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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)_________  
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: _____________________________________________
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.) ______2.1.4, 2.3.2, 3.2.1, 3.2.4, 5.1.1, 5.2.2__________________________________
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.) _5.2.2_The most difficult step is collecting sufficient TCSPC data, especially when there is little fluorescence from a complex or if the sample bleaches quickly , as is often the case with Photosystem I.  It is important to make sure that there is sufficient band material to produce a strong fluorescence signal and to position the gel slice so that it is directly in front of the collection optics so that the signal can be collected efficiently_________________________
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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Elie Schwarz: This method is useful for answering certain key questions in the field of Photosynthesis research, such as "Are putative thylakoid complexes physiologically real complexes with energetically connected components?" [1-INT].
1.1.1. Named author says the statement above in an interview-style statement, looking slightly off-camera.
1.2. Elie Schwarz: The main advantage of the green gel and TCSPC protocol described here is that it is quick and robust; samples can easily be processed and analyzed in a single day, making issues of storage and stability less of a concern [1-INT].
1.2.1. Named author says the statement above in an interview-style statement, looking slightly off-camera.

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. [bookmark: _Hlk526338740]Gary Blanchard: Though TCSPC can provide insight into the Photosynthetic systems we have studied here, it can also be applied to other systems, ranging from chemical, through physical and biological, such as studies of fluorescent molecular motion in liquids, cells or novel structural motifs such as monomolecular layers [1-INT].
1.3.1. Named author says the statement above in an interview-style statement, looking slightly off-camera.


Protocol: (read by voice talent at JoVE)
2. Isolation of Crude Thylakoid Membranes from Spinach Leaves
Videographer: All steps in this section should be carried out on ice, using pre-chilled equipment and buffers. Where possible, make sure this is apparent in each shot (i.e., by showing the ice-bucket).
2.1. To begin this procedure, prepare the needed stock solutions and green mini gels as outlined in the text protocol [1-MED]. Next, obtain some ice [2-MED] and dim the lights [3-MED]. Using a glass Dounce homogenizer, completely homogenize the spinach leaves in approximately 1 – 2 mL of TMK buffer [4-MED].
2.1.1. Talent, at the lab bench, prepares a stock solution or the mini gels. Any action taken during these preparations can be shown here.
2.1.2. Talent puts a bucket of ice down on the lab bench.
2.1.3. Talent dims the lights a bit. Videographer: The talent can pretend to dim the lights instead of actually dimming them if needed to ensure that there is still enough light to clearly film.
2.1.4. Talent uses a glass Dounce homogenize to homogenize the spinach leaves.
2.2. To create a simple filtering device, cut a delicate task wipe in half and fold it into quarters [1-CU]. Remove the plunger from a syringe [2-MED], and then pack the folded task wipe into the bottom of the syringe [3-CU].
2.2.1. Close up as the talent cuts and folds the task wipe.
2.2.2. Talent removes the plunger from a syringe.
2.2.3. Close up as the talent packs the folded task wipe into the bottom of the syringe.
2.3. Pipette the leaf homogenate into the center of the task wipe filter [1-CU]. Then, use the plunger to pass the homogenate through the filter, and collect it in a 1.5 mL centrifuge tube [2-MED].
2.3.1. Close up as the talent pipettes the leaf homogenate into the center of the task wipe filter.
2.3.2. Talent depresses the plunger to pass the homogenate through the filter, collecting it in a 1.5 mL centrifuge tube.
2.4. Centrifuge the homogenate at 5,000 x g and 4 °C for 10 minutes to pellet the insoluble material, including the thylakoid membranes [1-MED]. Discard the supernatant and re-suspend the pellet in 1 mL of TMK buffer [2-MED].
2.4.1. Talent places the centrifuge tube into a centrifuge, closes the centrifuge lid, and then turns on the centrifuge.
2.4.2. Talent re-suspends the pellet in TMK buffer. Supernatant should be removed prior to this shot.
2.5. To extract chlorophyll from each sample, take a 50 μL aliquot and transfer it into a 1.5 mL microcentrifuge tube [1-MED]. Add 950 μL of methanol [2-MED]. Cap the tube, and mix by inverting it several times [3-MED].
2.5.1. Talent takes an aliquot from a sample and transfers it into a 1.5 mL microcentrifuge tube.
2.5.2. Talent adds methanol to the microcentrifuge tube.
2.5.3. Talent caps the tube, and then inverts it several times.
2.6. Centrifuge at 10,000 x g for 10 minutes to pellet the precipitated proteins [1-MED]. Using the chlorophyll concentration measurements as a guide, remove and discard some volume from each sample – as necessary – until each tube contains the same total amount of chlorophyll [2-MED-TXT].
2.6.1. Talent places the microcentrifuge tube into the centrifuge, and then closes the centrifuge lid.
2.6.2. Talent removes and discards some of a sample. Repeat this action for several samples to cover the length of this voiceover narration. Have the chlorophyll concentration measurements (produced beforehand but not shown in the video) clearly visible in the shot. TEXT: See text for details on determining chlorophyll concentration.
2.7. Centrifuge at 5,000 x g for 10 minutes to re-pellet the thylakoid membranes [1-MED]. Remove and discard the supernatant [2-MED] – being careful to remove all of the supernatant without disturbing the pellet [3-CU].
2.7.1. Talent places the microcentrifuge tube into the centrifuge, and then closes the centrifuge lid.
2.7.2. Talent begins removing the supernatant.
2.7.3. Close up as the supernatant is removed, showing that the pellet is not disturbed/aspirated.

3. Solubilization of Thylakoid Membranes for Loading onto Native Gels and Separation of Solubilized Thylakoid Proteins by Native Gel Electrophoresis
3.1. Frist, thaw an aliquot of TMK 30% glycerol detergent solution [1-MED]. Invert several times to mix, and keep the solution on ice [2-MED]. Add an appropriate volume of the detergent solution to dissolve the pellet and result in a final chlorophyll concentration of 1 mg/mL [3-MED].
3.1.1. Talent removes an aliquot of TMK 30% glycerol detergent solution from the freezer. Alternatively, show the talent setting it out onto the lab bench to thaw.
3.1.2. Talent inverts the tube of detergent solution a few times, and then places it on ice.
3.1.3. Talent adds the detergent solution to the pellet.
3.2. Pipette up and down repeatedly while being careful to avoid frothing in the sample [1-CU]. Then, keep the sample on ice to allow thylakoid samples to solubilize [2-MED-TXT]. After solubilization is complete, centrifuge the sample at 10,000 x g and 4 °C for 10 minutes [3-MED] to pellet insoluble material – resulting in a clear, dark green supernatant [4-CU].
3.2.1. Close up as the sample is pipetted up and down repeatedly.
3.2.2. Talent places the sample on ice. TEXT: Solubilization takes ≥10 minutes
3.2.3. Talent places the sample into a centrifuge, and then closes the centrifuge lid and turns on the centrifuge.
3.2.4. Close up of the tube after centrifugation, showing the pellet and supernatant clearly.
3.3. [bookmark: _Hlk517429600]After this, load 15 μL of solubilized thylakoid supernatant directly onto each well of a previously prepared 1.5 mm native gel [1-MED-TXT]. Using 1x running buffer, begin running the native green gel at 100 V [2-MED-TXT]. Place the entire gel tank on wet ice for the duration of the run to mitigate resistive heating [3-MED].
3.3.1. Talent loads the solubilized thylakoid supernatant directly onto each well of a previously prepared native gel. TEXT: See text for details on preparing the native gel
3.3.2. Talent runs the gel. Any action in this process (such as turning on the voltage) can be shown here. TEXT: Run gel in similar manner to SDS-PAGE
3.3.3. Talent places the entire gel tank on wet ice.
4. Excision of Thylakoid Complex Bands from Native Green Gels and Collection of Room Temperature Steady-State Fluorescence Spectra
4.1. When the gel has finished running, remove it from the electrophoresis cell [1-MED] and rinse the running buffer off of the gel plates with distilled water [2-MED]. Remove the top plate from the gel [3-MED-TXT], and then rinse the gel with distilled water [4-MED].
4.1.1. Talent removes the gel from the electrophoresis cell.
4.1.2. Talent rinses the gel plates with distilled water.
4.1.3. Talent removes the top plate from the gel. TEXT: Leave the gel on the bottom plate. Video Editor: Leave this text overlay up for 4.1.3 and 4.1.4
4.1.4. Talent rinses the gel with distilled water.
4.2. Place the gel – which is still on the bottom glass plate – on ice [1-MED-TXT]. When the gel is not in use, cover it with plastic wrap and keep it in the dark to prevent it from drying out [2-MED].
4.2.1. Talent places the gel (still on the bottom plate) on ice.
4.2.2. Talent wraps the gel with plastic wrap, and then covers it (or puts it in a dark place).
4.3. Next, use a sharp scalpel or razor blade to excise each band of interest when ready to proceed with TCSPC analysis [1-MED-TXT]. Make sure that the excised band contains no contaminating band material [2-CU].
4.3.1. Talent uses a scalpel to excise a band of interest. TEXT: TCSPC: Time-correlated single photon counting
4.3.2. Close up as the talent excises the band. Alternatively, film a CU of just the excised band.
4.4. For each complex being analyzed, use a fluorescence spectrometer to take a room temperature fluorescence spectrum between 600 and 800 nm [1-MED].
4.4.1. Talent approaches the fluorescence spectrometer, and takes a fluorescence spectrum from a sample.
5. Time-correlated Single Photon Counting of Green Gel Bands and Data Analysis
5.1. Place masking tape on either end of the slides, and fold it over several times to create spacers – which will allow the slides to be held together firmly without compressing the spacebetween 12-CU]. Then, sandwich the gel slice between two glass microscopy slides [2-MED]. 
5.1.1. Close up as take is placed on the slides and folded over several times to create spacers. Hold this shot – even when the action is complete – for a while to cover the length of the voiceover narration and to show the set up in detail.
5.1.2. Talent sandwiches the gel slice between two glass microscopy slides.
5.2. Add a small amount of water to the gel slice at the edge of the glass slides to create a smooth interface that will reduce signal scattering [1-CU]. Next, clamp the gel sandwich in the beam path [2-MED], so that the beam strikes the gel slice through the open edge of the plates [3-CU-TXT].
5.2.1. Close up as a small amount of water is added to the gel slice at the edge of the glass slides.
5.2.2. Talent clamps the gel sandwich in the beam path.
5.2.3. Close up of the gel sandwich as it is clamped in the beam path. TEXT: See text for details on excitation wavelength. 
5.3. For each complex collect 10,000 total data points, at regular intervals, across the fluorescence emission spectrum [1-MED-over the shoulder].
5.3.1. Talent, at the workstation computer, collects the data points as described.
5.4. To analyze the data for a given complex, first normalize the peak height of each decay curve for all of the wavelengths collected [1-SCREEN]. Then, tail-match each decay curve to the steady state fluorescence spectrum of the complex as outlined in the text protocol [2-SCREEN].
5.4.1. *To be provided by authors: Screen Capture – Show the process of normalizing the peak heights of each decay curve for all of the wavelengths collected. Authors: Please upload all screen capture videos to your upload link.
5.4.2. *To be provided by authors: Screen Capture – Show the process of tail-matching each decay curve to the steady state fluorescence spectrum of the complex. Authors: Please upload all screen capture videos to your upload link.

6. Results: Native Green Gel Electrophoresis and Band Characterization
6.1. Representative results for the green gel electrophoresis provides [1-LM] an example of an ideal result for the analysis of spinach thylakoids  – where a number of clear, sharp green bands are visible [2-LM]. Lanes 2 and 3 present more typical results from simple thylakoid isolation and electrophoresis on a non-gradient 5% acrylamide gel [3-LM].
6.1.1. LAB MEDIA: Figure 1
6.1.2. LAB MEDIA: Figure 1 – Visually emphasize Lane 1
6.1.3. LAB MEDIA: Figure 1 – Visually emphasize Lanes 2 and 3
6.2. Lanes 4, 5, and 6 provide an example of poor results due to increasing degrees of under-solubilization of the thylakoid sample [1-LM], while Lane 7 demonstrates the results that can be achieved when Arabidopsis thylakoids are used instead of spinach [2-LM].
6.2.1. LAB MEDIA: Figure 1 – Visually emphasize Lanes 4 – 6
6.2.2. LAB MEDIA: Figure 1 – Visually emphasize Lane 7
6.3. After the data curves of TCSPC data [1-LM] have been set to the same time register [2-LM], they can be normalized to the same peak height – which allows for the curves to be compared as a first analysis of the data [3-LM].
6.3.1. LAB MEDIA: Figure 3 – Show only Figure 3A. Show text above the figure saying “LHCII decay curves”. Keep this text up for all of 6.3.
6.3.2. LAB MEIDA: Figure 3 – Show only Figure 3B
6.3.3. LAB MEDIA: Figure 3 – Show only Figure 3C
6.4. Peak-normalized decay curves from different complexes can then be overlaid with one another at a given wavelength, allowing the differences in behavior between the complexes to be visualized [1-LM].
6.4.1. LAB MEDIA: Figure 3 – Show only Figure 3D.
6.5. Tail-matching the decay curves allows for [1-LM] the construction of decay-associated spectra [2-LM]. As seen here, the decay-associated spectra for LHCII is notable for the lack of dynamic features, and the shape of the LHCII fluorescence spectrum remains the same as the signal decays over time [3-LM].
6.5.1. LAB MEDIA: Figure 4 – Visually emphasize Figure 4A
6.5.2. LAB MEDIA: Figure 4 – Visually emphasize Figure 4B. Hold this emphasis for 6.5.3
6.5.3. LAB MEDIA: Figure 4 – Hold the visual emphasis on Figure 4B from 6.5.2
6.6. The decay of the fluorescence spectrum is also delayed, requiring 100 picoseconds to reach maximum fluorescence. This suggests that energy is not transferred between energetically distinct pigments within the complex as the fluorescence decays [1-LM].
6.6.1. LAB MEDIA: Figure 4 – In Figure 4B, visually emphasize the red data set, which is the data set for 100 picoseconds (ps).
6.7. The decay-associated spectrais then constructed for the Band 5 complex [1-LM]. Compared to LHCII, the fluorescence from Band 5 decays much more rapidly [2-LM] – reaching maximum intensity in only 30 picoseconds [3-LM], and then decaying to less than 20% of the initial intensity after 500 picoseconds [4-LM].
6.7.1. LAB MEDIA: Figure 4 – Visually emphasize Figure 4C
6.7.2. LAB MEDIA: Figure 4 – No animation required
6.7.3. LAB MEDIA: Figure 4 – In Figure 4C, visually emphasize the red data set (which is the highest curve), which is the data set for 30 picoseconds.
6.7.4. LAB MEDIA: Figure 4 – In Figure 4C, visually emphasize the cyan data set, (which is the lowest data set), which is the data set for 500 picoseconds.


7. Conclusion (said by authors on camera)

7.1. Elie Schwarz: While attempting this procedure, it’s important to remember that interpretation of TCSPC data will rely on additional biochemical information identifying the components of the complexes under study, for instance by 2D-SDS PAGE and Western Blotting or Mass Spectrometry [1-INT].
7.1.1. Named author says the statement above in an interview-style statement, looking slightly off-camera.


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.


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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