APPROVED FILMING SHOTLIST

Submission ID #: 58224
Editor Name: Brigid Stadinski
Videographer name: Anouk Paulissen
Film Date: 09/28/2018
Link: http://www.jove.com/files_upload.php?src=17758368
Authors and Affiliations: 

Anna Livia L. Matos1,3 *, David Grill1,3 *, Sergej Kudruk1,3, Nicole Heitzig1,3, Hans-Joachim Galla2,3, Volker Gerke1,3, Ursula Rescher1,3

1Institute of Medical Biochemistry, Center for Molecular Biology of Inflammation, University of Münster, Münster, Germany

2Institute of Biochemistry, University of Münster, Münster, Germany

3Cluster of Excellence 'Cells in Motion', University of Münster, Münster, Germany

* These authors contributed equally.



Title: Dissipative Microgravimetry to Study the Binding Dynamics of the Phospholipid Binding Protein Annexin A2 to Solid-supported Lipid Bilayers Using a Quartz Resonator

Corresponding Author: 

Ursula Rescher 
(rescher@uni-muenster.de)
Co-authors:

Anna Livia L Matos
(linardma@uni-muenster.de)
David Grill

(david.grill@uni-muenster.de)
Sergej Kudruk

(sergej.kudruk@uni-muenster.de)

Nicole Heitzig 

(nicole.kleineniggenkemper@gmail.com)
Hans-Joachim Galla
(gallah@uni-muenster.de)

Volker Gerke

(gerke@uni-muenster.de)
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.) 
2.1, 2.5, 2.8, 3.1, 3.3 and 3.4.
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.) 
Bilayer formation. Use freshly prepared liposome suspension (steps 2.6 and 3.3).
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. Anna L. L. Matos: This method can help study interactions of proteins with lipid membranes.  In our case, we use it to analyze the Ca2+-dependent binding of annexin A2 to membranes containing negatively charged phospholipids [1-MED].
1.1.1. Anna speaks towards the camera (looking just off-camera), interview style.
1.2. Sergej Kudruk: The main advantages of this technique are that it is label-free, sensitive, quantitative, and that interactions are observed in real-time, thus allowing direct analysis of results [1-MED].
1.2.1. Sergej speaks towards the camera (looking just off-camera), interview style.
B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. David Grill: This technique can also be applied to other systems, such as the interactions of more complex macromolecular assemblies or even cells [1-MED].
1.3.1. David speaks towards the camera (looking just off-camera), interview style.
Protocol: (read by voice talent at JoVE)
2. Lipid Vesicle Preparation and Handling the Quartz Sensors 
2.1. Use clear 5 milliMolar lipid solutions as described in the text protocol [1-MED].  Combine the dissolved lipids in the desired molar ratio in 10-milliliter glass tubes [2-CU-TXT]. 
2.1.1. Combined shots: Talent uses 2-milliliter glass tubes and prepare clear 5 milliMolar lipid solutions.  Use labeled containers. 10 mL glass tubes as talent combines he dissolved lipids there.  TEXT Overlay: See Table 1 in text
2.1.2. 10 mL glass tubes as talent combines he dissolved lipids there.  TEXT Overlay: See Table 1 in text
2.2. Evaporate the organic solvents using a dry stream of nitrogen [1-MED].  Leave the lipid mixture on a high vacuum-lyophilization system for 3 hours to remove any residual traces of the solvents [2-MED-over the shoulder].  Now, resuspend the lipid film in 1 milliliter of citrate buffer [3-CU-TXT].
2.2.1. Talent dries the organic solvents using a dry stream of nitrogen.
2.2.2. Talent leaves the lipid mixture on a high vacuum-lypophilization system.
2.2.3. Lipid film as talent resuspends it in 1 mL of citrate buffer.  TEXT Overlay: 10 mM trisodium-citrate, 150 mM NaCl, pH 4.6  
2.3. Incubate the lipid suspension at 60 degrees Celsius for 30 minutes in a water bath… [1-MED-over the shoulder], vortexing it vigorously every 5 minutes [2-CU].  This temperature is around 10 degrees Celsius above the phase transition temperature of the highest melting lipid in the mixture [3-MED].
2.3.1. Talent places the lipid suspension at 60 degrees Celsius and starts a timer to count down from 5 minutes.
2.3.2. Lipid suspension as talent vortexes it.
2.3.3. Talent places the lipid suspension back into the water bath and starts timer again.  
2.4. Meanwhile, preheat the extruder, equipped with a 50-nanometer diameter pore-size polycarbonate membrane, above the transition temperature for 30 minutes [1-MED-over the shoulder].
2.4.1. Talent preheats the extruder to 60 degrees Celsius.
2.5. Load the multilamellar vesicle suspension into the preheated extruder [1-MED].  Gently pass the mixture 31 times through the polycarbonate membrane to form small unilamellar vesicles, or SUVs.  Keep the temperature above the transition temperature [2-CU].
2.5.1. Combined shots: Talent loads the MLVs into the preheated extruder. Polycarbonate membrane as talent gently passes the mixture through.
2.5.2. Polycarbonate membrane as talent gently passes the mixture through.
2.6. Transfer the SUV suspension to a 2-milliliter plastic reaction vessel and add the citrate buffer to bring the final volume to 2 milliliters [1-MED-over the shoulder].
2.6.1. Talent transfers the SUV suspension to a 2-mL plastic reaction vessel and adds citrate buffer to bring the final volume to 2 mL. 
2.7. Incubate four sensors inserted in a polytetrafluoroethylene holder in a 2% SDS solution for at least 30 minutes [1-CU].  Then, wash them extensively with ultra-pure water to completely remove the SDS… [2-MED-over the shoulder] and dry them using a stream of dry argon or nitrogen [3-CU].
2.7.1. PTFE holder with sensors as talent inserts them into a 2% SDS solution.
2.7.2. Talent washes them extensively with ultra-pure water.
2.7.3. PTFE holder with sensors as talent dries them with a stream of dry argon or nitrogen.
2.8. Use a plasma-cleaning system to completely remove any contaminants [1-MED or WIDE].  To do so, insert the dry sensors in the plasma-cleaning chamber, evacuate the chamber, and flush it 3 times with oxygen [2-CU]. 
2.8.1. Talent approaches the plasma-cleaning system with the sensors. Video editor: 2.8.1 through 2.9.1 were recorded (screen cap) together. Do not use the frames between 0:46 to 1:09. 
2.8.2. Sensors as talent inserts them into the plasma-cleaning chamber, evacuates the chamber and flushes it with oxygen. 
2.9. Then, turn the plasma cleaner on.  Use vacuum, high radio frequency power, and 10 minutes of process time [1-MED-over the shoulder].  Following the cleaning run, turn off the machine and take out the sensors [2-CU]. 
2.9.1. Talent turns the plasma cleaner on and inputs the pressure, 
2.9.2. Machine as talent turns it off and removes the sensors.
3. Microbalance Operation and Cleaning
3.1. Carefully dock the plasma-cleaned sensors into the 4 flow chambers, using tweezers [1-MED-over the shoulder].  Avoid any pressure on, or torsion of, the chambers and tubes that may cause leaking [2-CU].  Flush the system with citrate buffer in the open-flow mode for 10 minutes [3-MED-over the shoulder]. 
3.1.1. Combined shots: Talent docks the plasma-cleaned sensors into the flow chambers, using tweezers.  Continue action in next shot. Sensors as talent docks them into the flow chambers, avoiding pressure or torsion of the chambers and tubes.
3.1.2. Sensors as talent docks them into the flow chambers, avoiding pressure or torsion of the chambers and tubes.
3.1.3. Talent flushes the system with citrate buffer in the open-flow mode.
3.2. Launch the program.  Start recording any changes in the frequency and dissipation of the first fundamental tone and overtones using the software, until the frequency and dissipation baselines are stable [1-SCREEN].
3.2.1. 58224_Rescher_SCREEN_3.2.1: Screen capture movie as talent launches the program and starts recording any changes in the frequency and dissipation of the first fundamental tone and overtones.
3.3. When the baselines are stable, apply the SUV suspension in citrate buffer in the loop-flow mode.  Record the frequency/dissipation shift for another 10 minutes [1-SCREEN].  
3.3.0 Added shot: showing how to add the SUV suspension in the loop-flow mode.

3.3.1. 58224_Rescher_SCREEN_3.3.1: Screen capture movie once the baselines are stable as talent applies the SUV suspension in citrate buffer in the loop-flow mode.  Talent records the frequency/dissipation shift.
3.4. When the SLB is stable, equilibrate the system with the running buffer at the required Calcium concentrations in an open flow mode for 40 minutes [1-SCREEN-TXT].
3.4.0 Added shot: showing the change from the loop-flow mode to the open flow mode.
3.4.1. 58224_Rescher_SCREEN_3.4.1: Screen capture movie after the SLB is stable as talent equilibrates the system with the running buffer at the required Calcium concentrations in an open flow mode.  TEXT Overlay: See text for running buffer and Ca2+ concentrations. 
3.5. Add the protein to the running buffer containing Calcium [1-CU].  Perform the application of the protein in a loop-flow mode until an equilibrium steady state is reached [2-MED-over the shoulder]. 
3.5.1. Combined shots: Running buffer containing Calcium as talent adds the protein there. Talent applies the protein to the column using loop-flow mode.  Author note: 3.5.1 and 3.5.2 were recorded together. The step 3.5.2 starts at 1:14. 
3.5.2. Talent applies the protein to the column using loop-flow mode. 
Added shot: 58224_Rescher_SCREEN_3.5.3: Screen capture movie as talent add protein in HBS buffer containing Calcium, highlighting the frequency shift illustrating the binding. 
3.6. Now, dissociate the bound protein by chelating Calcium ions with 5 milliMolar EGTA in the running buffer in open flow mode [1-SCREEN].
3.6.0 Added scene showing the change to EGTA

3.6.1. 58224_Rescher_SCREEN_3.6.1: Screen capture movie as talent runs the 5 mM EGTA in running buffer through.
3.7. Regenerate the microbalance system with 50 milliliters of double distilled water in a continuous open flow mode [1-CU].  Remove the tubes from the water container, and let the system run dry [2-MED].
3.7.1. Tube of double distilled water as talent puts them in place to regenerate the microbalance system.
3.7.2. Talent removes the tubes from the water container and leaves the system to run dry.
3.8. Carefully remove the crystal sensor and clean it with a 2% SDS solution using the polytetrafluoroethylene holder [1-MED-over the shoulder].  Dry the visible parts of the flow module interior where the sensor was placed [2-CU-TXT].
3.8.1. Talent carefully removes the crystal sensor and cleans it with a 2% SDS solution using the polytetrafluoroethylene holder.  Use labeled containers.
3.8.2. Talent dries the visible parts of the flow module interior where the sensor was placed.  TEXT Overlay: See text for periodic intensive cleaning procedure
4. Results: Changes in Frequency and Dissipation during Bilayer formation and the Reversible Ca2+-Dependent Interaction of Annexin A2 with the Lipid Bilayer
4.1. Shown here is the recording of the frequency curve… [1-LM] and dissipation shifts [2-LM].
4.1.1. Figure 2.tif – Video editors, if possible please omit the “A” and “B” labels for this figure in the video.  Please highlight the top plot here.  
4.1.2. Figure 2.tif – Video editors, please highlight the bottom plot.  
4.2. The prominent drop in frequency upon the addition of the liposomes indicates their adsorption [1-LM].  Because the buffer-filled vesicles are not rigid, but viscoelastic, the dissipation increases [2-LM].  

4.2.1. Figure 2.tif – Video editors, please highlight the section of the plot labeled as “1” in the top plot.  
4.2.2. Figure 2.tif – Video editors, please highlight the section of the plot labeled as “1” in the bottom plot.  
4.3. Subsequently, the coalescing vesicles rupture.  The concomitant release of the buffer inside the vesicles decreases the adsorbed mass until a stable plateau is reached [1-LM]. 
4.3.1. Figure 2.tif – Video editors, please highlight the section of the plot labeled as “2” in the top plot.  
4.4. The binding of annexin A2 to the lipids adds mass, as seen by the clear frequency shift [1-LM], but does not interfere with the bilayer structure, as indicated by the only small change in dissipation [2-LM]. 
4.4.1. Figure 2.tif – Video editors, please highlight the section of the plot labeled as “3” in the top plot.  
4.4.2. Figure 2.tif – Video editors, please highlight the section of the plot labeled as “3” in the bottom plot.  
4.5. When calcium ion is removed by the chelating agent EGTA, annexin A2 dissociates from the lipid film [1-LM]. 
4.5.1. Figure 2.tif – Video editors, please highlight the section of the plot labeled as “4” in the top and bottom plot.  
4.6. The frequency and the dissipation recordings shift to the levels seen with the bilayer only, indicating that annexin A2 binding is totally dependent on the Calcium ion and that the lipid film remains intact [1-LM]. 
4.6.1. Figure 2.tif – Video editors, keeping “4” highlighted in both plots, also highlight the section of the plot labeled as “2” in the top and bottom plot.  
4.7. A representative negative control experiment is shown here.   When phosphatidylserine (pronounced as “fos-fah-tid-il seer-een”) is absent, no changes in frequency or dissipation are apparent after addition of annexin A2 in the presence of the Calcium ion.
4.7.1. Figure 3.tif – Video editors, if possible please omit the “A” and “B” labels for this figure in the video.  
5. Conclusion (said by authors on camera)

5.1. Anna L.L. Matos: While attempting this procedure, it’s important to ensure proper bilayer formation.  Use the liposomes immediately, otherwise small vesicles might fuse into bigger vesicles with less surface tension, and a baseline will not be established [1-MED].
5.1.1. Anna speaks towards the camera (looking just off-camera), interview style.
5.2. Segej Kudruk: Following this procedure, a quantitative description of the membrane-protein interaction can be performed in order to answer additional questions like non-cooperative vs cooperative binding [1-MED].
5.2.1. Segej speaks towards the camera (looking just 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.  

LAB MEDIA (LM):

Figure 2.tif
Figure 3.tif
SCREEN Capture Movies:

58224_Rescher_SCREEN_3.2.1: Screen capture movie as talent launches the program and starts recording any changes in the frequency and dissipation of the first fundamental tone and overtones.
58224_Rescher_SCREEN_3.3.1: Screen capture movie once the baselines are stable as talent applies the SUV suspension in citrate buffer in the loop-flow mode.  Talent records the frequency/dissipation shift. Use frame between 1:28:00 to 1:58:40, has to be speeded up.
58224_Rescher_SCREEN_3.4.1: Screen capture movie after the SLB is stable as talent equilibrates the system with the running buffer at the required Calcium concentrations in an open flow mode.  
58224_Rescher_SCREEN_3.5.3: Screen capture movie as talent add Annexin A2 in HBS buffer containing Calcium, highlighting the frequency shift illustrating the binding.  From time 02:00 on.
58224_Rescher_SCREEN_3.6.1: Screen capture movie as talent runs the 5 mM EGTA in running buffer through.
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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