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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) 

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

No 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_
1.  Labeling of cells with BCECF for measurement of vacuolar pH (Steps 2.2-2.5).  (This needs to be distinguished from expression of the pHluorin for cytosolic pH measurement.)

2.  Growth of cells containing the pHluorin plasmid for measurement of cytosolic pH (Steps 3.2-3.3)

3.  The cells are grown in large volume and concentrated by centrifugation to a very small volume in both protocols.  This could be shown as one step. (Steps 2.8-2.9 or 3.6-3.8)

4.  Distribution of cells to calibration buffers looks the same for both vacuolar and cytosolic pH, the pH of the calibration buffers is just different.  This could be shown as one step. (Step 2.10 or 3.9).

5.  Experimental measurement on the fluorimeter is also the same for both vacuolar and cytosolic pH measurement, except that different wavelengths are used (Step 2.12-2.13 or 3.11) 

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Preparation of concentrated cell suspension and distribution of comparable amounts of suspension to the calibration buffers and experiment are very important.  This just requires careful measurements and preparation of calibration buffers ahead of time.
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE): 
Conceptual Narrative:
The overall goal of the following experiment is to measure vacuolar and cytosolic pH in living yeast cells and to observe how pH changes with alterations in extracellular conditions.

This is achieved by introducing pH-sensitive fluorescent probes to the vacuole and the cytosol of yeast cells.  The dye BCECF-AM is introduced into the cells in order to measure vacuolar pH, and a pH-sensitive GFP (pHluorin) (Pronounce "floor in") is expressed from a plasmid in the cells in order to measure cytosolic pH. (P1: Begin with the BCECF-AM molecule, the plasmid, and the center yeast image on the screen.  Highlight the two probes when they are first mentioned as a group.  With the beginning of the second sentence draw an arrow from the BCECF-AM molecule to the yeast cell and then continue with the arrow to the bottom left and insert the cell with the green vacuole.  When the GFP is mentioned draw the arrow from the plasmid to the yeast cell and then down and to the right and show the bottom right yeast cell.)
As a second step, fluorescently labeled cells are washed and resuspended at high density in growth medium lacking glucose.   Aliquots of this suspension are distributed to calibration buffers of different pH to create the calibration curve.  (P2: Take each of the yeast cells from the bottom row and place them into separate culture flasks show them instantly multiply.  Spin down a sample from each and resuspend with a low volume of media. Then add a sample from the concentrated suspension into each of the calibration buffers shown. The tubes should start out clear and then turn a gradient of colors like the ones shown when the cells are added.)  

Next, another portion of the suspension is diluted in a weak buffer and the fluorescence of the suspension is continuously monitored in a fluorimeter before and after addition of glucose or other additives in order to determine vacuolar or cytosolic pH responses in vivo. (P3: Transfer a sample from the concentrated suspension into the square cuvette containing a clear buffer and have it turn bright green.  At this point begin moving the line on the graph for Fexp1 from left to right.  At the point where the fluorescence intensity starts to change (it dips) in the graph, drip in 1-2 drops of a solution into the cuvette and change the color of the sample to a less bright green as the graph drops. Then, when the graph is done, change the color to a light green when the graph of Fex2 starts to rise, drip in a few drops of another solution and the color should become more bright as the graph curve goes up.)
Results are obtained that show  time and condition-dependent pH conditions in the experimental sample based on  ratiometric fluorescence ratios calibrated from the calibration samples_. (P4: Bring the calibration buffers onto the screen on the left hand side and a blank graph on the right with the x and y axes labeled.  Then shrink the lightest colored buffer to a single point on the graph (Lightest color should be lowest pH and lowest fluorescence ratio.  Do this for each calibration buffer until all 4 are on the graph, then draw the line.  Next bring the Fluorescence vs time graph up with only the blue line showing and then highlight the line graphed using the calibration buffers and at the same time change the Fluorescence label to pH and make it bold so the viewer notices the change.)
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. Please keep all layers in the file (i.e., do not flatten the file).   
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B.  Interview: (Said by you on camera. Don’t forget to smile!)

1.1. Patty Kane: This method can help answer key questions in the field of pH regulation, such as how cells respond to environmental changes and how much different pumps and transporters contribute to cytosolic and vacuolar pH control. 
Protocol (read by voice talent at JoVE):
Video Editor: Note from author: “There were a couple where we broke one shot into two because the instruments were not physically together.  Nick noted them as A and B on his script in each case, but I don't have which shots they were written on my script.”
2. Measurement of vacuolar pH in vivo using BCECF-AM 

2.1. To begin this procedure, grow a 50 mL liquid culture of wild-type yeast cells in synthetic complete medium, buffered to pH 5 with 50 mM MES, overnight. 
2.1.1. MED: Talent adds yeast cells to already aliquoted media and places stopper in the culture.  

2.1.2. MED: Talent places the flask into the incubator/shaker.
2.2. Once an absorbance of 0.8 has been achieved, pellet the yeast cells by centrifugation at 3000 x g for 5 min.   Then, remove the media and resuspend the pellet in 0.6 ml of fresh growth medium. 
2.2.1. MED: Talent works with sample at spec machine. 

2.2.2. MED: Talent removes sample that has been spun down from the centrifuge.

2.2.3. MED: Talent removes the media and resuspends the pellet.
2.3. Next, transfer the suspension to a microcentrifuge tube that has been weighed previously and pellet again at 2000 x g for 60 seconds. 
2.3.1. MED: Talent transfers the yeast into a new tube.

2.3.2. MED: Talent places tube into centrifuge and starts it. *show the centrifuge controls/conditions if possible in the shot.
2.4. Remove the supernatant as completely as possible, and then weigh the cell pellet.  Resuspend the pellet to a final density of 0.5 g/mL in culture medium.

2.4.1. MED: Talent places the tube on the scale and weighs it. *show the tube containing the pellet only.

2.4.2. CU: Talent suspends the pellet in medium. 

2.5. Next, add BCECF-AM to the cell suspension at a final concentration of 50 µM from a 12 mM stock prepared in DMSO.  Mix well and then incubate the cells at 30 °C for 30 minutes on a spinning drum rotor.  During this time, the cells will uptake the BCEF-AM as shown here.

2.5.1. MED: Talent adds BCEF-AM (Pronounce letter by letter) to the cell suspension. (TEXT: 50 µM: 2'7'-Bis-(2-CarboxyEthyl)-5-(and 6)-CarboxyFluorescein-AcetoxyMethyl ester)

2.5.2. MED: Talent places tube on spinning drum rotor.

2.5.3. LABMEDIA:  BCEF Labeling Figure.tif (*Show with last sentence)
2.6. While the cells are incubating, prepare calibration buffers.  For measurement of vacuolar pH in wild-type cells, prepare calibration mixtures of pH 5.5, 5.7, 6, 6.3, and 6.5.  
2.6.1. MED: Talent makes up calibration buffers.  *Show them with a rack of tubes all clearly labeled with their pH and have them work on adjusting the pH of one of them.
2.7. Next, aliquot 2 mL of calibration buffer for each pH into 15 ml conical tubes.  Then, add monensin and nigericin to give final concentrations of 110 µM and 15 µM respectively and vortex.  
2.7.1. MED: Talent transfers 2 mL from each tube into a 15 mL conical tube all clearly labeled.

2.7.2. CU: Talent adds monensin (Prounced Moan--nen--sin)  and nigericin (Prounced Ni (rhymes with high)-jer-eye-sin). (TEXT: Caution:  Monensin and nigericin are toxic.)

2.8. When the incubation time is completed, pellet the cell suspension by centrifugation for 30 seconds at 2000 x g.  Resuspend the cells in 1 mL of growth medium lacking glucose and centrifuge again for 30 seconds at 2000 x g.  
2.8.1. MED: Talent removes cells from the spinning drum and places them into the centrifuge and closes the lid

2.8.2. MED: Talent resuspends the cells in medium

2.8.3. MED: Talent places the tube back into the centrifuge and closes the lid again.

2.9. Remove the media from the pellet and rinse once more.... Then, resuspend the pellet in 200 microliters of growth medium without glucose and place it on ice.
2.9.1. CU: Talent pipetts off the supernatant.

2.9.2. MED: Talent resuspends the pellet and places it on ice.
2.10. Next, add 20 microliters of the cell suspension to each pH calibration tube.  Incubate all tubes at 30 °C for 30 to 60 minutes using a roller drum to allow them to equilibrate.  Store the remaining cells on ice for use within 30 min.
2.10.1. MED: Talent adds the cell suspension to each clearly labeled pH calibration tube.

2.10.2. MED: Talent adds tubes to the roller drum.
2.11. While the cells are incubating, set the fluorimeter to alternately measure at excitation wavelengths 450 nm and 490 nM, both with an emission wavelength of 535 nm.  Also, pre-warm the sample chamber temperature to 30°C.  
2.11.1. MED: Talent works at computer setting up the fluorimeter. *Show the screen over the talents shoulder. (TEXT: 450/535 & 490/535)
2.12. Begin taking measurements starting with the experimental sample.  The experimental sample consists of 1.96 mL of 1 mM MES at pH 5.0 combined with 20 microliters of cell suspension.  Perform all measurements with continuous stirring of the mixture in the cuvette. 

2.12.1. MED: Talent adds cell suspension to a cuvette containing the sample buffer and places it into the fluorimeter.

2.12.2. CU: Talent drops stir bar into the cuvette.
2.13. Collect continuous kinetic data by taking measurements every 6 sec for 5 minutes.  Then, add glucose to a final glucose concentration of 50 mM and continue measurements for an additional 5 to10 min. 
2.13.1. MED: Talent works at the computer.

2.13.2. MED: Talent adds glucose to the cuvette.

2.14. After the experimental measurements are complete, remove the calibration tubes from the 30 °C roller drum and transfer the entire 2 ml volume for each to the fluorimeter cuvette.  Measure fluorescence at the same settings every 5 sec over a total of 30 sec for each sample. 
2.14.1. MED: Talent removes all the samples from the roller drum and puts them into a tube rack.

2.14.2. MED: Talent transfers 2 mL from one of the tubes into a cuvette and places it into the fluorimeter, then activates the sample reading.
2.15. Next, export the fluorescence data to Microsoft Excel.  Obtain a calibration curve by calculating the ratio of fluorescence at 490 nm to 450 nm for each calibration mixture.  The fluorescence ratio is then plotted vs. pH to get a calibration curve. 
2.15.1. MED: Talent works at computer to create the calibration curve. 
3. Measurement of cytosolic pH in vivo using yeast pHluorin 
3.1. To begin cytosolic pH monitoring, transform the desired yeast strain with the yeast pHluorin plasmid by standard protocols to produce cells that fluoresce in the cytosol like the ones shown here.   Plate the transformed cells on an agar plate lacking uracil to select for transformed cells. 

3.1.1. LABMEDIA: pHluorin labeling fig.tif 
3.1.2. MED: Talent spreads the yeast onto a plate.

3.1.3. MED: Talent places the plate into an incubator.
3.2. Then, pick transformants from the plate and inoculate starter cultures also lacking uracil.

3.2.1. CU: Talent picks a colony from the plate. 

3.2.2. MED: Talent adds colony to a starter culture.

3.3. Expand the transfected cells in a 50 ml liquid culture of growth medium lacking uracil to mid-log phase with an OD600 of close to 0.8.  
3.3.1. MED: Talent removes 50 mL culture from the incubator.

3.3.2. MED: Talent takes a sample from the 50 mL culture and adds it into a cuvette.

3.3.3. MED: Talent places the cuvette into a spectrophotometer.
3.4. Next, prepare calibration standards of pH 6, 6.5, 7, 7.5, and 8 as shown in the previous section.  This range is appropriate for cytosolic pH measurements. 
3.4.1. MED: Talent adjusts the pH of one of the standards with the other vials shown in the shot well labeled.

3.5. Aliquot 2 ml of each calibration buffer into a fresh 15 mL conical tube.  Add monensin and nigericin to give final concentrations of 110 µM and 15 µM respectively and mix well.


3.5.1. MED: Talent adds monensin and nigericin from well labeled containers into 1 of the conical tubes.  *Show the conical tubes in the shot all lined up and labeled.
3.6. Once the standards have been prepared, harvest the cells by centrifugation and resuspend the pellet in 600 microliters of the growth medium.  
3.6.1. MED: Talent removes the cells from the centrifuge and shows the pellet to the camera.

3.6.2. CU: Talent resuspends the pellet in 600 µL of growth medium.

3.7. Transfer the cells to a weighed microcentrifuge tube, and pellet them by centrifugation at 5000 rpm for 30 seconds.  Then, resuspend the pellet in 1 mL of growth medium without glucose or uracil, pellet cells again, and repeat to rinse the cells one more time.  
3.7.1. CU: Talent transfers the cells to a microcentrifuge tube that is labeled with its weight.

3.7.2. MED: Talent places microcentrifuge tube into centrifuge and turns it on. *Show settings on the microcentrifuge if possible.

3.7.3. CU: Talent removes the supernatant and suspends the cells in 1 mL of growth medium.

3.7.4. MED: Talent places microcentrifuge tube back into the centrifuge and closes the lid.
3.8. After the final centrifugation, remove the supernatant as thoroughly as possible and weigh the cell pellet.  This time, resuspend cells to a final density of 0.5 g/mL using growth medium without uracil or glucose.
3.8.1. MED: Talent removes the supernatant and weighs the tube.

3.8.2. CU: Talent adds correct amount of medium to the cell pellet to suspend cells.

3.9. Add 20 microliters of cell suspension to each tube of calibration buffer and mix well on a vortex mixer.  Incubate the vials at 30 °C on a spinning drum rotor for 60 min.
3.9.1. MED: Talent adds 20 microliters of cells to one of the calibration tubes and mixes it on a vortex machine

3.9.2. MED: Talent places the calibration tubes into the incubator.

3.10. During incubation, set up the fluorimeter at excitation wavelengths of 405 and 485 nm and an emission wavelength of 508 nm.  
3.10.1. MED: Talent works at the computer/fluorimeter setting up the wavelengths. (TEXT: 405/508 & 485/508) 

3.11. Prepare the experimental sample by adding 1.96 mL of 1 mM MES at pH 5.0 combined with 20 microliters of cell suspension and collect kinetic data by reading the sample every 6 sec for 5 minutes.  Then, add glucose (TEXT: Glucose: 50 mM final concentration) and continue measurements for an additional 5 to10 min. 
3.11.1. MED: Talent adds cell suspension to a cuvette containing the sample buffer, places it into the fluorimeter, and drops stir bar into the cuvette.
3.11.2. MED: Talent adds glucose to the cuvette then starts/continues measurements.

3.12. After the experimental measurements are complete measure the calibration sample fluorescence at the same settings every 5 sec over a total of 30 sec for each sample. 
3.12.1. MED: Talent removes sample from the fluorimeter, replaces it with another, and begins sampling.
3.13. Then, export the fluorescence data as before to Microsoft Excel.  Obtain a calibration curve by calculating the ratio of fluorescence at 405 nm to 485 nm and plot it vs. pH to get a calibration curve. 
3.13.1. MED: Talent exports data. *show computer screen over the shoulder of them exporting the data.  (Comment shot was deleted).

3.13.2. MED: Talent works at the computer making graph.
3.14. Finally, convert the experimental data to fluorescence ratio and calculate pH using the standard curve.  Cytosolic pH vs. fluorescence ratio is linear over the range of most cytosolic pH measurements making this conversion easy.

3.14.1. MED: Talent works on graphs at computer.  Show them working on the Fluoresecence vs time graph.

4. Results: Vacuolar and Cytosolic pH changes in response to glucose and other stimuli
4.1. Calibration curves, like the one shown here, are typical for wild-type yeast cells using the protocol shown here. Although the relationship between the fluorescence ratio and vacuolar pH is non-linear over a wide pH range, it is nearly linear in the relevant range for these experimental measurements.

4.1.1. LABMEDIA: Figure 1a (*Highlight the axes as they are mentioned in the text.)

4.2. Vacuolar pH changes resulting from the addition of glucose to glucose-deprived cells are shown here.  After glucose re-addition at 5 minutes, the pH decreases presumably as a result of Vacuolar-ATPase activation through reassembly.

4.2.1. LABMEDIA: Figure 1b (*Highlight “5’+glucose” label with the words “5 minutes”)

4.3. The addition of 50 mM potassium chloride, 3 minutes after adding glucose, increases the pH slightly. 

4.3.1. LABMEDIA: Figure 1b (Keep the figure on the screen from 4.2 *Highlight “3’ + KCl” label with the words “potassium chloride”)

4.4. Unlike the vacuolar pH calibration curve, the cytosolic fluorescence ratio is linear to the cytosolic pH over a wide range.  

4.4.1. LABMEDIA: Figure 2a

4.5. The kinetics of cytosolic pH change in wild type yeast cells due to the addition of glucose decreases at first, but then increases to a pH between 7.2 and 7.4.  The initial pH decrease reflects the initiation of glucose metabolism and the subsequent pH increase corresponds to activation of proton export mechanisms that remove cytosolic protons.   

4.5.1. LABMEDIA: Figure 2b
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
5. 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. You may revise the given prompts if necessary to better fit your protocol.
5.1. Patty Kane: While attempting this procedure, it’s important to remember that intracellular pH values and responses are sensitive to many extracellular factors, such as growth stage of the cells and the pH of the growth medium.  These potential variables should be controlled as much as possible to achieve reproducible results.
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, 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.  

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, as well as an introduction to your videographer, closer to your filming date.
( 2012, Journal of Visualized Experiments


