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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N_____  
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, 2.2, 2.4, 2.5, 2.7, 2.11, 3.3, 4.1, 4.2, 4.4, 4.5 __________
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.) ___________________________
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. Zainab Ahdash: Nowadays, mass spectrometry plays an important role in structural biology. This method can help answer key questions about important biological macromolecules in the near-native state, especially proteins and protein complexes. Native MS is widely applicable to a variety of biomolecular assemblies including multi-protein and nucleic acid systems [1-INT].
1.1.1. Zainab Ahdash says the above statement in an interview-style shot, looking slightly off-camera.
1.2. Argyris Politis: The main advantage of this technique is that it is rapid and highly sensitive. It can be used to interrogate heterogeneous protein samples making it possible to analyze multiple proteins and oligomeric states simultaneously [1-INT].
1.2.1. Argyris Politis says the above statement in an interview-style shot, looking slightly off-camera.

C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** Author Name: Demonstrating the procedure will be NAME, a (technician, post doc, grad student) from my laboratory. (Add additional mention of demonstrators as necessary).  
1.3.1. Interview style: Author saying the above 
1.3.2. 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)

2. Native MS Acquisition and Analysis for Investigating Protein Complexes and Protein-Ligand Complexes
2.1. To begin this procedure, prepare the in-house capillaries for nano-electrospray as outlined in the text protocol [1-WIDE/MED].
2.1.1. Establishing shot of the talent preparing the in-house capillaries on a workbench. Editor: For 2.1, show a combination of the shots 2.1.1 – 2.1.3. The authors have requested that these images of the capillaries being prepared be shown.
2.1.2. Talent places the plate of capillaries in the coater.
2.1.3. Close up shot of the needles, now gold-coated, in the plate and ready for use.
2.2. Prepare a ligand-free sample as a control for each run [1-MED], as buffer exchange each into ammonium acetate [2-MED].
2.2.1. Talent prepares a ligand-free sample
2.2.2. [bookmark: _GoBack]Talent pipetted ligand free sample into pre-washed concentrator column to perform buffer exchange.
2.2.3. Added shot: Talent places column in the micro-centrifuge.
2.3. Next, select the sensitivity, positive ion acquisition, and mobility TOF modes [1-MED]. Next, turn on the Trap, API and IMS gases [2-MED]. For IM separation, use the nitrogen and argon starting points shown here, and adjust as necessary [3-MED-TXT].
2.3.1. Talent, at the workstation, selects the sensitivity, positive ion acquisition, and mobility TOF modes.
2.3.2. Talent turns on the Trap, API and IMS gases.
2.3.3. Talent adjusts the nitrogen and argon gasses to the mentioned values. TEXT: Nitrogen: 60 mL/min; Argon: 8.4 mL/min (trap region)
2.4. Set an appropriate m/z acquisition range. For an unknown protein, the initial optimization steps should use a wide range [1-MED-TXT].
2.4.1. Talent sets the m/z acquisition range. TEXT: Wide range: 500-32000 m/z
2.5. Insert the gold-coated capillary into a capillary holder. Then load between 2 and 3 μL of the protein complex solution of interest into the capillary
2.5.1. Close up of the gold-coated capillary being inserted into a capillary holder and tighten
2.5.2. Talent loads protein complex solution into a gold-coated capillary.
2.6. Gently tighten the capillary and place it on the electrospray source stage [1-MED]. Slide the stage into position to start acquiring data [2-MED/CU].
2.6.1. Talent places the capillary on the electrospray source stage.
2.6.2. Talent slides the stage into position.
2.4. Set an appropriate m/z acquisition range. For an unknown protein, the initial optimization steps should use a wide range [1-MED-TXT].
2.4.1. Talent sets the m/z acquisition range. TEXT: Wide range: 500-32000 m/z
2.7. Apply a low nano-flow gas pressure [1-MED-TXT], until a drop forms at the tip of the capillary [2-CU].
2.7.1. Talent applies a low nano-flow gas pressure. TEXT: Nano-flow gas pressure: 0.00 – 0.05 Bar Editor: Leave the text overlay up for all of 2.6
2.7.2. Close up shot of a drop at the tip of the capillary.
2.8. Move the capillary – with respect to the cone – and monitor the ion current to achieve a stable ion current [1-MED]. Apply a capillary voltage in the range between 0.9 and 1.6 kV [2-MED]. Then, set the sampling cone, source offset, source temperature, and cone gas flow as outlined in the text protocol [3-MED].
2.8.1. Talent moves the capillary while monitoring the ion current.
2.8.2. Talent applies a capillary voltage. Alternatively, film a CU of the instrument showing the voltage.
2.8.3. Talent adjusts the settings listed above. Any of these conditions, as they are being set, can be filmed as this shot is representative of all the actions and the viewer is being referred to the text for details.
2.9. To acquire a well-resolved mass spectrum and maximize ion transmission, adjust the MS parameters and monitor the resulting change in the spectra [1-MED-TXT]. Set the trap collision energy to an initial starting point between 10 and 50 V [2-CU]. If the voltage offsets are insufficient, adjust the trap collision energies [3-MED].
2.9.1. Talent, at the workstation, adjusts the MS parameters and monitors the spectra. 
2.9.2. Shot of the collision energy being set to a point between 10 and 50 V TEXT: See text for details on adjusting MS parameters
2.9.3. Talent adjusts the trap collision energies.
2.10. Set the trap bias voltage to an initial starting point between 20 and 45 V [1-CU]. Improve desolvation by optimizing this voltage [2-MED].
2.10.1. Shot of the trap bias voltage being set to a value between 20 and 45 V
2.10.2. Talent monitors chromatogram and spectra 
2.11. After this, optimize the wave velocity and wave height, as outlined in the text, to achieve the best mobility separation [1-MED-TXT]. For studies involved HerA-NurA, use a wave velocity of 40 meters per second and a wave height between 550 and 650 V [2-CU-TXT].
2.11.1. Talent optimizes the wave velocity and wave height. Any action associated with this step can be shown here, as the shot is representative and the viewer is being referred to the text for details. Talent TEXT: Kirshenbaum, N., et al. JoVE. (2010).
2.11.2. Shot of the talent setting the wave velocity and height as listed above. TEXT: Use default values for all other parameters.
2.12. For DNA binding analysis, mix the protein and DNA at a molar ratio that allows for protein-DNA complex formation [1-MED]. Add increasing amounts of any of the following: 5′-O-(3-thiotriphosphate), tetralithium salt, or A-D-P [2-MED].
2.12.1. Talent prepares protein + ligand samples in an Eppendorf tube.
2.12.2. Talents adds one of the mentioned compounds to the tube. Alternatively, show a close up of Eppendorf tubes with protein + DNA, and then a series of those labelled to signify that they are protein + ATP/ADP.
2.13. Using appropriate software, measure the masses of generated species and identify the ligand binding, such as ATP and ADP binding and oligomeric states [2-MED-over the shoulder-TXT].
2.13.1. Talent, at the workstation computer, uses Masslynx to measure the masses of the generated species. TEXT: See text for software options
2.14. Then, use the ion intensities observed in the raw ESI-MS spectra to quantify the corresponding relative abundance of species [2-MED-over the shoulder].
2.14.1. Talent, at the workstation computer, reviews the observed ion intensities using the software UniDec.
3. Acquiring and Analyzing IM-MS 
3.1. After optimizing the instrument conditions for stable transmission, reduce the collisional energy and sampling cone as low as possible [1-MED] – while still retaining good spectra quality [2-MED]. 
3.1.1. Talent, at the workstation, reduces the collisional energy and sampling cone as low as possible. Shot of the talent observing the workstation display, showing that the spectra quality is still good.
3.2. Use the previously determined optimized wave velocity and wave height to acquire IM-MS [1-MED/WIDE-TXT]. Measure the ion drift time at three different wave velocities while maintaining the same wave height [2-MED-over the shoulder].
3.2.1. Talent approaches the spectrometer and begins to acquire IM-MS. TEXT: Ion-mobility mass spectrometry 
3.2.2. Talent, at the workstation computer, reviews data for ion drift time at three different wave velocities.
3.3. To determine the protein ions CCS measure four protein calibrants – two with a mass above the protein under investigation, and two with a mass below – using the same instrumentation conditions [1-MED-over the shoulder-TXT].
3.3.1. Talent, at the workstation computer, measures a protein calibrant. Alternatively, the talent can be filmed reviewing previously recorded data for all four calibrants. TEXT: Ruotolo, B. T., et al. Nature Protocols. (2008).
4. In-Solution Disruption of Protein Complexes for Native MS and IM-MS Led Structure Determination and Investigating Protein Complex Stability using Collision Induced Unfolding
4.1. First, prepare the protein samples and buffer exchange them into ammonium acetate as outlined in the text protocol [1-MED].
4.1.1. Talent, at the lab bench, prepares a protein sample in a polypropylene microcentrifuge tube. Alternatively, any action in either preparing a sample or performing buffer exchange can be filmed as this shot is representative and the viewer is being referred to the text for details.
4.2. Add solvent in 10% increments, until reaching the desired amount [1-MED-TXT]. Incubate on ice for 1 hour [2-CU].
4.2.1. Talent adds solvent to the polypropylene microcentrifuge tube that contains a protein sample (that has undergone buffer exchange). TEXT: Solvent range: 1 – 40%
4.2.2. Close up shot of the protein samples on ice, incubating.
4.3. After this, acquire an IM-MS spectrum for each sample [1-MED]. Using the SUMMIT software, assign protein sub-complexes and generate protein interaction networks [2-MED-over the shoulder-TXT]. Alternatively, manually generate a list of theoretical masses for the expected species [3-MED].
4.3.1. Talent, at the spectrometer, reviews an acquired IM-MS spectrum.
4.3.2. Talent, at the workstation computer, uses the SUMMIT software to assign protein sub-complexes. Alternatively, the talent can be filmed reviewing previously generated data. TEXT: Taverner, T., et al. Accounts of Chemical Research. (2008).
4.3.3. Talent, either on a workstation computer or in a lab notebook, reviews a previously generated list of theoretical masses and CCS.
4.4. To begin investigating protein complex stability, record IM-MS data while increasing the trap acceleration voltage from 10 V to 200 V, which will progressively unfold the protein in the gas-phase [1-MED-TXT].
4.4.1. Talent records IM-MS data while increasing the trap acceleration voltage. TEXT: See text for information on voltage increments
4.4.2. Added shot: Talent looks at chromatogram and spectrum. 
4.5. Analyze the data using appropriate software, and generate two-dimensional unfolding plots by stacking the intensity-normalized CCS distributions at each accelerating voltage for each charge state [1-MED-over the shoulder-TXT].
4.5.1. Talent, at a workstation computer, generates plots as outlined above. TEXT: See text for software options

5. Results: Integrative Structural Mass Spectrometry of Protein Architectures and Protein-Ligand Complexes
5.1. Native MS results reveal the oligomeric state, composition, and topology the HerA-NurA complex [1-LM].
5.1.1. Jove_Ahdash_Figure_1.png: Show Figure 1A above and Figure 1B below, removing the subfigure label text “A” and “B”.
5.2. As non-covalent interactions are preserved in the gas-phase, native MS of ATP-γ-S and ADP titration experiments are used to determine the pairwise nucleotide binding in the HerA-NurA complex [1-LM].
5.2.1. Jove_Ahdash_Figure_2.png: Remove the subfigure label text “A” and “B”
5.3. Mass spectra of the HerA oligomeric states reveals that increasing the ATP-γ-S concentration increases the relative intensity of hexameric HerA [1-LM].
5.3.1. Jove_Ahdash_Figure_3.png: Remove the subfigure label text “A” and “B”. Visually emphasize the light green data in both the MS (left image) and the graph, as this represents the hexameric HerA.
5.4. The experimental CCS values for the proteins and their complexes are then derived from IM-MS experiments [1-LM]. These values are seen to have good agreement with theoretical measurements from x-ray crystallography, which validates using CCS values for building low-resolution models of protein-assembly [2-LM].
5.4.1. Jove_Ahdash_Figure_5-01.png
5.4.2. Jove_Ahdash_Figure_5-01.png: Show text below the figure saying “Hall, Z., et al. Structure. (2012).”
5.5. CIU and KECOM analysis reveals that DNA-bound HerA-NurA is more stable than the DNA-free complex [1-LM]. CIU-MS analysis in the respective ATP-binding states shows that the four-ATP-γ-S bound state reduces complex stability in the gas-phase [2-LM]. However, the six -ATP-γ-S bound state – in which all sites are occupied – is seen to be the most stable [2-LM].
5.5.1. Jove_Ahdash_Figure_7-01.png: Show only the lower figures (Figure 7aii and 7bii) side-by-side. Remove the subfigure label text “ii”. Visually emphasize the green data columns in the left-hand image (Figure 7aii) – which represent the DNA-bound HerA-NurA – during “…DNA-bound HerA-NurA is more stable than the DNA-free complex.”
5.5.2. Jove_Ahdash_Figure_7-01.png: Visually emphasize the pink data columns in the right-hand image (Figure 7bii) – which represent the four-ATP-γ-S bound state – during “…the four-ATP-γ-S bound state reduces complex stability in the gas-phase.”
5.5.3. Jove_Ahdash_Figure_7-01.png: Visually emphasize the orange data columns in the right-hand image (Figure 7bii) – which represent the six-ATP-γ-S bound state – during “…the six -ATP-γ-S bound state – in which all sites are occupied – is seen to be the most stable”


6. Conclusion (said by authors on camera)
6.1. Chloe Martens: Accurate measurement of the molecular mass of an intact complex provides valuable insights into biomolecule characterisation. We get information on stoichiometry, protein complex assembly, protein oligomerization and ligand binding. Combining all this information allows to generate detailed models of functional biological assemblies [1-INT].
6.1.1. Chloe Martens says the above statement in an interview-style shot, 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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