will be repeated later.

3.9. Repeat three successive additions of 5 µL of cell suspension. [1] Mix with the pipette to make sure the cells do not precipitate [2-MED] before continuing with the read. [3]

3.9.1. Use shot from 3.8.1.
3.9.2. Talent adding 5 µL of formaldehyde-fixed cell suspension to the wells and mixing carefully with the pipette. 
3.9.3. Use shot from 3.8.3.


4. Calculations of the LD Index

4.1. In this demonstration, Excel software is used to calculate and plot a graph of fluorescence and absorbance against the volume of each successive addition for each sample in the microplate. [1-MED] 

4.1.1. Talent sitting down at the computer and opening Excel.

4.2. Enter the volume, fluorescence, and absorbance data in the first, second and third column of the datasheet, respectively. Then select the whole data with the cursor, click INSERT, CHART WIZARD, and XY SCATTER. [1-SCREEN CAPTURE]

4.2.1. Screen capture of volume, fluorescence, and absorbance data being entered, all data selected, and then INSERT, CHART WIZARD, and XY SCATTER being selected.

4.3. Select the points for each line in the graph and insert the respective TREND LINE with the SHOW EQUATION box selected. [1-SCREEN CAPTURE] Write down the values of the slopes of the two straight lines, [2-MED] according to this equation. [3-LM]

4.3.1. Screen capture of points for each line in the graph being selected and respective TREND LINE inserted and SHOW EQUATION box selected.
4.3.2. Talent writing down the values of the slopes of the two straight lines.
4.3.3. Show slide 1 from ‘57279_Equations 2 and 3.pptx’

4.4. To get the lipid droplet or LD index, divide the slope of the fluorescence line by the slope of the optical density line. [1-LM] 

4.4.1. Show slide 2 from ‘57279_Equations 2 and 3.pptx’

4.5. To analyze the quality of the data, calculate the correlation coefficient of each straight line: [1-MED] click on the FUNCTION WIZARD and choose CORREL. The readings are reliable if ‘r’ is equal to or greater than 0.9. [2-SCREEN CAPTURE]

4.5.1. Talent at the computer, starting to click FUNCTION WIZARD.
4.5.2. Screen capture of FUNCTION WIZARD being clicked, CORREL selected and results displayed.

4.6. Lucero Romero-Aguilar: “It is important to corroborate the sensitivity of this method by confocal microscopy.” [1-INTERVIEW]

4.6.1. Talent speaking to camera.
4.6.2. [Added Shot]: Same statement in Spanish

5. Results: LD index measurements enable the study of TAG dynamics in U. maydis

5.1. When cells were cultured in YPD medium, there was an increase in the LD index during the exponential phase, followed by a decline in the stationary phase. [1-LM]

5.1.1. 57279_bar graph of Figure 2A.tif

5.2. In contrast, cells grown under nitrogen starvation showed a steady increase in LD index in both the exponential and stationary phases. [1-LM] 

5.2.1. 57279_graph for step 5.2 in video.tiff 

5.3. Under nitrogen starvation, the increase in the LD index was inhibited by soraphen A, a specific inhibitor of the acetyl CoA carboxylase enzyme essential for the synthesis of fatty acids contained in the triacylglycerols stored in lipid droplets. [1-LM]

5.3.1. 57279_graph for step 5.3 in video.tiff

5.4. Since both cultures were started with the same optical density, the results show the capacity of the assay to detect small changes in the lipid content. [1-LM]

5.4.1. 57279_line graph of Figure 2A.tif and 57279_line graph of Figure 2B.tif

5.5. The sensitivity of this method was corroborated by confocal microscopy: YPD cells contain many small LDs throughout the whole cell, [1-LM] while nitrogen starvation produced large LDs, typically 4 to 5 per cell. [2-LM]

5.5.1. 57279_confocal image of Figure 2A.tif
5.5.2. 57279_confocal image of Figure 2B.tif

5.6. To further investigate the mobilization of LDs in U. maydis, cells grown under nitrogen starvation for 72 hours were transferred to YPD medium. As shown, the LD index decreased following an exponential function. Since the cells were able to mobilize the LDs accumulated during nitrogen starvation, the result suggests a reduction in the triacylglycerol content. [1-LM]

5.6.1. 57279fig3large.jpg



6. Conclusion (said by authors on camera)

Note to videographer:  Please film the authors saying each statement in both English and Spanish.
6.1. Lucero Romero-Aguilar: Once mastered, this technique can be done in one hour if it is performed properly.
6.2. Lucero Romero-Aguilar saying exactly the same statement as 6.1 but in Spanish.
6.3. Lucero Romero-Aguilar Juan Pablo Pardo: While attempting this procedure, it’s important to remember to protect the cells from light and to mix vigorously between additions.
6.4. Lucero Romero-Aguilar Juan Pablo Pardo: saying exactly the same statement as 6.3 but in Spanish.
6.5. Lucero Romero-Aguilar: Following this procedure, other methods, for example triacylglycerol or total lipid content determination can be performed to answer additional questions like the exact lipid content in the cells.
6.6. Lucero Romero-Aguilar saying exactly the same statement as 6.5 but in Spanish.
6.7. Lucero Romero-Aguilar Juan Pablo Pardo: After its development, this technique paved the way for researchers in the field of lipid biotechnology to explore new oleaginous organism in order to increase the biofuels or lipids in pharmaceutical applications.
6.8. Lucero Romero-Aguilar Juan Pablo Pardo: saying exactly the same statement as 6.7 but in Spanish.
6.9. Lucero Romero-Aguilar: Even mammalian cancer cells can be studied with this technique to explore the participation of lipid metabolism in disease development.
6.10. Lucero Romero-Aguilar saying exactly the same statement as 6.9 but in Spanish.
6.11. Guadalupe Guerra-Sánchez: After watching this video, you should have a good understanding of how to determine the lipid droplet index of a yeast cell.
6.12. Guadalupe Guerra-Sánchez saying exactly the same statement as 6.11 but in Spanish.
6.13. Guadalupe Guerra-Sánchez: Don't forget that working with formaldehyde can be extremely hazardous and precautions such as wearing gloves should always be taken while performing this procedure.   
6.14. Guadalupe Guerra-Sánchez saying exactly the same statement as 6.13 but in Spanish.
   





Provided Media

4.3. slide 1 from ‘57279_Equations 2 and 3.pptx’
4.4. slide 2 from ‘57279_Equations 2 and 3.pptx’
5.1. 57279_bar graph of Figure 2A.tif
5.2. 57279_graph for step 5.2 in video.tiff
5.3. 57279_graph for step 5.3 in video.tiff
5.4. 57279_line graph of Figure 2A.tif; 57279_line graph of Figure 2B.tif
5.5. 57279_confocal image of Figure 2A.tif; 57279_confocal image of Figure 2B.tif
5.6. 57279fig3large.jpg


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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