APPROVED FILMING SHOTLIST

Submission ID #: 58369
Editor Name: Brigid Stadinski
Videographer name: Maarik Leppä
Film Date: 08/27/2018
Link: http://www.jove.com/files_upload.php?src=17802593
Authors and Affiliations: 

Marjaana Rantala1, Virpi Paakkarinen1 and Eva-Mari Aro1
1Molecular Plant Biology, Department of Biochemistry, University of Turku, Turku, Finland

Title: Analysis of Thylakoid Membrane Protein Complexes by Blue Native Gel Electrophoresis
Corresponding Author: 

Eva-Mari Aro

evaaro@utu.fi
Co-authors:

Marjaana Rantala: maalra@utu.fi

Virpi Paakkarinen: virpaa@utu.fi
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)___N_____ 

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.) ___It is impossible to specify any individual steps________________________________________
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.) _It is difficult to specify most difficult aspect of the procedure__________________________
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. Marjaana Rantala: This method can help answer key questions about the composition and dynamic organization of the photosynthetic protein complexes in plant thylakoid membrane [1-MED]. 
1.1.1. Marjaana speaks towards camera (looking slightly off-camera), interview style.
1.2. Marjaana Rantala: The main advantage of this technique is that it allows analysis of the functional interactions between native protein complexes and elucidates the plasticity of the protein complex organization in varying environmental conditions [1-MED].   
1.2.1. Marjaana speaks towards camera (looking slightly off-camera), interview style. 

Protocol: (read by voice talent at JoVE)
2. Preparing the Blue Native (BN) Gel
2.1. Set up the gel caster with 8 centimeter by 10 centimeter plates according to manufacturer’s instructions using 0.75 millimeter spacers [1-MED-over the shoulder].
2.1.1. Talent sets up the gel caster with 8 centimeter by 10 centimeter plates (rectangular glass and notched alumina plate) according to manufacturer’s instructions using 0.75 millimeter spacers.
2.2. Place a gradient mixer on a stir plate and connect it with the peristaltic pump by tubing [1-MED].  Attach a syringe needle to the other end of the tubing and place the needle between the glass and aluminum plate [2-CU].  Place a magnetic stirrer in the “heavy”-chamber [3-MED-over the shoulder].
2.2.1. Talent places a gradient mixer on a stir plate and connects it with the peristaltic pump by tubing.
2.2.2. Tubing as talent attaches a syringe needle there and places it between the glass and aluminum plate.
2.2.3. Talent places a magnetic stirrer in the “heavy-chamber.”
2.3. Prepare 3.5% and 12.5% acrylamide solutions in 15 milliliter conical centrifuge tubes, as detailed in the text protocol, to use for the separation gel gradient [1-MED].  To prevent untimely polymerization, keep the centrifuge tubes on ice while preparing the solutions [2-CU]. 
2.3.1. Talent prepares the two solutions in 15 mL tubes, working on ice.  Use labeled containers.  Match action in next shot.
2.3.2. 15 mL tubes on ice as talent prepares the two solutions in 15 mL tubes.
2.4. Add 5% APS and TEMED right before pipetting the solutions to the gradient mixer [1-MED-over the shoulder].  Pipet the 12.5% solution to the Heavy-chamber [2-CU].
2.4.1. Talent adds 5% APS and TEMED to the solutions.
2.4.2. H-chamber as talent pipettes the 12.5% solution there.
2.5. Remove air bubbles from the channel connecting the “light” and “heavy”-chamber by opening the valve connecting the two chambers, allowing solution to enter to the light-chamber [1-MED-over the shoulder].  Close the valve and pipet the traces of solution back to the Heavy-chamber [2-CU].
2.5.1. Talent opens the valve connecting the two chambers allowing the solution to enter the light-chamber and then quickly closes the valve.
2.5.2. Apparatus as talent closes the valve and pipettes the traces of solution back to the heavy-chamber.
2.6. Finally, pipet the 3.5% solution to the light- chamber [1-MED-over the shoulder].  Switch on the magnetic stirrer, open the valves and switch on the peristaltic pump [2-MED]. 
2.6.1. Talent pipettes the 3.5% solution to the light-chamber.
2.6.2. Talent switches on the magnetic stirrer, opens the valves and switches on the peristaltic pump.
2.7. Allow the gel solutions to flow between the glass and aluminum plate at a flowrate of roughly 0.5 milliliters per minute [1-MED-over the shoulder].  The needle must be above the liquid at all times. [2-CU].
2.7.1. Gel caster as the gel solutions flow between glass and aluminum plate

2.7.2. Talent adjusts the flow to be roughly 0.5 mL/min between the glass and aluminum plate. 
2.8. When the Heavy- and Light-chambers have emptied, fill them with ultrapure water and allow it to gently overlay the gel surface [1-MED-over the shoulder].  The gel polymerization takes around 1 to 2 hours at room temperature [2-CU].
2.8.1. Talent fills the Heavy and Light chambers with ultrapure water.  Match/continue action in next shot.
2.8.2. Gel surface as they overlay the gel surface.
2.9. Prepare the 3% acrylamide solution for the stacking gel at room temperature [1-MED].  Pipet the stacking gel on top of the polymerized separation gel and place a sample gel comb between the glass and aluminum plate, avoiding air bubbles [2-CU].
2.9.1. Talent prepares a 3% acrylamide solution
2.9.2. Polymerized separation gel as talent pipettes the stacking gel on top and places the sample comb.
2.10. After allowing the gel to polymerize for 30 to 60 minutes at room temperature, remove the comb gently under ultrapure water [1-ECU].  At this point, the gel can be stored at positive 4 degrees Celsius in moist conditions for a few days [2-MED-over the shoulder].
2.10.1. Gel as talent removes the comb gently under ultrapure water.
2.10.2. Talent places the gel in a moist environment into the refrigerator. 
3. Thylakoid Solubilization
3.1. Dilute isolated thylakoids with ice-cold 25BTH20G (pronounced “twenty five, B-T-H, twenty G”) buffer to a final chlorophyll concentration of 1 milligram per milliliter [1-MED-over the shoulder-TXT].  Prepare two tubes for each thylakoid sample to perform both β-DM (pronounced “beta D-M”) and digitonin solubilization [2-CU-TXT]. 
3.1.1. Talent dilutes isolated thylakoids with ice-cold 25BTH20G buffer to a final chlorophyll concentration of 1 milligram per milliliter.  Continue/match action in next shot.  TEXT Overlay: See text for all buffers
3.1.2. Labeled tubes as talent prepares the diluted isolated thylakoids. TEXT Overlay: 4-8 µg of chlorophyll per sample
3.2. Now, add an equal volume of detergent buffer [1-MED-TXT].  Mix the detergent and the thylakoid sample gently with the pipet tip and avoid making air bubbles [2-CU].  
3.2.1. Talent adds an equal volume of detergent buffer to the sample.  TEXT Overlay: 2% β-DM (w/v) or 2% digitonin (w/v)
3.2.2. Mixture as talent mixes it gently with a pipet tip.
3.3. Solubilize the thylakoids for 2 minutes on ice for the β-DM solubilization… [1-MED-over the shoulder], or 10 minutes at room temperature with continuous gentle mixing on a rocker or shaker for the digitonin solubilization [2-CU].
3.3.1. Talent places the tubes on ice and starts timer to count down from 2 minutes.
3.3.2. Digitonin-solubilized samples as they mix on rocker or shaker.  Use labeled containers. 
3.4. Following incubation, remove the insolubilized material by centrifugation at 18,000 x g for 20 minutes, at positive 4 degrees Celsius [1-MED].  Transfer the supernatant to a new 1.5 milliliter tube and add one tenth volume of Coomassie brilliant blue buffer to the sample [2-CU].
3.4.1. Talent places the sample into the centrifuge, shuts the lid and starts the run.
3.4.2. 1.5 mL tube as talent transfers the supernatant there and adds CBB buffer.
4. BN-PAGE 
4.1. Set up the gel in a vertical electrophoresis system [1-CU].  Fill the upper buffer chamber with blue cathode buffer and pour anode buffer to the lower buffer chamber [2-MED-over the shoulder].  Load the thylakoid samples into the wells [3-CU or ECU].
4.1.1. Vertical electrophoresis system as talent sets up the gel. 
4.1.2. Talent fills the upper chamber with blue cathode buffer and pours the anode buffer to the lower buffer chamber.
4.1.3. Wells in gel as talent loads the thylakoid sample there.
4.2. Start the electrophoresis and gradually increase the voltage as listed in the text protocol [1-MED].  Run the gel at positive 4 degrees Celsius, either using a cold room or adjusting the gel temperature with a cooling system [2-MED-over the shoulder].
4.2.1. Talent starts the gel run in a cooling system. 
4.2.2. Talent adjusts the temperature on the cooling system.
4.3. Change the blue cathode buffer to a clear cathode buffer when the sample front has migrated about one third of the gel [1-CU].
4.3.1. Chamber as talent changes out the buffer from the blue cathode buffer to the clear cathode buffer.
4.4. After the electrophoretic run, scan the gel with a photoscanner for image archiving [1-MED-over the shoulder].
4.4.1. Talent scans the gel with a photoscanner.
5. 2D-SDS-PAGE
5.1. To perform 2D-SDS-PAGE (pronounced “2-D S-D-S page”), assemble the vertical electrophoresis system using 1 millimeter spacers [1-MED].  Prepare a standard SDS gel with a 2D-comb as described in the text protocol [2-MED-over shoulder]. 
5.1.1. Talent assembles the vertical electrophoresis system using 1 mm spacers.
5.1.2. Talent prepares the standard SDS gel with a 2D-comb.
5.2. Cut the lane from the BN-gel [5.2.0] and place it in a 5 milliliter tube [1-CU].  Then, add 2 milliliters of Laemmli buffer and incubate the strip for 45 minutes with gentle shaking at room temperature [2-MED-over the shoulder].
5.2.0. [Added Shot]: The gel as talent cuts the lane from the BN-gel
5.2.1. 5 mL tube as talent cuts the lane from the BN-gel and places the lane into a 5 mL tube.
5.2.2. Talent adds 2 mL of Laemmli buffer and leaves to incubate with gentle shaking at room temperature.
5.3. Place the lane, with a help of a spacer, on top of the gel avoiding air bubbles [1-CU or ECU].  Pipet 5 microliters of molecular weight marker on a narrow piece of filter paper and place the paper in the standard well [2-MED-over the shoulder].
5.3.1. Lane as talent places it on top of the gel with the help of a spacer.
5.3.2. Talent pipettes 5 microliters of molecular weight marker on a narrow piece of filter paper and places the paper in the standard well
5.4. To seal the BN-gel strip and the marker paper, pour 0.5% agarose in running buffer on top of the gel strip, and allow it to solidify [1-CU].
5.4.1. Gel with BN-gel strip and marker paper as talent pours 0.5% agarose in running buffer on top.
5.5. Perform electrophoresis according to standard protocols [1-MED].  After the electrophoretic run, visualize the proteins with Sypro Ruby stain or silver staining [2-MED-over the shoulder-TXT].
5.5.1. Talent sets up the electrophoresis run.
5.5.2. Talent inspects an already silver stained gel.  TEXT Overlay: See text for reference  
6. Results: Protein Complex Pattern and the Composition of Thylakoid Protein Complexes Solubilized with β-DM and Digitonin
6.1. Representative results of thylakoid protein complex patterns of β-DM and digitonin solubilized samples are shown here [1-LM]. 
6.1.1. Figure 1. BN-PAGE.tif

6.2. The small complexes migrate faster during the electrophoretic run and are therefore in the lower part of the gel… [1-LM], whereas the large complexes are in the upper part of the gel [2-LM]. 
6.2.1. Figure 1. BN-PAGE.tif – Video editors, please highlight the middle/bottom part of the entire figure (including and below the group of 4 green bands in the β-DM lane).
6.2.2. Figure 1. BN-PAGE.tif – Video editors, please highlight the top part of the entire figure (above the group of 4 green bands in the β-DM lane).
6.3. Digitonin generally preserves protein complexes in larger assemblies… [1-LM], while β-DM interferes with labile protein-protein interactions between the complexes [2-LM]. 
6.3.1. Figure 1. BN-PAGE.tif – Video editors, please highlight the top 2 green sets of bands in the Digitonin lane.
6.3.2. Figure 1. BN-PAGE.tif – Video editors, please highlight the bottom bands in the β-DM lane – starting with and including the group of 4 green bands in the upper middle of the gel.
6.4. The subunit composition of protein complexes of β-DM and digitonin solubilized thylakoids are presented here [1-LM].  The subunits of each complex are found from the vertical line below the aligned complex [2-LM].  

6.4.1. Figure 2. 2D-SDS-PAGE.tif 
6.4.2. Figure 2. 2D-SDS-PAGE.tif – Video editors, please overlay a vertical line over the “PSII-LHCII-PSI-LHCl” label and protein spots in the gel to demonstrate how to see the results for each complex.
6.5. In principle, each spot in the 2D-gel represents an individual protein, but in practice, several proteins of same molecular mass may be present in a single spot.  The identification of the spots is based on mass spectrometry analysis [1-LM]. 
6.5.1. Figure 2. 2D-SDS-PAGE.tif – Video editors, please sequentially highlight all the labeled proteins on the gel (in black type with corresponding arrows).
7. Conclusion (said by authors on camera)

7.1.1. Marjaana Rantala: After applying this procedure, one can continue with other methods like electron microscopy and single particle analysis of the protein complexes eluted from the BN-gel in order to obtain structural insights to the protein complexes [1-MED]. 
7.1.2. Marjaana speaks towards camera (looking slightly off-camera), interview style.
7.2. Marjaana Rantala: To identify unknown protein subunits, the individual protein spots from the 2D-SDS-PAGE can be analyzed with mass spectrometry [1-MED].
7.2.1. Marjaana speaks towards camera (looking slightly off-camera), interview style.
7.3. Marjaana Rantala: Don't forget that working with acrylamide and digitonin can be extremely harmful and precautions such as wearing protective clothes should always be taken while performing this procedure [1-MED].
7.3.1. Marjaana speaks towards camera (looking slightly off-camera), interview style.   

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.  

Figure 1. BN-PAGE
Figure 2. 2D-SDS-PAGE

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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