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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 If yes, please list make and model of your microscope: Olympus IX81
**Note:  This question is to get at whether or not you will need a camera hook-up to look into the microscope.  However, if your microscope has a digital camera attached to a computer, you can gather these shots by collecting screen capture movies.  
Does your protocol include microscopy steps that are visualized through a microscope with a digital camera/computer attached? (Y/N) Yes 
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 pTIRFM system setup: Laser alignment  and pTIRFM image acquisition: staining with diD, finding cells in TIRF and acquiring individual images for Arg ion, p-polarized and s-polarized lasers.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Aligning lasers so as to obtain good images while in TIRF

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 keep the intro point to less than 2 lines of text as it is shown with the title slide.  Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  

Procedural Narrative:
The overall goal of this procedure is to show how pTIRFM is implemented for the study of membrane remodeling during regulated exocytosis. (Intro)

This is accomplished by first first ensuring optical elements (quarter-wave plate and polarizing cubes) are correctly positioned to generate discrete p and s excitation polarizations. (P1)

The second step is to verify that the p- and s- beams are colinear (i.e. aligned), pass through the optical axis of the microscope and illuminate the same portion of the viewing field when in TIRF. (P2)

Next, the cells to be imaged are stained with diD and stimulated with a depolarizing stimuli to trigger exocytosis. (P3)

The final step is to capture images of fusing dense core vesicles while in TIRF. (P4)

Ultimately, pTIRF is used to acquire images in real time to monitor the membrane topological changes that result from chromaffin cell exocytosis. (P5)


Conceptual Narrative:
The overall goal of the following experiment is to __(insert overall goal here; e.g. observe the effect of your treatment on cell migration using wound healing assays)____. (Intro)

This is achieved by (1st step of protocol e.g. adding NGF to cells) to _(goal of 1st step - e.g. induce cell differentiation)__. (P1)

As a second step, _(insert 2nd step)__, which __(insert goal of 2nd step)_________ . (P2)  

Next, __(insert 3rd step)_____in order to___(insert goal of 3rd step)_________. (P3)

Results are obtained that show _(effect of treatment - e.g.  differences in protein expression in NGF treated cells_ based on  ___(method of analysis - e.g. Western blotting analysis)__. (P4)


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).   

P(1) [image: ]

P(2) [image: ]

P(3) [image: ]

[bookmark: _GoBack]P(4) [image: ]


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.    
· Enter the name of the individual who will say each line. 
· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.
· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Author name Andrew Peleman (ARP): The main advantage of this technique over existing methods, like amperometry and membrane capacitance is that pTIRF reports on membrane curvature and by extension, fusion pore dilation, directly.
1.2. Author name ARP: This method can help answer key questions that pertain to the field of exocytosis. For example, pTIRF can explain how long fusion pores persist, how pore dilation is regulated, and what happens to the vesicle membrane after fusion. 
1.3. Author name _________: The implications of this technique extend toward therapy (or diagnosis) of_______, because ________.  
1.4. Author name ARP: Though this method can provide insight into the rapid, localized changes in membrane shape that occur during fusion pore dilation the methods are generalizable to a variety of other cell biological processes that directly or indirectly involve membrane remodeling including cytokinesis, cell motility, and endocytosis
1.5. Author name ARP: The steepest part of the learning curve with this technique is first, learning to align the p- and s- excitation polarizations so that they are co-linear, travel through the optical axis of the microscope, and illuminate the same part of the imaging field.  A second issue that often arises concerns cell-staining, namely, how long to expose cells to diD, and what constitutes a cell that is well stained versus one that is poorly stained.  
1.6. Author name ARP: The first cell biological application of the technique was provided by Dr. Daniel Axelrod and colleagues to visualize the static membrane morphology of erythrocytes and macrophages. More recently, we have modified the approach to monitor real time changes in membrane morphology that occur during rapid cellular events, such as exocytosis.
1.7. Author name ARP: Visual demonstration of this method is critical because it shows an investigator where to position the optical elements on the table, how to align the lasers, and in practice how the experiments are actually performed.
1.8. **Author name ARP: Demonstrating the procedure will be Tejeshwar Rao a graduate student (technician, post doc, grad student) from the laboratory. (Add additional mention of demonstrators as necessary).  
1.8.1. Interview style: Author saying the above 
1.8.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.


Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the filmed steps in 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. pTIRF System setup
Authors, please ensure that all steps are filmable and note if they are not.  Also note if the action being performed on camera is different than the result of that action as written in the narrative - for example, if adjustment of lasers is done through the computer rather than by manually moving the laser.  You will see below some specific points where I was unsure.
2.1. To begin, power on all microscope components, lasers, and computers.
2.2. Direct a beam from the 488 nm laser to the back focal plane of the 1.49 NA lens.  If the laser beam is focused on the back focal plane, it will emerge collimated and appear as a small well-defined spot on the ceiling directly above the objective. – Authors, could you describe the action that will be performed to achieve this step? We will be turning on the laser and show that the beam properly travels through all optical elements, through the objective, and appears as a clear focused spot on the ceiling.
2.3. Then, adjust the X galvanometer mirror so that laser beam is moved off-axis and emerges from the objective at progressively steeper angles to the objective normal.
2.4. Next, verify that total internal reflection, or TIR, is achieved.  Add 10 μl of fluorescent microspheres to a 1 ml volume of PSS in a glass-bottom dish.  – Authors, what does PSS stand for?  Physiological Saline Solution
2.5. Only fluorescence from microspheres on the bottom of the dish, closest to the TIR interface, should be detected.  Detection of floating microspheres indicates that the angle between the incident light and objective normal is insufficient. – Authors, are the microspheres detected through a CCD camera onto a coupled computer here? Yes they are.
2.6. For polarization-based imaging, use the aligned 488 nm beam as a guide and adjust the position of the raw 561 nm laser beam so it is traveling along an identical optical path.  Authors, could you describe the action that will be performed to achieve this step? We will adjust the mirrors so as to align the 561 nm beam making it colinear with the 488 nm beam.
2.7. The 561 nm laser will be used for imaging of the carbocyanine dye, diD. - Authors, how should we pronounce diD? “Dye-D.”
2.8. Insert a diverging lens and mirrors downstream of the 561 nm laser.  Using the mirrors, adjust the beam so that it is co-aligned with the 488 nm beam and the spot is in focus on the ceiling when the galvanometer mirrors are in the “0” position.  – Authors, could you describe the action that will be performed to achieve this step? Attached to the mirrors that direct the diverged laser beams (p-pol and s-pol beams) are adjustment knobs for changing their positions. The main objective here will be to first show the p- and s-pol beams converging on each other and then aligning it to the centered 488 nm beam. We will show how moving the mirrors change the direction of the beams.
2.9. Center a quarter-wave plate, or QW, in the beam path immediately downstream of the laser aperture (TEXT overlay:  see text for information on the QW). – Authors, could you describe the action that will be performed to achieve this step? Show alignment of QW.
2.10. Next, place a polarization cube downstream of the elliptically polarized beam.  The polarization cube reflects the vertical component of the electric field and passes the horizontal component.  The polarization cube is placed on a small translating stage to facilitate subsequent alignment of polarization beam paths. – Authors, could you describe the action that will be performed to achieve this step? The polarization cube is already placed in the path and will not be moved or replaced. We will show the polarization cube’s proper position in the optical path.
2.11. Use a second polarizing cube and mirrors to re-combine the beams. – Authors, could you describe the action that will be performed to achieve this step?  Are you inserting the PC2 and the mirrors? Again, this cube has already been placed at a fixed position and we will not be moving it. We will again show its proper position with respect to the other optical elements on the table. 
2.12. Place a shutter between the first polarization cube and the vertical component mirror.  Then, place a second shutter between the horizontal component mirror and second polarization cube.  These shutters are controlled by the imaging software enabling the user to rapidly select between beam polarizations.
2.13. Use a polarizing filter to verify the electric field orientation in each beam path.  A polarizing filter will only allow transmission in line with the filter’s axis.  – Authors, could you describe the action that will be performed to achieve this step?  Are you inserting the filter? We will just use a polarizing filter in the beams’ paths to show that they have the correct polarization. The s-pol beam will be vertically polarized and the p-pol beam will be horizontally polarized.
2.14. Verify that the vertical and horizontal components of the laser beam are aligned with each other and the 488 nm beam.  Make adjustments as necessary.  The three beams should all be focused on the back focal plane and emerge collimated from the objective to the same spot on the ceiling.  This spot can be marked by an X to facilitate future alignment.
2.15. Next, place a drop of immersion oil on the objective.  Place the dish containing fluorescent microspheres on the objective.
2.16. Enter TIR by moving the X galvanometer mirror.  In TIR, the vertical component of the beam is the s-pol and the horizontal component of the beam is now the p-pol.  Adjust the relative intensity between the beams by rotating the QW plate.  – Authors, could you describe the action that will be performed to achieve this step – are physically moving the mirror or doing it through the software?  Also – how should we pronounce s-pol and p-pol? We will use the mirror mover software provided by Labscribe to move the galvo mirrors. Use “S-polarization and p-polarization” for “s-pol and p-pol” when narrating.
2.17. View each polarized evanescent field with a rhodamine sample, which is predicted to be randomly oriented.  Rotate the QW plate to match the average pixel intensities.  – Authors, are the polarized evanescent fields detected through a CCD camera onto a coupled computer here? Yes a CCD camera detects the images captured by the microscope and is coupled to a computer.
3. Chromaffin Cell Isolation
3.1. To begin, isolate healthy chromaffin cells from the calf adrenal gland as described in the text protocol.  Count cells using a hemocytometer and prepare for transfection. 
3.2. Transfect cells with DNA encoding the protein of interest using the electroporation system according to the manufacturer’s recommendations.  The settings which provide the best balance between transfection efficiency and cell survival rate for this preparation of bovine chromaffin cells are 1100 V, 40 ms, and 1 pulse. 
3.3. Following transfection, plate cells gently on poly-D-lysine and collagen treated dishes in 1 ml of warmed electroporating media (TEXT overlay:  see text for recipe).
3.4. Place the dishes in a 37 ºC incubator.  Add 1 ml of 2x antibiotic media to each dish after 6 hours.  Change the media to normal media the next day.  Chromaffin cells are typically imaged 48 hours to 5 days after electroporation.
4. pTIRF Image Acquisition
4.1. Power on imaging system and start acquisition software.  Verify that lasers are aligned.  Check evanescent field profile using microspheres.
4.2. Prepare the global and local perfusion system.  Clean solution reservoirs with filtered deionized water and fill with basal and stimulating PSS solutions.
4.3. Before imaging chromaffin cells, verify that the p-pol and s-pol excitations illuminate the same region of the viewing field and that the illumination intensities are roughly equivalent. 
4.4. To do this, fill a glass-bottom dish with 2 ml of PSS containing rhodamine at a final concentration of 10 mM.  Sequentially excite the rhodamine sample with p-pol and s-pol light and capture the images.  In practice, the P and S emissions from diD are normalized to the mean of the P and S rhodamine emissions (TEXT overlay:  see text for further details).   Authors, could you describe the action that will be performed to achieve this step. Two separate image stacks will be taken. One will be taken by exciting the rhodamine dish with the p-pol shutter open and another by excitation while the s-pol shutter is open. ImageJ software will be used to detect the average intensities of both image stacks. A ratio will be obtained for average intensity of p-polarization to s-polarization images. This value should equal approximately 1.
4.5. Now proceed to staining bovine chromaffin cells with diD.  Rinse culture media from the dish containing the chromaffin cells and replace with 2 ml of basal-PSS.  Add 10 μl of 10 mM diD directly to the dish containing the cells.  Gently agitate dish for 2-10 seconds and remove the solution. 
4.6. Wash the dish 3 to 4 times with basal-PSS to remove any residual diD.  The cells are now stained and ready to use. Authors, how is the wash done? Basal-PSS is added to the dish and removed with a transfer pipette and is repeated 3-4 times.
4.7. Add a drop of immersion oil to the objective.  Place dish containing diD-stained chromaffin cells on top of the objective. 
4.8. Viewing the dish either through the objective or on the camera, find a cell which is transfected with the protein of interest and stained with diD.  A well-stained cell exhibits a P emission that vividly highlights the edges of the cell; the S emission should be roughly uniform across the cell footprint.
4.9. Position the local perfusion needle so that it is roughly 100 μm away from the cell.  Authors, please describe the action that will be performed to achieve this step – is it done through the software or manually? The perfusion needle is mounted on a manipulator which is manually adjusted so that the perfusion needle rests in the bottom right corner of the microscopic field.
4.10. Focus on the cell membrane and activate the autofocus hardware immediately before cell stimulation/image acquisition.
4.11. Begin image acquisition.  Perfuse cells for 10 seconds with a basal solution and then for 60 seconds with a depolarizing 56 mM KCl solution.  Authors, how are the cells perfused?  Through the software or by a pump for example? We perfuse the cells using the ALA-VM4 perfusion system by Scientific Instruments. The perfusion can be triggered either by using the control box or by the VC3 software provided by Scientific Instruments
4.12. Acquire images while rapidly shuttering between 561 nm p-pol, 561 nm s-pol to monitor changes in P and S emission of diD and 488 nm excitation to image the transfected vesicle probe.
5. Results: Monitoring cell membrane deformations with pTIRFM 
Authors, please change the results title if you had something more fitting in mind
5.1. Exuberant membrane labeling of chromaffin cells is achieved after a brief incubation with diD.  
5.1.1. Title Card
5.2. In this example, the cell membrane is stained well.  A healthy, adherent cell will exhibit distinct differences in P and S emissions.  The P emission image shows a brighter cell border with respect to the rest of cell.  The S emission image shows roughly uniform fluorescence across the cell footprint.  
5.2.1. LAB MEDIA:  Figure 2A.  Authors, please provide a separate version of 2A without the A label.  Editors, please zoom into the left 2 panels of this figure.
5.3. Calculated pixel-to-pixel P/S and P+2S images are sensitive to membrane curvature and dye concentration, respectively.  
5.3.1. LAB MEDIA:  Figure 2A.  Editors, staying zoomed in, please slide over to the right 2 panels of this figure.
5.4. The chromaffin cell shown has also been transfected with Synaptotagmin-1 pHluorin to label secretory vesicles.  
5.4.1. LAB MEDIA:  Figure 2B.  Authors, please provide a separate version of 2B without the B label.  Editors, please zoom into the left panel of this figure.
5.5. The chromaffin cell is stimulated with potassium chloride to depolarize the cell membrane and trigger exocytosis.  A number of brightly fluorescent spots suddenly become evident as dense core vesicles fuse.  A white box is drawn around one fusion event. 
5.5.1. LAB MEDIA:  Figure 2B.  Editors, staying zoomed in, please slide over to the right panel of this figure.  Then highlight the white box as the last sentence is narrated.
5.6. To analyze this fusion event, frame-by-frame changes in Syt-1-pHluorin, P/S, and P+2S image intensities were examined.  Authors, how should we pronounce “Syt-1-pHluorin, P/S, and P+2S?” “Syt-one-fluorin” “P.-over-S.” and “P.-plus-2-S.”
5.6.1. LAB MEDIA:  Figure 2C.  Authors, please provide a separate version of 2C without the C label.  
5.7. Fluorescence intensity of Syt-1 quickly diminishes as the protein diffuses away from the fusion site.  The indentation representing the fused vesicle/plasma membrane complex diminishes at a relatively slower rate.
5.7.1. LAB MEDIA:  Figure 2D.  Authors, please provide a separate version of 2D without the D label.  
5.8. This illustration depicts one interpretation of these measurements.
5.8.1. LAB MEDIA:  Figure 2E.  Authors, please provide a separate version of 2E without the E label.  
5.9. The rapid and localized membrane deformations are a result of stimulus-evoked calcium influx.  Membrane depolarization causes a significant increase in GCaMP5G fluorescence signifying an increase in subplasmalemmal calcium levels. Authors, how should we pronounce “GCaMP5G?” “Gee-camp-five-g.”
5.9.1. LAB MEDIA:  Figure 3A.  Authors, please provide a separate version of 3A without the A label.   
5.10. A 30x20 pixel region of the cell is selected and frame-by-frame changes in GCaMP5G, P/S, and P+2S pixel intensities are shown in the images and graphs. 
5.10.1. LAB MEDIA:  Figure 3B+3C.  Authors, please provide a separate version of 3B+3C without the B or C labels.   
5.11. Time “0” designates the frame before a change a P/S is evident.  The white arrowheads indicate that the membrane deformation is accompanied by a decrease in P+2S emission.  The cytosolic GCaMP5G protein is excluded from the area by the fused DCV.  Note also the sudden decrease in GCaMP5G intensity at time 0. 
5.11.1. LAB MEDIA:  Figure 3B+3C.  Editors, please highlight all 4 dotted lines that signify time zero as the first sentence is narrated.  Then highlight the white arrows as the second sentence is narrated.  As the last sentence is narrated, zoom into the bottom left graph.
5.12. The long-lived increase in P/S and decrease in P+2S suggest a fusion pore that dilates slowly as illustrated here.
5.12.1. LAB MEDIA:  Figure 3D.

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



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. You may revise the given prompts if necessary to better fit your protocol.

6.1. Author name ARP: Once mastered, experiments can be performed in several hours (hours/min) if it is performed properly. What can take longer is image analysis depending on the amount of data collected.
6.2. Author name ARP: While attempting this procedure, it’s important to remember to always check laser alignment before image acquisition.
6.3. Author name ARP: Following this procedure, other methods like amperometry can be performed in order to answer additional questions like that directly pertain to the kinetics of lumenal cargo release during pore dilation.
6.4. Author name ARP: After its development, this technique paved the way for researchers in the field of cell biology to explore changes in membrane shape during exocytosis, endocytosis,, cytokinesis and cell motility (subdivision of field, disease, natural phenomenon) in living cells. (model organism, patient demographic, organ system).
6.5. Author name ARP: After watching this video, you should have a good understanding of how to build a pTIRF system and image cells to observe membrane topological changes while in TIRF (restate overall goal of the procedure mention specific steps).
6.6. Author name ARP: Don't forget that working with lasers (reagent, pathogen, instrumentation) can be extremely hazardous and precautions such as wearing laser safety goggles should always be taken.

       

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.  

Insert your media filenames here.

SchematicFig – authors, please include a schematic figure to correlate with the narrative
overview text in section 1A. See attached instructions.


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.
 2011, Journal of Visualized Experiments
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